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•) >l P..p r i 1 
HuazhnrH~ Aqr il . ."U i ~ u r 1 ~ 

Univ~rsity, Wt1t1dtl, Ch:rid 
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1 November 1 0 De•:emhe r 
ICGEB, New Deir· India 
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J-34012 Trieste, Itdly. 

Informdt;.011 on cour~es and me.,tlnqs held <tl ICGEll i11 New Delhi mdy be had from The Inter-1dtiondl Centre 

fur Genetic En..;ineering and BiotechnolO<JY, National Institute of Immunvlo9y Citmpus (N.11), Shahid .Jet!t Sin<Jh 

H<H<J, New Delhi \10067, India. 



Status ut Si~natute/Hdtificdtion of Statutes 
(as of J.muary 1989) 

!-\ember S~ate Statutes Protocol 

Atghanistan l) Sep. 1983 l / 15 Aug. 1984 
28 Harch 1984 ']) 

Algeria 13 Sep. 1983 4 Nov. 1985 

Argentina 13 Sep. 1983 4 April 1984 

Bhutan 31 Hdy 1984 31 Hay 1984 

Bolivia 13 Sep. 1983 

Brazil 5 Hay 191io 5 Hay 1986 

liulga1·ia l] Sep. 1983 l.I 4 April 1984 

Chile 13 Sep. 1983 4 April 1984 

China 13 Sep. 1983 

t:<JlomtJia 21 Nuv. 1986 14 Sep. 1987 

Crngo l) Sep. 1983 

C1iba 13 Sep. 1983 4 April 1984 

b·11a1i01· l3 Sep. 1983 

Egypt 13 Sep. 1983 2 Jan. 1986 

c;reece 13 Sep. 1983 4 April 1984 

Hungary 13 Jan. 1<::87 14 Sep. 1987 

I 11<\ i a 13 Sep. 1983 4 April 1984 

l 111lo11es i a 13 Sep. 1983 

I ran 29 April 1988 29 April 1988 

l rd<J 28 Feb. 1984 23 Oct. 1984 

Italy 13 Sep. 1983 4 April 1984 

I I 
21 
J! 

SiKllalure ad referendum 
C:,mfirmation of signature aJ 1·eferendum 
kat if ied with a declaration 

ui l• :cr:B 

Ratification or 
Acee tance 

9 July 1988 

11 Sep. 1987 

7 Hay 1985 

23 June 1986 ]./ 

30 June 1%0 

13 Jan. 1987 

13 Jan. 1987 

9 July 1985 

19 Feb. 1985 



Member State Statutes Protocol 

,. 

l\u\Mit 13 Sep. 1983 

Mauritania 13 Sep. 1983 

Haurit.ius 19 Sep. 1984 19 Sep. 1984 

Hexlco 13 Sep. 1983 1/ 25 Oct. 19d4 

21 Hay 1984 1.1 

Morocco 19 Oct. 1984 19 Oct. 1984 

Nigeria 13 $cp. 1983 2 May 1985 

l'akistan 4 N<.'V. 1983 

Panama 11 Dec. 1984 11 De•:. 

l'er·u n March 1984 I Apri 1 ... 

S.:rH'Kii l 29 June 1984 29 J•tnt! 

S~ain 1) Slo!p. 1983 

::),;Jan 13 Sep. 1983 

Thai lan.! l3 Sep. 1983 

Triniu..id ant! 
Tobago 13 Sep. 1983 8 ~eti. 

Tunis Li. 27 Oct. 1983 

Turkey l.2 Sep. 1987 1.2 S·!p. 

Venezuela 13 Sep. 1983 4 April 

Viet. ~lam 17 Sep. 1984 17 Sep. 

Yugoslavia 13 Sep. 1983 4 April 

Zaire 13 Sep. 1983 

I/ SiKnature ad referendum 
2/ Confirmation of signature ad referendum 
1/ katifled with a d~claratlon 

1984 

198.:. 

198 .. 

1985 

1987 

1981, 

!984 

1984 

Ratification or 
Acee ta nee 

21 Oct.. i':tbt. l/ 

5 Jan. 19il9 

l/ 21 Jo11.n. lQ88 3/ 

12 Aug. 1986 

4 ~dJ 196) 

10 .Jan. l9il9 

15 Oct. 1985 

18 March 1987 
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3. 

4. 

Length: 

INGE!H (Al<Je"t in.1) 

Univ~rst ... Lt.J N~'11..:10n.:tl -..h~ L\._''Jmb1.1 

(Colomb id) 

Uriiversid.J.j Ndciv11.;t.l Agrdr id L.:1 Hulin .. -t 
( l'e1 u) 

Ml 11 l 5 t e [ 1 1_) 1.:!e 1..,_i li.i<.J~ [ i J, Ay [ i \..'.Ult u: d y 

Pes~·,, (Uruy,uy) 

ln!o.r itutc. Je ir1Vt-st iy .. tcic:a~s Ric.l(i.Jicds 
"Clemente Estdble" (Uruqudy) 

I11st 1tut .... Vt-r1t>'Z1.)l,--tn•J de Invest i'-)ct 1..:~(jrlt-S 

.'ier1tifi~dS (Ver1e~ueld) 

Jti months 

DireJ....·to:: :--1r. Mlir:....t .L.:15._-t M.-t;·•~·r~11 (\,'era~Zliel...t) 

l'ille: ttnzym.slic de•Jrdddtion of 
agro- industrial debris. 

Iie·,.,·t"ldp r he te..:hrH .. dC'3i~s t0 
~roduce c~ll11l0l1tic enzymes and 
si11yle cell pr0t.,i1.s trom 
lignu~ellulose resijues. 

~"rt i c_· if• l n ts: 

:.e'"Jt h: 

l>~i· .. •ersid.:id Cdt6i i _._1 dt- ·,,,'.JlpaL1isci 
(>.'r•; le) 

!Jn:vers1dad dt> !_'hilt- (t't:1le) 

Uni·.,;crSldctU A1Jr.:irid I..:..1 M1.! ;.r:.:i (PerU) 

1!1111/t't:..; id.~h! San Aritunld Alidd dcl 1_·u~•:v 
(h:lll) 

:,; moo! hs 

Title: lndustr ial production of penici 11 in 
d•iddse and its use for the production 
of 6 Al'A. 

Ol>J•:< t 1·1e: 

l'J rt 1 CI l1,1 II l :j: 

:;,·.ti..: d!J t > {11 lrit Iii (11.t the 

pt Oddi:t i HI r,f •.'dt .1 l ·ra ~tll.f 

it~; '''/tl1Jdtion in lndu·5tridl 
CUl1dit l•Hi~, 

U11iv.,r~ddd rld•.'IOlldl de Colomt)ld 
(Col <)mbi ,, ) 

Ct1ntro de lu<JCTlil•rlrt Genl't11..:d y 
ll1otec11olo<Jid (<'ub.1) 

IJnihn de t-;mprt:5<1:.;. Med1•.'.•J l-\irrr.,11..:C..ut ic_·<Js 

(C11l,i1) 

r·E..'nlr() de I11vt.·Jt l<Jc1,·1(Jn ~(JtJrt! 

Inqenier i" c.,11(.t ic,1 y lliote<·nolorJiil 
c ~1ex i cc, 1 

G~~rHN 5.A. (Me• ICO) 

7 

6. 

Lei;gth: 42 munths 

Title: Oevel~nt of nev -ttlOds for 
labelling DNA probes and their use for 
the diagnosis of .alaria, entorophaties 
and hepatitis. 

P.u tic: ipants: 

Length: 

Cer.tro de l11ge11!.,ria Ge11et1cd y 
B iote..:nu lug id ( ('\Jlia) 

U11iversidad C~t61icd de Chil~ (Chile) 

U11iversidad de Chile (Chilt') 

Ce11tr0 .je Ir1vestigdci6n sobr~ 
lnqenieria Genetica y 6iotecnulogia 
(Mex kc>) 

36 :nvnths 

Director: Dr. Paul Lizardi (Mexic0) 

Title: Development of technol09y for the 
production of lactose. 

Objective: 

Pdrticipants: 

Obtdill a1~ enzyme dble to degr:;d., 
lactose from milk sera. 

Universid.id Ndcional de Colombia 
(Colomb id) 

Centro de lnge11ierid Genetica y 
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In March J?B"/, a nag lldmma-:;kJold Semin"r with 
pdrticipants from 19 countries was arrdnged at 
Rogeve, 1.-rance under the title: "The Socio-l:-:conom1c 
Impact of New Biotechnologies on Basic Health and 
A<Jr iculture in the Third World". rt i~sued the 
derlaratinn below: 

"Enotechnolc1qy is c1 glohdl issut1. It canu<>t be 
dJ5iqned ::;uch attrit.>utes a::; positive, ne'ldtive, or 
neutral. Like <Jny other technology, 1t is 
ineKtricably linked to the society in which it is 
r-redterl and used, and "ill be as socially just or 
1111just d.· .ts milieu. Therefore, we c;onclude that 
in today's world this mo:r.t powerful new technology 
1s more likely to serve the interests of the rich 
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fr,:~~· :., .·:r.r:rj,;11".J Jo:"itrrtmll, 5,t--1t~J! 'tJJ. 1c:-..•::.tr1.:rt::- .1 

tr.~ t-,tcu: t ·1 • r t\ ;r ... ~ ,,,,,1,:.; i•, t•, 11.·~u.1y; fl·>Yd• ~"t.·!". 

St•t-!I:, i·1-1.-.''-i' It; t~.c.i, ;.i. I 1/, ,··drdc ~ 1 ~~"}1·. : 1t ii>_.,. 

J'..1.~ 1:1Lu ;;Cl'J'i ~·t.t' lt:.!.t~r ,1!J·1 fdn~~ JCC•.111'.f :Jr!1·),i.J 

toe w.:,..r lJ' 5 lc.JryC"·.>t ,,.~st i.;1 . .Jc dtL.1lers; :J.hel: 1 .. ->mc:. 

111 r hi rd, ,u,·t ~;dl•·j<..J°l. i:J n1riete~rith. 

:-;1.J·'t.• lh•: er.rt,,.>( rhe !\#hO::::;, :.ihell hd;, ~1\H1·h~1:';t··I 

:-···· ~ ·1:T11•,1,,1 _·._;, Pi J:1~t.:r ),,.J, SrinJ,_)L l/, Cdfd'' l'!, 

i·t·k-dr,.. -i1r111l1'1t.- (;''JT;' ~'ti. TnP ,.,r.Jcld'J 'JPn1•ti.· 
'~:O(•Urce•.;, '•fl ·.,n,,·t; 1;urrt.11n• 11r11 f11tUCt! qlobd! f,:.r1,1 
·.a•< 0 1·1 it/ r11:-;LJ1, ,,~e i.J1•.;rt!'.1:.111"'1l"I t1c1n; tnt>fl'-'',,i~ l'le"··I 

by~h1;t·i~1t"f•t firth. 

N~ ... ·.sr.t:J~..1 ..) ... ! ~tL!.-.>[~~-! .t[C tw· 1..._~··! ~~ ... ··-~.:It.:> 

th~t·J w~: i..i .::-,:-.ur.tr ;t:s •~1~ ..... to: !1...1·.rc Z:t."tjl:l.tte ... ! 
t!'a.r::St~.lti01:.1! .:l._·t:.•::!.tt:S. r:t.·Ver.t!-~~ th.?l! o..:._atl·.J: 

._~·:er th1-; str 1te;1,~ res '~•r--·~-

: •• ..._·.sr.t'1u .. l .t.1.:...:. .. ~.ttr-S ':...:: -J~!'lc-ti"'- ,_-..._•nse:-·:.~t1··~· 

··.er ':..~ t;~:- ·:~1!t tlf 1t:S ..!'}! it.·i.;~':;...r.3: t .. ..!.J--lt. ..... ,, tr .. ~:.. 

s;...~nJ:.: . ..f mv:~ t..,.;1;1 ~rJ::1 .i. ir• '}.J:tht""r ir:,1 .. J~r:~t :.:.: 
~-~t~r i.tl s.•m+,~t?-:i. ·...-h~n tn~ :.1s "'it.••:i.itd .:;1' \ to..'•.-.! 

~-.lvt..·k.1d~ .;.: ~h~lr c .• 1;.r1t!;·. ?hc.,[.J'j 1Jns :-~.1l 1:.:t;.l'C ·.~.t':. 

~V0ti selt -sl.itt :.•_"i.t1'1h:z· •--t:i (' ~·"..ll ,_._, attctiri. 

-:'r.:td~tl.:J1i..l:lz· t :.•1t..·_11. ~t."cds 1rr.p0t!.e-r, NtL·..ir.t;.J..t 

•.1s .~bl~ t . ..: t:.':.:t-: .. :.rt .""!1tte[cnt ·;~u i'2't: i.:s ..1:ttet twc 
·;t!'.tI.5" ...,._-.rk. Nic...tra!Ju.sn S•"iEnt ~:it~ .!rt<- n.-,.,. •oc'<. :r:.:; 

·.·11 t :s:;uc- -: .. :u!ti..1r~$ t:.; ·1..::-v~l")( a!~• .e-:..t.."'4;_.rt cr·~ps -..rt:i it 
:>1u1ui~.Jn€-cusl:,.· .:3..ttt1t:J"r 1n·; ·:."!:' !tt :'t.·-~ c-! rr.ej!ci!:~l .s::.i 
::uit s~~·:it-"i ·•t"".1·:!'. ~p tc ::._1w n.td u:1li' grown :•? :.!"'.~ 

i1J i l d i r, ! .I l Il t ·,': t.' ~ '-:;, 

Ndt.ire t.1...i·;ttt l:::taiupia .! t·Je·~h l~sson •)!• tnt:: 
ler1~t~ts of the ~ceen Rev0luti~n. 0:1e ~i1licn 
~e0~le st3c~~~ to de3tt J~:i~g the l~~~ dro~ght. 

D:ouqht •)•:c<.:rs frequ.,,nt t;· in Ethic.pia 1 ut staC\·at l•.•ri 
tr. this e>tteat is a ne . .:omer. H1·br id maize dod n:.·c 
sJrviv" in 198~ because it needed p~.!hl:~~l "a•e:. 
The ne" "heat str.J1ns taile.j c:,1'1pl.,te:·:. '!'hose.,.,., 
nd·j :;,1.,r. their own so,~hum and .nilte~ seeds 
l...>w jl!t:lj \."d!' iet ies tut t~sist3nt t0 Ett:io~i..iu 

we.ither - wt:?rt:? the ..:..'n:·,. t.1rm~rs who ~ot s..Jm~ -~r~tu 

Ped~h tea1:hed d.S l.ll ..ts th~ Green Re\~Jlutl•.Jn t'".dj 

P<'•1e: 1 .Hed. 

Sam'-1"les .... r the n.i.t i•1e ,:raps h.lrvested during 
rt.e drought .,,er.;, eagerly gathered a11J stor.:;!. N,1·"'· 
the world's p001est •:ou:.try has the l.irgest Jene 
ta~k in the third worLd. Twelve regener.Jtion 
,:entres have bee~ set up to 
~heic own ndti'·"e Vdr1cties. 
r~<:·E._1_!!!!, •101. 16. N,-... 4, Jui.y 

suppl·; t.!rm ... rs w:th 
(Sour-.:e; ~~':'.:~i~~~~~ 

A;;gust i9~8) 

Ldt ia .~ .. mc.'!'r ic..J -------·-·----

L.:Stiu A.mt~ri· .. ·d i.> ::i.t:?<t tu l>ei..·•J:ne the- !ir:-;.;,. .1eylu~. 

~r; ~hr.? ${H.tn to tn~r.:..11.1ce sarety reguldt i ... ~r.~ t.:.:-
n.u'. • .l~ 1 aq qent!t i1:..il l·; ~ng1ueerr,d .... rqarusm!i, Hi tht-

1.aL·>r st.er'/· 

\;....;i1.it:.l1nes <Ji\ IL'L._,m1,111.i1at L·NA ter...:hr·Jl·-'":f'J', tr: 
.:ire..l:.; s .. J.:h .ss nc.:11 tr, dnd ~lgr iLult'-1r~, h3Vt: t'Je .. :n 

di~pr•1vc:1 t\1· .l speci.d:l l~t Am~r i·:.1n Stl.Ociy gr~.-"ll) dnd 
:..it•r•. ~·1t.!!·.::he-·.:! in April. Th~·i .tre nvw Lf)~rl·J ~t!r.t t•) 

[l.!"JH·n.Jl Go· ... ·~r11r:1t..'UtS r·or 11u..:orp01dt~rJn int·..: .:~it.:ilJ! 

lcg.sl<lf ''-''" 

The q11!.!t.dj11e~ f,,,_.,;_.. r_r, tn;~ ~-ii'"-· :.r t·:chr,1-:l.·;.Jy 

h•·L·,1.i~t.> tr.(! :..;tud~· lJ''-'•·[l t"t:lt ~-h~st it r~ ,,.: 't :'):,:.. 

·•,::•: :n!.I•>do,_·~~J CjvVt.'?Blr:·._J Di(·>t~-.h1: ... 1i.0:ri i.! ;j•!;lt·r.s:, 

tho:!', ~)ul.j not. tJ'1 1·0r1tr'.~l led 'n"j vne l.JW ;,.,, t :;1r ·.Jl 1 ~ 

.~:1eri1·i. 

f:"aJe;im~flts df~ •Jt.1lt:'1 t•y ris¥., c~•··t· t· .. ·;.::;1:.·; 
. .,..t!,·~fii:: ft!q1~lc1t1ur15 JL'.·1.,rr1~:1q tc... ~fitt.:P.:r. ~ >11.l! 

!,lb\1r,tl•Jry clt1SSl! lc..tf i•H• Grvup l • ... :q<1r.lsm_, -1' ri-;t 

ilt:t·,1 cJ.;,,· :;pet;i.t 1 :;.1fety ,,r,.J· eiurtJ.:;. The;· i1.':~u·it· 

w1J.-•li' uc;L'r1 ._...,,J.lnism~; ~tnd ._,:,ir.ts, sut-h :ts thc,~,,t~ use. 1 

:_c, mo1i<t...• t;hct:St! dnd beer. fou1a1i whi·:t". rf'd)I dftt:l t lhe 

~r.·.:irj)nment dr~ in·:lurJthj 111 qr.Jup i. M1lre rt,t·~if•-'1\>US 

orcjft11i:;;r.:;, 1ni"~lu·Jit1'J lu•1·t11 r Jd C:dUSin'l tJrucP.llt.>~J'i in 

Cdtlle, 1_'1;.m.> U!\der r~r,·1up ). The ld:;l qr•)Up ;~ for 

viru:;es. ~;11·:~1 .ta llIV. 

'fh'! {1uid~:1nes rtl10 set out qener.:11 re~uldtl•)llS 

t<Jr tdr,tPt~hnrJJnqy w~,rk (}fl uew druq:;, ctnim..t~ tfJ(>d 

Jd<11t ivo:J, mo'11r~dl fT'ld~'~' 1t1l~ .-tn<1 fo<,d!.. 



Th~ ~ t ;...iJ·; "l' .:;up r .:-..:..._,r..rtit:t~J~j ~ h.:i t e.;1 ..... ·h ... -.... ..;I: tr 1· 
S~h.:u~J 'St:l ui· J: tC"\..:"h:.l.._·..1l .s ... !·:::»v:•; ._-._:a-.oitt~~ ..._-:• t.;....__ 

s.ifet;· tv ...... ..._, 0(J:1:-1.:t.t.t" th~ C~-J~.ll.:ll ii.,;,r. vf lttL".Jtf',t 1:1.)::t 

DNA t~'--hih ... :v~Y- Th~st" ..... -vmai~ttt:!'t::s, it •.ts su-:1~c::.t.:--i. 
wu:.ilJ b41:!' $Yp~•.1rtc-d l.}' ct ''-"'"Ji0n.tl p~cm...t?~~nt ~t:-\..0 hI:.• .. t. 

secretariat tor bi0te..:hn0l0-J~· s.itet;-. resp0nsiLi .. 
f~c ~ocnpi i. l.nt.J .uid dissC"miu..s:. int.J intvrm..-tt i~n-

w0rk 10dl St.Ht su-.:..1 0u controls for other tnc·~ 

te..:h110lo•Jles. These '"i l: be tor the loH-Je-s..:.i:e .;:;<!' 

of re~vn:.bu~.i:.:. DNA tP..:hncloq;·; ::he transpvrt3t ic:n 
.and intt•Jd'-1.._·t : ... )l? ut qen~t t\..· m.,te' i..tls ir:tv cvuntr lt:!'S.; 

.trhi t:-ie r .. lC".s:;C" of n.1..:Jifi.,,.:J .. :q.tr!ISlllS ir.to the 
~n;.· 1 ronmeril. 

Th~ ne:-lt'.".J :vi: 'e'Jul.ir_ ~,_.ns ;r~ L.:tt ir;. Amer i,_-.1 W..lS 

hit..lhi.. ight~d lJi d s..:3:1h.LtL in Ar~~!~t ind tr~ 19th) ..... vt"• 
trtdiS of d q~r1eti~.ally engirieerej raL1es ~~~~in~ b~ 
a US comp.inJ. Th" C-0..-errur.e::l l.tlec st0~p.,,! 

e~~eri~~11ts, s~yin~ it hdd 
rt:!'t:orr.bi ndnf 1Jih ... ·c i ne · s us~, 

f~rther d~tton. (Scurce: 

not be~n 1r;t.._.rrr.~d ut th~ 

and is Gow ..:ontempldtl~g 
~outh, ~une l?88) 

EE(. requldt ions to co·:~r .. :.Hqdnism eApt:!'r ~mer:ts 

Two dratt directives wh•ch .iim co establish EE~ 
WlJe rul"s qov .. rning e~per•~tnts wt~h gen.,ti~dlli 
m.xi: ~ ied •.>r g.in t sms ha•1e been pre.posed by the Brusse is 
..:o:t'.m1ss1on fur e'.'entu.tl app:oval by tne 12 m.,mt,er 
<;u•;eor r~!ner•l s. 

P.1th ~vn .... ·err~ bt?-1.ng eJlp1essed .lbou:. the t:!'nvi.rvn 
rnent~l imp.a.::;t ut such eAperiments. EEl" ._:omm~ssior.er, 

Stanley Clinton uavis, has said th.it only •a stron-J 
framew0rk 0f ieqislation• for assessing the risks 
involved will ~ssure the pub = that th" authorities 
are fulfilling the:r resp.:>n•.bilities. 

The first d;r.,ctive, de.il1n~ .. 1tn idborat0ry use 
ot thes~ m1cro·organ1sms, Sdj"S the leqdl framework 
should provLde adequ.ite protectiun an~ al the s1mc 
time allow s0ciet'j to benefit fr0m "this rapidl·,
evolvin-J technoiagy•. The d:recti..-e d1fterentiates 
between m1cr~·org.in15ms presenting a minim~! hdZJrd 
sul:h as those usc- .. 1 in ~asul in ur 1ntt?r f'll?ror. manuf~._. 

ture (Croup I) - to which reldtiv.,1;- simple rules of 
9"'''1 t-.ygienC" and saf.,ty prdct ice ,ue dppl i.,d, and 
other micro-organisms - va~cines for ex~mple 
(Group II) - where containment, wdste control and in 
st..>m~ cases emerq:en ... ~y response pro•:edures .ire 

.. ssent idl. 

;r: dl l r·,1s~:a user:!i wcuid have to dt.·,.Lsre th.tt 
the~ art!' carryi11q OlJt operati0ns ~nv<1lv~,,~ 

qt:nct 1cdlly mdniruldted mi,;ro-orgdnism5 ,u1·! :;ut1m1t 
hd~J<..:J dSses5ment. Sixty-days' nut1ce must be q1vwn 
to tht!' duthur it i~s to ...i~ low insper:t ion (1t the 

premises being useJ. A syst"m cf not if ic:..it '"" t·) 

tht <"')mp_,t.,nt duthor it les must then b" est.1bl 15he.J 
to ai low monitor inq dnd control proced.:res lo t,., 
carried out. M.,mber Governments dre oblig"d to 
1ntorm the Et;C Commission dbo1.1t the identity, 
proposed uses dnd potential risks ot the 
mi..:ro-or9an1sms involved in experiment, dnd to pdss 
un detdils rdpidly in the event ot an dCCidtrnt. 

Th~ preJmbl~ to tt1~ secor.d dire~tive, ~hi1;h 
dedls wit~ the deliberJte reiedse into th~ environ 
ment, s.sys it would be easy to im.sqine th~ public's 
response in c.sse c.f harm to pe0pl£<. Therefore some 
form ot protection is urgently needed. On the nther 
hand, the Comm1ss1on admits th<tl thtt use of modified 
organisms would l<!.sd to 1mpr•)vements in h".:ilth .snd 
the env1 ronment by the '1ev"l'>pment of more precise 
agricultur.sl inputs .rnd m<.re effective tre,1tmenl of 
. .,,ut e. 

r.s dllt:t?l..s:. ~··!•J! ~ ..... lt:[ lt·.:~'---c ;.I. "~.' • ~ 1.~<,_! !.:) 

St.~;.~ Ll=t:lt~•i. th~ r:~:.· ::; r • .._•t t.•r..._·(· ~t::.I .,i.·:· ~~:.t!.t. 

"lul,itL .. r1t?-:i, t·;.it ·' l_".t:i....- :·;· ~-.tst r . ._.-:_ if~.:-~t :...__.: .. 1; ... ! 
~r: ... i.. t:i~lt:.t:1:t ~,r.1.._·.:-...iu!t:o •!1:._·!1 w\...:...~J: t·t" ei.t;:...Ltt JI~· ~ .. ,.r 

!t • .:!J::;;,~:·; .111.J r~:i~.!:·_·~- :::st l~ut ;,_.f.~ :.:. ~ :nt" ·.,;i~~; 1...rr:: .. _'! 

tlt:'"'-· .... ~.tnt.'6!~...1.!;: i\.):~s l.l:...i Jvwr. :o: 198t. Firn.:> ..:-: 
l!!St :t.i...i.!.llitS wvu! .... ~ ?'1..t· .. ~ ~.) S~ll".!'"- t-·~lft':l:iSivr. tr rr. :h.:

r~le·.;.Jnt r:.i~ ivn..ti .u..thvr ~':: 6.t!S. ~·:.:1lu.tt :r:..; t'.: .. _. 
ivr~::i~~.:tLle :~sks. qiv1~ • .; "1~td1is ot tt":t: {1:..._ ~'C''-·t ,j,f?j 

the -J~u"}•..tp~i..:..i: ..tr~.l in· .. ·."'llv~d. !h~ .i:Jt!': •. r l':. 1c:s 

hdVe 90 J3ys in ~~ich tc :~pi;- • 

T~1t:~ 1:.i ... t sp~..._-~.!1 r: .• "iric.c:-t ;.n..; "1''-· ... ·~: ... :t" :! tc:>::i 
ic-.t.! t. t~'ir.:: Jt:-vt-i:);.·tr..:I.t ...>~ .l p:t2'du'..'."t. ·rr.t' ..;._.Jt::.:?rrh:'t~t 

._.r t:lr: :t.c:;e! t:-r .:.';t.t:~ .. · ... ~: ··-·:::~·.: ~~st n, t t t·,·. •: i..· ~ L~ 

R:~::iSt:"S .:.Jrnir.i.ss~--·a. the.· .1 ..... :.t-. ._,; itit!"S ?:• t~h.- ··t='~t ::.:-;.· 

1._'0.Jr.tl lt:-:::t. :'f'.t~ .. i :!:-..-~. r~.;..'t..: tr.rt:~ rr.c...·r.t~s l: .... t.1 .. ?1 t ~' 

rais~ t..)!°,it:--·r 1.:.a::-: 'Wttn tt·~ _\)!T'.1.'Tii.SS10r: ... ~..:~ i.:•·? ~t.:i 

.i<b1tr"tJ:. 

Th~ d[.Jtr: EC:.._~ [.,,;~~~ .1tt:.t""mf..t t•J !l..trr .. J:.~$t" ~·, ~:;;t 

in'-l r • .;tt ::. ...... n..i~ ~rv .... ·.::-.Jutt:\S. [r: :;c_•m~ ~. :;.r1~r l~!'. ~ lK~ 

It.1!y, Sp.iin d~1d Pt)rtu:Jd: n .... ' q~ ~.iel ~zt~S "'!' ri.;~it.·s 

.J~pl:r. In the ~K t:.ne gt:!'1-. .... rai requ.~rem~r:t':i .:.t ~r.C' 

H~"lth anJ ::afety Jt -...vri\ Ai..:t .t:i..! tt:t:- ._;~,:~t': 

M.:r:iru!..tl ion fie'-J~i:.:t i..;r·s .:tre ~l~(;~ ied t·. r~s...:-.'H·_·tt:-r ~ 

. .u.d i nJust ! ies. 

EC:~ en·;1,0:•m~nt.ti iT'.;:.ls:.r lt::i rr .. -t;· Jl~ ... -~!Si !.~•r: 

r,ropoSdlS in tVY.tt!'mf·~r. fiut lt t:: 111 • .:.~;,~:·z ~~-.lt ".:!:.-;· 1 

will become l~-tw be~ure the .?..lrl·:" i-1·)0~-

(:iou:..:~: H .. ,:-.ut..t~J:ur~~-.:_:~r-!T.ist, M..t~· l')tJb) 

l;:!._u:ec~;_;,>lOq'j_!:~~":.H tuns ar~~<!_i_led ;_~ 

~~~.!..!.1.l~n_t 

The biot~....:hn.Jl0<.J'." 1n.J~lstcz· ,;a;·1d S·Jme :_;!) t~d~r.1: 

rt.;·~lat.:iry vttici.lis rlre 1:r1tici2in":J an t-=nvi.romr.ent.1. 
l-'r..:H~c~ . .1.vn Aqer . .:y p10;:(1sal tt) r·-lu~re detdile~ risk 

:Hl.litses in tht:? eApt>rirr.ent.li us.:- ·t mtc: ... ·)!''-Jort:••sm~. 

Th~ pr·"lp..l:t..tl tc, mor~ ::.tri,·tlJ r~gul.ate tht 

rt-il".J:Sf:' ut mdn-ma.1e dnd nttturdll·, ·" .:ur 1r:.q ..Jr~.-t·lt..i!TS 

1·1 .... mcs at a t lme of ;.ncreasinq i:~t~re-st in usir.g 
•lt:.-11et 1cal l~· engineer•!d i ife !\--,:m:; tv lt!pl.t~·e 

1;h~mi'-·dl l'~st 1\..:"ldes, clt'".:tn u'-1 t(1A it.: w,sstes .J.i1J 

improve d~r1cultural yields. 

EPA says the new :-ules dre in~endt!d to .. ensur4:" 

ll'\e protection of pulii<: h.,,Jlth dr1c• ,;.•f"t'i• whii<· 
min1m12inq th" re~uld~ory bu<'1"n uf R~D act1~1t•e~· . 
r:nv1c0nmentai1::,ts hJve L~en ~u~h1ng tht: dqew.:y tu 
Jdopt tougher guidelines to 1eguiate the grow1n9 
biote~hn0logy ina1.1strj. 

'l'h" prop<)Sed requldl i Jns '"'uid .•! t., .. ·t di i 
<.jo'Jernment c1genc:1es thdt st1..1re }ur lsd1 •• :t 1°:i:. with ~:1·;.. 

for over:h.·~inq; the tJi(.t~·:hn.)10<JY 1.::)IT'Jnh1i\ty, ~n...:lu.1:n1 
the Aqric·1.1ltur" Depdrtlt'C"nt, f0<>d an·I (iru<J AJm:nL"tr.s· 
th..111, Commerc:e [;~'1drtment .snd Ndt10n.1l !n3lttutt!'S '.Jt 

Ht'dlth. 

Some regul1tory oftictals dnd 1nd~•try members 
say the rules are bdsed c-n an inc•H reel ptH':ept ion 
thdt exaggerate~ the risk5 inv~iv"d with 5mail SCdl~ 

uses of micro·orgdnisms. 

Consequently, th"Y b"l ieve th" ·.111•,lcl 1ne5 woul'1 
h.ive a detrimental effect r,n reS.,J«:h <tncl development 
in t.he c1rnw,nq t ields of environment.ti .u\ .. 1 rtqr icul 

tur,11 hioter;hn<)l,HJ'/· 

tPA "Ja'js biotec..:hnul•)tlY 1~ "cuntr11· .. ·t:r:aittl drea, 

m.1k1nq it difficult to sdtisfy all int~rcst~ 
1t1'1'>1Ved. Two ye"r~ dc;r"J, ·' fe<ierdl 1;1l~r (HJcucy 

t.tsk t(,r1:e dsked t!PA to P.i<tend e" 1:.t 1n1J ''-''J11lc1t i<.11,5 



't"?" ':. !. ~.: : -; ·-- .... ;..· 

.1.~ t_· .... 1·~·:1rr . ..:-::~:.- •:':.~ .. !·.::.~J ·=-i-"'':1:tr!l..:i. i-: . ...:t.1'rr-r:i.j:is 
= :· ..... =~1.._..: tt :tt·-pt· .Jt :. n ~,_,r sm'~~ :i• .. :.,1 .. - : .. t:!.i 

tt""st :.a'J .tn..1 S..)£1".~ t·ii't·:> .t .. i..·..iJit.•!Tl!.; w ... :k •.t.r:e:~:.:y 

.J"·11~.tt·:~ ur..it:r tr:.~ !"· .... 1_- Sat0 ;>r_.,-ira ... :~s ._· .... · .. :r.·: .!..t:t 

,_..._ ol i t-c \Ii :~u.t: l•i 't.-~ tm~r1.J:tit. .. ,f. (S\.•Ur1·~-: 

~~~~~~!-~ ~i."'.:."·~t-~~· ;";J ..:~;l·i !~rl~) 

, -~-!:t": : .t l 
- ·- - - --

!Lt: r1r~t ·f.J~·L:~:r.e.::: ... : :t..·1· ::.l !:.:"t !·~ ... ; 

... t~·.c~ :.__· t"~•j!:.t:t:!' ~::.; W< ?k t!, !..:t .:, A:rt:! l ·.s n..~·.-~ :..:t;\.":. 

• l ; . i ! '-" : ~. :· .t ... ; · 1 i .. t.".'' - ..: ~ :J • -~;; 

,. ~ !. •f t t '-' t.·: ... -'-~: .t ;c-

.:...t t ... _,i::-~:~o-.·~ ·t '-~;'-- ::.tt":'.!IT'~C l·:.t:l I~::..it ~· . .Jtt:< 

~ .. -: ._,, i·~t .1t i...,; i.n .:O...j: 1.:;.;l:.11~ {!I•.".,} hor:l'-? ..t• 

S..:t. J .. ~'t_-. ,_··-•st...a ~i.·:.-~. tht" ~,.Jrr i1·:p.11:~s w~r~ sp1.;rreJ 

:_.,· t .!~...::.~ l ,i. . .,r !--dr. "1nt:r :._·...1r • .J·:}I :.::; .. t1..re m1r~:.~o:ers 

~;. •·:t.JW.i ~-i~t -,•t:.lr t.; '-=n.·-.·.r.t •-=- t.1 ·tie ~:r:_.1. J'i .ss .t 
r.':C-d~S 0! r~".·it.11:;.:in·J ..!•J!l.:u.i~i..:.rt.· 1n ':.r:'t.." reg1·.H •. 

·r1.c .t..:i.•ft l·.1r. ;!' tht:" g;...idt:: i1:t."~ h.t:; ..1is . .J .;t':l'~•"n't! i tr.:...r.; 
: t..·.s r ::t 'Jt • .L;,;i-.t, Ir~ .J• v! u.-. _-. 1.' r _;: ~ ~·"! ·jl-":,~ ti...: 
t:':1..;.r~c~t ;.1.; t.."""i't:r1rr.~nt .. 1t: .. ,:1 .;o jui.nt ···'='.::.:i:e.:~ .;~!._;~ 

s.:1ent ists ~r . .:.:n ff.<•re df'!'\~~~ i•t:.! ·~aunt: 1~~-

L.1~ 1:~ :.:nc:-r 1·-·.,r~~ dre d~ ~- •."')~: ... :t>rn~d <::n..st .!'J! i_·uit • ..:?.e 

jt;;,,~1.~pr.1t.·•~t in the I~·Ji-Jn rt•..t"i sutter 1: :iC-•tt!~ 1......

~n'11neier 1nq wc,::k is n•)t t.Jli01e...: sp~ci!1c~llz. 

Tt:.c: ·J·!t i~! t:H?5 .:tr~ b..!sc-.1 _,n sinil.tr rules 
.:: rt•.Jd'i ."tj·,~1':~i ir. l)lhi:'! ._.._,l;r;( I lt?'~- Th~y .ll l·.J• 
!t:\~U~.Jt._:: ~- ... ~.-Jr.'~'T 1t.lces t .. _. b'"· ~er_ J~;, J~f ir.~ the t:1pe 
._,f t.:At,.~r tm~;.t~ rc:'-i:Ulr in..J dlJ~1r..L1.al. i.:!.Jssity n.J:.:.ir.js 
..t .• j EJ'•' ..__· .. •1~r..J • ..., .·.11 ~Apt:r1r.t:nt:,;. •1th lJldntso1 
~c:'d11:1·h:.:> .1r.-i ~.,.).~::;,. 

; .. st ~r. Atrae: ~ ... ,.~ w~t.n 

!..'t.•:t."!.0p:ncut f•.1:11<. 

: . ~~br~~r~ i1~~! 

j ';f:'.la~ !~ .... ;-:,~ht:> L1t...:r.:tmer 1··-i1. 

($.:1.r :..:: Pl~~i~~c. v_ 1. 331. 

Over •.Ji,.J '-»'~1; . .-J tl1,.r.,t.."!1_:,t~ :..l::t.•nt~sr .• ?:...1·:t.. 

:>•r.•.•d .t 1:cij•.' ii•.·.:., ";"l.;.1;,· :a =~.u .. •ir··t. 'Jt 

t .. •.•· ~1116'; tt.1· ._ iio:,: .t.•.s 1 t, tllt." ·lP'.it..•lqpm._.nr •Jl 

t,L,.: ,41.•:.!: ': •.ht.·:1'1~· .1: WL·.ip.,: ..... Tt1•~ ! l.Jl •.Jl 

::;.••Jf;.ttdf le:.. ;;,.~II 1·.:~ ~.c·:l"t.sl r ..... t>t"~ l.t•~rt!.Sft.•;.;, ,If. 

-""1t·nf.i$t:. :: i,..., !t.·.!1lihJ rt>:;cu._·~i .ui:vt.>';;t 1~:; •H,J'ln.j 
~ t .. _. '; .;;., • 

T~1t· ··p~···j ;~· •·j 1~1.:.. 1. ~h._. m: 1 .t .tr'i u:..t: .... ! 

bL .. l· •;1.:.d r•..-:.a•.:.tr ·?: .. c1:;J1t.:~cnt:> .. • ·Jr .. •nr1tJ ,_:,.Jr1Lt!rn 

.,1:.thiu the r ... tJn.c!;,·.11 1:1AT"Jf•1.;o;.t·1 th.it the •r5 
f!:..Jl >·jt•'4d ~crci•JL' l':·J:J:.ur. 1:;. (1u1c~ !·· rro1,v111-1 ~·;w.u,.t:; 

·• t .. 1ul\_,rJ•«-"dl ctrm~ i:c1··~. ont" th.at ..,,, Jl·t dirt!<.t l•; 
thr·.!.1lcn lht· 11..st i1in·~ ht!',tltn J11J '"Jr whl·.:h thett! 

w >lll<S l>t:' ''"' ! r1:.1tmt.•rit. 

The United ::;r.1t1_•·..i. tht> ~;.)·11t:l 11111•>11 • .111-I 

100 ulher ,;ountr IL":t drto 51·JnJt<>rlt•'• tv ,1 t rt·.tr'/ th.it 

t.,,..an~ the dt?vclu'-'m~11t, (.>Iodw:t 1un ,1nd Jlt1t.k~11 l P11J _,t 
t.1,·~u·JiCttl ""''·1'"''n.s., but Slnr:tt tht." J.te,J•jttrl 

A,1mlh1::it:.st l.Jrl t• .. 1K <,ff11:f!. th~ l'llllre l>Ullljt"t r(): 

tt.t· BiuiuJI• .tl t.1L"fcn:ie Pr•J\jrdm h.1;; llH."lt.d:it"•1 o'Jt!I 

4J') p~r 1:vnt. ~snct t+--ie tredty 1s t)t:11nr1 sl<>wly er1r1ed, 

th!'! -;,1'lt!nt1sts c_:~>11ten ... 1. (t::.<tr.1··t~"' trom Ch~n111;:~~ 
MHl<O!!lrl'.J llt•l><>ll•!r, 2'> Jul'/ 1?~6) 

!-0 1 ~?it:> :'}·):._:·.;. t-'..'"• : •• tfl:.· .tL .. 1 iit.'"J:Si.Jt t"."~ t,:~~!..H•: 

··~. ~ h.1·.-~ ~·_:.._·~J r.' .. .ta..::!:.t ... ~':.~=.r~rs :r.:. _·. us iug 

:.·1~·! :.l:t:S~wJrtrtJ.t :d:: ':.t:,:ht:l..fu.t:>S - the u:ie u! l>l•)l...,•-J~·.: 

l·~t3lysts ir: ~hem1~3: p::0du~ti0n - 3~:·~?d1ng t~ 

t 1 r. l-'~t€'r E..l:k~r ot the Ul< 0 s LJ:Wr.t~0r;· vr th~ 

...;.. ··.:~rnm.~:!t Cht?lfl.st _ Tt:e .._-,)CVft~nts .. :..tm.~ J:t ..! Jne ._1~tz· 

~~~:r:..J d~si~ne(f t~· ~rvmct~ t~.:hr• ..... ~V<P·-·.ii tr.:tnstt?~ 
._.f b:.~tr.tnsto:-aation tt:._·r:.nii.tues t::,)rn U•!:.versit1es .. : . 

th~ UK to in~ustr¥-

·r-·:.ttz· i1~r L·ent L~ .i!U-J dvses '-Ji\"t!-:1 t.:xiJ.i' ..trt.• 
ne:.:t tc, us~less b~1._"J:•1se t ht.. .. i" ·ont.-t in: nv·: -..t\..~t i •:e 
.S ... ·r.'!t..·::; -..!11t..-h .trt in~tt~·:t 1·. _ •. i:~.j 1.:..i.!; t:."·.-~a bt:." 

n.!r~r~1.· tle sa: i. H~r~i ~ru.1s ...1nJ J1:~,~h~~1~~!~ 3!~ 

r.: ."t..·£T.~ ... - rr.1:...ti.;res ..ir~'-i 0!!.t."•! V:!e ~s0oer ts h~tr:nt\il 

:-,: _ !'i.tJ\C"t C"Ap! .1i:.t."' L "!"ht.:t :·.1,i Let":~ tht:" -.tse •it; . 

t:1~ :iru..J th...1: iJ .... mt ... 1C". ~· _1l . .:,q11:.Jl Cdt.1.·1 .:.:it$ :.es:..=.:t~·j 
:n ...,;.~~- ..l :;.:.a-;i.t:." t"; •. !:.t;:....mer b~irag pr ..... -,.!t..!._·c.J. 

1-': ..... "!u . .:-ts lft.i:u...:.t.\·.·ta?ed tis1nq b:ol0t.JI..: c..sta!ysts 

w_.ul i !1_ .... ~ ~-·nly be s .. tr~r bc.t L"...J".JlJ .?is~ !:t.~ g1v~:;, 11. 

sm_-tl l~r .tn.1 mure p:..t~nt dcs.:s, dnd he ..._·..tl ied f,..Jr .1 

rr . ..! ~-H Ct"'S~..lr:.:h pr·..,1..;t.lmmt.: t·_. d:· • .-est i'1..1t~ :.r.~ ~rr.e-:ts 

or t"1~.:·1me::i ... n d \.".J.r!.t?t·,- 0t i:1dJsi:.r1.l: su.t.s.:.r.:ttt..'"5. 

~·r. btict:r c:;..;:p.i...1it1t.·d th.Jt bi.0t:-3nst0:r.-..:t: . .:.;; 

•u·JlJ h..s 1:c .:.1n imp._-,rt..J:••t 1 .Jle t.J pl...i1· i·. t=~t:" 

C!\.:l1;~t3.._·t;.;.:c: ._'t ~inc i..:rit-mi .. -.,~s, tta.· :! . ..i!;;J:.:l·:':.u::~ 

t>L.:.lr . ..t~~,-t l•:dl dieiv:..-t:S. .1::.i t:~e d~".-tl0plT't-1::. .)t 
,!~t ·-:it!t.=.ltt:J:l ~.r...-:·L.·.:-ss~s. (E:.:tr .. 1..:-tt!'d fr.:,rr, 
fio!Jr:~..:..:._..:.:_:~::.!_..:_:_~~-- 1;h~tr.!~~· Fet.Jru.;!r;· 1')07) 

:;-, f.ir, n~11e bi0t't."1..."hn»~•J-JY dru·~s . .u .. 1 ·:.t··~:lne:> 
h..1· .. ~ b~~1• .lpprcve-:1 bz· ~he ~!:; t·~;...vd .J.nj L.-:- .... 'i 
Ad.nir1is:.r.1' i.,:,n tt"IJA). ltH r.ine t irr.es ..ts :::\.:lr;,· 
b: ... ~e.:r.n-.J!•J-JJ" p:u.j ... h.:ts. Cl ir, .:\~l, dft! ln 

dt.'"Je l •.;pmcr:c in th.~ US• l n· · l .1 i; r:-~ 6 7 r C't)~111;.:t S ~:: 
rl1n1..:.t~ tr1j1s dr.J t4 tt' . .Jt. hr~·1:'l~ 1:.,:,C":pl~t~·j s.1·:t. 

t : ; .t ~ :i • .:S I t.' .l. J l l 1 .. '1 t-'L1A • :J CT. I r Kc t I 0 ~; .t i-J~' r '> · .. - _, ~ • 

. -t1..·1..c)rd~nq t•.:.: the ~h.trrr . .Jl:e~t i1..· ... : M.1r • .1!3.~t.1rc.--t s 
ASSOt"Ltt i._.n {PHA), ;....1:;hir; f!.'J"• LI.~. 

PMA t-,.:.1s 0(1 pr~.::s~ .J.1t.-l 0n the \i.,l l..u ~'·'-·t"::.t 

meat repres.en:.e:.1 t.i1· th.J:it!' Cl tir,..:·1l •. ~t ::... HOJ•t:'.,t:r. 

est ir.1.1t.e5 th..:1t .Jn 41;:er.1-Je ne• lrUlJ c._·v~t:; .it>' ·~t 

$1~':> ,T,1Jlio1: .:.11;1 rcqa~r~3 : l,j ·,t.•,rs ~,) ,JeVt.·i .. ·(-· 

re d:i • .,J .:om;...sn1e::. .t:'t.! 1:\•: ... l·Jt."rj 1; ·ic· .. ··.!l ;tJ·l·'J 
th~ Si. ~1:w<!a.:t s. ;".)m,;.1111~:.. .u~ Jevet.J~~r .. ; 2-t ._.t th•-· 

t)ro .. !u1_·t::; ~;;!r.r 1·7 •• 1n in 1~.·.it 1·''1 th.tit :,.m.1~ ! 

bidt\,'1,,,:hn·.>l >'J'i f."UIT•'-'JIOle~ .1:t: 'lU!•U~y t• ... t~ .. h:·~~ 

prudu._·t!'r:; fur dev~l·1p1;.1..;. I t."::it ln1; .u:.t 1r .. 1rif.'-·t •n·j 

t.":.q><C t 1 SC. 

t'ort·; c•t tht: d! i r ... t,i . .-t_, J[t: ! ~r ·.-1a .. _t.·? 

t'e-1lmt:nt, m.Jk~r-'J 1.:.1ro··~r ltl't." r.••:~t frt:-iU'!ntl..,
t.t19~ted d1:>e.15t: uf l;t.;tt.••:hiL..1i•:.,1f/ i-•r·.>d.H·~::;,. 

Murco .. .;er, r;dm'-'dnit:S ,trc de·.Jcl""'1iri.J ~ v 1r ;et·; •.;t 
tt1c1.-1p1es d\j<1111st ··dn1.:~1. LnLlt.:.d•ll·J 

f.°f)lony st ~mul.1l in-J f.:lctur::;, inrcrft1r1.Ja:.;. 

lfllt!rl~ui<iu!., tlk.1nul.'.l0ndl dnt ~lr . .>'1it:!!i dnJ t 11m HJt 
necrosis ftt•:t•1r::;. 

An dt.br~vl • .llt!'I l~:.;.t ·t th~ A~ pruda'-·t~ 

f·.>llows. His.:;1r.q ctre thr~e Cdlt."(j'.1r1es: pef' .tu.;. 
•vther 'Hudu 1f·r s• ctnd Vd1·._:~ne:». Pt:~t 1;ff!:-, 1n,_.u1.h• 

:;.u··h prr){i\11.."t:'i ctS d tr 1..tl 5lttpt l·I~ f .• r ~:orHjt~St lVt." 

htf1trt fdilure, •hile other '>r1 ... .t1i..·t:a Jn1:lu,je ft1(:t~·r 

VIII:C 411d CiJilhnmdl growth fdr.:lur. V.J..;,;1nt1:; die 

b~1n9 tested dgdinst hepdtit1s n, mdldrld, 

Hderno1•h1l11s i11t11_1~nz~e. <;dnrer dnd resplldtory 
vi ruse!\. 



----- ------------------------- -· - ~- - -

Pruurvkin<e1se 

Ti!.iisur plasainv"':Jtn 
c1l:t i v..ltor 

Ti::sue pl.asm.inv'-}~·, 

a•:t iv3t0r 
T1ssue pl.tS"li.< .. .Jea 

.ict i ·;dt.: .. : 

C·.>i !ab<:rat ive l\t::~ie..tr"'-h 

Sandoz 
V'?net ics I;1-s:.: tut.t 
11icl l..:c..-... I:! 10tech11.:.l0qy 

Bioqen 
Smit hK i i ne :!c=·-"K:nJ:r • 

Colony stimalatinq factors 

G:: ~cut~yte \.'.olon~· 

s~i~ulatinq factor 
Gt .ua1l0<:yte 

!°:"•J._~ropt\.tqe L._.l<-~~1 

~tim~ldtin9 t~:~~= 

G13nuiv~yte 

:r.i..:-roph.iqe c.;l-.·«·1 
~ti~~ldtinq t.;1ctu: 

G!3~a,;:·.:r...: 1 te 
tia..lt:: . .::.~·h.;l":fC C.:vl ..:,;,,., 

stimul~ting !dctvr 

Dis..,Lases 

Su~er0x1de dismuta~e 

Supt?rox1de dismutase 

Brythropoietins 

H,1man growth hormonE-

Interferons 

lntert .. ~o:i .tlphd 
(top1<;,1l; 

Hum.an leukocyte 
1ntvrteron .alpha 
( ln)ectaole) 

Ger.eti\,;S Iri.:>t it•.Jtt? 

S.ind..;z 

u~~~h~t "v~s:.~i. 

~~Ulh?A 

1;,u. te..:hnoloqi' .;eut=r.il 
Bristol-M/ers 
Chiron 
i::<>Stl:>dn l<oJak 
i::nzon 

Ott llo · 

lnte-ir.H•d Ger • .,t 1·:s 

b10-te~hn0lo~y Gener.ti 
Du Pr.1nl 
Gtt:ieate. :-i 

Hotfm.tur1 ·La Roche 

lnte1!er0n Sciences 

Scher .,,q-Plouqh 

II i ra')en 

A..:u':.t: ~;..:.....:.:trdi..il ~r.f.lr ... ·t icn .• 
dee~ ~~in tr.rvcrJ)..)si~r d~~~e 

st :vi<.t:-, ~\: l 11tt.Jra.lr r t:tr.Ct_; l i ::>:D. 
~it:."..t:-t -•t~ :1..:k, ~~~:r ..... n.tr·j 

e!fl.t,...:., .I. L .s:r. • St f v9c~ 

n .... ·~~~ m.:1..r...·..t:.:f.1..t.l in!J.r\. . ."t 1-~r, 

Chem._•t ~-.t.:: .. spy ._.tfc..:~~. ;. :r·:>. 
~~;,.;.k3te!T.i.!, api.1st1c .!tl.!~!T'· ~J 

,·11"""· tl:.:-r -'l>'i effect:>. ;... : ~ .. 5. 

i~1~M...t~c:.i .1. .. pl .l:it i,: dt•..1~m1d 

• .• !lt.:.: ..... : t:er .:.p;· ~fft:"LlSr A~l-£. 

:c-\,;ti:.-.~m.i.:t. dt:lasl i1.: ar.c:tt:'ni.-t, 

tx..nc lf•:i':°tV• t:..tnsplants, 
H.-".i-JK in. s di So!.l:>e 

Pha s~ r I ! ! I• 

P~~.t:.t: ~· rII • ..:p(,·· ·~t;.__•?l 

t...:r m . .:u.ic~l inq si;L.m .. :t"""'j 

Pt:.J.S-=' : ! ! 

Ph.>:>e ! I I 

Ph.!:>"' II 

Phas" I - : 

."-J j·..1.va1it tv ..:hcmvthet apj·. 41.j juni.:t:. PnJ~r.- ! • 
t~ tredl~ent of ~ntecti0us 

distta:>es 

Reper~~sion da111aqe 
Reperfusion ;njury, kidr.ey 

transplanL, burns 

Cb r u n : t: r ~ '"~" l : .::1 i l 11: e 
An~em~ ,, 

Humdn growth Jl!t l1..'"i~1\C""/ ~n 

.;hdJre:i 
Chr0ni~ r~ndl tdl!~~re 

~urns 

kt.·i:ur re;ot tje111tt1l her1 ,., 

Or<.11 herpt."S 
G~nltdl wdrt:-.. 
AH•~; :el<tte.-J l!<t"°si · ~ Sdrcoma. 

chronic myelaqenous leukdem1d. 
rendl cell cdrcinc~d 

Genit~l w~rt~, ger.itdl her~e~ 

l«tpo:I I'S Sd I<"Omd 

Mui t 1ple myc.,lomd 

Ov<tr1<tn Cdncer 
AIDS, Kaposi ·s Sdl•;r,m.t Wltl' 

undvt hym i <11 ne 
1.euk .. emi ... AIOS, ren"I .-ell 

c•r1;in<1mtt, hl•dd•r 1;el l 

('."di r '~ 1 nOla.t 

Phase II 
Phase •T 

Appl ic.·H. l"-'n {.-Jr 
llldrket it.g submittt,.1 

!;1 humdn cl inl • .:dl:S 

Ph.tse I I: 

Phase I. I I 
P!'"adSitt 

Appl ~r:jt lvtl ! J( 

mdrkt-t111rJ :;at,m~~tt->1 

P~ • .sse r r I 
i'hase I I 
In late r-l 111icdl tr 1als 

Application fc-1 

m.srketinq Sllt'ml tt .,J 
Appl kat ion ~ f)( 

m.trket inq subm.ttf.-d 

Appl icat ion for 

m,srketinq sut,m 1 t t e,1 

Appl ic.tf ion fur 

m.trket in') ~uhm l" t e<i 

Appl kat inn for 
marketinq suhf"1 rt ed 

PhdS& I[ I 

Ph.sse I 

A!Jpl icd! inn r r, r 
m,orkel inq submit 1 .. <1 



Ht;mJ:1 !~;,,..k._<·;t"-"' 

iat~t f~r..::n .t!(·h..! 

( t1..'p: ... ·..tl .... ir1tt11e:nt) 

~:·t11:-r :~t·."\h ...ilt-!1.J 

: : ~ .._:' t er. •· : . .:... t.:: . .zl.:.: 

: t.> !' : t.·.1 ._ • r 

~L··-- _•;t.: : ; .l••: ••'· !. -•· 

Ir.:t": ~.·,;--: .:. - :"i' 

1:e:'.: ,. !\it::r .t: y 
:u_ -:' ,c .t . :· .t :•:. :"' .• ""; .. ! : 

• nt•_·i: :~ .. 1!.:; ;: 

h.....:~~ru!lA •• ·-"'·-···-·· 

Monoclon.tl An~ •btxhes (~.b) 

~\!1 

~:.t ! ~ ~-t: ·
MA:, 

!-!At 

:-~:\L 

~..;~. 

~:. ·~ i.~. 

"'!t·;. 

:J.Sl':' .. ;1: 

E:; !.: : :·, 

hr 15 t 
I rr,pt: cu:; 

1112'' -~ J. ' r~ 

r.-_-

·Oi;; ·1 ... ;, 

. ~ t: r: :a- 1?. " .! . ': 

~1\I 

Mii' 

Miil· 

Ml\t. 

Tu•uur necrosis f•ctor.c 

:.~··it: r 1 t! 

;Jf '· •• 

r••·· H ·,: 

U•! .f~ ~ 

?h_•, rt A 

;....,m,, 

l•f l.:••f 

;,c •• m,, 

Tum .. ur J1t. r,:.1~, t.1~·t .. : l'•'I'-"'• 
Tum<.>1Jr Ht:'t"f(,Jl:io !,11·t(1r 1't•tu:i 

~ : l 

Tumu•.H fit!'•.:f•L-; •:.. f.1.:l•Jr ';f•o...-nt t"• h 

~ t • I • 

l l 

~i..t!r·1· -·~: ~ ~it·~~k.h-.!:t.t,. se·1.·r~ 
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~=r ::t ~·J :a.it-· ...t: .. ! "St•.;.~rh:c :~.c- r- .•. 1'.•·: :.·: ~t.:. :~ 
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·::-.. J: p.1:.Jl .. c-ls ~st lm..ttll?s .-r t~e- N:it !..·:-.... : ?.11:."S.t:".t:.._·: 

:....,..i;:._-: ~. whi.;n has :~.;.)rn.-r.~njeJ st-'c?-;1j~r."1 
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A~ t: :1 • '. ·1· 

~·.: :1 t ',': t :111:: 
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l:r.t .. •_nJ:· ..... !·~·;~· i'l•JW. tiut d. 1"•)7 wil.l tt.· 
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h1otechJ1~.)lti•J'/ ruipr-=-s~nt 5.Slit"4 ,f sr1n m. 41 ~o; ~ .. 

1~81, but this will in•:r01ds" ~t. .s r.ttt- .,f 

'; !· I , , ~ 
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l? per c.:trnt 4 ;·e.tr tc. rt•.-t··h ~',·1"1 iri•l1·.i1 in i'•·-,1. 
l,1quld &;h!C>R\tltC1')fttph'j ~ctlt",.• lil tJ111t .. •'hfl•·•< j'1' ll•1W 
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11; ~ • .:tn. 1 
:· ... ·.1: l.tt :,_. .. 

1:: ,. t , . ~ ~ . : ·-·::. • :.: 1 · .ttJr~ h L-.Jt: 

~ : . . e -~~.; t 1 . ~11._'!"t· .. t-.:c. t._' <;: ~'-- .-r..:: i•_'r~ ~n 

:--~l~ rer:t...·sc;·:_-<; !'. •. t':';::'[j;:..: .l:•::-...i.1l ln-·r~1~c 

.. _ •. I t j-'~-~: \.0 t:'r t~t..• "1t:.H t >Tot.i t.e:tr.. 

t _· ... r ... -t. : r-.c~11...·.ti. H.1rJ1.t_··_:.-:·.J_Rt..·p _ _:':·.:~ • .; J.;.y :'"l'.:':5) 

~~.::..':"":"'·-·!:·k__;~_'.:i~- :i~-:. :_;_-_';.it_: 1!' . ..1r-c.~ r:,_.r.. !.:~-~·~ -:: 
: t.:.t..:!~ :- -· 

l.j't?~tt!: ... ""!1t .. 1··t .._:, s-.:._i.t\. 1· :.r.1-~ •nll .!:\J' .Jther 
s..:1.=-;:;.1! l-..: ,jc·:.__..l . .:-t:T1.t';1·. ~ •. ~ ;t::"i.r.::rt::: tt~e Wirth! ~n 

"'t-.Jr.s.tnr1.... •. ~:-~. r;t..-.- 1de •h."' :T"..Jl<e ._r tri~i;.;e;1.:-? 

~'-:l :.·-,·. L~l-::u·.!~~~; 1;._"'_•1·;lt:SS:Tt..·: .• tr..i thielr St..if:s. 
~ • .;~ -..~ ;.•. t:1 L: .tri.::~ ...,ft l _· i.1: s t:1.1 mcanL~rs u! !.ht!' 
rr.llC."!: t ..... r. .. _.. _,51.._.,1 ... t-.• ::1 tc.:h: . .._:.i)'--}·,· w(")t:li1 h.1vt.., ~~~ 

-:J!t.llt;S':. ti!.· r. :::.- ~!TT..t-·t ..!L;t lr •. ] r.r.e 1.ext iC years, 
:e t, .. ~r Lt?r•'· ~·f r~st.·;r.·it!"nts :~.\il'I--?.! t.iv':.e.:hn.)11...·q;r: 
~4 ~~=- ..:~·:t .-~i:c.~ sut:c-:c·.1r...:!,;.:~ ~-;·~·i .:ts h.1vin9 tt1-= 

tt..·~-t~!i.-~ .... .-JJ wvu.~J. H..._"c-·:~: • .J.m0no..J n~drly t-... tlt ut ':hl? 
=~::;t .. H:Jl>.?nt.:; •hv ::i.J.I...i thi-J. w~re •.,;e:·i intc-r~st~d in 
b:· !~~h:10~0q~ • .._.,1J~ iO ~.~r ':~r~t b~li~vt"J th~t th~1r 

..J.!hh':St..lr.d1nq o: lt w..ts v~I'-i qv•Jd. (Svur\.:-e: 

~ ... l:~~~l V-:et_~. i ~"-ti' 19~~} 

Nr.i~ p~~)l>l~ltlS .H•d 0p~.x.Htunit ies .lrt: r :siI!,;_j to: 
l.···itl.I .t:i:t>-s i1: tht..• t..•rrerqin~ t-d0te.:hn0L)qj· i:1.Justr;-. 
Att~r IT • ...:r.e tr ... ir1 t ~!t>•.·.Jje- Jt rapid evclut ivn. the 
i•.·.h1:.;t:·1 is :!1.:-w ri ... tki;:g tht> ·~·r1tic.1l tr.1nsit1o:i trom 
.ti: c.·•·.1r .... 1n~~x1t ,_·r~tr.t·:~~:: t-=:t.." ... 1 ~,,. ""t?r'lt:z· .. .-....r~1 ..... · f..!tD 

t•.._.1t tq.,t.~s .. t:J ui:t: ~ .. -·.t-..:~I·i P<..Jt-;..i:.ttc .. ! l·J· 
·!1;.:: ::"""i·-Jt!~~. we.l t.'..;:...tt list-it:~ bl:Slt:ll..~::;st:.·s"' l··· I 

E-l .. :::ali:~ss sttdtt>-pt>S -:tt .. ti. tu the st .. .._·.;es!:- ._-.t :.ht? 
:r.1..·~~- ~!~.1:1-J~O !JS ._·.:m1.u~.t..·s ~.Jrti.:ipatin~ in this 
in .. :L..!st:z· tr.t~!sit : ... "n •t..·r(• .i1scussed ..ttrk:=•'J i~1.L.Jstr~· 

eA~t_·...:":. ;·:.:.:; ,n: l !'!l~t>t ir:~ St-Cr:.::i:."r...:d bj· C" ... nisu.it in'J 
fu:s....,ur-:-..·~. Lo:;.;,,:u .. ~tr·r., ~.tss. M._.:e ...:ompar~i~s 1n. th;s 

i:1-iust:i ~i~. be tJ~~1~~gc111q str~t~gic, 

vrt~;.tr.!::.st 101..\'- J;~.j st:u.._·~ur..il ch.111'.JeS .1s tht:"i rr • .ita:t.• 
trl~.11 th~ embry~ni .... - ~·-'th~ gr..:>wth pha5.:_• 0t 11!"1:...stry 
.:fe;:ei.:rJment. Strdte-11,_· issues c1 it i1...·..sl tt; 

!._.,1ct~...:hriLl091· ·-.:-·m~J:.1t?:.; .Jt this :.it.lo.;Je ot indu.str·1· 
t~·:ot~t ior• .:tr-= t:t-2u.;hl t;:. ~e: 

M.1kin-] th<' tr.1c.s1t1.o:i tr0m l-te'i"g 
te . .:hi. • .;.!J-:1Y Jri\:t?n ~0 t~in-:1 m.Jrkit?"t de i.·:t-1!: 

:iu.:-.. -esstul!y s:1!.:t~r:..J !r ... -;m ""d1tt .. .L;:..H1"" tv 
"different iat 10n•; 

~~~~"1 do~n tt1~ ~t-a:~~ir.g C\~rve to ceJu~e 
1..·.:...:s ts; 

Revenues up an average of 48\ for 18 b1otechnolJqy firms 

( S rTI l l l ~ t_ ~ 0 _:i } ; ·J88 

Amqen 
Applied Bioscience 
Applied Bio~ysteas 
Bioqen 
Cc1l9ene 
Centocor 

Cetus 
Collagen 
Cytoqen 
DllA Pl•nt Technoloqy 
Genentech 
Genetics Institute 

1-ne• 
Integrated Genetics 
l.ipos~ 

lllOlecul•r Genetics 
Ribi 1-noCh
Synerqen 

TOTAL 

!4.'>13 
li,.4ll 
ll.121 
i>. 14 I 
'). l h) 

i '>. 7: l 

i •;." l 0 
'. '>12 
~ . ., ') 2 

l. '>40 
.'4.424 
~. t. Jr) 

'>. l ~') 
~. 4 16 
l. SI 8 
l. 421 
0. l J'J 
I. 14'l 

19/. ~11 

• 11.l·ld.t. .. •=.. 'i.:tlt!s, c;outr,11·t:.,, rt•".if'!dr1·h, 

e..clrdurfl1n,u·1 ,111<1 nonrecurr1u<' ilt!'rns whl'r 
uf s<1les. def !Jef io:1 t. 

;i. ~es 

O. 88 ·s 
'>. l 3') 
0. 91'> 
O.OH 
l . ')'f 1 

<>. r, I~ 
-(l. 664 
l.125 
0. l'l'> 

l '>. 211 
'). 9'Jl 

0. ~'Jt 
0. 'l2 :i 

''· ssn 
0. 18' 
0. 41.8 

I. 180 

2. )ll 

n 
12 
29 
15 
') 3 

'>0 

69 
)6 

21 

21 

41\ 

Jet 
def 
def 
def 
c1ef 
dpf 

def 

3.3\ 
8.5 

ll.8 
:1td 
0 ... 

12. 7 

def 
def 
def 
def 
~0.4 

def 

I I .1> 

def 
def 
def 
def 
def 

1.2\ 

.11y1-1lt·,·, ttu<i 1n~vrest rtrVt!'rHJt-s. b E:ic..:lude:; 

pos·,.t.i... c After ta• inr:ome <1s d percentage 

l 9tl. 

8.9 
'). ~ 

def 
Ll 

l.l.') 

d.,f 
11. 8 

c1cf 
,1ef 

l l. 8 
def 

def 
4.0 
def 
def 
c1ef 
J. I; 

def 
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J~-;re:-e ..._-.,t ... ·...;:h.·~r:, .1t•0.;: :t:'-".::it: .J:isc:.J..:..r::i tut :..it~.~! 

~h~ i ... •w I~l.tt i·.·e ._,_.~~ ,: t!t>..lt in ... ; t-...l~- tt::~ts. Whc:'l:..t::.. 
tht.2' es~1~..ltej C·J.:5~ .. t tt:~ ll~!!!:l:r.~ .._·..srt:- .:t .u. AL~S 
p..Stlt:l1t is; betWt:~:~ ~.:-.;'".Ji_) .t:~j s:i.,.''_1,'Jl)L ~n 

~nJustti..:t:llze..i .._· ... ,u:atr1~s • .ind ~l.lC .,t!aJ $~.":>.J:J •.. 
Atri..:a, JO cent:"".' wv:th vt 0ra:l !t?~~·:: .. :..tti0r1 sJ!'".:> 

~~r1 ~l~a: up re0st ~~;s~J~s 0t J~Jith0e.i. M0st ~...ls~~ 

..... :: o.i.:tcr ial pn'2'u=>.,~nl.J., whi..:h ..:..lU5t'S drvur~.i 

ac per ~e~t ~t ~~ute resp!r•t0<¥ !~tec:10cs :n 
.... -hii,jr~·t. ln jt.."·:~l .... ·pir.-j cvu:itr ies. rt!'SiJ•)? • ...i tv .l f':.._. 
.J..l'J°5• treatrr.t:"nt ·,,;itn t.ht:: .i.r...:.q ..:0t:im0:...:J::vle, w1:.·.:L 
..t1:f..lir1. t..'"USt:5 ..1ruu1.J J....i .... ·eats. A: . .! i~ ...:.__•sts just $it.: 
to \."aci:in,jtt: a. .._·t-.:~ ... ! ..1-.1diast ~r-.t!' s~:... :nJ~VI 

i:i!ect.ious ,Jis-==-.J:St..·:.J ~n.tr. 1<iil .__·r:1: ... ir~1•. 

p..srts of the 'Wvrl.J. •. =-.!~$ l?'"~rts •h.Jt Jvn.Jttl.ui !o-1 .. tt:;:l, 

hc.ld ..:,.f th~ ""HV"s Ci.,_.t, .. 1: Prv:.,rctmmt: -.:1. A.Ir•S, .__·Ji ls .1 

"JLsr~J~e~e(tt ett~·:t" ur1 alre~dy liffiited hea!th 
re:.....J .. ::._·t>~- .. I:! r;. .. tni f..t.?.1..:.J.n cit it::.;," h~ ;>.i;·s. "z··~l.;, 

~~i h3~e hu~pitdis with, sa~. ~00 bed~ 3t·J 

oG0 pati~11ts t~ ~~ tr~..ite•j .. :le~rly, Jr~y AiGS 
p3t :e'lts bell:<; •jm1tteJ w: ll disi:l.ic" s[;Jc·.e ,u:.j 
:.::-s .... •ur...:es, i:t ... :iujiil'--J !--'hdrmc:to.:eutic~~l5 . .!11j St..ltf l!7.~. 

th.Jt ffi~ght b~ us~~ !~: .;11:Jble Jisc~~~~- · 

In utb..tf ... 1•·.:i:J vr ,·e:1trdi .ii:.: ::.·.1_t .:..tr~·..:.i 

wr.~:c b~twcero ") ..i.:·J .:J pc-r cer.t ·)t !.ne ,tj •• lt 
p0t--u .. ..tt L·)ll d:"~ th...;u r""- tv !:.e in!e.:t~d w. th tti~ :! .... ;'!",...:.:. 

~rr..rr.JnJJ~ti...:ienL-i 1:1rus, up t.J n,:sl! ,;-t r:vs;;<.t..il :...~J~ 

.if" .. ..: ._.,_·.:~pied t'·i AlC·S {;dt ltllts, th~ -~11[ J.d =dnt\ 
::c{i•"rts. Some h1:;>µLt~ll:i ~r. th~ J~ 1.:t:!':1._.~ 1 lr:'1 1i11v~ ~J. 

.;i...:·..:~ .. HJiny to ·'."'~.!_4_.~~~~ ~~-~~ (~.; J.HH;d:'r ). dC~ 11.J• 
rtd"sinq to admit. people with AIDS because of• i.>..:k 
of medicines. sp•..:e dnJ stdff. 

T..J t-..tsc: ttit: c.:vrrent dnd dati....:ipate] :.·ur-1~a cit 

AID;; on •lre.;dy overe•tended heaith systems. 
o!f1 ... -i:JlS ·.:Jf the \~lubal Pr~)grar.vtie on AI()S .:lee urgi:1g 
A.fri.:dn E•Ubl1..; h~dlth .:iuth0riti.:-!':i to org.luizt:: 
co!Ml"nity an.J home-basej ,;are vf inf.ectt<d p.eopie. 

Those wh0 heliev~ thdt AIDS 1s •lreddj 
attracting lu•) mut..:h fundin~ will ~ir.d ~10 c:0mfort in 

forecasts uf its fut,ire demctnds. B/ I99l. ""llO's 
Progr"mme on A!D:S. whic:h h<1s d curreut budget ot 
dfi)unJ SllJO mill i ..... n, cuuld r~quire dS much dS 
Sf\~O millic>1l, dcc-urdii~•J t, the Unit~d N~tti<>ns 

Dev.,lopm.ent PrograrrJtle. This figure does nnt incluJ" 
the Cv!itS ut diaqnuSilhJ, tt~.it ing dnd - lt d 'J<tC1,."lnc 
should b.e•:vmt< available - pceve1.ting the d1s.,ase by 
irM'.unizat ion. In the US al0ne the lifetime cost of 
tredt iny I.he l~.000 p"ople di.Jgnosed with AIDS in 
19&6, estimated at Sl.2 billion, coul.J s0dr to 
$~.9 billion for the 7~.ooo '"'w 1:.1s .. ~ pred•c:ted t,'/ 
199!, This would bring the n1mL:l.H iv" 1·ost uf the 
270,()00 CdS<"S diagnosed r,et.,een 1981 "'"' l')')l t<J 
a<ound $22 billion. 

To utf11 .. :Ld!S ot ·,;uo, th~ dmuunt ot m.ir1~'.i 11111! 

energy goinq into the t1yht dyainst AIDS is 
justified toe several reasous. 

AIOS poses a yrowinq threat to the world's 
P'Jpulation. Betw .. en ~and 10 million P"ople 
are nel1eved tJ be infected with HIV. It JO 
to JO per cent ot them develop AIDS over the 
neAt rive years, there will he between l d~d 

J million crtses. 

AIDS r:nuld r111n currPnt efforts. to 5dVe 

children 1n developirHJ countries. lu s0me 
ar2as. particularly in African cities, 11p f,", 

10 per cent or pregnant women are inte,·ted 
with HIV; perhaps halt or these women will 

infect their offspring. 

lt 

$o:..>~t?1...·~s .. :···~i::...- .t: .... ! rr.: !:it.· .. nJi:.-,.:i .: t.~.·.:;, 

::i....·~'.I-..!u~..; t~.:.:;::.t::.:=:; .lL..i .~,.·:....-~ri.rr.t::::t ..._·,t.!~c~ .:: .. ! 

~e:rJ-~·.t:5 ·.·~._~Lt..·~::;:;._,_·!.!., ~: .... :,1:"":: .. · .lrJ 

~0.::i~ .. -.11 t:l:t~·s, :c.1Lr.·J t-' p ....... t~i.tt..s: : .... :: 
eL·,.·1: ..... ~ .... · .. u:t ~ ... ::~ :._·..:l ·~"".::.>t .. !L:li.: .. 1!..:, :: :: . 

..:tit:J:; .... r t~-.t..' .::...:.-·:t':c..'t:-:?:-j •· .. !::: ..! .T. :~ ~•:\"e::!.t..·~ r 

aff~ •. :e~ Ly !~I~·-

Jls~ .. tJ~ .:.; ;1t .. L·.il~1· .- .... ·[t' -.. ·.~..::ll/ t-It:::e:.tt..·! 

l:~_in t~-.t.: .:-.. 1> !" ,.:~ .. ;,.t.:I J.::;~.!:3t:"..:. ·' 
; .... :.;.-.~le t·-· ;:.1.t the :::.[;:t:".1j ,,t ~!:·; ":.;.;.,r,t ~ 1 

• ~th ~'.: ~·. ; ! i t:y- '. ~ ~ ~ ,_,._ j t,._,: t : ... 1 :. •) f .: ~ 
.t: .. ~--~..:; .. _, ... _:- r .. c-·Jl•.~:11_··! i.li .... 1rre:. ~l.~t~.:tt.• . .! 

·.;: r_ ~ i. i ·;. 

t:.>11..11r.1 .. '-:, .:..·.:':.up t.,. scrt-..:n tv:- HI'.', ;n.1kc,;-:..'. .. 

e..1<>·; :; ... rt.:i:I. t1.:. ~i::p3tit:s E, s·..:t,:!:.~.::"i ..l .. ·1 

cthc-r 1 ~i~toases. 

AlLS iS ~r:.>.-j.: . .; trc-S!"' . .;.,;,r~t.u-: t,. ~~:-.. ~".t-".~:·. 

St: :t· _. t • 

.... t~h..>::ie .n.r ... ~1t!:,ts .:tr-= V·stid, t~~ r::t._,~t ~.t:: ••. j 

sr•t:"1.t .in Air·S .:.::: .,_,._·i -·..ill:.~. I:: .i.1·; ..... L.i~. ~t·t~.::t. ..... 

n0 t·\iilen·:~ tLd:-. Ai:._s :s .!t":t:r~in"j f,~1n'!s tr:.1".. •·.··· · 

hd·.:--! J.:ne t·._·. lt-.e .__·~.i~.~--·· ._.t -·~:1et .. i~~c:-.1~·::::. . 

M.d ... i-Jh Ht.:P•Jt.'rS....it, ·:!J.rc ... ·t·~~ :,t fi~t.....''~ Exp.J:.Jt>,! 
P;ugrarnme un l~iun.L~dt 10n, s.:tys: .. The- t: .... •t.-1~ ... d:.a "t 

prot.t::•:.-t in'] clll tht: ._·hi. ~dr~n .:f tht- dt>\..'"t:L:1p1r1-J ...-ur ~.j 

fr.::irt. th.:- S!;.. t.:hilJ i<i:!1:i-J ur ... .-ri~~1l lt1·.j ,iiseds~s 

•(.>l.d.,; ar11ount dr~i~dl!'f tJ abvut .$oJ.J rrilli..Jt;.'" 

....-h.it is ~LJe:.:1~: .1bv~~t A.:DS. ;n ~.uir,':; view, ts 

tt".ctr it is an er.em;· b;" lTH_; Lt1"} tht!' w01 !J ll•)t c .. .idy 
ddnger, but oppottur.ity fer scein~1 ht="~lth 11•Jt ju~t. 
as d m~dicdl i'Iublem, l1ut 3S d w~y of 11n~~r1y 

conflicting prir.cit..il~s tind irtte-rests. "'fh1s l5 th~ 

f i.rst Yectlly gl~•b..il t.H1..Jt"'dt:m tt1e w<..1rld hds hch.i t.J 

fdC~, .. he- sJys. "N,_1 uthcr diSedSt- h.J.:i .._,·r~<tl~d SU• .. ·h 
o ql•,l".il awdrent:.>S. N<.)t eve-11 the thrt:.-st CJt nui..:ledr 
Wdr Urought the "-"ev~!·'>tiJ.nlj and dev~lui;t-,! wi.,I ld 5,, 

cl,-.· r;:ly toyether dt..J~sinst cl Curr.mun ent.·m·1-" (Sour,.:~: 

Ne~_5,,~!:nt ist", 12 M•Y 19tl8) 

T!!f:: ~'2-!1-Q_u~t .• _,~~:·~1~r~ ~t. -~b~ -~jL~ ~~:!~!~~·~~ 
Res~=! r ch _r nt '~'-1'.1~! ~- i_~~,~---S~~-!. !..2.~L. RI KEN 1 . _ S~• l ~~-~r 
1~1.'~'.' 

Tht: 'fic.r ld [J..lt.'J Cent rt> ,;n ~n··ru or,J.snl~m:; (WL1C) 

ifdS rt:d,)c.1te<1 tr<>m lTni• .. ·crsity of Oueens!.u1d, 
Austr"tli.t tu RIKAGAKIJ KENKYIJUSHu (Rlt<~;NJ, .!<1(,dn !11 
1906. The ~:114l ish n.imc .,f Rll".~:N IS the '""! 1t<1tl' •.•t 
Ph·rsi1·dl dnd ('hem1.·c11 Rese,Hch. Rlt<~:N rnl.l~ ti1c 
.Jdp.:tr1 ('c,,l le1:t ion of M1crn ory~1nisn1s (....iCM) cir .. t th~: 

W[JC 15 t'-,ous~ri in th~ S<'Jmt! b1.11ld:nc; ~-ts .J.~M. Th1s 1.S 

a report on the dCllVltle'.i of the WI.A: after !.he 
[elocAt ion. 

The iOC hdS sent 4u·l survey !ulms tu ·ultlllt 
,~ol lt." 1 .. t 10ns in pre,>drrtt ion f0r the frurth e'llt inn -:of 

the World Directory and dl5() s0me otht.·r ':uit •re 
col l~i:t ions. About &O ~,P-r 1:t!1 --,f the cu 11 ur•! 
collect Lnns ret<irned tiie f, rms L thl' WIX.' hy th1• e11d 
of March l')tlA. The WI•.: wil 1 up<iil'.e the c'<1LI ti le• in 
the <:omputer hc'JS.e1i r)n the f<HmS. 

The number ot o;ol!ect1ons in tt1e third eo'.l1r1c,11 
of the Directory hnl<iings is sh• wn in t<1rde , . 
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.1, t1vlt'/ i;t tr.e l1N!·:S1'{) Pe;;' ~ii~ N~t·.,.,.,r;c tr.r 
M1t~[r)bJ()!1_1,J't' tGr .'.,oJtf1 E.1.:.;t A""~·~· 

,, 

l: 

'i'he ,1t· 111·1 u:t ·1mount nf it:L1rm,1t ;,,n dn.1 ,j.it.:1 <ire 

·Ill ir.u1..1i1sl·1· ~,pout 1r'J uut in tllf.! f 1~l11 of t,i d1J'j',·. 

Tr.~;· :;hou l ~i ~·t: ,.,5:.>t.-.mb ~ ,_ •. 1, :;.Jr t .. ct Jnd ('ut i 11 t n•• 

f,)rms ctVdJl.ible C•n JoC.Hlf ~1em,t.l.J fu~ efficient 11s~. 

~e-vcrdl ".;rq,tr1iz,tt 1(>115 ot rer th ls kind uf servl('f!, 

~.q., th~ ,,r<Jte1n dtit1t t,onk of Brnokhdveu, lht• rl-it t 

b~nk 0f ~rystdl!1ne dndlys1~ ot Cambridge. An~l~~e• 

(1fl t hl.' .·rn ff'i d' i"."H, tie tween tht' -;~ [IJC'lUre rUl\J th"'-• 

t1u1i·t 1(,r. •.if ndtl!:dl m.-1,.·rom<dec11l3r compound5 .1nd 
m11.:rntJl..tl V''_1d111:t5 will provide <1~se:;sment "t theor 
ph·;siolorJicdl d··t 1•11t it's. An dd'Jdncerl te•·hnolrir)'/ 

tc,r d fuli't iUtr,m,1tetl Oil line r·,,nlrc,l S'./Stem·,;1ll t,.• 

.J : t • _ .z L l t::> ~ : ~ t t: ~· : : c.: -~ : t .... : .. r ,__ ~ 1· : t.. ._ t." : _ ~- ... it:":. :.. 

St-::.::;::.~ ~t:"i..:hr~ ... l;,;,t.>:i .tr•..! .io.: ~!.. :,· , :: :;. :: - :: t.." 

''i-·~ r::-.... :: __ -.nitr._.: t-.L .. e>-.~ : •• ~.::~'.t.»~.t· :.._·.t: ..... : :.... :t.·: ::'!'c::: 
~lt:.J..;~::::-:i._· :Th...' ... h.·~s tr.;:-...·: .. ~:.:: ;.t_· . ._·c~:it.·:S-
·_:t ii i.::..it h~I: 0t ...: ..... "'ffit:i,;~~rs iS ~::.~~st.~:~s..it::t::" : __ : :.~e 

.._·)::~t::....:. •. :t:J:t ....:t m..:'jt."i:> .l:.! Je\'e.-·;.,r.iie::•_ -.. .. :: ":~~t· 

s ... ~·.•.ue r...:r J.J.tt-~ i._·c- ,_._,:.:!. 1 .1! i.t t.] ; ~ .... .-~$ :.: : :. -1 
f ... ..::rt·!. in~ 1..'_)ntr...:l. 

T~:c..· W1_··::i.:.::;h..._·.~ .1i:--.•. ·.! .t':. ..::: t.A:r..1::;~ ... ~ 

~1:::._ rrr:.1: :":: J:.J e . ..:t;r:: ~~r~.-~ : ... : !t:·.:r~...::prr.1.~:!:. 

~~..:-!.r~t .. _::-:.1:.:._·:;, .!.:i.! .ti: tnto;:·i:s_·1t--:1r:.1r!· :-:sie.~: .•. 

..1r ~-1 tt:t•~:e•~ ~·l .. 'L_.1':1"£ .i ... j ~n:urm.lt ~ -.:.·,1 s...:i=i~~e- :'t:r: 

•·-rl'i.:::;h ..... 'E- Wd:i ,_.,_.·!:J~._·tt..·"1 t ...... !--'r..._-..•.·:.je .1 tJr:..:.~. tCJ ..!:s._-...,::;~ 

~~t~-..:t:·;~ ut ~ .. 1:.:.it~ ...... r: ,:..f tt;~ •. e• t\.:'1....·hn:.q...:o::s .u:j 
: ... ~ ... re j.:v1r:l_·~1mr::it ~r .. :: ... J.:.:!-j ..:·rerJtl·,.-c r.:'-.3~..i!•_-r. 

_if ~~~ .... inL::r:n,!t :_·:::. ($. u:-•:t;": ~:~.=~~;_!~··S• JtJ:y >1B~j 

D~·:~:_p~ . .?:its ;.n t1.Jtr ... :r.n0:._.~:· !"" • ..!\·~ r.~gh: :..._Jht~·j 

:.~.t:· :ie:ed fJr .1 .:0mt:;r~hensi· .... ·e t.in.;e ..:f 01 . .:.:ogiLd~ 
11 .. 1tt..~! :.:ti f.,.::.r :!:J.;.;st! i..1i .lnd r.:sie..l:-.;h J~t.J~:.:~iti--:::s. 

-::~·:.t.· t....s·~K:; t:t:- nec..•·Jed fvr :;.tr.1::~ St:='~'='·-·t i . .:.·r:, 
h,·~,~ 1'11..:dt l':n, ":1c:;1rt ic t!" • ..:Jnit--·l~..i~ i_:: .._: .. 11ric:<: 
;..!'···i·;._-~.:.0n ~urt.i·JSr..."S <'.!n,,:! :h~ ._-u:t.~r~ ._..:· .. :t·_·: i ...... :~-s. Jt 
~~:e ~;r:1 th~s repr~sent 3:: ~~s~~1ti~. rn~c!cL:~! 

r~s·.•ur...:e. 

Si...rr•t: .;or, :~i.t:-:s r.-.ai:~:.~:r.:.f.1:1 ~::!.,~:J v[..j.;illl.:j,:-'S 

tn.j .._-~~:ured ...:~l:s .'.i!t> ~ist~oi ~n :nt:'"' rl.J !::..lr~.._-t_::, 

- . .- 'ul'::,Ht .~;Jilr.;t:i:-1r.s. Tne :.u:nbc-r _.: .: .. :t:.i.res 
l"!~lj .:.E :h~.:-ie .;..Jll~ctl.Jns ~;;.;.:re::!s ha:t .l ~:.lli.-)1:. 

H.'1!.:1t.:i:.neJ w~th tnt ..:ulturcs is ..i ...,.t!.ilt~ ·:-.t 
S·.<ent iti..: :1:f.-:i;m~ti:;.c 0r~ ~n .. ~dlc .... ~.Jbte ·:3lue ::..:. 
Li.Jte.:!':rh.11 ... -. ..J~S:s. This J.:tt,j is beirq :'T" •• .td~ rr ... ::-~ 
1 .... · ... t·ssib~t? tt".r<)1!~h :1•.?tw ... -:rki;-._, sys .. i"~.:i. ;._ss •.. ·i...tt~~ 
w:th the resour.._·, .... centres is .i ·•i.j~ r.J1~-:~ ·Jt e-xper~ 

k.:.Gw:~dlj!t? dV:I ~ ~.:tb: t: f .)f tt".e SUt:t:w! t ,;!: ". ':2 

i.:tern.it i·J.n.:tl tr.i..:rubi,)tvq1.-:~: .:crra."'!'ll ... ::.t, S;-,e··:..il l "i~ 
slr\~:Ls lr: ~a;:0r~ .. Jmy. i ... ieI1:~f1;..tt:.:::..r:, ~.re~·.:L::1~1:-;. J.:.o! 

~.ttt:~.~ .r1:1 a:.: ·.;:,~t::y a 1:ail~t ... e .i~::1 ret·r~s~::!. .~ 

hi.;n~y sp~ciaii=~ll hu~~~ res~~r~~ 

r-;.::t;h ..._·u:~~;,.;t t.Jr. hds :-.tt.·~. L·..1ilt ·'i·: 1· ~ ... pt:-: t":i, 

t1~ .. 1: ~·.; .y.-er ~1r·.1lc-::.::Jt"'1 ~-eri(_)1_.!:..-, ~1.i:1 =~t1!'~Jt:r1t-., d:. 
et>·Jr:r.:.••i.3 invesrrr 1 ~rit in te:--.r.s \"If ldh.1.1~ .ii~·! 

!:1·.,:~:;tmt:-11l i.t! t.he •.::>tdtJ: .... :~:-iect ): ."! r~·-r•..t>l3l 

r~s JUr(·t' •:entt~ .:ut~tc1.1r1i11., 2.,1.~J :.i t\lt:> stralns dr .... l 
h11.- l:1:~ tn·.:~1 est.:JLt l::i!".t-.!·1 .y,:~t .. i i)•.: .... ,d .. ~ .:..') i't!dfS ~s 

.:1 t~1e ,,r.I~:- •)f $4 mll.!1.:1. This fi:;. ~":! ir.·~u .. i•!S .1 

•:.il.·ul t~ :.in u!' the V,;4:.;.t- -,~ ;;r't!5t-!J\t S. 1,·~J :t:'1 dfl 

,:;,s•:.;~:;h};:t ,_:.t 1~.i~.d t!ft, !": l:: tt-'cmj ,,! .T·t::[-!""'-':, 

..,.,tJi1~mt";1! .--tn.J 0·Jerhe.1,fs, t_,ut 1).;t.>s :11...,;t i.:1·! .. ~,"!~ J:.·
1
' 

\.':1!1 .. e rcJ! the ~;;)C!:itl·)n r .. 1 ,.:r-.. 1.r1c·t .. .!~1:".tti ;1· ,r 

•;tr:1in:; tH_•f.Jre de,>.'.'J:;.lt. :.,1:-1<·e rhis !!". .;1._·:: .. 1.1.J.tr.lt". 

7tlt 1.lt •• re::. !n s~1ch ,_.,_.i:c,;tl<Jr~~ i!'t l:"'L"i.•''1·~ •. H:t:-. 

~~1r.i1:.1r ~'-r_tl11~ mt'i tJt- :"f'.!·_·1v~r~d t~ .. 1.1 ':~'~: 

l';1 .. .: 1 rt.inmt>r:~, i'"1lP tie,;,11.1~(· .-,( : roe h.J<Jt! ·Jt•1:P~ 

d1\.t:IJ~ti ln nGt1;re Jn,J the sttt"J,S·!~l 11'.1p .:.c..•·1 
1:;..>l.1t 100 dr1'! prP.5t'rViit ir,n ne!t:--d .... , r_· ,·1~1[·; 

l'lt.•t:t L•_.tl ~1ht:n<.1tft1t1_· i·t-,.Jrd·. '~r3 .·.1;. !,f·:~·r r>1! 

.. J11.-tr..iritet!J. ~t.::.iuS•! <1r th1-;, ei(J..at:::(j •. :e··t~.,,,c; 
~ .. f m:. 111 1J!'J-irn:>ms .:lre 11r1lq·.e. 

1~ in the ir.tt?:--L•;t·, ,>t ctll 'H,Jtn:.:1,_; .r.~ 

;'-'r·,,·t·rne·i "Wlth p~1re dn1! .-lp,)l 1ei 111i1·r1)b~·,J ._,1r~ t.:-, .. -.r"' 
t<• (lt .• t~i:t e)(ISt1n9 re·sr1ur .. e:; t 1·1r ttH.> t11t1.1t:' b".;'1;et1~ 

'' f m.ir.I< 1 nrl . 

l-'11rth•·r lr1frnmdti•,:1 m1y t.e <1l"1 , .. lnt-_•rt tr ,m th.-• 

:-;,..,·r••t .sr lrlt <..•f ~he W0r lJ 1-'ederat i0n fr1r 1'111 t llf'! 

<.'1 · l I "!'1·t 1 ·.ns: k1otec.'.hfl<>l 1>rjy (ent re, ,~dmt.r 1d1Jf.• 

'l11i'll!rs1r•;, JO/ Hunr ill'J<1•;n H'>drl, r:dmhr l·l'Je CHI o.JiC, 
1ln1ted l<J<HjdOm. (So•irce: H!HC"l-.:11 l'!f~5, J11ly l•JIHI) 
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lt •.1S ,_ 1 .. _·.tr tr:..._·:·: 7 .. ?~t..· t·: ~.:ic.·01t..1t : ...... u.;5 .11..J ~ t..._,:: 

:ht' Jis..:ussl··n~ :h.:t!. .t ~~ir.~ l.tr .. Hdl~·s1s ~t Ltit 

!1l..!•)[!i it> .. h~:.~\1 ~- •· :~t.•1.:t~ .. :.s t.-=,:1J.T'.inj t1':!>.Ltn-.Jt."ttJ 

•.ts :"lJ:.i..::· l•}' .. t~: Uh: ... : ... ..: t!o(t:r.5, _·orri.ng rr ....... •ra i,.;iJe!y 
.... 1!t'.tt-rt?.lt r-:~1 ... :.-.; tht: w'":-rl.1. 

Th~ t"-'lJh.· i:S ,:Jt s•1tf icit:u~t uitt..~rtst .u!d 
1uter?Ll~i,J:1.'i: dr.r··::t..iih....~~ t...:· w..irr.u~t turt_ta~r 

d1Sl..'l1c;5i ... !IL ..._·.:.r:s~qul:"'r,tli·, the t:-.-tp~rs rrest?•1t~J W!ll 

bt: t-'ubl isht:-.i .ls P.1rt 1 ct d t•o:- -part [>U:.>i ~"-... dt iV!l, 
!.ne ::i·=~· ....... ;,.j l•..tt" ' ... tkt...• t i .. h." .. : en the i..:1..~ .... ·..1si0ri 1:·f tr.t" 

r.:h intt:r!&..!tl~'':.1L .._·i:·::.J:t.':::s ·-·~ ~·t:i.t..i:t::> 1~1:~t:-\."t!1Jf"!S tn 
PLu 1·L1;.d, L~A .... c,___·t.:tif!t N.:. ... · ... ,;-,t_t>r l ·f~8 .. 

Pa!'".: l .,,;1!! to:.• r:.L1..1:5t)eJ :.ib.::-!~L·J· .tr . .i, ...iS -.,.;.:o.~l 

::tr-= [.;!t:.:.it:.-n-=-: t·it.•:r:.;. w!:: i:t»L1,!-:.• .1 ::;;~~r.-.JtlJ.[".: "! 

~ !.•: ;~,..'J•'t-':';. · -~- :··:· : : ~t...js:.: ·u:wt:': ~, [•,<Vt 'JSf.l,~ 

Ju.~d~li['L::-r ! rh~ Lt:~·:a~ ct er>:!.11i...]t.·:i:.·l! ~c·llt>L'~l-·r.s. 

.,:·d i::r:e ·.r~t.·...i· :. ::r..~~=L· ir !"...tT t:y t.ht.~ ,,_.r:i,,...1ttt:··~ ,~r. 

;.:·,d ~ : .... ;t..': t! i . , .. -.:- : : : 

t..•• . ': ~ t • .. '.l : :.:i '-': ·:t..• • ·: 
l • . t: ~ : • .. .._! ; J t." :- :' : • 

·~ t' .. ! _II !"~! .i' t· _! 

:..n•uer ! ..__ 1 .1 • ••.• •!1 t .. ·r : ::..;-

:~~r.::._: .... r ;.11'1!:.:.1:i_';,'.";, ~;. Jt..•,;t;;l· .. t.Ji:"j ~LH:. 1.s. 

Lh .. ·'.l.·t.!: s';1:.~.:; Lt·!-~1-:t~;1..._~ ':.c I:~:_•A~-~'::_!_lt_~~· 

;r•_~~::-~.~ ·::::, ~~· :_..' >·:..: ...1:.""'! ~tl..itt.>•i 9er~t!r..1 f!. .. Jm 

•J.Jt1.r.1~ ;:\.·::t;,_. ~ .... :i1 ..:1'.:: ~-:l-J~·- :-.:1-c w.1t~r:5, •.lste 
.. 1:c.1.3. :::.•,:l·.:, -c·L:r.f:'i".'- Jr1.! -1 ....... :,,,...:it::: in the !'!'.1;i!ng 

1Ec.J:...> !:,i·:t• t .. t:< .. : .• : .. , ..• 1"t:i ."!~ .• _! :::r1:..>~·r·~·c. .. j ·wi~i~ tt'.!~ 
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r:.L'.,_· •J•-'i .~:-.! : ... :,,1..-1 ''.'",.r: :--.: ;r: 1.-.:.-~ ii t1 lt-r :r1,'~, t.i9h 
dC~,j~ ... - Fh t:,·,~e~_!r::t: J .. :.;~1:t1~.t:c_,:~~ :1. t<-~per~ttl:re 

.. !.tr t:1~ ·,Jr0•l~· .. ·r_, ~ .• _'~..;;t th,._. .; .. it.1r'2.:i Jo.•_-.;:1 • ..J in :;J...:n 

l ;, ,; i ! ·- or.r--.t '! t_ .! 
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!;..) ,•.itt..:~I Wd_, r111:: .. 1 l l ~ t.' L(.:r l ·:: I !1,li· 1:uLVL"Ilt l\j!~.1: 

11.t.: L ti )d:.i , t i 1 r <.' ~ .- ! - ~ • · Tr.t.· s• 

- {) ·i tr,. t t '":"· t ,,! t_ '.;rt_ ~- ... t l .t:': 
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t t:.rt:t..' 1,t:tr~ .-tr1rl it 

dt..t~lt_· ,T .. 1j' ~lo;' 
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i:11 I 
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'. r ~ ' '-. : _ ; L" r_ . Ji . 

r~ ! I• • _l ' ; ':J ':' 
Jlj l 

Tt;e ' r ·l·''1 1 Lo l•'J mn., : ~, ·l · ~. 1 r ,_. ; , t·.1 :_ l: I 1 1, 

t nt1 St.:1:()1111 • ';1i,,1;~ Si!;-:- l ;: ...a r : ; :- I ' 1 ~ I."· ti f ' , t ' , j ./ '#: l ~ • .' ? ~ '# 1 1 ! 

ti: .,.,11;.1;! 1 __ 1r1L' "•~··, liv1·I I ; •• ;.: ~· l')U'I, .tl !l:t.! 

~ r j •• ,_. l I' l '. ! ,J j. I l ," '.); j t pr t..' I" t_ I '• j ~ r ~: 1 r' ii'' 1J .! : ; '1 ' ... j t j I 

t,·
1 

tt»t: 'W!1t." [·,1r' I ·i~,..,l ~(,i; ,,{ dt..•lL•CJcitf.'S trurn 

1.:!L·r•:11r ·,,t,11'. Jt .. ·, (1 1.lf:J 11Jf. .t .. _.!l•·J.iU.·S {rurr. 

_,•1 r·(.\JI:'. I Jt.." ,tf1.J J ')dri 1 ')) :. ,_IL·J L'+.,l.t>::i f ;-(Jfll 

4-.i ')1~11:: Jt:'.JJ -111<1 thl' d'.t i';t_• lfllt..'lV.,:!ltlrJrJ ot 
,.,t ~t '"' t r;; rt•",t•.J!1'h.·r, in d.f'11.,·..;r . .-ii I t_he topi ·J 

~'rt::.•.• rd f., l 

:t:t .: .;11 ..... i1,,1 •_.,1nn.1:t1...·i·, .r th~!:..L' ~Jt:r1t:J 

,.,r•t ;r.1.r..· 1JJ1l".'1•J 1.-~~ ,it~:J '-'' p1 ,,;Jt· Jll t.L~: 

• ,;,,) l r_ I, •I:~ f ~ ~\1• t'l.•.'h.lri<Je 1 ,! lrl~tt~ dll'1 '.'Apt.:1 ••Jlll'"t.•J 

... 11 t~H!St.' ''J(,i 1 ·:., 'Jf qredt i.fltt..•re·;t. 

~·r11d111 t: 111 <1111.J 1:l 1r1t• ,11 tr tc1!~; with 
111tt•1f,.rr,11 111d (Jlher bl·1fficJrlt.1ldl.<JI mole1:1Jles; 

Mul~ ... :uL.t[ l•l ... ·l· .. ·o..JY .!r:.j -Jt>1'.et ic t?'thjt11t>t"t ll•-J .._'lr 
int~rter0n, otht.'r \:ytukines d.cJ t-imodJl~tt .. }r 

1r.0lt.'t.:Utt!'S. rhc- b1Utt."1...·hnoi\.)'Jj." dp(:.r.JJl.:h [.1;-

tneir rr0duct•~~; 

ilr..._,..._ith_-ti..::~~ .ln .. 1 pur1r:i..__·.lt1..._,n ut mothJt;l..._""\n.31 

.lntib,'<.Jies. New ''evelopmt>nt dr:d 
ai:-pl icat ions; 

H•_~.lt!l..-:il.J:r t·.!Glogx-· and bi0tcchn1,:.:.c.;i·:dl_ 

apIJru.-t:·:""ta~s f,.)f the d.:ve:opmt:~.t v:. ~lt!'._ l 1 l·c:l 
ot V.I·,l.·ir.e$ d:nd .Jiagn· .. •St i1: t..:-uls; 

F.:::te-.~!'",,K:i::)-j'i ·'P!'l !-=:.i .H_;r icult-..;re .11~.j 

ir1dustr1. Pr ..... da!:t!._);1 c! biomass ar•1 

L·~.;~!:t.~:yz·. ~-1ie·_~ul.Jt t."'iu!1···rl· anci 9e:1t!t i"-· 
e-1!1..Ji::c..~e:- ~n·~ .-r t L1r~t. ._-t?! i ~; 

Ne\./ Jt:·:~l .. ::i~·rnt.:nts 'Jf tht."' Ct.J'·:Ot'l.t!n21.r.t ri~.:,; 

l eLtlll1..' l .:::<.J'i: 

c~~~~~~~e'.lt •Jt iuxiliary te~nr1iques d:l~ 

re~g•.:-Iit~ tor m._,~e-~ula~ b1c.~oq1· .lnd ~c:iet lC 

e.~giri.:?'::."t :!~<j; 

M0le:.i~.1:r '/lt•_l ... ~Ti= vlr..-il ·:~:..:-t•.Jrs. 

:..rJ.nst:_,rm ... ~ti ... -.:-is. tf~[:.: and )ther retrr~\;1r:0St!S; 

~h,_rt '.errr· :r..:::th.c.·.i.s !.:·r \.'l:>dl di..i:Jn."Jsis; 

~ .lt:.•·-l1 c.t: t 1-_.!,_,,r1·, t: • .,.te.:hn .. 1~._..,J~· 

·Jt?r:~t:._s :t m.liTi..""'.'l.1i •. 1n cells; 

TLc s._·.i.t::1t~fic ~·~'~-~I..t'.flfl'.I! wil.l ln·:..i.·~.Jt: ie .... :tu~e.5 

~ri.-1 t!'H: prese::t;:it~Oi: ·.>t pdp~rs a.rid p\)::Sters. '!'~e 

;_;rq...i.1i:.:ing __:._;mm1t~_ees ""'ill ·.:-hvose the pctpers for 
Oi .-:. ~ present.:i( 1 .Ji:. 

;..ustracls uf 1i~ ...tc:•....:ciJt~J lc ....... ·tl.re~ ..ind 
p.tf·e~~• '*'"i l: he in--lud~c! in the oft i.:1,'tl h~tl :Pt ir. ::it 

tr.e sc.•rr,iniir~ w~.1.;h w~:i be distriout~d '1ur~ng the 
C\if'r:t ,;. 

r·u:-tht.•I 11.!• .r1:1.;.1t ,: .. :1 !T .. l/ Le •;t..il 1: 11~1! 

[nt,_.rtc·t011 'r" Bi<tt?•"r!U~ J·:p...t '8'1 • .;p.J:tariu 
pust.-tl h1f12, i..d H.tbJrl.t, •""'utia. T•!l.: ~l) 

2C· ~..10/.!., 'I'el•..:A: :,12l.H"i I~°''~ l;E-:N ClJ d'1·J 

H. COIJltl'HY NKWS 

Auslrid 

;Q.' d!ld 

E ... t..•1:lJ~ I V•.•<j ff 1,m i;t:r:eril ~·..:h ( .S·>\ll. ti ~;d11 Ft <tflC: i ~1·i _ _., 

r·._1i 1 r,_,rr;ld) ,1nr! P,.)t.dn :111Jt:C Ir:gclht:"tm ( Ir.•Jt!lht_•r-r., 

~·~dL·l~~l Het-i1Jbli1: of Ccrmc111'/) weit! io \'it:fl11cl. ~tt lht: 

crvi ,,f Ms'{ f~l tile <)i1t;>r11r1q '>f thei1 1u1r1t l~t-!J•_•dC•:n 

In::;t 1t:~tt: 1_,! M·)lt:c11l.t:: P.1ttV)1·J'1Y (IMP}. ~;et -'i) t'; 
<J••r, .. r.\t•· rir<Jct1u·t iOc.-15 f•Jr 1'.Jl1l·er ther.,{JY f r<>11. d 

plu<J1,1rnrt1t..' 1>f ba..:;ic: reseJrch in eel 1 r111d mol'~' ul,u 
t•iUl'J'J'/ 1 IMP is the l.1tt:Jl uf s~Vf!Cdl l 1T1k!:i !utn1t.:d 

het'w't·t~:l the twn r;r;mprt!ill"1 in the p.i'.il !;t'V'!;\ yt.'c\r:>. 

Th•1 two compd11ics .trt..• jui11tly f<HCJlll'j dht.·1.1d 

w1Ui lhe pr(>du1;tiori dud J-'111 '"Jf tissue pL1:;m1nngt:n 
rJ1·t1·J,tfur (t PA). H1 J~t.ti1lfJt'r hdS rnc1rktt1r1q riyht!i 
tut PA t!Verywhere t2iiC1.:cpt the Unitl~<i Strtlt!5 ,u,d 
Japr111. in C'dnddcJ, thf! tw1.) cum'-'anies hdVf! f.urm'-•d lht• 
joint mdrkt!l inrJ c.:ompctny 1,enentf..!ch C":dnddd. 

Hoeh r i n<J•!r now ~el 1:; l l'A made d t it:; K ..i r 1 

Thum.ts (lliber"•:h, ~· .. der.ll Hepuhl ir; of Gt:rmdn·; > 

subsidiary, where Mi Sil'> mi 11 ion eukdryot l<: ,·.,11 



t.lcility h.ts re.:ently been ..:umpceted. PruJu..:ti(;n 0f 
t-PA thert< c.tmt! un stre.tm last ye.tr. 

Hy its ..tsso-..:i.at ivn '-'llh t.,;~n~nt~..:n, t i 1:c ~..,.., 

t:t!nt of which it owns,, Boie-hr ing~r lnqelh~im ~l.J:i Ltt:t:n 
able t.:> g.tin access to the best of re..:ombin.tut ONA 
technology • .ind a sh.ire in s.Jme Jf the earl'i p:.:>(its 
therefro..... For its p.trt, Genentt<ch is .tble ~o le.irn 
a great de.ll cor1cerninq cl inicai tr i.tls, .t;ipro•.;.tl 
procedur.:s .ind 1114rketinq from on" of the ~() l.trqe.;l 
phar1114,·.,,.;t :o;.·.•l •:ompanies in the world. tExtrd·.:ted 

from !!.!~~e.:hn~~· Vol. ,;. " July 1988) 

Brazil 

Str..tt-=q!c ceuttes of t:Ac~llt:ri.. ... ·e 

Biotechnol•HJY in Brazil ;:; devel~'P"":l .su;..i:i.J a 
few regional .tnd loc.tl c"ntres .,.h;ch have '}Jvl 
infrastructucti. and strong univcrsit!r· ,.:unnt=ct~v;1s. 

One of th" biggest progra""""s is Biote..:hr.0io~id 
Agricola (Cebtec), set up in 1986 by tne state of 
Minas G.,r.tis n<.Hth of Rio de Jdneiro. A "umber ct 
i:n;iortdnt bioteo..:hnology comp,rn i <>S .tnd se•;er d l 
universities are involved. Minas Gerdis pl.tns to 
invt:st n"arly l.l billiou cru::.iJ0s ($t1S 82 mill iv;.) 
over the ne~t ft<w years and t~ ir~r.,ase the &umbt<r 
ot researchets trom 244 to 386. 

The state market for l>iot.,chnolog·; i~ expected 
~'-' readl $US ~40 million by 1990. The ir..m.,diat., .tim 
is to harmonize biotechnology activities and provide 
scientific and commercial support. 

Ano_ her big cent re in the m..lk in~ is 
Hi0technologia Riu de J,jneiro (Bio Riu) with an 
initial investme11t of SUS 24 million, which coui.d 
increase t0 $US ISO milliwi over the next f.,w 
years. By then it will occupy 200,000 squ"'"' m"trcs 
on the campus ot the Federal University of Rio de 
Janeiro. Bio·Ri0 is trying to surmount traditional 
barriers between uni\."ersit..,· rest?drch 1.:e-ntres 3nd :.ht! 
private sector. 

f!io·Riv will ;1ls•.: to~ter intern.Jtiondl 
co-·:..lJt?'rdt ivn in pr ic.r it",· areds of biotech11c.:l 1J1..jy, 

s~~ki1 .. 1 tu St"t up ju1nt ventures t>etw~en brd~ili .. 211 
"nJ tor.:ign comi.,.d1.1es an<l promote trdinin<J. 1::1<.Jht 
1..:·,ml1.:!f!lt:~ hc:1v~ J.lrt:d11·; expressed their desire t.: 
jG1n. The pruje~t will genet~le 2,000 new jot5 and 
prucJUl..:t!- va'""·.; i ncs, medic i n~s, t~r l i l i :t:er:; Jnd tit-•w 

pl.;int Vdc iet i~!ii, .:smvng uUl~r prcdu1..:ts. 1-'ro!e.is0r 
Joryt: Guimarde::>, 1110 R1v's co-ordinc:1t1 ... r, e~t 1rndtes 

tlMt up to $US Elt:I; mi 11 ion a ye.11 will tw <Jt>11t't.1ttd 

t.; tt1" project t.y i 9'10. 

[11 Sdu Pdulu .1lJlC, t)lCJt~chn<..dutjy ~t:t·m:.i lube 
c.:l11sler 1n9 dtCJUr:cl tw•) f.t:r.t rt!S. Ouc, h . .i1_Jtt:.t ir. 

Sa.-, Vctu}r_, 1;ity, lil.lts ~ti~ university, tht" {:1:;~ it~1•.1-: 

.,( ,..,,;hn0lo9icdl l<csedrch (!PT) dn•J But.mt", dl I 
with louq trddit1uns in h1c..1logic:dl res~.-trr;h. l'°'T, 
f0r example, hd.:> 3 qr>{)<i re,,utat icJn for reseirr·h on 
fermtHlldl ion dud erizymJt 11; processes, dnd ~he 

development uf dt!'leri()fdlion resistant ftldlt:'t idl5, 

in.:ludirig te<t i les, inks 3nd le<1ther. 

s.Mo Pdulo' s other cent re is devel<,pin<J druund 
the towns of Cdmpinaw ~irdCidbd with their l0nq 
dCJricultural trf'ldit ions. Thu C<unpintls A(jf,JJ1··>m'l 

Institute (!AC) dn<i the f,;s•:uela Superior de 
Ayri•:ultur.t l.uis de Quei«,z (l::Sdlq) iri Pird•:i.ib<1 <11e 
Brazil's leading MJri<'1dt•Hdl resPdrch centres. In 
~5dlq. the Centru de Hiotechnologid Agricold 
(Cehtec) hil~ <l<'n" e<tensi''" research on plant 
t, i ol echrio logy ii nd mi c rr, IJ">l•MJd ti on. E:1a I q 
e~p•Hti:;e in re9e,11ch '"' cUC:dlyptus trees is 
recognized world wide. 1;eneticdlly improve<! 
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euc.llj·ptus trees h.tve ji_:haevt:...1 d l>tvd...t•:t •"-'Ii ~~··t:i v:. 
12:.J : .. :ahi-.: metr~::> p.tr h~.._·t..ue ~~!' ;·~..t:• i1: ::m.d: 
tri.tis. d9din=-t J.j t.·u~i~ met1~s p~r hc: .. :t~r~ d /t!3r: 
U:i i rn.; t 1 .;:1:d it tun..t. l mit?t huJ~ 

Thc- Uaivers1:.y ,_,r .:-.iml-Jl~~-ts \'Jr •• '-·.-tm~) t:.,~ s-.·t lli• 

d :nultid:s....-it:li-l.try. Li...::~t:1.·h11Jlu':fi' :t.!:.st~·J ft."'..>t::' .. 1r.._·~~ 

'-'~:1t1~ with dll in it l.l~ inve:;tm11:1~t vt ~113 ~t: i:. )•1. 

illh"n fully oper.ltion .. 1 it w:ll h.tve ., sl.t'.t .,~ "J;j, 

in\.v~ved m.ctinly in mult ... ·:.d..sr Li.):v':J'·; J.t~i tht

t..i.:>ch.,mistry of natural i:-ro....:l" .. -ts. A·;: i.· .. !t.::.!l _.,,.! 
ph..trrftd.._·euticJl prc....~u....-ts .u~· t-1riur1t1~~- 0!1._·~ tht: 
,:entrt: hJs esL.1Llishe.J J :;._~:J ;s.._·1~nltfi._ .. u:.t 
tt"-·h1•...>l1. .. H~i·_:.:tl u~st-, :t •i: 2 s~~k J..: i .. .J'.~ ·..i:-i-:. •• 1. 

Ott":.~r st.:ttt-s sJp?-... rt "'·~J t i<_·~~·-~.::0l0r1 ln..:Ll!·.!t: 
PJr .. u~a, Riu Grdnd~ ..J .... : S;.;!, b~hi..s .1n.d Rr;.1~:111 t.:·f-". 

Th~ Agror1 . .)J:l)' Inst i .. ,;tt: (,·t !'"'r .:tnis ( I:-t~.~:) h~;:; t_~~r: 

rest?Jr ... -hin~ .:__..Li res:st..t •. i. ..s~1,.! ..ii:)e.:i:>t: f!t:t:.> ._,:.1ut=> 

with erlcouri~ir19 I~sults. 

M.Jst Br.lzil1~1: .... Hk. l:j f,•cus~I..! t[_t.f.1.~~·-:1.ti. 

bivtechr.ol::>•;y. inclu.Jin~ inj.J::tr :al tJ!''-'·..:t:i!:>.;:-:: :.~ •• 1~ 

RU:ni(JUl;itt! •f'.u.e 1ni.._c...,. vI•jJ:iism$ df:·j iJl.!uts, 
e11z1·1n0l.).gy, c.:ldssic g~n~t i1· 1mi.::u•:t.·n:cnt$, l-J: .. 11.t 
Se!e..:t ions .Jnd te:mert~t i•_)l.S. n tt"W ir:St i~l;t~5 .--sre 
mG\tinq i:lt0 rr.;:. .. j"!tJ. t.~.-.tt"·-·hn-.:...:.._.~i· bJ~tj _ ... r~.:•:1..•;it 

ddv.:uu..:.::s in m._·l~--·u.l.lr Li·..1l')"J'l• ~;t>:.t:t it::>, 
bio...:h~mistr't• lrNT1unvlv~r· dlld .. :t! l t .SSi..H.: i.:.__tt~::c, 

.lll ut which n~e.J d 1n0rc ~,_.r11 :;,.1:1.:ntif1L Od.:it:=-. 

fhl: fita:.:il 1 dI~ A..Jri..:liit·~o..:11 fit.;>~..;.:_r. 

0rganizati0~ (E~brd~a) 15 the !.rst Er.t:.:11;~~ 

Otgdniz1tiur. tc \iS? c~il .u1J t ~s ... u~ 1:-u.~t;.H~ 

tec.i"ni~ues. E.~.tapd's c;~rot.:tit-"3l!y i:t1pr<Y1~d :it!"!?'ci 

pot::itot!S d;t:- one v! 1.ts ;;u . .:~css.:-s .. 

A":. the ft.jt i.J11...s~ Ct:"r.t.tE: fur Tem1 .. ~rdtt? r·r:J.~t.;., ~n 

Ri,,. GtdnJe •..1•..: !iu:. tt:."Lhniqt.1~s t1J iJC·:"":hJ.. .. -c- ·.·::.~\IS f:-~·r 

str~·..,.bt:!rry (>ldllt~ ~.ct· .. ·~ 1.ncre..ts~~1 yie;.J~ ![urr. ttHt:•c 

l<,; !~ tons per he •. :tJ!t"- And ttt t~~ (:'t>nl~V dt> 
~nt:!r~id Nucled:r L:i A·;ri.;ultl.rd •Ct.:r . .J) i11 r"::.;.1.:1.tt . ...:. 
eAp~rimertts wlth d~;;p:.t:..•_· fr~t: L~:u. {ddnts h.s· ... ·~ 

11.1..:red!i-t::"d 'llt::"lds by .;~ p.:-r ._t..nt. f"~;,tl"''~·';!·! :~1tr«i;•::: 

fixdti.>ri resultiu1:1 ft'.Jrt S<Jil 1n . .;1_:lJl,tt1.,n t· . .-t:i 

~iqnifit:tlntly in•::~.1sed ~H·_;d . .!.._-: ~·,,,it·,·•)! t.: -:' k ue1··~. 

from ~~O t·> 1,/1)() k1l.)gl~:n5 i'et Lt::"r;!«f.".'".:. 

N.JliH'.f'! dd'Jtt1:1:t".:i h . .:.I~ .llSO l>~t!U RldJI.!' !.. 

t.i,)lJ<jJ.•:d! pe~!. . c,utr .• 1. t.srtiq i"j 1 lP·1t-l1•E·~•1·J tt1t=" 

f•.1n9.jS ~£.~::!~ .. :~~i~r: 11.i~:!I!l~__!~ ci:5 :in efte•:t !vt.~ i<~ilt.;:
u! tht:- ,_igdr ~110'1 ~U1J.J!' •;_1nt; P•-~st, .. •.: :i: • d.r1 1 t J:i•! 'J~ 

f.o 4J (.Jt.•f Ct:n: l<>:.::it?'~. f-~: • ..tl.i h'1:i ..:Sl~;JdJ 1~\.f,.··,, ... c.' 

Vdr ie~ Les or 1..·.;:1r rt:~ljl·H1t t.J the hert1,1:tJ-:s 
<11f\et1 r·n ancl ·11:.t:"•r:. 

In 1,h .. ttn1..-i\ ~ut i1:.1~"..>, l1h1t1ro$ is th•• l~.s tin; 

Hr.Jztl1,1n f11m, prr1t!u1:irnJ l1't11rt~rc..r: lJ? ., 1:>1n~ ·11::r· 

t:Jre with Ar·1er1t ir1rt"s 51,111s. tt c.-.p.Jrr ._, ;· ~11: ''• '1 

I: ·-nuiftlc:a.. R1"fi\ hi-. ,J ... 1;el·"'(,•!d ·' ;_·•·111.l->· .. ~ ':l11' 

d~ dn drt.if1.;1dl :;k.ir: llHt::" !t.r t>1or11•; .1111 ~kin '.•J.•_·,r:~ . 

r;;1~ymrJl.J•JY ls .Hi .. 1.·t ivt- re".it!LJt·:h l"tr.<1 

j~vel~pment .tred, wh~r~ ~igniti,_~nt J•i'Jd~·:~~ hJv~ 

di teddy l>et1r. ffid le. At the ln:it it;it., .-it lli•>l·"J'i 
(University of Sfi<> Vdulo), resear.-h .. rs t•d'le 
trcin~ferred from rdts ''> ye,1:;t tht! -1t:lnt-! rt:5p,.,1i: .• 1?.l1· 

fc,r the synthesis of di{1h<1 <imy1 .. s.,, whi.·h c··rn•ert o; 

StJrc-h t0 alcohol. This •:ould have imp<,1 ! ~r.~ 

ind•i:..trictl dJ,pl. 1t10n5 fTl..t~ing V..>SSILlP. thtt 

r:onver!=.1un of st.1r1~h tet: 1 lst-·)cks 5U'~·h ,,s 1 ."rts:~l"lVri 

di r t!C t l y t f, ,, l 1:0h1, l . 

He:.edr,_;h on yer!!.t s 1~ .1:so lll1'J~r WrJ'{ tit the 
f."t~'ltro Narion.tl (1f." Pf'-;q·11!;.rt <lt1' ·Jv,1 t- './J:ihr) (eNs•tJV) 

of ~tr.hrdlJrt, whll!rl.' .J new ye.1:;t h.1:; t11£'•!i1 t~·it:J,.,,,pd, 

It is pr<;VHl«J useful in r.t\t_• ~H<,du1:t1.:)n (1t wnitf? 
ldble an<i spJrkling wine~. 



In IT'.iulUo..J~ :.-=·-·hui...iucs hdv~ t.,~~11 Jt:V-=-~..._·p~:.1 tut 

tht! t..1..:tt:r id! lr.t~·h•n'1 vt 11\dto;r 1 .. Ls "sii.<J 

~t:t-.·~·:.!-::':l!!~~ ~-:·r_;':?~~·~~,~~ dn'1 !t!h~:!·::~_l!~:~ 
~~i~"-?~jd-t!!~· T"',j t1rms - Hivp~3!1 dnd &:.0~;i~n!u~ 
h.t•.:c l~~u fur mc-J tv ~~pl-..> it ~vmm~t c id l 
'-'l'l""tuntt ies. (S•)ur .. ·,;: Sv'!th, Jun,; 1988) 

At th,; t:nd vt 19d7, Hiuist,;1 of S<.:ien..:t! .tr;d 
To;..:hnuL"J'i Lui:.! H"''' iqu,; dd Silveird drtd th,; 
Lhd1rm .. ul vf the L~NPq [N..stiundl Council tor 
S...:icnt if!._· .tnJ T~chuuiuqi\.·..:!! lJ~v~lopm~ntJ. 

Crc~duwdld~ P.!.~·.:t~I. ivin~.i with th~ qov~rnur ut th~ 

St.tt~ l,)t S .. tUtJ 1."...tt.it ~11.i, t-~d: ... .1 lvu c.unpvs. Jn.I th~ 

St.Ht"' s~cret~try c·! S1:1~1h:~, Tt-\.-hU..._"\iO":Jf· Mtn~s .ind 
Euero..j;·, VdL ivr: St.>"t...t:it l.t.) S.sirr.ur: ;a, in s~y:r~ln~ t~~ 

...J~t.-ldr..tti0:1 ~Sl..illlishinq th~ Sdnt.;t L"rlt..lEiu~ c":'~nt:~ 

tvr E'iot,;,·hnol..;q' al o.,v.,!0pmt:nt. Th,; initidl 
1n•.1e::~tm~11t in th\.• ~r1.:..Jt:1 t .ill Lie un th~ orJt:"l vt 

S-1 m& l l i.~a. inclu..:tir.'J s.: tr.lit i.~·n t rom th~ t:'NPy, 
$t mill i•Jn trum th~ ::it ... 1tt: .Jt 5...-tnt.:t Cdt..trin.;l, .!:h.1 

$.i m:ri ldn tr.Jr.-. th~ t•us:n~ss se~tur. 

l-.. .it.1.l~ l:itur.~nt .·t tl1t: 1 :~·:.tt~ 1s ~art vt the

r~· t-nt !·r ~st.io: ish~~ S.in~.t ,·:ttar ir..a Ciott!'chr:,:d09y 
1 :"hJr.untr.t:' .-\n .. ! is <):!e r€'~ult ~·t the talks !.nit: i.,t~J 
witt--. th~ .-; .. \tt:Illrt.~••t ~~ tht." f't:j~r..tI. fi.C(.-Ull i .... • •)t 

,;,..!rm.in}- tiy tt~~ CNl\.j .:lnJ tht: i.;._,·:.:rr~r.1ent oi !.::dr:t.l 

;,_"'..tLJr lr..1. '!'~: J:i~ t;.Hi<.S -~Ee t t .. ;J..._;h: t ...... d s.1 •. .-._-C"S::t•!~ 

··:1h. .. Lus1.ii. .: .• r :L·J LtJt ().·:.·&-~r ·:s r.'l~~t i: . .] t..-,· tht• 
fir.:tZl 11.1:1 t-·t:1J~rdl h~i--al»l .l.•. , ... ~ .._;~tmdr.:r· .Jv~:l.l 

CVtr.t!'ll~S:· ;,, 

At r1ist. tt:~ ~~~tr~ ~:li ~0rk on c~ur or f iv~ 
products sl.: ... ·n dS -:.t~e dminv .\l"'td 1-,..s1ne. Th~ •.:-t:'ntre 
·•ili als .. :: µr· .1u,-~ •;it~:n:ns b, .J.r.d 9i)· It will 
.-\l ;),:, ,j~vt:d.-"'f' .i pndr~1t-t>Ut i· .1i t>..:t.:'.;t"j ,~:-:. thc

ter~c?n~rl~ i. r1 \;~ !!"et!: t::l.111t ,·cl ls, a pr.:v:t:?ss whi...:h 
n.1s t•ec:t• u;1--it:r ··:d~.t~~!;t t\:t'!' st'1d:,.· ~~ c..:.:untr ies 1iiith 

d1Vdn..._·c11 te•:!-.1.,;~..:.:1~·- L .. -tst1;·, the cer:tre wiil 
Jt;:·.;e-lvp l-.ic tt-1nt- !°»r us.~ .-ts .i ,_~.i:rd1.itr.1nl\. .. ·, .l type ot 
,!r\:•J m 1._·t'i ·::;t: ! l1. P:.t.:i i .u1 l .. nc.· wh::-:st- tmp,·rt '/\dumc 
L n l <J d ~ d m• ... u: 1 t ._. t t. 1 » -1 tut .t : .. t S.:: _ 1 m 1 l i i 0 n . 

Ir. dj-11t1,··11 to .. _..:;t.-t:-o!:it.lng ~he ~ .. e'ltrt•, fht-> 

s~.t~t· :."I: $.1r.t l ..... tt:.1!'~il.i: 1 5 .!r.1tt :.:tw t-xempts d<11T1t?:.itl·_· 

f:rrr:s i'•"rt 1.-q.s~ i: •• ; ~:1 t_he ;.:.:;~e.·t tr:,;!'I k1.t;·me1:t ,,f 

~i1t" i·_·r, [z..it.·1._i1.111•.it~t: :-;1~1..r .::,u~ i,H1 "Z'aAj. li"•t> i.n, 

..slso pr:-.. ·~·h1~$ t?" •. 1t i11 :H..it~ t-ur1_h,tst•:;, ~reter~ri~·c 

m:1.s.t ht.• ,J1':t.•r. ~ ·, pr.·-id··ts rn.11.:Jf.s,·ttat.•,i '[,·; rhc c·catr.~ 

•n iJl•e::;' !, :o. T:\O..O :~ .l t·l~Jr:eet l:t.J .i:t:(. t_h.tt h.,:; Ii·"'· 

t•'-'t..'n SL .. _.n !~1 ..ilJ ·,·._.,,rs. lh1·:; 1:; the fir.;•_ ~:rric: 

~1r1•...:e l ).;; • ·~·,.-~. ~~1t! ~t.:stt• .... ~ ~~:\'.; PJ,J~,, r-\ 1.;v!.1t i ... ;: 

~·!':t.1~.l:~ht!~. ~t~t' .1 !~r.Lli!~~tl. ~t.tl1.: t:.JS lt:j;:;:.i~"-·.J 

ii. tht..• ·''~·' .,! ) ..... ~ ··~ ,111.t tl'-'~\;·.,i··j;·. 

A.J·J·1~t·· r·.·~~··;r: L.;r I. i~r .. t""·_,~1,f ~~ tht: s~~· 
I···~- .a 1tt' ·:; •• d.'f ... ~,I' t1.1~ t>L'L'I. 111\,lr_t._• t t•· tJt.." 

L r•:l·t Jr ·'>t ~Lt.• ;"c:t.t r•· t.H h•(•tt..·1::111.- ~·.•J! ·.t: 
;·,c·Jt..'l, ;;m._•r1t. :t·~· · .. 1:: 5.:IJt.>r· .. ·ise .J tt•-1m whu lt:·."t:r.t lt· 

{•t.t.1:r.t.··1 lht:11 _1,,·t•Jt.ttt."'.°i in Eur•Jpt.• 1·h1~tl/ 1n fht· 

,. . ._ .. j.-.r.tl H~,.~:t.: 1 ·,f .;t:rm,u~,· ..srvi Fr 1n.:t.- dnr1 wh0 111';" 

r ~·' i..ra1n<J t •J i~,; .i:.:. ~ :.,j.,l'1.: 1 t l•:dl ly tv ··~sr ''l out. the 
pLu •• ~hus p~iftPiJ ;;·1'" ,,~te•:t rriit• '~p.;,•q'"; ,,r.:'><JLUT\t'\~ 

t•>f l.\r!ucin'J r····i·lt· w1~n -;.p~,.-1,,1 tro11r.i1 .. ; f';,, ~e,.tlt• 

'"th.:; C»Utltr·i· {::.,.,,.· ... : "~!·r~l~t (.'~H'j. ~,lf•'h l·')8A) 

ImJrJlr.•_ ' ... ,. ·,1.·,·p•.i:; r::.rt·~,t rt.'~1 .. ~ irt ~I I·t;"~~·I 

.ar.·~ ~J"1S.f.h'l~. :1 •. ,.,hl"t~ ttic tlu11K~ ti~a·.:t• :q.c• •. sl 1·t1.1r.~ 

t~r1s.t11:5 (,,, ·t.·rt.11;; 1111iu::atr1,1l pr\,,·..,:;:Ht<;. ,111J •t"-.t• 

••·,1·;e~ .tn.s tr 11 .. ·~a·., 1r t• ::aiJl.'1' It 1 · f(·r ~-.:;er .• ·c..- t-ir· ,.to· 
f 1 •II. Oi •d Jt' tt J.11 ar .111.1" wh1··h r£'"• he.-; ~•r1ul t ·'·I" 
Wltt:ln ..t rt'W j'etrs, •J'tf:nj tu tht..· 111:'.'il'rt lull ,_.f lh~ 

'-'~1•'1-tlt·,;t.J:J.
1 t,t5J1d JE11Wfh ,,f'rlt'"; Jr, 1~:; 'lt'fl(•li•" f'tn'"itt. 

cl 

t\Jr th~ t.Jrt!'sc-nt. this is still st.:i1:1h.:c fi.~tt....::1 .. 

but th,; tirst steps in this direction are dlredJy 
b,;1ng st.trt,;J at Bi0pldnta, a sub:Sidiary tirm of th., 
SvuZd Cruz group estdblisho>J in Sdv Pdulo, wt:i..:h is 
en.,a~t:J in piune,;r wvtk Jll over the w"' lJ: n.tm.,ly, 
the g,;nt:ti..: 111.ipping vf eight eucalyptus species. 

Souza Cruz is°''" of the countr~;·s largest 
privdte compdnit:s to invest in biotechnology. This 
investment .tlre.1d:; .tlllOunts to $12 mill ion, 
dcci:mulated since 1983, wht:n Biopl.tntd was founded, 
allh0ugh the new C<)lll(>dny does not anti<.:ipdte profits 
until 199~. According tv its super 1ntendent 
d1rt:ctor, Peter Seo;l ig, plant biotechnoloqy wi 11 bt: 
.t1' d'-·ti\iity of <jlobJl impottdru.:e by tht: turn of the 
rentuty, dnJ Sou:.t Cruz is preparing ~o hdve d 
<.:0nsider..tbl,; shdre or thdt market. So much so thdt 
th,; qroup has alre.tdy investt:d $3 million per yedr 
;,. tht: .j,;velopm,;nt or bdsic resear..:h in the 
Ei.. .. 1""Lu1t.l l.lbt.Jrdtt.H i~$. 

liut th~ .. f1~til"'ll• is not so tar from 
m..tteri.1i1zing. Tht: t:U<.:..tlyptus genetic m..tpp1n9 
rt:se3r~h begdn tecently, and is being done jointly 
with A..:esitd Energ;·, primarily to recover tl'le 
d"ns1ty or the t:U.:'.dlyptus wood burned in its 
turn.t,·es which. during the past 10 yedrs, hds been 
greatly r,;duced be<.::sus,; of .t ne-Jle<.:t!ul pvl i•:;; ,,t 
mer.,11 t.tis1ng th1: production volum,;. It A..:t:sitd 
shouJ.i no"' re~·,•vt:r the 0r i<j11.<sl dens it;· ut th,; 
euc~!y;;t~s trees. it w0ul~ save nedrly S21 m1ll1on 
dr1n~~11y, ~t the c11;r~nt price. As a resJlt of th~ 

ilE0J~~:·s first pnds~ Bitlpld11td w1~: d~liv~r 
!4~,.J(lO i<l'pr0ved eucalyptus ..:utt1nqs (resistant to 
vir,,ses an" p.;sts). pr0du..:ed through 
mi..:rc:pr~·~·ag.tt ion, t·:.. Ac.;sita by Octobt:r. 

lJ\lr ing the n~.-t tw~1 ;·t>.trs, the qenet i·· m.tpt lr.q 
will l:!'n.1ble BiopLtnt.:! t~-; !.1er1t it;- f':he ••ptrcnts" vt a 
~i~e=: euc31¥ptus whtch h~3 the impro~ej 

ch..trd1-ter1st ics c,f density and to reprodi.h .. ·~ ~t l'·;· 
cr0sstreej1ng. In six :;edrs, the god! is t~ pertect 
the •j•?r:..:t i•: improvt:!TU:.~''!l :1;1,r1 en.gag~ in m.ip~J: n.; t~) 

I'~Gju~~ ~ig0r{1t1s hyLrid pl.Jnts: and in l~ y~.•rs t.j 

.ll:h1~vt~ ~lJr.t gent't 1~· C":.q1r:t:er i.U'J wh~.._·t-. w~ i. ~ :n.siiee 

~)SSit.le the USe .-)r tr.•)le.-11l~1r m,.1rkers tu rr, .. d:.•"t?' 

species tlliith new cb.-tr.h·ter1st lt.:S. 

Inc ~ .. JmlJ~U•i· i~ .Ji~,:J er~q.tq:cd in s:~:rJit.?'5 ~u 

piodu1.:c bLtc·k. pe&•(lt"r .__·ut t 1nqs tuierdnt l,Jt th~ 

~·~~~-:tr.~u-~ f.lO•JUS, with q:~.~ter rrodllc:t i 1:it·,·. Th .. -. 
.:ii.Jniti(·.;t:n.·c- t)f thi~ r~'.it!,,r,_·h 1 ~t.·:i in th·.· t.t:: th1t 

Hr.t.z1! 1::; ··urrcntiy t.:"'f1crt1n~J $110 m?li1, .. 11 w.,rth ·.1f 

bl~·:k ~t![>(·Cr dnrn1,1:1·;, .ind •:1..1uld t?'A:()dnd it~-. m.Jrkt.•t 
i>('•Sitiun. 1'hruugt~ ·.;eqet.tl1ve prop.i<j.tti .. n .1r1! l~ 

'!':..~!_'_ tissue 1:ult iv~•t t()ri, lt i·~ .tlsv prod>1.·1n·J 
.;utti1:qs or l.:itfol5 dnd t .. rr.ptrltt.> r:llmdt~ tru1ts .1a.t 
v~<Je";..ttde seed:;. thdt .tre m•.1rc rl1~~dsc re:,,,i.~t.trit .1:1·! 

free <Jt ·J·iru:;~!'.i. Mort:·c.'J~r, hl<JpL1nt~1 is" w.)rl..t 
le..idt:r :n r£>:'.iedrch .:.Ht tht• ~l~!.~.!~~ fun.JU!'.i wh1j:h, 
throuqh miaual a:;soci.st1r,ns ._.ith pl.tnt rv~,t~, Ld::-. 
dfft)rde.j ~.)f~ CJCOWth JlhJ et:1)n;.)m/' in tcCt i l 12Jt !:Hi, 

,,,,rt i.·u!.srly of rhe I,h,·,:..phnrr,us type. (Snur•'t.·: 

()~~l'.!t_"!• 1/AFfll !')88) 

u._,~t;!.l(•"h 1ntr> t!:io~ tr•.•er1~'1!.J 

,.'.r1.:,1 l 1 11d~. _,5:;1:::.tJ11t s,r,.fc:.~··,r 11t •Jf:lif.·r~.-: • 
. u11 ttn1m.tl imprr)vcmeut dt Hl•; dt.- .Jdnt:1ro .Gt.-tPt• 

I-"t:.1t.•l.11 Un111t_•r::iltJ' (Uf'f0 ) 1~ ,w·.1rf'jln(J •">l1t r~!a•,111·~1 ,,n 

l}(~iit•t11· itq,f< 1 VPmt.-11t5 in fl'.'ih '>U rt f.-t[IT'. In tht: 

trHu1:.-1;1.1l 1t"/ l)f Mt1<Je. in ~10 dt- ,J11ne1r···. :-:he 

~.rt."I: ·t:; th,1r L't' r,e.:emtJt?r, ~he J11·1 her tcl1m ~h.Jl ~ 

;,tdr' mc1k lrl·J (:hrom<,~omic chctnqes tl.J 5JroducP. r ish 
with m.-,re !lr5h ,u,r1 few,,.r ht)nes. 

r,r . 
_,ht• WI 11 

1'.1•11 e~(1l,s1n5 thdt, to m...tke the t·h.HHJt.•:;, 

I fl,t•·t I V<lt P. ct bttt c'h r,f < hromoSdme~ r f'Jm t ht• 



sp~tm, w:.tn 01:~:: the ..:.:tp .. h .. -it·i t .... !~rtil~;~ L"..J·J.:; ~i.._·!':l 

..t tcm..tllt! s.:llt!1.."_'"".J with ·:hJ.::~ .... t.:c 1::..t i,_~s th.tt. :t '"~ 

~~sh~~ t0 r~~r0J~~~ ~rt:s~rv~~- Th~ ~~!:spr:.r~~ ~1!l 
h.J\.'t.~ '"-.n11· ..:h...tl.J'-·t~:. t:i~ lc...":i t:vtt• lhc tem .. !tt=. '!hrvu..;h 

'1'i:lv-.jt."Ut.."Sis, p~t t~'--·t ..:--tt.:ipt !H':J J:r~ l·l'--'"'L~re-<i .it ~!"-.t: 

ver;· tirs' .. btt?tl...i1uy, wht:::r~.lS usi!1-.J th\? tr.J,..1iti011.t~ 
m~th.._.,1, .... •tt:.ipr;.:1--J with the .Jt.·:.i.:t.:'J ·,:t1 .. t!.JO.:~t:r i.:it _ :.j 
.Ht! not pr..>·-·urt!J until after th.: 1-ltl: -Jt!ilC"r3ti011. 
'.-lhen tht= ·J~n~:...tt 1....,,1~ vt per tt?...:t : :.::;t; .. ire rte.J.J)·, .! 

~i .. 1r~nt..tl st ... .l..._-io., ·.1:.11 L.:io mj"1t?- Iao1t lJil-i.'• the~· wii~ 

w0ck with Ltll'!..>.>qul ,rnd :;uappt!r. 

Lir. P.J.ul tvu:i.J t:'A\ r .. triumc-r.tr'i .__·to~'-·m->:..>vmt.'=> 

(sm .. ,:ler ~h.Jtl norm .. 1i .:hr..>1t.,.)svm,·~j !:·:th~ t~r:>~ tin.:: 
in tish ~-f t~lt: ~~~~!l,_~v~~~~~ Ltm•l;·. l;.· .,,.hi ... -h the 

• _-u, i.nb..tt.i, ..t Ut..i..:i.11.iu ri\.·~r ti:>h, b~l .... •:L.f:>, ..t.nJ 
~u...:'-·ecded :.n pt.-·;1u'1 th..it tht:~· ate: •.JtJ.il·lc 0t 
tran:ior.'litt1n~ ·J~llt.'"tic: in.f0r:rwti .... n. iflJ i..:ntil then, 
r~~t:-.trc...·ht:t::io n..i . .:! L'l.:timed t!":. .. 1~ t~-.t." t:Alt.J1:umer..tt) 
..:hrorno·svmt:S , • .-~r~ 1 ..... -·t 1~sp .. )n~ibit.: t·H L·h.!r.h·:....;:! i.:i:.1.-:; 

• .:.t th"' ani111..1l b..>d:;. 

The resear~her ~11d ~~: t~.Jm Ji~~·Je thei~ t1me 

b..,two:"n th.., ldt.>Vr.Jtorio::; in tht! !l1t•_H,,; dtstr ict ct 
·.:1t.Jl Drd21 i, tn~ ~drm ir: H..ig:e, an:! the 
.,St.ibl ishlllt!nt vt an Jnleg1.ited .·ish Bc.,t!ding Cent rt! 
th l-Judl·.!, in th" L.>-JOS Region .)f th" sl.H" vt Rl~' 

.. i~ J.ineir:v. on l..in.J d011.JteJ to Ul-'f'. The·; rt!'-·~r.:.l 1 
maJ., tht! first c0ll.,cti0n ot mdto:tidl tr~m •n~ S-'J 
t.•..1 t.Je~in the rcse .. u...:h, which will h~ l"..!tti~d .. ..iut iu 

s1~ ditro:rent proj.,cts. 

The r"sults ut tho: lgu~b.> studies ~ill bt! 
tu<:•_,j ovo:r tv the reqiun's fishing community .>n,1 
..-1 ... l be directed tuwdrds .tn in.:re.J:se in ~.roduction 
..sud Cd~ iunai ~xploit..tt 1,)1\ c-t the St:d"s reso~rces. 

(~Atra~ted from 4~':!..!.n.11 dc>_l!rdsi~. ll May 1988) 

h l!rdzilian ..,ntomvlvo;ist hds tuu11J d virJ:; thdt 
is d u.iturdl enemy ut tht ._ . .J:,jSdV.J h1.)rn"W.Jrm, .t pt.::;l 
th.>t ,idmdges dS much dS hdl t th._. ..:d~sav<1 CC(•r i;·· 
south~rn Brazil. This soluttou cedu1.:e::. rel1.1n1:t: un 
~ns~·.:l le ides, and S1.> is part icul..-i: ly 1ml1·....ittJut fut 
t.srme;:s w1tn limiteJ fin.3n1:1dl tes ..... ur1;1::s. 

I.utklnq w1thi1. inte1 .. ·te1.l hornworm:; is .t viru!i 

"-"•t l l t!J ~~1!!~!..!.~-~!.l!!.!!i" i_~. Au red Tt:rt. Z.J Schm i l t, 
dt t-:m~H~Stt dt: P~5(Juis..s A~.p:1Jpt>L'UdriJ de :i.:11ltd 

C.-ttdr in.s, l iqut:!fied ldrVde of the 1..:'JSSdVr1 h ;rnworm. 
S(>rdye1i out•) J ( riSSdV.:I CIJp, tht" ml At Hr~ ki l~d 
90 per 1_·c,.t (if the 1...:d!.S.JV.1 h\1rnwurms .ttt,1.·k~r1-J the 

c·rop. 

51:hm1t l lrslt:r <levelnpt."1.1 d mt:t..hu·i i.t fr~t."4'.lnq 

1nfecte<1 hd1nworm l..irv • .u~. Tt."!,;.l !I sh·Y~l." .. S th..tf viru~ 

from c1 tour ·yedr tr 1f2en sd;-nple ot 1ntci..:tcd h•Hnwvrm 
\ctr'Jr1e killed 6"1 pel C~nt 11f th~ c~dSSdV,1 pt:.itS. 

i''.:t(R.~f!"i t
0

<tf1 lloW bU'I tro~t.·fl ~:. ... cr_i_l!!._r~!~ ,H\•J !f • mudt: 
,;! "Pl'I ic:,,t 1"n h.is ht!en ,.,1t>I ici:ud i11 pJm!Jhlt:t:;, 
r1ewsp--t5->~IS dnd telttV•Slun. (!3,.Jurct!: !!~~--~i~.!.!_!.__~t. 
19 Hdy 196t1) 

A ~~!..!.1.~!.!.~!~;m tun•]US ._•qtd.1 re<1uc·e tht.: rlll\(1\Jnt •jf 

phosphdte r.,rt 11 lZt!I s USE'<I Ly 1.-.rmers t,y up l<> 
90 1ier •:ent, dc:c:r,rcli11<J to Ii. l<u<'t!Y of Aqri .. 1lt•1to: 
Cdnddd. The lun<JUS m.tk"s l'h":;phdt.t! scdut,Je, so 1t 
Cdn he dhsorhe<i more edStly riy .:r0ps. Tht! funrjll:i 

can even trdnstorm ndtural phosphdtes in thP soil 
into SOiubie forms. It Will also dll<>W ! .. rmerS t<> 

use mineral phnsphdte 1nstea<l or hi9hly processe<l 
phosphate fertilizers. The mechdntsm wher .. by t~e 
fungus works i,; n<Jt tul ly unclerstuod, hut it m,1'/ t • ., 

'.:. t j ~ it_• .._·._•!tV.:"I•· t. - : .1 l . :· 

..., ._. .t • l .l ~' ! ~ t ~) t ·' l :'!'!.t._' ~ :) : f. 

Hc~t:.tll..·h ;.;·7 '-·rv;:. t·1i·;s1.J:~"J~l:i":; ..1 t!1r.6 

Lt.":~.~>: t..J~c H.c~.c:-.1: .... ·h S\...tl :._ • ._ '""' ~-l=~t.J.1 :1h.1: .1: .·!.hot.•>. 

:.1 ... -.lt !._.;,--;: .~r..._.u1:-i :hot.· ....... r l ;, ~ .. t::.. ~~h H .. ;. : ~._it ·r ·1: 
j:iC'iJ 15 i:t:>Lt!t.' ... i tu lht..~ tntt..>tc_·t.."pt !0;1 .r s-'~ u 
r .. 1.11..tt Ii.. •it•? :t.'..t\'t.>$ ~'..I! ~c,_•w1•1'"1 ;;t.,nts. Th~ 

t,.·.)lv-Jl...:Jl ,_-._t::>t..:.n•_::;. lf~ ~..!ltl.<J .;t~d:t ! t~•.J~_ ~:'t.. .. 

r:t.•c.tt>J tu prt.·-.! ...... -t t·~iJ t:..•rr. t~ll:i It.·!.;.:. :.·u::i.L.p. -:-·.,.: 
t..>!" t't. ...... -:_ ,;n ? t . t ,)t h~t t..':i'~ ~ f ,. 1r:-.,·nt .: ~ : _,,:~ >: ~ .sL.._·:1 .1 ..... 

.j:: . ..;1:":fhl l._·.._,~1~.! •.. :h.J'it.Jt! \..~t.." :t.:<.1~ :.,::$h!('-

The L:-_,:.::- .. ~l.t t\.1: l:~L-r~.s..::t::-~ ·: 1._•i..1::> 1s stn(Ji.t". 
(d.;~t ~ht.• •_t:.JU:\J S.JtLlL'C ~lth .t •.[,:.·t; J::; ~-trl·1 l:: th~ 

::qic i1·~ .}j i-'' -..;~1l 0 le .U1...! kt.~t' •t !.ht·I~ ,t:i !·JB-j JS 

p+.l!»:>iLl~. It ~ht' ..:r:~-·p ..... '->'_;i·.1 ~:'t~rct?pl 95 p~r ~·ent 

~Jt lht! s:Jul 11.jht t cuir.. ~..sc ly Mdl' t1_~ tn!11 ::;,.._.p::.~ml•t:r, tat: 

iJUtt:iilldl y1("-~·1 ~t smdll gr..:ins w . .)11lJ t.e ll tvc=: ~:~·r 

heL"t.:1re b.:ls~~ 0a .i phJtcsyntra~t ~....: t.?!"t i~ien·::· ·Jt 
~.4 per c~nt ~e.ssur~J J~ •ti~ L~thlriJg~ ~~~·~dr~h 

Stat ion. It t:"'ff i_-ier:~y :s i11...:1cc!sed t .. 1 .Jl;._jul 
7 pc::oc c~nl, ;-i~:J:; ut ]i lvu:... ~~r he,_·t.-trt: ..:uulJ ~to 

.;t'-·h~eveJ. f-'v: _·ur~i. tt.t? p()l~ntidl sil.!qt> ·:·ield 
woai..d be dlmvsl :10 l1.)HS of dry m.jtt,·1 :,~r t'cct.sic-. 

T~lt::: r~.:ts0n why tul l L·ro1-1 i>':.t~nl i..:Jl i.S th •. •t 

r~a....:-heJ is th3t ..iLou.t th rte "j"-111.:!tt: m~t 1 e5 ..... !" it:.Jf 

drea ~r S'-!U..ir~ me' re ... ;t -Jruunj Stittd.._-~ is. u~~..:it>J :_J 
int~c,:ept ·)') p~I ..:~ut __ •t the sunl i.rJhl _ 'I'h1s l~~t 

arcd l..!kes time t. ·ie·~·elvp ,tn~ .. ict.:s n..lt us~1oi.ly 

..-;.,._-..:uc Lin' ~ July. Ou~ 'Wd'f lJ a..:-...:orepl ish this >nvrt> 
qui...:-k:y woul..:.1 be tv St.!cd c;cred: qr...tia:;;. lll tw,; 
d~ rt:t..:t ior~s ")C l·) U!ie ,, n,1r tow- row gr.\ ~n ctr i: l ( ifJ ~-:i. 

r ._)ws) and i n~reds~ the- seed i nq rd t t? t ,) db-.• ,1 t. 
l'lO ky::ia. f'o• corn, pl.tnting [..>ir<.d tows lhd~ .. re 
20 c;n dpdtl ur1 7~ ._;m 1.··.:1.tr~s .ind Ln•:re.t5 in":I IJl.tnt 
putJulalit.>llS fc .... 11·n h0 t,_. 100 thdl;S<tnd 1-J!.tnts;h.1 ·•i 1 ~ 
dL°l-,-,mp l i sh the Sdme r ~su It . 

·...:1th yi~ ... d:i 111 !ht~ r.-in\J~, i11:-'lt:rt...":1t h .. uve·;t1uy 

.l11d !udqir.q IJtul>lems \>··,_·,jr. In dddt' iul~. :!i~t!'· .. St'..i 
:';.:JL'h d:i 1·ott.JfhJl1 (~1:.ll 1·.'>~ Wl ~ 1 ,tt>Pedr ,,I ~·1_,,·~11~ 1t.1~ 

,.!,Jl1S. A(_:ri,·ulturt!' ,·.tn.trt,t, ir1 cu-c)p~1 .. 1t '1),, ·.-1th 

i\Lbt."rf..d /.\qr ll"l.ll ~life .1~Hi ina.·JVdt ive A.I Lt:.•:- t..-s ! ~rm~r~, 

ts ..ti~t iv~Jy '#c .. Hiit!nq 1,,.)U i1e'W !f!Lhn1q1Jt:!I ltl in ... : 1.he~c 

1u-·w 1·ruppinJ s;·st~:ns tnl•) prtctic~. (f.Atrct._·r,•<1 nhl 

:id ~(.tt-<1 from: ~~!..~l_!_!t .. ~1:._~_1- _C,1oidci.1, WL"~k ly I.~ttf!; 

No. 2124) (::'our.·.-: i'.;;r.i•:·1~_tl)~~!__T_r_;_f:._!:"2_c!_~""'-' 

~~_!·J.<~,!!1~!~ ~l_L_!...':.:!_!'!' v,.;. iO, No. 1. M.1:-1_n 1 )t~H} 

~~_i_l_e 

Tht..' ('1H lt• .. j!, N.tt i·_,1•.1: ,\,mmitt~~ 

H1ut•!•...:t1n»l1..11Jy (N1"h) w.1..; ··•H•:.itttu'..,~·~ 11. i'1t•; •-11t •.. 

tht• !.p·>~1-:;Jrshlp (.r ,_'ONl('iT. ~111·-·~ th.tr. t1r-.11..· ~!\1s 

(1">1T\.T, I t ~ ~~ h~I _, ht-~n ....... , !'t( I flfJ l fl l hitl' ..'it t1d·1 ,tnd 
pr•~r.1rr1t \1)0 ot scient if \1' re'3Crlr1·b clud lf.-t\ 1 ,\1\·J 

.:t1·t_ i".,,:it 1~.:;, .n th•! dfld':1 of b1ott!1~hnr,:,,rjy. 

'!'h~ Nt:h hdlS di!:i.O ht.·~11 d,·t ~VP 11' the t l,: 1 ~ .,r 

:nt•~1n.tt1c,nctl tl."~·hn1r·.-11 ··<) 1pt!rrltl•Hl, S•.,r'/:ri'J to 1llt.. 
,·p1;t-tn fo1:,1l p<Jlr1t r~,: ft."ji•Jl'idi .111·! lf~t ..... ·;.1t' ,r111 

.s r1v11~.__._; ,,( lht- IJNl11' 1JNl-'.:;,·c, tJN!(~j H1_•(J• ... 11 l.1t:1 

Arn••t l ,111 hL,tt~1·h11<dfnJ'I l•fq<Jf tm, !(Jr •ht? r,,,,,11:1.~.tt J.,'1 

cit Amt!f :.:.tn !Jf rlll'S 'nlt 1.tt 1V~3 In l.l•1ll1 L·h.i'•• HJ'I 11 .. t 
f<JJ r h•• I)·"' 1··qMt lt1n of r·h1 le tri lht· I1·1~t-;fL 

cni I/ Au~JlJ"";.t l')fs/, h/' !ht;1,,ft11·1.tl rt":.1.11;1 1•1r. 

N". 4/8, th•• Pr~S\df'nl uf 1"fJNft"f"'.' f<HfT~til 1 11 

d3t11t,~ i";he..-1 th Li ,·r,mm1' t~t· tu.1 ,,,1,><d1•tt!d llu• 

ot f 1 ce r ~ t > 5e r Vt! in 1 t • 



Objectt~es of the M:".11 

I ... --.: l:":".L.i.:tt..· !.:u~.· ,:t"·.t:~~~r.1.~!:: ..J~ ::l_.lt·::.:~7;; Jr~i 

!.~·-·h: )i_•,1!~3 tt~-•~~-! t .. :: ti ... )t~..:hn..;l,:"i:·; 

~3U..~·t.\ 1 ....... ries ~<iis:1u·.J i?l th~ ~\~:!ntry in a 
1•..tt~1 .. ...\:13;. nt-t·•.,1rk t,--; i::1pr • .v:t? J·.~i.at t!'tt.)rts 
t?t·.! !0 ..:on..:~ntt..l(~ r~s,:Jur.:es; 

!'. t·= ... ':"':,~~ ~ :. to~· t;'°:.1t·d~-~!. :_::. ,)r 
~r,·.~-·:-.!~:5-·.;:·l ~r •. tr·; .!;~.: ;r:.teri:"!.$~ it..J: :, 

T•J S': :rr·_.~.i:t::- \.h.~ tr.1~~-i.ilj ut ~·at:r:-] 

:;._·Jirr:.:1t is::; ~t: d!~.iS ...Jt ~pec ... .il :el~'l3n·_- ..... t,1! 

ba.Llt..".0 11.:1\")~0gy: 

1""-· ._ .. ';. tnn~: th11." :r.ter:~.:tt ivn.l! 3.!J r~.._;i.Jr1.-tl 

~O,\t~cts in t10te~hn0~Cg¥; 

r ...... f;l~t--•...i:.t." ..! ?J)t i-:--1:!~ Pr..><:f;-~:nrr.e •.J~ 

e1 ... ,:.~ ... -hr1..): ··lj~. 

;ct) i\nH!r _,t:: je;iradat ic:1 0t U0•09kal 
resijut::s 

\ ~) U1 :t-.t:-i..;s;. i.: rea~er.t:5 tor rn.!JT'!dn, animdl .ind 

pl "-f•l Ji s~.- ~e:: 

(f; !.i.:JnV.:t!'~lul-...~i.; 3qr:._· 1.~ic,_.rd~ and tv:~str·1 
! ~!; idues 

(:) f!l•.)t~1.hr··-l .nn: .:if dnim~-t .. ~r.·ury.J 

m...\r~ :p11 ldt. i.-.n. 

F•u:ttocr 1'1~u[m..t• : .. >~I :.•;~ tit:" .):,t.-tint.)d f[c.'T'; 7hL"• 

!-~1-t.: ·u:..i'.lt: Sc~:r~tAt·f, C!JNIC''iT, C'.!:.;iLi..! ';:.~7 Y, 

'.'. i • •. ~ : ~: : •. _, +_• J r .: ~ 

i ~ ":' t t t.' 11..' .1 ! ' . ~ l · r k ~ , .... ·J L "' rr .. 1 ·;' t. s ~ · · .i v 1 · · · · l r, c 

·'·J .. ~r.,~ .1: .c1_,;, ~- .t: :..t :J.n .. t mcn!r.~J ... '.._1t·.:.t. 
~ •:. • 1 •. ;. t 1 - ;; .:! •' ~.t1Jt..:r ly .111t. :qut~:-.! ·;u~·-·>~•'-' ()r 

t.1)'' .1 ledm o! }0 C·1b<1i:• ,!>.·~:-·r.;, 

imm.11h.!';~1s.t.:,. Jn·1 tof!:h~i1:i,1ris. 

Mt.·;,li.4 .,·, 'dl 1~1-=-•1lrhjlll~, t;; lt~ '.J,tl l1•U!P f •.. irm..111, 

,:tc,·t:; m1l:~·_11i:;. w,,r!.t .. 1.11· ._.~.,_h ;·..-~r, i<1liir1') ;tr1..·,1r.11 

J• ,,er ·:~r1t \ .. t V~··t 1m·;, t:_j(;•:1.'~d!ly the Y')lln.; .tn.1 
"·l·.l•:r lJ', Yllth d '_;rctcrt."1. ·~ fvr mdlt::ii. The t..h·t..:r ld 

.1 1 ~ ••• ·k the mcnibrf'lnt.' ..tt,,_!n't rtu! blf'l~tl drirl ~r.1:111 .-r.r(1, 

i• .. 1·/1r:.1 mdn)'· wh·· sur·11 1J(: with 5erious <hsJh1l•tie.s 
•·, .111111·1t,:111.-111':.":i",, ,i •. ,r,,.!J!i .Jtod t•rdifl ,1.im.lift:. 

Al'. r. .. ,,,.!•jL ,_.i l~~ •. :t tvt: •1.1t·1·111t.'~ Jrt: dVdl lc1blti' 

.1rJd&11~l r.1t.ht!'r f,Jrin:; .~1! ~ht.'" .11sert:,t:' dcs1qncJte•1 -''· 
r, V .-!nd 'WII lJ1 '1rotJ.!1.t1·~n ·•'J•t~rist the -JJi)u5i H 
V·U it•ty hd:.t b(.:~11 !1~rd fq d· h1~Ve. i~t·J•.1J(1.'h lS llU·1~I 

w,1'1 111 nirtny 1;\;u11~ r 1e:a, b1,~ 1'ut>,1 19 lc.td:u(J thu t ield. 

._.!1tlJr~•~ .J';e: s:.~ m.._1~.ths ..tt~ m._,st .lt : islt. 

Q•.,;~r t•~' th1r.js ..._·.r th\..':i~ \.'h-_::. j!~ ~r.:wrt ~~t' .. .:!~~1:'.lS~ •.. 

l.:-~td ~!'Co un"i.e-: t t11t?-, d.n.J 1~ :.s tt-. .:- !'vt..:tr. ~:'-l·J~st 

1,.."'.suiiit.· ut ..!t:-.!th !"1!' ..:.:!-.:!~: ~')<;;. '!~c i-·r •.. t :'t'."~ :::> .r .. ·to.~~ 

W\.JrS~ t.J~'--·.iuse !:l ...:hi! 1r~:: :.:. :.s •)[tt:n .1:t~h .. ·~:o:. t·) 

·J:. .. t..;:~.._,s~ the .:i1se.:t.se 1n t~?~ .:-~!'~i· ::it.l·J-e-s, w!'\~t. :t &:; 

~..iS!.t.·r t,) ~ ... -.,,r.trul. '!"h~z ~-'i' n.ot ::i!l,._. :h-: 
1..~h .. tr.1_-t~~isti..: s~·mrt"·~s .:..!' =~nin .. ;~ti! - h~.::h.1.1'--·t-.t.". 

~~~~~. r..ts~. ~~·:sea, ~ s:i!r :1ec~ .Jt:·j d1s:1k~ ~t 

r ~l;ht - ~!ll• .. ·n ln .t..:lults. J.1.st 1;:..;Jtsh it :r ~~ 1'n!•h;.r 

tilf~ct~JnS ltk~ intlu.e-n::..i. 

H ... )St b..tr.:ter i.J: \.'..t~:.-:.r.t.·S, !:;t..."i.Ujt:"t-;; th·::;~ 

.l-j.l!i1s:. ~h~ 0tht!'r '-}t•.•ups ,·: ~-·~·r.i::~.::.·.:)~·.._·..t: 

r--.112"r111.,;.1.t: is, a:-re- [:\.-ts~\~ <:t: '!":.- t-'·•i1·s..s1.."-:h..irt it" ;.".Jt::j,~•t: 

\9!":.: .... -n ~·1...·v~rs th~ .:.L..t~! :nc=r .. br.u:~ c.t tht t, . .i._-ttr ~--t-

Tht" • . .srsui~. whit.:h is !~.Jrm!~.>s tL !".~ma!ls, ._- .. 'I;. 
usu1i.i.z· $t~mui.Jtt- i: tyxp!" .. _~ .. ··1re-s ~c: B · ... .-e!::s~ ~~--, 

11rr..)Juc_f! ..l!!~ ~t .. ..>-11~$ ~.._"': th~ t··.l "tt!: ~..l :~si!:'~i _ 
tht C~3~ .)! qrGJp S ~~~:n~1~1s, th~ ~dpSalc 

hd~ ittt!~ ~tt~~t-

.!. 1-):.t.· 

T~ O\.'t!rcome this, t~e , .... ut...'?:-. t~.i:rr. :...s~j p: ..,tt.:1-i.~:::i 

trOll' th~ outer :n.,lllb:.i:ie cf th"' gro"p E L.i~-~.,, ,_. 

(underneath the •:apsule). 7hci .::.mtl1:i,;,d :r;.,I"'. 
cht!m1cdlly with the pcr-,·sd._.·-.:h~ri,1e c.lps.Jle .1!' 

gr~:1p C ~a~t~rid, whir~~~~ ~t ~~ui~te 3ntit0~~

prod"J:t ior •• 

'Jse of the memt.r.lu~ ~rv~.eir. .i.....:t1\.·.:1tt?s d:• 

additi0n.ii part of the i,,.~une system, c.il:ed 
'!" lj·:nphu0:1t~s. On.:e a..:-t iva:te..!, T ce!is wi l ~ "h~<~"" 

the B cells tw make ~ntit:>Jies to the 9<cur- e 
oacterl.L This te...:nn1;iu~ h.id e.u! l•H be~n "s~j :n 
Fir.l:rnd t.;i de•:elop a va.:cine t·) hae"'~'i:'hi lus 
inflJenz.i B •hicr. h~d p--~sed sim1la< ~rotle~s. 

EApt::!'r imerots on hum.d.r. volunteers ir. ~uoa i:: ltfb') 
..,.,,., enc.}<0r.ig1n-;. !n 98 per cent ot the c.tso:s tr.~ 

'.'a...:c1ne produ._:.,,l ad<:q1.:ate ant ibvdy respc:1ses an.I in 
6~ per r:e-nt ct . .:.as4?s t.ne .J:-.t ibodies w,)rc at.l~ t:. 

ccra.rol the i.;.fe·:-t ... c-n. :'hese tests •ere c.a!"rtc_.·:i ·1ut 
on d..i'.il ts ... 31 ~hc.t;..;h w~ r..-d l ~ z~d th3t the :r.j 1 ;-. 
pr~blem was in jC•U~~ ch~l.jr~n," s~ys 

Dr. H~rto ~'t~~~r~el ~t the ~;~bdn tfe3itn H1~isrri's 
De~.1rtir.ent .~t E;1~demiolvqy, 1.:ne ot tht: tnd:.n 
i:?itidtO:~ ot th~ r~searcn. 

":"ta: tJie! .. m.n.:it"j' t..:sts ShOWt."li th.c:1t. tht: -..-d.._-..__·1r;t: 

h~d no ~ije-erte~ts dnd 13r~e-•c.i!e ~l1ni~al tr:J:~ 

bc13n 1n PehruJry 19&7, ~i~h tr.e ~acc1ndt:0~ a~ 
i.ic,ooo bv.3.iding sc~o.}l <:h1lt1ren chJed 12-t4 ~r-. the 

:.t.:'w't:n most a!tt:i.:tt:d pruvin...:es. This was t0lii)WE!'•~ i11 

H.i;· b1· vd..;(:.n~ti0;1 ot ttll those 3qe1 si:.: mont~.s t..; 

24 jiedrs in th•: pro·nii.:e 0f <:iud.\d ·1c Av: ;.l, o1h1.:h 
h,1s the highes: in.:iden.;e of the d1se<1se. ~\;rth"r 

tr i..sls dl'~ pldOnt!'d L . .1: t~1c b ·l ;! mcntn~ ,\]t." qruu~j. 

Tht: r '!ht1 tesult!i ur ti'.~:ae tr:d~, .Jt~ C"l)t!'~t.-:.1 

n·1 ~ne e:~d 1·,( !'i88 ._,r t!'.:tfi'f lil 19~') :\n·1 ~Cv•:ks ·,r 
'J:i..._·~~ne d:t!' Ucin·J tn11lt .Jt, in .:sn':lclp..i~l<JH .Jr .:i 

Jh!l i< .. i1ctl •1c1•;•:1ri.1t 1~·11 l·r ··Jr.1.nm~. 

It remt.,i11.i to t,e st:en, huwever, Wht!'th1.:r ~he 

'~ub.u• VdC<.:inv will pr0tl!Ct d'JdlllSt ''"Y $!rj1n ott1er 
th.rn the B4 from wh1•:h the memlnane l'"-te1r.s "'"' 
tttken. Or. Oen.ds .Tont-s r.1! the 'iut>~ i1.: n~.1lth 

ldLOLdlor~· in Hdr1~h~:5le;, UK, bP~~t!'~Cs it m41 hdvc .1 

WldtH .lpld i<.:f1t l«i)ll. ti~ Sd'/~ i.htHIP LS ,t SPJnif lC<lUt 
1•ver1.,~· between the n1Jtf!C m~mbr.sne ~1rot.elns o! 

d:tter~nt st.; tin!l w:n.1n the :idme gr'"'I' ot t,dct-!rlJ. 

The ('ut)(tn 1Jd,;1_:inv R·dY thet:"efore uffer some 
pr••te..:t i<>n "'Jdlnst the fll~ :ot <din pre'J<llcnt in thu 
vr.. 

w •rl< 1::.. un.t~r wr1·1 i11 Nnrwtty dS '-'"' t ,r "' Jolnt 

N<1rwe·Jidn, Dc1nish dnd lJS IH<>}ei:t to 1..:omh11lt.t 



~-l'r"-''"'":h.uiJ., <.: •otth p<ot.,ins tr._... Bl:. .s11j I:!~ 

:str..tH!:S,. Lut [ ;.c.:.d tt ict.l:S .J.re nut lll!'AlJ~·t.:d t,~r te: 

th.,. ""d ._,f the ~-., .. < . 

ihe •~l l...: ..... e~ t-·.._;.;1;..J_.l t..in i1• th~ Uit. l:i. 

""P"< i-nl inq wtth .t v .. ..:..:ine a.sde frva pu1 it '"'i 
pvlysa..:..:h.1r 1de 8 wh1 ... ·h hJ1s been ..:heai...- .. 11;· u.,,n.,..J 
tJ 1u..:re.tse its .sntib..>-iy st111ul.ttinq properti .. s. 
This would provide ..:Jmpr.,hensive protection .tq.tinst 
.tll 8 str.t1n:;.. but t i"ld tr 1.tls • re• long w.iy vfL 
t·or the pres.,nt. tht Cub.tn v.l.:.:ine offers th" best 
ho~ tor .tt le.sst p.irti.ti prvte..:tion .tg.sinst this 
destru..:tive J1s"'J1""· (Sour~"' South. April 1988) 

Nuvv :r.jus.tr i hd.s c:ecrtve-d tw0 k.?y dppr~\i~ls 

in"..·"'lvt.n9 ~~s:eti...,-Jll;· J:nq1nee:r~d prv-.iu~ts. &-h~ 

0.lnish he•lth .tuthvrities h•ve gr.lnted the firm 
""11ke: ir.9 •pprvv.s; r ... ,, its 'l"""·spl i..:"d ircsul in 
while the O.in1sh n .. t 1on.ll tov-J .tgen..:y l!.lS 91ve.-: Nu•:.._ 
the green l1~ht tc produ..:.,. its tat digesting 
det.,rg .. nt enzyme L1pvl.1s ... 

~et1..~·::~ ~vc C.l~ st..trt pr.,Jj 11..:tn-J th~ ~n2:;:r.r,. 

zn .. tdt" ~ .. k. l_ir!1. .. - syi ;.e~..I muul<.J fun--JUS Asl.'_~s..li!..1±~ 

ur·,·;;:...!:!.!, it will. need 11:n.·:~: .... nme1:t..tl ..1ppry:.sl !rvr:: :.ht: 
•~sl Sjd~lidnd C..1un&.:1l wht'--r. 1s exp~1.:t~J tJ te 
grant~d '" AJg~st ~n3bl1ng N0v0 to be i11 ~ p~s:t1cn 

to start pr, .. iu·~l i"1n at l\.il.1n.jt>or~ by the erhj vt 
Octc·Oec. N .. , •• -...... i.:urcently ptud\.l:~s th~ ~:-. .:.·,~ ~n 

Jd;Jd:l at its H0kk.t1do ta,·i 1 tty. Appro'l.tl is ,li5.; 

t;eing s<.:u°'ht r-:n Li pol.1st:- ~r.;.j.,ct ion in the us. 

The t.tt d1oo>·t inq e:l;::yit.-. is .tire.ld;- 0.,:119 
m3rketed in som.? ccuntri,;s •n powder deterq.,nts a:.j 
No'Jv 1s de·.reloping a li1c:1.J L:.r:r. .;t the e"-2yme !:-r 
liquid detei<Jents. 

N~\;~:: nas .1lso r~ .. :e1ve.1 its t 1rst :r.d.tkE:-t inq 
d'''"'VVdi !r:-;m {)enn-. .:irk t .. H l~.'.: 1~ne-sp!l•:4i?d hu~.H. 

insul~r\. Thi~ ~~ tht: !1rst ~~pr0~dl to ~e qr.anteJ 
f0Ll,-;W"1n·; th~ p0s1t1·:.: upu.1....,,~ 1)b:.a1.ned tr_:_.n:. the 

~t:.: · s c:e>r-.1r.1t t ec t er Prop< 10:t.H ·; Med 1.: ir .11 Pr.:.dJ·:t s 
an.1er the "h1gn tech" re91~:rdt1Jn pr,'l;;,:ua·. N-'J\'v 
e:..:pe~ts t'> rtt··~1v~ m.ulitet lnq ..lppr .. :.v.:ils fL;.m :h":1' 
otht:-r ll t:r.:: memt.er St.Hes i:i !he nelit f.,w mor;th:;. 

The hum.in tnsJi. ~1~ is '~r-J(.tu.:c.j ~,sir.11 

g~n~·sr!1:eJ t •. 1~er·s y~dst dt ~~vo·s ~A!u~dt~·r·; 

f..i.;il it;·. {f'::.:ttJ ... ·t-:"1 trol'!' ~_!~:!.!~ ~h~:r1:;.!'-L Ne·~~· 

~'> .!11: 'I ! q':IA) 

Uri 4 l ,\~ r • ~ t !h .. • ·."Jurh.: i • ..i.J .;i-Jt ~.J ..a t..:·J~..n. .... n 

k~;;..~1._,,n dr~ tr.e I•f•.·1---,,,s,.sl tur u d~.:·i5hin on thf: 

r~v1s~~'' ot ~h~ malt: dr1r1udl r~s~Jrch d~t1~n 

~r~hjl dm.T,c ~n the t l~ld ot blute·:hnoLt..J•jJ' 

(19&'> l?e9). As proposed by the C,>11~11iss1Jn, thl' 
"st 1mJtt:s f,;r th" necessdr'i tund111fJ w1 l l t:.e 
in•:rl'.t:>t:1 from'>'> to 1') 11'ill ion EOJ 11> ord"r to 
permit the e~ten:;10n tn Spdin and Portu~dl of the 
d··t iv1t le!l env1s.Jqe:i .Jn··lt:!'r tht.- ~rvqrdmme dJh.1 the 
intensificdtiun ..... r ~~\e <r"urrent rese.~r •. :h ef!urt in 
the sector 0! th~ ~r0.jr-1nvnt> t h11t 1'•1n1..:eri; • the 

dSS.t.tssment )! risks .tss.-.i1:1dtf!.! with infor:'!'i.tr i•·~~ 

b1ir,tect'-.nuL..J'f/· (:;c ... ur1:-P: ~~1-~t ~r~ ~,( r.t~!' _f'~.':!~t·ii~ 
~~11'.""~~l.~!~, 'Jui.. }'\, N·>· 4, June !<1013) 

$wVt'ra~ E1..uupe.u' t 1rrn:a are w1l i 1IHJ lv jr,1n 
t ,r, t!'!i ;u thtt dttveio'"1mttnl ot d qene sequencer. The 

1~~..t is to J~v~lvp ~ t~lly 1r1t~qr~t~J syste~ 

:\....!Ab1nin'f ..tll tht? llt:'-"rSS..try s:.llt'"1S• !=.....rt th~ 

'-·entr if:,,.qllt' l\J th~ \jten~ s~..:en~er its,...!t. t:?~.:lu..J.;.u..f 

the .,: .. -:tr,>phv1es1s st"P· thll" prvJu~·t:on Jf pr.c·li,..~. 

~tt.:. 

This hl<Jhl}" .lmLit "-"" pr~)e..:t hJs t_..,.,., 
el dbvt .tte-.J Ly Br t ti :ih .sn ... i t-·r ~·u..·h ti r II!\.$ ~r sh.i:n ~t:1.J 

laperi.ll C.sn..:er Rese . .u..:h Fund. Bertin dn.! Ct:PH 
(<.'.,ntr" d'Etude:; Ju Pvlj"IDVrphis- Hum.tin). This is 
the se~·.;nd iaportdnt c~it-nl ot !!ert in tv 
biote.:hr:u~vqy. t"t!·J.:cal R"publ 1...- ot Germ.tn;· .tnd 
Swiss industr i..tl ists h.i·._-.:- dlso exprt-ss~ tr~~~rrs.t. 

The sched1..l~"'1 l,u.J.;.:t tur tour Y""s w:ll t. .. 
b"t"'""" E.:'U ~O .tn.! 6v mill•-m. The prvi.,·:t will bt 
prt.""st:-ntc-d ..t.t tht: n~:.:.t EL'HEKA cunfete-r.'-·11:?' l:l ..:une .. 
App! it:.j C~vs·1stems 4n .. 1 (u. P0ut ctr~ tht!' l~.iders. wlt~i 

Ph .. tr•.J.•:'i..s-Lltf. H1titl.:'hi .Jn.'!, EG!9G tn qouJ ?"'-'Sttl..Jn. 
(!.~..;u:..._·~= ;!:~~~-..!~·- s~~ ... l~'--hn...:;luqy N~wslet!.t;."r. 

'> reh:u.Jr; l~Sl!l 

~=·~~~~:!!:-~t~:.:~~-l!~ l.:_r ... 't~t!"l ~~~~~~-~ 
~~;::.;.:! 

.Pr~.t~l!l enq1.:11t:~rt:•r, {PC:) ti.is r•Lt yt..l't re:;:;.it~d. 

1~it~ Jb~10u.sly. i:: ~ mu~t~t~~~ Gt m~rk~ti:.9 

bre .. t-..:.~r ..J.Jns .:!HJ. o.t (,:.:tn:lv':. )"t:t bt: 1..:"L.itmc,J : I 
bi.U:'.~·-··: ...... ~Jg·; .i:i ..-s :i:gr.1..t1...:.:ir.t ...:u?:l..jln.~sr. ~tilo.. 

irn~..._·r. ~t! .·rt :s b~1ng s~~ra i.n :-: .. r •. ~~ t·::. :r .• 1 ... t· :.r--.:.·. 
dre..srr . ..t re.tl it:. £-:me t:Hule:;.:; ~a"·e- ·.J··::'--· t~H :,..;.J~ s:. 
~:-::., . .:...: :..s:~'t ~--U t ): '!.hi:?' i-C: !..:.-cp, t.:1 P--t=t ;.._·,;.:.st ;.:-: th~ 

r.tti!t~. :.>c:•_-•_..:l. bit"~·:w .tr~ :istt!'J 5u1.."i': i·~ -~t::-:.I.S wr.1 ·?: 
h.i·;e ~~~:; Sh.J:.:f ... 1._:..tnti') tr .. .-.. 11f1ej .l~ •. :! r,~·I w·.:.._:i t-!-: ~~ 

m. r~ th,u. ;..1s':. ..s ·:·.::n...:cpt. 

!~A { ~. ~. }, ~) ts ~~Ih.:it:-S :.ne !;~St ~A.1tr1;..:;~ v: 
PZ::.. :1~ _ '-.)'.:en· s le-.;tlT. h.\~ d. s~'-".Jr.d q~ner.-H ~ .i: -rr-n 

~:: wr.:_r:. -:he :-;n.J€'r .tr>d qr.;•:. ... f3._·t0r d .~ .• :::.:; o;r!·:t.· 

t~~:, i~~t·teJ.. H.1lt ~ ;r...: os :i._,;n pr ..... lvc·;t:~!. 
pt:rm1tt •n'l ttV:us ~:i;e.-t i -,:~. dS 1.r .. )vej :..~ r.tL~.;':. 

;u.g~;t u ;.,·.t.n _.r.J .1~hJ .:-._;r··r: .. 1ry .. \:':...:r;- 'Th.)"!t:.l'i.s. 
i"'t:~lr1~s. ~! h_~j dltt·.l·'fi· L'!'?t.<. t•,;ss:~lt" :,,-, .·--.~.~ ~··'-· 

"!'FA.'s .s:.! ut:.k.;.r .• ts~·s (:.-:,;-it"=ti~s :a .t si.n'i:c r:yt1: .. ,1 

t:: .:lt:l:L i!'J SUli!>t ltl;t U~·i .tm.tn..) .t..:'!dS dfl•i 

•.:.trt .. .:..h-,..~r.s!e qr•)u~~ .. 1-.• t!~;. .. ;t.•n t: .. ts su·:ce~dt.·S :.r. 
ITl\..dtir·~)"lrl·J r . .:tlt lltt:.1' t·1 "a 1-... ':e~lt~._-h is ... :~. 

w:)CK lllJ !it.· ··;n i ·J~ru.-r.it i·.>r. T-PA. 

t•cvt.tt·i·, l.>t.•1:..su~e its j~~ s~ru._-t~.[•: t:i. .er,,.) ••. ,, 
ItwSU!.IN ('>} ~h1-; t•t-•"r. e .. t~nsL•.:e~y !;tu.1~it.·.1. p.;.-,· ... -~ 

d~si•;r.in~J .. tt will, ;.;1sH:1n:. •iLth d.t!ect.·::~ .1:• .·~·1~, 
l(ir1•-~t~'-S- Ne·.;c=tr.f'!~e.;s, .t:th•n.••Jh tr.t! .tri :.tr.11..·t ;:~ 

is ur.J'J..t! id~;:~ IT..: .. ·,,.t .it :.~i .. ..- t 1m~ .. s ••Jnlt • .:,'\nt. 

dt!'Sl Jnt."~ .:-. .. _,..~t\er t;.i:;....--:.. 7r..-sn:i·;t·n~ .lrt 1 ·,ti., :;,_.l )"1' 

ht·~·t! ~.11·: .. :,t'.:il"j t!'ll." .i1:t~·~·1t''i c:- Hi!t 1 !!.:~. (t'I, :, rl1 

~tH(..:ml.1:,, .:!!_!!~r:2 .. 1;..t t~r~ -.:,.:·!\;' a~;,~1; iJ:t' 1~.-~ ~1,: . ..i 
c,t.se~! .r. t•r1rt.drf 5t>,r;er·.r_·e stu1!~t.·s. As a·· >fth..": 

l.J 

stcu'-·i:. ... r\!, ~n.1nk5 tv :JHE~ ,j.1t.1 .1n.1 , •• :;,, Le·-· 11•~c 
_·r;·st.ii.: , ... ,t 10:\ 1:;. .it t'.J1,.j_ -:-r.JnJrj•.!Ut.' n.-t.s 1m ... r.)·.-t! i 
t!'\C st.tbl i lt"j ()f A.N"':': TR'IPSIN (ti, "l) :..Jw.,ri:!s 
OAl'1ctti0n, followin<J"" si;nildt ,tp51rOJ1...h. l\n1m.1l 
te:;ts drc u1.dcr ·•·•·1- Hr;reover, it hds tec11 t>•>JS1t.~.__. 

tr, sh1tt th~ o;r1et.·1f1 1 ·1t'j. mdkir.q dnti tr/ris;.n '"' 
inhibitor cf tl":r'.>mbin in pld•:e of .,1 .. st.1•"· y.,;.1., .. _, 
tr.ut.lnt::; (9) n.1vc bL•en r)ht..tined, .;,,tJ'nlO•J the . .,.. •• ,. l<} .t 

better :..1ndt:r-;t ct11,Jir~'J .Jt ·:(1ntonnr1t i'.>r •. •l tLipt.·· t 5. 

AN"l' I l•Ofl n:.~ I : 0, l l I Jr" t •• , • "'! •·n•p """ r .,.i t.·,-
::.•:·11.• r J~ te.1m5 ll• F..1r 'P-="· µc,··~nt ·•·:ht"·vt.•mer~t~ 

101·•a·lt-- tht.• 111~ert •ua of t.ht! hJ",;t..'f'J.n Ltt,'.t• r~;: .r. ·.f 

r .1t dnf 1 tic>d t e~, it 1 r~: :te11 ,t<Jd 1 ns~ "t· '..:e ~ l :a, in hum.Hi 
.int it,0<11~:;. Th1~ re:;ult3 111 h·;t1:- •·I ttnt l~)(),1ies with 

ir. viv<) ther.ipt..•uf1c· ,,.)tttnt&t'\1. Het.•"; ttn<l •"(dle.t<jU•_•!f 

hd·.re im,.resscd tht: 5,·ienllf1c ':nnvnun1t·r WI!'.~ 

1·<·m1n1lt!t i2c•1 rn.,<Jt.•l:t. where mut.tl l· n f"l1)1tcl • 1n<J 1~ 



: !nkeJ tv th~ ett~:t ........ t trur r-ut..tt :.v::.:> :r; 

sit.e J .. r~ . .-t11t..:i m:..:t.tqirn~:sis: .sr..i:. :.t-vJ;:cs .-:.th !C l.:.m~s 

h•~h"r .stf in:ty h.lil<I? ~"'" 0!:;t.u11ed. Ur.il"v"r .utd 
d~t'.z: ii:.-l int~i:.J tv in.v~:st u1 this se..:tvt _ 'tor~vv-.?-r. 

rt::•..1r:,i1n...; .,lrk is t·~ll'!'I ...:..J.r r i~..1 Ui,;.t ..:H1 s!ll4.: 
pr~te1i;s i~«~ s:1~ii ~~rd1c~0~in where ~~ti~~ ~it~s 
h~ve just t~en iJ~~titi~J ti sit~ ~iCt!'·=t~~ 

Jt1lit..:':f.e-r,c-s1:s {12). ~tht:r :i!n..li: ~r,,tt!'ins .._·ut?e-I1t.r· 

~n"1in~tr:ir:.J wit!'". sut.:t.:-ess i:,l...·~1,;J~ phvsphvl1p..1se: (11) 

dU•i nc-u ! .-.:; t VA i r!S -

!NTE::lH·-EkON (~4. l~. le.) :.::. r~.:-.-;·.;1n..; .stte:at1V:! 

b;· d'..ljor r: l[IDS,, ~n~tuJin~ Il~~ r~.s:~c~ut i..:;;t..i.,, 

H".1c.:...-~st dnC R:..1ussel -U..:l.if,, wh~rt!' 4n.sl .... ·;:.i~s h.£ve b.:!-~r. 

synth.,s1zt:'1. ICI Ph .. rir..t-:.-1"t 1<:.ll LS .tl~G lludify1n-1 
Epidermal .;r.:.wth Fa-:tur. w:th the he:~ or tne 
r c-cent l \' 4tl uc tdat ed st r ~-"-·t ur ... ~ - Or~ l i' I t!'•:e:. t l •t 
involv...:!. k~·ussel Uclaf l:i nv• j""Plr enqa•Jej 
ln fE. 

BLOC[; f"A<."OR 'JI!i hds ""-'l"' imt-l1c,it10::s in 
t!'.,: .. pe<!t!.:s. By deletin.:i ns .;.,:c.tral !r.lq-i:t. !t 
h.is tiet:"r.. P';!isi::.le to inc.:rt:dse l·()tn its se~retiun 
tdt~ b¥ i:s h~st d~d its st~L~iit~,, ~hile preservin~ 
intai:-t its d1~t ivit·i \6). 

~~sides :h~ r~-.Jesigr;lu-J ~t t-I·Jt~:.ns with 
pt.j'5ivi0,;i:.::s: .:tl'.'tivity,, o~ur.~rous ~re th~ ir.itidli\,:es 
a•~1n~ dt construction drug~ tr~- k·~wleJge .;,f 
t.3rqet pcoteir.s. E~cel!t!nt '-'Ci!" t· .. \.:nd~r wdy on 
bETA-L.ACTAMASE.S, so as to '1-.c:ve antibiotics .:apable 
0f overccm1n1 resistance tu lactams (!7). Al:hough 
~oc trul1 e:111n~~ring ttem,, Gla~o is stuJi;n~ 
:P•"T~~ElllClN ~ .sn.j INTERLEl:KlN l f,f:."TA (.9). to 
.;nJerstar·.d re•:.,pt0r bi:td!ng, th<1nks to models 
•i,:,:1;,red trom cO<Tli:;uter .slqorith:i-s. A rt";ion inv.:.l·.;ej 
in ticdin~ ~as r"cently been i~enri!iej, 1"sinJ 
site-1i~ec~ed an11 r.!ndoca mutdg~n~s1s. 
~;at:~~nn·LJ R~~~e (20) is invest1n~ ef~art 1n 

i.?si~:-.1.1g :i.. :: ..ig.-:.nists dn•j dntd~onists and H.:J~ch.:it 

1~ redes;9ntng interl~ukin 1. 

r:1u .... !1."!.:!:.1 • .;r. ,t :tn. enztrr·t'" etum T~'i?.&iNO:.iOMA. 

1:;.:J,:t:I h~s •)P"n~.t the Wd"J to ,h., design 0f speciti-: 
·l<u-J~ (~I I .snd inhibitors ~o rend' hd•Je been deri·.·ed 
~ ·< .. :n ltS ~t:'-i~tuC~- t>'Assive engint"erir..J arsc ~lazs 
: -..rc..•1 rul~ i.!1 v..tc=ine develoi)ment. :mp(lttdnt, 
.1.th•J,;·Jr pre' iini:idr"J .!c'lieve:ne:lts ,;e n;,1T\4H01iS s11<:t-. 
. 1~ •n .\!:JS, RHIOO'.'IRUS (22), POLlO'.IRIJ_; er ~DOT ANr: 

TOXIt; {24), lhta> l<r.r.}· .. :~-i::)t:" u~ its t.'"_,Ji::r. r~.-.s t..e~n USt:~ 

r.o :1~utity re.Ji.;Jr.5. wit!'". pr,.!'cr.ti.-tll~ 1es d5 v.t..:c1r.e 

:Grr1er dr:...J •mn"uro~qt:r".11.:1t·; •>: h~'-.:1t 1r ~!: anti 

0 ... : .<J'.iir11~ 1s r,;,;r,q e:1~ . .lr"·.,.1 r.-; t;;,.;,,::. PER";USS;s 
Td:··rs is b..-t;ig 5 11d1.ed f.:.r ·1.:s1·1_1r:t• ..:1-:o·Jei. ~pmen:t. 

As t...-·~~ 1m..n1 nt th·~ i~rom1sf!'~ .r -=-•i·Jl:lt!erc1 
l·=-·-···.·i:,_., ._: .. ,,,., ~.t: '1•·· t :r-; .--!re :.!.1~, c1r.1 s1i'".:!'.!bit!' 

t":t ,,r~s: H-.rrrr .. ,n1.-! .. t ~\,,:he ,:.11 .:. !jt~i·'!y1n';; 

r·: .~ .. :1·.i • .:.: tr.c- ir.-v.un.)l'""Jl'.:.t: ""'·<!t"l~. !•irmc; ~ ii<t~ 

M•!rr.:~ .. :ri~t ~t·:t(:,, Or·1dnc:r1 Tt.1-9'.1\Ket (Stt-ru~d h.:,.rmci.e 
r•_-.:t?ptor:a.J drt!' b.;i ~Jiroq tb-.·ir u•n, .,p_..·;t ~~:: in ?E. 
Cl,t..:r, ·;wr.e•Jd (l?) 1"i i:v/estln'i 111' .. tJrir ef!vrt-; in 
inte-rl• ... ·Jklr~:. ctnd intt:~l~'.Jkln Ct"cept.,,r~. ti, eiu1.:~J.\t1t.· 

:;• f.j·~t·•C•· ,a··t 1•11~.·1 rt:"lc.tt i.:,.nsh•ps. 

I. 

~-

£Jr. Lo. \:~ .. l lc:11, ~.ei.iV•~n R!ir!· .. i!t.1"11f.•,s'-!'~1:...t :-tdt ')"tJ.. .. 

Gr"'111t ~e·Jl ~.it;.:, t..eJ·..-·~n JOJ1·1, a._.: 11.im. 
T~I.: 12 In ~14210. 

Mc. ~v·jcr :1 1=.h '.S>. Mdrk~t inq HdllJ<Jer, iC1b1Ce=r., 
~~;tr.t11d~1crq:'jdt£tn 4-), 11287 Str_,ckholm, 3·.-e·:Jt!n. 
7 t: 1 . : II, P, l ) k 11I)0 . 

r"el ! t.,.·r1, r>:. T11" It" r i .• ;·14 .:Vl f'Hth R., •• i.1. 
::;1.>1i<J!". :i!.l H:N, '.II<. T.,,.: 44 l'>J )4~~~. 

N'>V'.>, N•>V.:. All.:. 2880 l•.t<J3':aer.J, De"lm.uk. 
Tel.: H .1?8 llL 

~I 

D. Dr. Mich.to?! .:ortn~1. Tr.snsqene, lD rue 
H"nr i -R.,~nai;lt. 92411 (.'ourb@vo1~ Ced""· 
France. Tei.: 33·88!22490. 

7. Dr. IL Burk. C1b.l·~i :1 IC c'>Bl.'l.44. 4u02 B.ssel. 
Swit:erl.s:td. rel.: •1·61-361813. 

8. rruf. H. G. Gass.,n, Te-:hnische Hochs-:hule 
~d!~St~dt, F~~h~r~1~h 9. !nst1tut fuer 
J:-1.snische Chem.ie i.;nJ Bi.:.chemie, P"tersenstr. 
2~. ,,100 ouast.sd~. Fl<G. Td.: 49-;.l'>l-nlb. 

9. Pr~r. ~- H. P~in,, U~1vers1ty ot U~w~~~tl~. 
De;l.lrttaent vf Bivch,,....istr/. Ridley Buildin9, 
~vcastle upon Tyne, NEl 7RU, U~. 

Tel.: U-632-328'>1!. 

10. '-'t. Rees dn.j ~G! l~..t~wes, Mv!t.?i....-lJl ir Eioph;·st.,··.:. 
L.tbcra~ory, University ot O•ford, Oafvrd OllL 
3QU, U!C. Tel.: H-8iiS·St.789. 

ll. L1:. tt. J. Fritz. M-.3:..: PL,u • ..:K In~t1tut r:u~r 

l\1.:id1emie, Ala 1Clopfersp1t2 !8,i, 8033 
M.s:tinsried, FRG. 7el.: 49·8j·8578l. 

~... Ur. A.:1dre Menez, S.:-:·:1·:~ de B1och1m:~, 
1'_.t. r .;~ • .:'EN S.t.:l 4r. <;: 191 Gi f-Sur -"i\."ett". 
Fran.:e. Tei.: ll-1·6~089303. 

I). ~r. G. H. Haas. Stdte Uc1versity Utrecht, 
Padu.sl.san 8, Trans.tor1~m III, 3~94 Utre.:ht, 
N<:therlarids. Tei.: ll-l0·Slll86. 

~'- Dr. ~~hLin9. Ger.er~: Ha~d~~r Resear~h !,, !Cl 
f'harl::d::ei.:ticals Division, Mereside Alderley 
~arK, Macclestiel1 5~10 4:G, UI<. 
T,,l.: 44-625-5137.;!. 

l~. L:r. G11:es Moreau,, Rv~sse: Uci,1f,, ~i.i. r.-.:·.~~ de 
N.:is"j. 9)2jC fiorr.d:n11ille, !'"r3.:1.::e. 

l :·_ 

, .. 

J. J. 

Tel.: ll 1·484J~1l0. 

De. K. ~itt~d:,, 1;s~, Hdsh~rod~r ~eq 

)JOO Brau:ts~hwe.g, rRG. Tel.; 49-~Ji-el!~I~. 

~r- Gr.uyse:i, In::tit11t Je :~l'llmiWt,, Bat. EO,, 
~ni~ersiti dJ S~rt T~lm3~,, ~OCC ~ii1e. 

Pelgium. Tel.: !2-41-~~13~6 or gs . 

Cr. HvlJ·J~r •• GlaA·) Ii!'Stll..;.~~ nf Mole .. .-ui.~r 
R:~l~gy. 4~ rte des Acacias, 1227 Caro~ge. 
Swit'=~r:~:ij. T.:::.' 41 ~2 4ll~GO UI<. ":'el.: 
U·li~~-22; '.. 

~:. f.rnt' Helo~.n, !·t."ntr..t.Jl 

Inst it1"11t. Neth<:rlands. 
t);. •!'!" 'je:~e~ .. ,i( .• 1-.. i~ 
Tod.: ll·l2:107il~L 

::.i. r1~. Hi.1:h~: ICt·.·z.:rc'··~, Uni~e ie.; Ap;.l.11..'dttr;r.s .1 •• 
Gen it!' G~r.et i4-1u•:,, ~nst 1t11t Pa~tc,1r,, 2t4 r .e- 1'!u 

rr')cte~r il·)·JAr 7S.Jl~. PdCIS,, 1-·ran<:e. Te~.: 

JJ-l·~s~aso1n. ($ource: EJr2£-~~ 

B1ot~].2!1f _i.e~~· S · etJruM;• l'Hil) 

' two 1e~r pt lo~ pr,)J.:Ct to :.equen•.:e v:u:- fed~t 

t'\ron"'.;s,or.e wets passe,J •n m~d Februdf".,' in Lrusse~s t.,y 
the .1<1•11jory :,,rnmittee ot the P.("s Biote,;hnolog/ 
Act1°Jn PrrJqr.tll\llle. The project will provide 
) mill:r;n P.CIJ tv betwt:en 20 and CO laboratoriv~. 

i'CJrmal apprc~.sl trom the P~~ is expec:ted soon 

The protect could be exp.inded ln l??l under the 
1111:•.-;~ pr•::>qral!llll4! to sequence the entire ye.tst 
•Jew,fT,.,, in c0nj11n<:t i,;n with Japan ar"I the lln1terl 
::;t.tte:;. Project leajer Andre Gotfeau s.iid the EC 
m19ht 111-ske as 11111ch as 10 20 m1ll1c.n l'J."ll <1v..iil.sble 
toe the sequencin9 ot yeo1sr .snd other "industrial 
111icrc.t.e~· unc1er the auspices or BRil><;t;. 



l:':t~i y.,.sst Ltt...,r.tt.>t:.:s ftv!ll .slmvst .:·.·.:r;· E-: 
•• :..J-..;.·:':.Cj L\Jt ll?'Sp~l..-i.a:l;· fc,::n r-c.tr:.._·~. f~jt:r.2.L 

Rt!-~"!J.l:...: .....,:: G.:l!IL:ltl"i .ln~ Bt::>.J:.~::.. h.s\.·c c.ipr~ssc~ J.:: 

intcrt?st in the 1Jii_.t '-"ru;r .. :t. E.;1....;!'1 idt.r...:t.st~·t'i 

would re-=ei1;e ::J-lS inl..,t•ases (ilb) p,;r ·;e.sr :0 
s~-::;ucnt.:ie- us l!l~ methvds ~: 
.1"1.jitivr:. C'.1,.:h l.J.l>ovr:.it .... z:·i 
one other l.lbcr.tto:y. 

the-it vwn ~hvosin-t. :t . 
wvul~ ~h~~k t~~ r~~~lts ~-

The \.:'hr,-mt.JS.Jr.le !.-...; le- s~"-f.urr~..:t:-d,, i.;t.z:vmvso.r.e= ! , 
w.is ~h~·~cu :..-..:...;.;1.;..S~ v: its :S!Bdll size dS w~:: .:s 
..!~t.:'C'S:i ~0 -'=""• \Jrq.ir.izt?-d ~ :.t..;r..sri· ·J~ vVll!'t ~~E-=piu·.J ._·l...::.t:::> 
th~n~s to M~i~~rd Oison 0t ~.~s~1n1ton U11ivers:ti ~z. 

St. ~ Hll!i ..1U..:l Gthe:s ~r~ the t.:n:t~d St.dt~s. 

A err~::-:- :~~ ._· __ .·.._t.Jll.dt.e :r:t:> s~\.jtit:."L ..... -~ J.1~ . ..! 

eS~t"t•t !..i:,, S..!iS ~~~~..1i;. ;.., • ~it.t:i';' ·~.it~Ji·.~..!t~ i:S ':C:it.: 

!4.i:t :nsr1e i ins:. :.:...:t-=:- f . .:r Pr1. .... tci1;~ :i~::::;::;~:··-·t'.' ~-,J.,_.J. --.e.;,.:. 

H..;:'ltl.:h. Fed~rdi. R~p:.!b~ :.t..: ut -,:;~r:!'l.:!r:j'. 

G'l.'.:·t :t:.:t~ 

~r...:•Jet.:t wit l 
•h 1 Ct'": XJ:j.' C·C' 

·-~l ! -te1;:~. 

ts ..J;..:tli!!lSt.!·.· :.~..i~ ::.ht> :"'='.:!St se-sl~. :;.-; 
.:1".'~!.:...:t .,; •. .!~S(Jft.".J.! .. ::.J"":..l~ ~.ti 5~;_:t--'-t:' • 

t:5~c-;.t~.l .. f.::r t!".t: t•:::..,,je~-:·5> 

;.. ;..r~: :.:.:;.~ari· stui·: I:~\-~.t~e-~ t r.,_s~ 

~n~ t....•:.i:~....:;u._, .. >)'-Jj !'.':..:ms Lt ti;~,_, 

c·}u~.t:~es. fS .. :~l:•:c: ~;~.:... ·*·-·l .. 

,:Sl.a. :_._-

T:-:.t:- Europt~ri t-Jr~l1m.:-r1:. n~s ...:.c: .. ~t::-:! ~--·!' .1 •:"'::. 

;,: ··-·i:" ... ! ... rt!' :vr .iS::~-ss.,·-.1 v.c-ter ir.d::;- d: ... c.;:; Ff -_1J.·.--::d :..··, 
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d: ·~-. 
:. ~<T'.e :..~. ~·-1r.:.d::s, ·: .:Jld .J:·-.:t ~$ .1 t.:r~:·....;rs.··: ~d 

r:.':.•!rt:-st.ir!·Jl·;, st.•die:; .it the 1~~"1fi: Inst~~utt:: 

· ~ ~-c-i-r ·l ~r. A~:..l h .. 1·.·~ s~.:.,wn drtt 1q~r,i;.. 

_r.J:,;:..: =·~..set i·l:.t·,· bt"tWt.'.'t":"l HI'J .ind m·;c•J -th'-•."t~: i.1 t: .. -t'. 
.:..1;..:s.;: Lt.:p:,::sy _,r.j tut,erc1Jlos1s • 

S-..·m~ !1_"Mfi :it:~cnt~st·j :...ny:'-jtS~ th.Jt ~_j·~,~~".~·::;.c~_i:!_'!:' 

~.:.:~'!-~ __ _!_:_:!.._}~~~.!..~."!..!!:. (M.&.I) ir1f•!<.:·-~·_,n, wi ltl)' t;:e~t?-r:t 
ir. tno11d, mJ.y be 1JrOte1 .. :t lr1·] Indi.:tns ag.ctirost Al(;~ lrl 

the s~~t!' wdy that Jenque virllS ir1fecti6n protects 
,,q .. tir.st yellow tever. ~('MR is plan;11!'lg further 
.::au:i~~s t_r_, look f0r 1;ommun ctnt i.gt!'nic (Jtltterns ..tnd 

qt!'nt.• sequt!'n,.:es hetw~~n HIV dad m'"/'c>hdctt:l'r lJ;. 
Mednwhile. Dr. H.G. Deo, director nt the ~dnc~• 
Res~dr1_·h Institute in B(">mbay, hds SU'J1estec1 !.t"tdt tht!' 

•:r..:>SS redCt ivity ,~:tn l>e eAploiterl t'> '1t!Vt!'lop dr'I A!!JS 
VdC1"·1ne cor.tdinir!q .t numt:..~r 0t: strdias 1.>t MAI. 

(Sour•:e: !!"~!..!· 'lol. HI. I i'l<bru.uy 191181 

A,·,·drdinq to a re.·ent re.-,,vrt Hi thl'! lilf">rl·1 
:;.-r·n,:e of the Brit 1sh Bro .. r!cast in<J •'nrp•.r.•t t<rn 
(Bil•"), d sc1ent1st <tt the Resedrch lnst1: •• te tor 
/\nlmdl Production dt l:!O<J<H (Jav,i, lnolones1.t) has 
develop"r! 11n ,dfeL·t 1ve system of cult IVdt '"'J !<>rdge 
c"r«pS t~.r locdl sheep. 

·..-t1•l~ lc,._·ttlly sh4:!'el) fctrmers hrtve 'er1(tt_·1 tn 

pr··-v1·1~ ,, tj<>f"><i stand ... rd uf tee<t f()r the11 1n1m.tl-;, 

thJ:i h-t:; 1n\."ol•1ed rT'lt1ny hr)HfS Of l..sbf,\l( 111 ~~.ttr:hintj 

oUf, '"llfflri') t1nr1 ( 0 tlff'JIOrJ hd«k prime f•1r1•1..•r frr1m th-:.' 

~..trmt•r"s v1r1n1t/. 

\01th d proper sy,;rem r.t tttt>•1p«•rl11··t1 "' .111.t 

mttadqemer1', however, hl'Jh 5tctnc1,1rds ,:ttn tie 
m111nt"•ner1 uslnCJ onlf,.. ::;mftll (,ort ion ~,f th•1 

t "r "''" · ; l "nrl. 



At thC' N~Stt."..1t·-·h :r:s• ttut~. :··r. 1._"hr :.:i E>.:-.1..._·.._:._·J.:: 

~ulti~dt~s tht~~ ~~st~ !~~~ ~r~~s 0r1 ~ '~..sti plJt 
n~•t tv ~hC' sh~ ... et--1 ~.011s~s. !:~".!•.·.t~"..:~..:1 h..t:~ t·~~n ,t•ia::!tt:-·! 
.truunJ th~ uUtS:.•!t:" i.t: tWV ~l·_.;,;:;, tt':.t_1-?: :!'lSi.i~ th .. !t l:i .t 

qr..sss ,:.t:.:c..; ~!.:_1_::":-i:i_~,~'.~r.'~'.f'· Jt""·:tt.·~,.t;..-.·.! ~=· A.Js!.r.t: ~.t. 
.:tn,1 t•JU::d t,_· b~ hi,;hl·i S.J:~.H·lr t ..... : J.s-..·d.. !t..s:.Jt? 
th:.~ 1s .J ,_·r ... ~ ·.··~ :;:;.•~t·~ t.=·'" . .tt ·.-:s •. tn.! '=.t'.1. ~··t _, 
b~ f~.._1 t.._-. tht.• shc~t· -~~r: t~\.· t.,._·.t.tt·"'t.·S. .ur n.t:~·it.·s~C'\~-

Th~ t·Js~.- >. ... ~~..t ~! ~~1 ... ~1·~~~:n i:;. ... ;;;.h ... :w h0w 

r0r..t·J~S ...:~tn !·~ t;l.!:~t~d V!• :..:i-•-.t:t!" sm..tl~ ~11~:; ,r :.tn·~ 

:.n d Vt l .• t.J~. :;:;.u.-~ .ls ..\t ... ·:;.; ~~n·..:t:".;. : :..._.: l;,.u1:i:>. .~r•11 

un-~~c r'.~.lt h t•.t" .u •. 1 t: ~~:>. 

!n 1.,_·n~ ·.:;, l :.t-:~ ·•h~·re tr:.~· I1:st ttU':..t.• ·.; .. r~$ •• tt·._.u'=. 

:'.,,:.u, ht?~·t~r~:;; \.It!':. .. ! old WL"!t:- ft)und t•) t•t: :...nus..::J. bu~ 

tt: tnis s:"" . .J.~: ~!~.! ~l t.J .. !l..tn·_·~.j r.it i.:.~ 1...,_.1,,;i.~! t.t!' 

··t1t,"'!~u-_•.'! :J" !.ht" she~~- C'Jrr~n!. w:..)!k _tt ~~h.-

:r.st l.~.ltt: is .,:.._,n.;~:-ro~,j wi:~~ ~h."tt."r:T".i1.i1~; j~•:it L ·• 

Fr~i •m::1.ir i rt:suii.~ h..i·1c- sh...__iwt;, ~n ..l:·,·r ..:.t:>t-, 

'..h.tt ..l prt.·t•t!r tur.i•Je p:;...r.h~._':. ~ =~: s·1stem d ..... t:":i. n..._.! 

r~q~t!t? t ><1 'Tl.i;c:-. ldr.d. d1 .. i i:nr·r,•\'t::-::i t~~.1 ·111.1: it;·, 

. .,~1i.le redu1..'llil.J t i.r.~ SI:~:1;. 11. tt:.~ .J...__·t i·1i!.·i· 

(S·:·:J:•:t:: ~3;-J~u:~_·.!!__.::!~ !r:~·~-!.~:.::!_t.:_-~r_: :_·-::::~:.,:£tr:~~ 

1:'"~~"'.';._'.:.::• t.;_,;. in, ~;._,_ '. M.u.:r. l ;8~) 

:a".t:tjr .. tt~,j ;·t.:S! m~u .• Je.T:ca'.. .... r l,-t. ·::·Jr-=> h.t"i 

t~r _,,:.;_•te•! tilt: Cv·.:t::'!nmt;!'r:t t• !·.Ut "l' u~::; .. _.,_·~ :· :.h.::i toJ:.:-:.i 

,Jr. •:11.ul.-,~-..huspt~.:t.tt":: • .._·?)i ·,r lllJ':.c·j hJ",i!•.•-· .. i:h !.:; ~:·..1 

~·y;e?~t-.r.:_:~j,s. A : it?L! •_: l.l ...... ! tat: r~·~ td!:it.•"! ·r·i.:~.1:.-

~:, '1~: • t~r.t dnd .;.1v1.·"! !."~t:=" ;_;_,·.;~rn:T·C~ ~. $1") .r.1 l:; ,;-:.. 
':'~·~ i~;~ltt:...:! ?i&tt iJns. F,-J.,.1 ~tn.1. A.:;r1 .. :1.1.!<_· ... re '.~:.;.1.-,:!d".. t•:·I'. 

~-.=t·L·~ :.· ~""lJ.!nd tht_- i--:' ... 'Jr.trr.o ... t: t:._,m r i,_·c t .... ,,!. .. ~·: 

·:: .. t.::.- !>'AC. e-01:.,.·,m •. ·: . .;is.:- F. ti:t:nrri·~rt> it.;;··.1se-1 ~h·: :t'~ 

'-'r·:...jt.Jll'.m.:, •ni.:h 1~ intt-~ .. 1c...:i r_., : .. ntL .. : !!".c t<-~w:: 

t1 .. .;!r:tt••)~1a::r • .:t ~-1}• . .:r Jt!'·:.t~t.:t:.vr t r l·-·t· :: . t,.a. 
"'•1 : •. tdr:ncc~ ir: ·' ·.:.tr .... -Jri: .. ~r· :..ar~•it"! ii•s~"'' 

-.:-i..it.•s .i.LJ t:m\;''..io 1· .• 1 l.) "-11;:t•i( s~.J:>)! •• t .. H!11C~5 II~ tr.t: 

r[.)·.j:..i:nme spr.Jj'~.1 t·lltJ!' .•tt"~:ln J"i .;:Sl.'e! l•Jt." •)t lc!i::. t:~ .• 
;;h.:c. Fei.;e :;1eld::; r 'Sc ~r -r.. r,.i t:- 7 • .a m.l: ~ -...: 
t .: :; h~·.t.lr~. t-:e711.?.·,:~· :...JJ'!> tt"1e ('l·~...;:drNr·~ l5 t_t~c 

t11·~t tim~· ~ic::;:.: •. ::h·:; h.J',.'t. <::"':c.•: !cer. tJ.J.u.t:.: : .. : 

f'!L._,:,y.;:1 ·.il f'".!..tS··•:s r~~th:t rt-,.Jr. :...J i•r(.:.t~.·t ~;..m.1.~ 

~t.-.1 ! tr .. 
·h•'..--t:.,!_.lt~n·_i t.J 1·: .... ·.:.st 

! f:l.' i•: rt~t h-Jt1t.t'I :.t 

d r ~ ~ ~s~ ~.im,t.; l n·; 
-.• !:.C ~. T:-~ f·,:., \ h; 't•t: -

~_t,._. 1.i. c:!.-t~--..:~ ind': s;: l l • r.t' 

•:Af .. \ .. 1 Ip,.. I_•.) t :1':" 

1•~.~ L •:)1111.L~, ~ .. 1l.t,:.•.1. :-~·1i •rt1i.1, BJ:.·j. 11, ... r.. :.i: 

f.Jnk.i 3ad !;1t11~•- (~:.,.;t: .. 1• lt.•,.1 ti.·>m ~~~ S1...·1c:1! l!>t, 

l t. .I cine l '•d8) 

'f·n·~· rr.1;~t .r; .t 1 1. d J.··•c11t 1.t l: 1n.;f l\HT'lt.•r1t '' i(,r: 

_.r.i~1.1r."/ bt.··.·~m.1n w;.'.: ~· .• tdl L l5~\ !: ... l.in•-!':.. i.t,•a. 

.utit IJ.:t !'U~cr11,;n .,r•J.J 1.~t: • ,,,, Biufif:!#t.:.lr•·h l1t•ldn11, 

~:.. . f::. t 11 :il ~;ur· .. t,·:~1 I .. l•,l_t_'<."LH·1l~.J~Ji' kt.•fJ!f~ll· t! 

("t:ntfl.". ll .... :T\11.~i;fl r.-t.i !1l't,'TI .t!lO•_·,tt.1.!d t;,r t;; :..f.'t!•i 

flirHtlH<J ~\•[ tt'.c 1"d.t 11.11,tt.1 .. 11 ,\ 11d t!':ii'p.•:l:J,t• II r,t 'flt:' 

r~tt 1~1l1dl f1• >l•:•"hrl•)l•Hf'i Pr ''Jr.11M\~. 

Tht.• rtcJf•~•:rT.t.•nt (t1t.'t""''-·1•1, Bc1·kn1,u. ,1r .. I hi 1l~•.:.c,1t•:I~ 

I••~ldnr!) n1t.•.1n::; t_h,st H;r,.f.ft;'~t.·.t:1·h !rel<tr.d iS J1••"' .1 

5.Jrfnf•r in ttH." H•fi prl)•J' urun •. · r,f the W11r1d'::; le.-1,..tin'J 
:.·:•ttnt 1f1. 111~tr11rn~nf1tt 1•1!1 m.11p.if~11.t~1r~1:,,. 

i1 1.:.Jh.~3ed;ch (r1:!.t111t, Wf1l1."h /,~ cUCl't!'1tl·1 a dlV~51(H, 

or fr:OLA~, tht! new 5Ll•?1h·e .tn.l TPchnoloqy A·jt!01.:y, 

w111 mctrkt:t, ,n1n.1rJe ""'' ·l•:'Jt•l'»P fhe t,1otech1u1l<><~y 
rttsviarch 11nq:Jt!'rt~se 1n lr~l~rHt's 11n1vers1tlf!$ dn<t 

ie:Jvc1rc:h in~t it .1t ic,o:; 1111 " •.:<1rM1f:!fCicll bd31~. 

(Exlractt1d frr,m l11t'"'""t ion,tl ln'.iu~~r ~di 
f!io_~!£~~l':!!l:r'• !J ~'t1hr•Jd<', 1988) 
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,"·1if'.r.1t•I1·1.1: l ;! ~,, J ~):•If t..>•'~)fl•Jj,,,j/' 

i' :- . ,. t1J• · t -; .tr ""t•: -:.:rr..111:. tr\•,, r : r 1J rt.: 

1" .fTV"'\C[•"l d L~trl•j h111tt:••h:~•Jl, JJ" 

pr1,.t1•"t:; .1! th•~ th·hre·• 

'.Jr1 l Vt· r::;; t l '):- .! c r '~-;..-I t.•:T 

Mer11 1 ·,1: ·I 1,t·Jtl• ·'.;t ; 1:~ .tn•1 

r •: r t ~ : 1 r 't' k 1 t -;. 

(1-::-ctr.ti'tc! rr1.rf1 ~;.u1.l'4:'~1l '"h~·m;1·~·~ ~-It~""'::, :;•J\lfr1cr11 

t-:1,r,,,,c .tnd Mt•.lit,_rr.tne.u• ~;ll,iJil••n•t·n', .J11i·,· l 1lAB) 

I\ t•JlJlr .. ·,11 ,1nt :t1\ 1 il 11: t t\,1t :.r ~,·k,j f_1) 'rlh1..•ru•;er If 

1::; r1~'11 lth .. l h,t:i t1ct•r: •1\Jr.''>Vered t»j rf-!S•:rtr1:hers .tt 

J l -

:-~1 A-..·:'\I li11i1-·~1s•t·:"~ Ttl~ ~r.t~t..i-.:ti~ is ~r .... .Ju~t:d t...1· 

th~ l..;i~·ttt: ~um Hi~~~-:::?~~~~ ~~r:~~~~· vhiLh qr ... ::.ws 0n 
t~iet!' t1.tC1C. an..:! i:1 svil. The b.!.Lt.c-t ium. se...:r~tt!'S .ln 
.1ntib10ti._· wLru ~.>:npc-tin..; wa.th Jlh~r;: bctcterld fvr 

to...A!_ Tht!' dhtLtii~·t1~ k1ll:s: .st it!'.:t:st ~C kin .. ts of 
bd..:r. ... r i.t. It .t..:ts lu.:.ii !y • .tn.J is nut taken up by 
the t>lv-Astr~ .. m. It is i.2r ....,,,,. ... tt~.:t i1:t! th.!r! 
t~tC.lL"ic'l int!. The .:OG1p0ut:ci (n.i-.! TA for Tel A111v) 
sti...:-ks to t~c-th, q:ums, ~l.t:itl~, ~t..:11, et":. 
(£xtra.;t,,.J f<.'.";111 Nt!w_S..:1~~'!• 9 Jun~ l98d) 

AlnlJ lht:" s..sn.1 .suJ ~t.i\.~l t l.:t.lS vf ISCdt:l • :5 

Ar.c:l'."..t '•'.t!it!J·, t.tr~i::s ~drti..:111dtinq ir, d unique 
t!Xpt!r un.,nt .Ht! ~ .t1erall1· pull ir:q fish vut 0f the 
desert - .J ;~~·vrd-settiri .. J i~ t.uis ot tis!": .:tnnu.t:~y 
(J~C l,OUO 111- "t P''.1n~! .. :Hc:".:1. d'-·,_·...,rdin-J t<~ d. T~i A-.:iv 
;.Jniver:ait;· ptc:".:S~ tt."lt:.iSc. t:s1n•:1 J: ~th ... "1 .. ft!Vi~.!1.t L~ 
Tel Aviv t1 ni·~·t?-r:>lt;· Sl"lt!'ntists, thes~ fdt~r:s a·ft! 

t>r~t.',1~ny ..! Si-J~i:i.il ~·; .j~1.:~l1J~·~d h).-·t.ir l•i ~!..!.~~~ 
lsrde! 's ?vk·u!.Jr St. ?~tit?r ·s r-·1st' u~ high Sc!l ir,i:.i-
punds ft.'.j by un.J~r<:Jr..)un.j •..i!~r =i .. ~r~es. 

Pte\.·iuusly ure:.t·i .... .it~..:!, such W..1t~= :iuur· .. ·es 
pr .. )l~t~r3te thl ... r\iljhout .tr1d tt"~Ji.;n.; .J:ll .::...•ver :.h~ 

•ur i,!. Th~z- ..-tr~ hli.Jt: i1· :n1n~r.1: ,·u .• ttnt ... u:.J. 

tht!IefG[t" r i.·h ir. rr•.',.ji_l."°:. ~ .... n •Jf .:t!q.tt"', W!"l.i.,_-~ S~; \..Ill! 

dS ..1 i--~~!;t lf1Ji t .... "'-'j :s-~~[._"t!" [1,_.( '-..
0 t.'rt..ti11 ~UCi'tf'!~:m1._· 

t Is;,_ 

This r:.~w !'Tl.t;":.h. ·~ . .:.r ,i~_;~rt t:~s·:i.."iiitur~ ...... s 
i...~I~dtt::"i t.'i Pr .. t~ss.Jr !...~·,; F;sh~! s ... .1r1 ·)t T~l A·.;:·,; 

:..in1\,;~rs1t·i'S L·t.-~.i:t.r.~:~t )t :._·.:.: .... •J'i• .!n·i t:!..i 

st ..... dt."r.ts. Empll~·,-ing .! ~t·• ~etr •. d !1..r l(t."~r·'"·l ':~-t" 

brd1:kis~ Wdte:s (-ie.in, ~h~r· ~)~:-;~ t?".!~ t~sh dt::'L--~~:r 

per syu.!c .. mt!t:~ ··vu.ld b.: ~=-h..·r~·.1.se1.1 !r.lm.tt t•:- .. t! I:,·: 

in n•)::n.l: L('ITUnt-r-..·~~t~ ~· ·:·~~ :w., »r th:t..'"e ;__~;_.:!1:.~ .-.t•~ 
ti~ I.il:..r:-•! pe: s .. 1..;.-t:-t> rr.~t!"t~, ·wt-.;:t. ~~~ .-!r~~-:t i-""•!i..J..i 

·1·:~!ltc~! ur- ~..: J'...' t ~sn ;-.~=- s·F;.trt- -r.~:":.:""" ·~~~~ .,, ... 
rle~:•m~r~t t0 -Jr,,wt""': .. 

It WdS t.)t,;.;\j t~ . .tt :1:. t.·t:"":- -·~·;~t vr tne r:•tii~ _ _!'~ 
r.i~t.~~,.-.: • ._· .1~:ri.u:! .-.:...-.~.1 ~Jt° 1'""-t>': t~; ... :.J~"'. :~It" .1.1:....:.:.,: 

pr.-,.1u1~t: •r •• 1!' .1l•).h! .ti ! .. t.•. wtH "!"' ~ .... ·.1;.t t.;.1·~t·<:.-t~1.~ 

S.-t . .'lfnJS 011 fe~~- t-;·1· t!t! ;.·t~i'.':: 1': .~~: l ;:::1· i ~~'.t' 

.!nnu.il Hi.'J ·1.1';-"5 , f :;un~~~;it". [·='···!·.i.,.-': l .n w ~~ 

md1nt.11r:~d ,!l l j·e.tr r.)l.r.;:J. Anr:t •. t: ·1·!f-!'l,is 1-.·L·rtt~;~··! 

·Jver .; 1,,·'•1J:; k·J t;er .1.·r~. !"l tl1T1t.>-.'.'.i. r.~.r··t:'" •.h,1:~ .:. 
:·~. rrr . .J: .. .:,"'Imme: ·. <t: =:sh fY>n .. 1s. 

I1 .. i r~i. .. l~~.t e..;p~r ~mt:"t1!'. !:,.·;,·:-.t :.5'.s Lr·~-1 .t.. k:.; 

S!~hd~.tr:t."c. 1 1:;:'i i:-l t~~ f:::;n fi•Jr.ds, ~t. .. ":"f!ir~'-l th~m 

rr:,1:nly .n ·Jr.\111:.i .1:0 ! ,,:.;.-tt:. 'fht.: .1;.:._· .. ~. ~,~.:,;1 ~E·:.. 

pr~···J~·il:\<j tht• ~.trm;::.f .rr.mur1Ll·,· w.!h .-tn l·i·"11t l•,.:.1; 

~").)(1 s·:url·P, pr•idd··t"-1 .,,-;~e- wti ~ch st-r·.:~.1 .1s a 

ntt1ir.tl m~ .. "ns ·;r !•.·:-' :: l.l1n:; rru: ,,.,r.-ls. t~1t.•r1:L·; 

5d5t-\1n~nq th·~ t:1·,.! ·~·r· . .-:c. 

:lpt:>rtklr.,J ,,• h::,; d(·Vt_•, •pmt.~Il~, f-: .• ~.t.~.:,.,r: ,,11.1, 

"'Tt"'.t: nP.e1 ! 1 .Jr 1:nc.1per ~;·Hl!"r't.•:.i <J! ..iri~m..-tl 1:r••tt•in ! ,r 

nnm~t•: ·.,;':;,;r'!"l( t;. ·~n ::. .1:-;o;,1~;.rl•J (Jr•:,,t 1m'i(•rt.1r:._·,_. 

·•·1r : .. 1•1·1•:. The 11t.>· ... ·t·: ·'t·ment ~Jr 1ntt-rJr.1•e.t t 1:;~~ ,1;; 1 
Lo1·k ! trm:1., wh11 .. :h ·.tL .t1'hlt.:'Je the ·.:f:r'l ~\i·Jh ','~·. l 0 !:::; 
1' .t fr.1.·~ 1 .. n 1f .-:irrt-r•• ·qrrJT,••r•::,tl .· .• :::;~~. h1.Jd:.; l;t 

!"1,1pe !•Jr ::;11,·h prute1r1 ·;,• tr1·t· ,_:,)1:nr ~ 1 •. •::a. ... 

r:1~:-;'l't.~.t1~ ··' :,•r. :~ ~•~-·~·· f't•f rl11r·1 1')8R) 

U~:-;t•,tr··h 1~>tn1d;.J11J t>y ;•.>lnt. Vt"rlttUt•!,. l::i r 1-;:r,•J. 
~w1~:.:er Ltn-1'5 GtnJ,-,;z ttnt! tt dl 1,sr1 drU(J mcti<t:r 

[t~lf,trm~t•."1"• (Mal,tn) will t>pen ctn Sil mill i0n re!;e<tr1·h 

f"'entrt.• 1n Mil,tn ldtPr rh15 ye,tr. Mer,·k r.. rr,.':-; 
Itdl lrUI suti:.irhr1ry Mer,·k :';h"rp ,., Dohme ftdl i.t (~·HT\t.•) 

l'i hu1 ldiu•J ,, S'>'> m1ll111n molt•i:ul<lr hi<>l(''JY 
IOSt ltU~e rtt p .. ,m~Zlrl, :t':ht.!d11ler1 t0 St1trt .ipertt! HJO:i 
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: 11· ,,r p( r ,." ,. : • rh: jf"'.1..:'; t.~ .)t.',,r .11~ t ~ ~~·- . t 1, 

, .-tt ;.r )t ,~ 11, : n~" th·~ ') ·t ..-t! f). ;r t·•.::~L ... -,•· • •.· :-; .,;, ... 
ti''' th·..: ., .. tit.;.:; '·'1~1..-tnt '-" tta.· •J• . .i~ ~.1,1 ~l.t• 
rt fi11 IJ ·J ,JLli.' .. t ,, t •!:it ti.~ P'Jt _,,_ .. J l~11.iet t I•·.,, 

.1, I,' ~ .. 1.:... {~;•H.il·"•.': .. ;11r ·l''!cl11 •'llt.·m1°·,1, th··•:r,, 

). ,' ; Ii'~ l' l (} H 'i ) 



New °!--'!~ _l ..!. nc.1 

• •• - : ~t._· !" ._ ' s~. 1 

.:t_ i: l,_·,1t :. :l!: .1[~ ljl'~·t!::, :i. T J:.i J!'l -.:3 :..!$"-!:! -'!•;..!i~;.!)t 

.·<J:,J: .• ~!"f !":.~_1 : t dis~3::i~ •..:r:~..._:' .1t'-· ;:: .. ,; ..... _t>,_; ~t(·n ~ i:>~l 

T!"':i> t•:J'n ~ rr::._·r,_·:-1.._.:._i-;:·;ts. t·!'-·l·::1..·.:::~t._- .1:1..! 

:rit.·--:~.:>·:; ;,;.::1<.::1,J :r ·_,e-~- ···r1.r··t··-·-: .. !~·-11~~~'-·riC':.i is 

.:-..r:•_~:: .. l·,- t;·.·J-"'-J~ ! ... =~-·-· r::_,r-: ':-_·:•_l.-..:t~:rJ:: .1.&L! 

~....:µc! :!,d ... :.;:.:~· -.. ·.:!st£, n~-... :.:.•..;:;. rr_.r, r~...:.v:: !!'!'it:-._; 

· ... t·~:e 1 t =-e~ ... -~.J .... :: ... -~ t.::;·,:._ -..--.:-'--''--~ .,.dst•_-::i Jn.j t:-:1:!}";!1~.i 

!::_•..._J.j r[· ;t::~~s:z~<] .1:'_! .:-~·!:,_-I!i~ .. t.. 'J'->0d eX,\!1"'.:;le ut 

W_\:it'::' -iS .J :i1e.~:u,ff. !:,; th':: ,1:.J.__~~-. •_•t "..!1t." 

·L J~~'i p: l."t.··J, ..lnd Ua~r~t .. r .. _. !--11.~·11·-· [~r !.Ze...! Shi !.t...tkc 
1Ti.i'..)!1r;_;.;.:n gr-y.;:ug vn •.lS~t:'-

-·~!:! . ..-s·:~: [;r. H-:::dj' F..t~~.·-H : ~<- [•(.f1 .::;:3.it, 

'.!•~r:r _,,-, r1-s: :'_i.;tt, 9o H...t .. ~:..i:. ~t "t"c't' ._: ~J·~ ~Jt:l~.-..r:. 

~~1_:..i::.:-!1~~!._cr • .!_! __ :~-!-~~£._i_~.=. ~:.:_':_t~.;·t:._r~_l~·· 
., Ft·L . ..-~: .. t: j l )9::- l 

Peru 

Si'.ie5 ;,;i,_;._...:ii~ ':.·!~t-:S ------- -------- -- ------

':'t-.r~c- /"'2.Jl~ .l-J·.:.' Pc-ru': ~Lat:v:l1: t•r0g[ .. trr.mc
A: .. J . .:.;H1 1:.~v~,.5 w.t:.: t·._H::'~-~, t.!~.),t.! :n..J 1--'t::-u'./i.dii 

:;;:·:t:r:· ~s~s ~ r.~ ::·1 re :.tl:•::iy t_tH: requiremcrirs 

·..:r;..sfc,..:tt..r; ~t ~ :; or r-he '•dt 1".Jt:. : .. :r,:,~s. 

i-iitt-. tr.-;:: ht!'~t.: 1.f r:.:;.~rD, ~t.~ r?.' _ ::r1'.t·rr •. 'tt •. ~n.\1 

: 1.;.1:-.j t._,1 P: ... -t:1t ·;t-•-t!t ;.: th::;.<JL.r1~.;-~ .s:: ~.lmd · s 

lr:~err..J".;1..:L1~ t-i~,~.Jt,:i ·_'.cntr~. ~~·,i:i .. ,j. ~ .. .:trd·Ls ::it:~·~~· 

~ )8i ~1:: :_~. t._'.~-~.2 ·1~rtt.1J~.i~m ~;~,)!'"t· .r t.i1t:!' t:::C-t: 

r-- ~. r1 ,.\n,)t;>J;. • ut)c"·.:. ~ ·.i, •.) l: u. IJ .. u:.i mos~.:! Jt ~;.1:~ 

M.1:1.:'.)S 1-1n!V~rsity 111 LLn,\. L:..t.r.ldd, h~dd r.f t!-.~ 

.. ,.\•.c:--5i~··i':i l.-.!_._!::.tc1?")' vr" '-j~~;f:t:1 rt::..>u~rcr-~ ..-sr.J 

~'1.;~~··hn.:-:~_,.J~'· ..l-·tt·~ in ti:-nc. ~,rt.· ~1D1i :f:()re t' icrri·r~ 
.. 1:rc: ;,t.·ln~~ L-n•:- ·~: ~ j·: • • -~~~~ .. l.1 -t..' n .. \t >:t" ._., ,,, , 'J1tt 

w:: .. ·.t~ .1r;.~ L.1ri .. :j·- ,",J;1lt·i w:!~: tLi·; ·•,1~ ~~;•.· tr-. .•. s~ 
T~-~ U1~ .·:·_·:Si r_·1 ,1: /._1·._,,_:a~r:.1, 

• ·'"·:. t 1>f : t > .... , l l •,;'-:t : ~ n , t 

rt.t..•1: t :cl!,. l lt. 

.... _.1 L1 1::.. :.; 1 d '-:..·~· ( J._.· 1:1. • ._.iJ:,,•·,,) ,f 

•... ;,t: ·--~ ;:u._1. •_tit'. :.,rm--. ~1.b~1;;. If•' ~1~.; 

, i : " ·,I r •.· ~ t t ,, .-1 •• • . .i. ~ l 1 :1:.. ,, 1 . ,. . ... ,1 L J i ~ .-; . , ! 
1T1,, ~:.1 .. S ' • ' I t j, I , ·~· ~, ... ' ~ f.' ' ')I~ i .; · ~ c • •; I I. U ' ~: <.} ! 

i ' .• · 
; ~· .1 

... ;_ ~It• i11t •.!ro.1t l· . . Pi." ~I .l :; 

: ,il.t. ll :_ ._. . ~ : ;,j'\t·.> l•1 1 et~ud th.._- ji1,wth •.Jl U.t." 

·;f1,:,_. I t •. 11,•: _., ,,._ht•r t.ui>i-:r~ .. M.J1:1it_d, ~t 

":-' ; 1' • 1:. ,! 4 1 .•. r ,·,:nt . r t tit_• Jr11.,.t t'. m•.:\! 1 ilrr., 

·, • ., ,__; , 1. • 11 · 1 •• t :-.. 1-.:, 11.1 •' • ·' r. t. ! t' t Jo t .1 ~ 1 r. J 11, 
IHit: 11 !1 1.: •• S'.i l.-t~d .t.J lh~y W•l\ll'l lllld•..'I normdl 

· . .r1J1~1,11~. Thl'; ,,:,n1{1ll :,trt:ss lt!1..:hri.·.JUt:, ~hJW•:'Jt:r, 

1 ,1.·,., i1 .. • ...... :~ r .. r ,.·.J. I·>,t1~1d11 rt.•t,u.-J.· rb1· ·J'.'" ·•'i-: 
1 Lt: _,1·c1 ~!I ,u,, ~t..·t ~ t1·1 d:t<iirlfJ th~ pl.tot Jqrm,p1.;y 

r1-~:,,,r.t.·, 1!.· .. ··-11•. ·'"~:,'>the •Jr>wth mcdi\lfT•. th· 1..> 

11··1/1 .1· , • "'t 1 t.!!>t·:. t 1 t 111d out wht>tht.•r :;,,.,_.f, 
n•!.\..i\Ht· ... 011d·• •.: 1 t:n~·t• v,uL1tdl1t·1 iri the 4_;4)p:., 

~11 I • ~. 4 ; ,, I .. f. 't 

•J, i1u r 1 m•: r1 t 1 111; t '' 

r~'l•1p fr1r B, llcilll. 

.1t the {1111·.Jt.·; :; •' ·,- ,f ('.1mt.11 1d'Jl" 1 

~11!~ i,.iht.>t ht:: qu 1 .111.1 ; ;; d :;u it .1t,.! t.t 

Al tht-: f1,j,t 1t1Jt.e of u.,ct 1,:ultur~ 

• t.!' -t ! ~ ~ ; • - ;,, • t-' 

.1 : .... ~ ....:-r ..l r .! - · it.': ~ _ ... 

S° ! f!, he UI:~ ~~.JS :;:~;.•_ 

s.lff·!·:e~ _t . .\: . ...it'.'-.•:: "..l:L·.::s l.t-:,.: ~-· f'c:·; -~:1.j !;,_,J.·. 1:~.i: 

t-_.._. ..tS:.>t::3St.:f l~. tt':.t> : ~e!.J. ~~l:" :1:\..i :t. s,'-; ~-.. ;-,.;.ct.:.~ 

t.-_•·--' ~.-tr:·:· ~C· kn0• ~..J'J t~:t:·r .'!to? ;.t. ;:t-5S~r .. :. 

(S:'l~:~:e: ~~-i~_;en_;_.:._~:, - iu·.':'.' :-•~~1 

Sr; Ldr1k.1r . .ti.} i ... - .... lt_ur.i! ::•.:!t:..•:·.~ ~s~-!:" ~t•t" • ..... :1>: ::~1 

__.L ..i Fl··~t::-:t tC ;:e .. tect ..t uew te •. :nni,J...lti' Wh! •. :h ~~t-';" 

ha'.ie jt::r.:l..~po;:.j t.:.). ttoe tJ!c:SerVdt l,·,~ 1.::: --~1S$~.·r! 

·:je:r..plas:n. 

Th~ r:cw tc -hn i·1ue ._-r.~1~ r-=r te...:-!.~.J -..:.-.J ! :t !·e. r 
~:.t!m !:.') ._·0ns~r\;t= ..:..Jss.JV~ ger::l~·~.,sm _~...:..:_-~_.:_.!._:_~ ..in: ."!. ·-.1 

:o ~-1mrn~te sever.ii ~ise3s~s su~h :ts :~ssav~ 

bdLtt?r ta! hl l•~ht .a.!:-ic_tP :tk''.:: ic, su~~r eLJ:.,J.~t ~,.;: 

~n.j !reg sK1r1. Tt~ese ·il~~ase~ Cdfi ~omp:et~~~ 
.jejt :r...'i .J er~:.~. 

A se: ... ur sci•.!nt:.st at tn.~ 1_·-=ntr:!l Ay:. ;_,_·..:.~tJ!"d~ 

kese~rch Ir~sr itute (CAR~) in i-'erddt!'niya •as q~~-~c,1 

.JS Sd'z'ir .• _; ~i11.!t the rr.eristem ._- 1Jtt:.u:e ;neth·J·j 1...·..ir ~-'~ 

,1s~J fo!'" tri.J ir,t~n.~&! ... ·e of ':Jt:rrr.~.:asm 3s the :r1c: ist...:rr.~ 

J~~ fr~~ ~r-)~ m~~ro organisms. Acc~r.~iny ~-> t~P 

;.t:!::~.:tr.::h~r, mer !.Stt:"rr.s dI~ t!':-:d0i,.ieJ w1t~i d hli..;t: 

pr0p1~3t10~ rat~ with ph~~ct~r!~ sta~~l1ty. The 
._:{)~1..-cr.t l:.;;~.ll 'tlod~ ,)f \'t:gct.:it i .:~ i-Jr:-:.p.LJ:lt :."in ·:ift ~:-. 

e.iep·.:ses ':he·_:.)~, ::n .l wi-:-!t: ;.ir1yc .-,r pests 3n,~ 

di:.seases. Or.~ <~t tl-:e p:-.xr.•r.ei~t .. hiV.tnta'..j~S vt ~.r.e 

mcrlst~rr. 1.:i;!turc te1_·h11iq1Jt' l:.i tn.1t l~ eri 1L·: .. ~s 

jise.t5t;? ~rec: <.JeffT\ll~.l~.n I..•-· lJe t:A<_~h.-i::.J~1 W~i_h ~ rr.t:c 
i•~te:r:Jtl•Jf~dl rt::s•~dr,..:h :r.:;;.ir-,1•_1(,ns t._:.; t1;rr_n.._·~ 

rt!St:rtr.~t1 ~r1J c·~·d:1 t:..i·:.in. 

! r. l h ~ me.it. ~ : mt:! , S r : ~ ,: .. ;.: .\ n ~ .: ! •.::. t i :_; l '..l !1..s-..; ~ 

Sd::'..:~~d .. ..-.i :n ~i!:'.Jt:1 ,i1iI~·J th dS.1 1 ~.._i~ ~>~ pi.t1!:.tt~t1il!' 

~~l3r,•_Ii::t.~, t Id!. i'·'='··es ,~ .:is)t.·J; r..c: l!.,t..-::.:s. he:,t·.tr.~i 

~5 ~l_,,,, tt-•111'-J .- ,r1.Ji1:;~t"!''! dt ~t) .. ~ ''AKI t . .:. i1r·.·-~.,.-~ ir1 

1.,· t L f!J • • .1 \ •_u; t· .. t.-1r i nt~r r . .:it ~r,,,., 1 f•At:h H1•p~ ,_,1 ~,:,t ,)t 

yt.:;ir,~ ... ~.:t:~1n \!; .... ,:-·:t..'; ~:Jf •_.'....·'~ ·.1~r-~j l:1~·)1.r .. .:· iv:. 

~~·.1_~~-~-)tirt-~:;,~ ~i!l~·!'. _._~,, '/.,:. :~J, ~-i: .• ~. M.!r~o ~ l;i,•i 

j'l:' 'l1 •. t , .. L~ i .>I• 1_ : 'i:- t'" ~ , { C'll< ~:: I 1: 
.11.r- 1tJ.,"!:. _ _; m:11k._·· 

!1 'n•.' :t•:,, 0 ·.tr"!: 1.!~1Ji-· l 0 it.·· :, '. •. ol, ~;..., •.. ; ... r., 
M,,r, ·.-tr:, "W~!l f~nisl-. ~ti1.: :,.11_.•r~j·.t; •1. ·•- :-: )~ tr,t.· 

1 .1tt:5'.. dr:d IT··•..i~ u~' t , d.1 c t-ii 1nt t _.r • r .,-!tJ-. l J,,:• .,f 

mj~n-.tr.:: I dfl • ·1_• l ! :; l L fo-;1_i1 pt:. 1'ht· ~' ! trH. "", ! l 1r .. 1 l ;, ~ i 
;,r:-. hH:•: .r-1•.nl· ,.-J 11,, l .n.~ i bi Jr! :t·.~ ~ ,,. CJ,, t -? i. .1q .. i.~~ \ 

dlid !.ht·C li)t•ld ~·.' 1,~_;t..._ :JJIH t..' ,t_:_. :,· .rl 1i;1 .1. '.(ttj), 

M1#fl\) · • .ub h.J!, do_.·'JCl•.·pt:'d ,, r,111\t,•J: tJf p~ud1J1_1_:.; ~r-.~·.h 

h,t'Jc r ... __.cr1 l.11lerr»1tl•Ji\.,;1·1· ,,_., »J111Z\:d '4/1lLJi1 t.l1l: 

f :•.•l:! .~, f.1: •:-..till(J~·.:, r,;.,..J.J:·>•JP t iP•'· 1. 

M~_,11 ... ,srli ~._, "H·•·t..·nl~ ,t -1:1j 1t:. ~;f.rt_•n J'h '"' 

,;.,'.",t 1•rft"·.:t 1·11_, ti1yti c1llrtlil'/ tJ1dk (·r1,d\J·~· J'l" .,,f 
rr .• o ,.·;,,n,tl .1r.t it.1,,l;c·!;, ·•h1 •. ri .Jr•· t ru!11 ~,rJ,·l(~d d1,._~ 

mctli<···I b·/ tht! pctrf11~1. M•,n1,,·lcJnr1. r111t 1r, •• rJ1c:;, -trt~ 

frde,"SS( ti> :•q>l.J' t~ d 1 )l <1! f rri11t ;,,1,,\] pr•'1111·tJ 

'.1!le1t ( .r d1,t·JIH·:O't' J t{,d,1•1, .t11.J ti1·;;! ,,, .• ,) c~,wn•!·I u1 
d u .• m~1l••t': Hl•W f1Pl·I i,.i1tr1111 1i1•1,J t1t.'-.1'mc11t. Th~ 



•0r:lJ mJr:k~t tvr rr:vn-...•-..:lvn..1t ....tuti.bv.j1~s l.:i t:!'Stlm..!ted 

t~ r~.l-.:h .i l"vel 0t S~JO JC0 ~illicn by 1~9U. 

(S>ur-.:<.>: ~:!nufa~-t~l!.:.~L'.J>t.>lll_!.~\'._. M.iy 198tl) 

Af'"R~ . ." ~-~r dnt :>_ tv!_ ~r.:.i_·~.;.~i ~.L- ~~~~':!}_...!!._ ~!.~~ 
!eSe,!!Ch 

Re:>~.J[,.:h qr ants tot.ill ir·.g ..:iver 2 mill i~.)n 1'X>unj:i 
sterling h.ive been c!nnounc·e..1 by the Agricultural c!nd 
Food R<.>s<.>.irch c\:>unci l (Al'RC) _ Forty grants wer<.> 

approved. with the lc!rgest inJividu.ll qr.l:its quin'} 
tc. the Ru; al v .. ter in.ar;- Cul iege ( L!l .GCO pour.Js 
sterling) tor <esearch on an i:.cie .. si:.-;I;- widespr.,_tJ 
bc!cteric!l disease of pigs. and to the university ot 
E.iinburqh (118,000 pounds sterlii;'}) tu iJ.,ntifi 'J"""s 
•:cntrclliu'} the r<.>sponsc tc s~tectiu.: tor bvJ;· s:="-

Fuat ~1w .. 1t,i:;; tv univers it~· ... h:~J.J.rtm~nts .. uc- t,_1t 

Ot"W L.i.uKcJ Pt-st".:sl1_-h Gr-:.-'ups, Jl: i11 rr.-Jlec1..d .. it 

b~1 .. .iogr·. Th~ Croups inV·)lv~ uu!'Jers~tr· Jc?-t-i~irtrr:.t.":~•-:, 

w0rkinq clcs.,1y with an ARF: institut.,_ 

D..:tails tr ....... m: Th~ L'11ivt>t.::i!li :3.;p~JI~ Un~t, 

A.tJric'-J.ltur..tl ..ind F,)o~ H-:se ... 1rcr. C\:Jun-._·11, loU l..lr~.1t 

PortlJnd Str~et, Lor1dvr1 ~lN EDT 0r ~·n Ql 5&G ~r.~~

(Sv~rce: ~i·~~~ ... :t1r.0~~.ri.~u!lt::~.!....!.!· >.:,)l. 7, Nv. ~. 
Junt: l 9~o I 

Erit..i~l'. I;t:~.J~ t0 St.c:-!1.J .. : 'JvuJ ..it:di. >!11..;:e ·-·:i 

Di·Jtt...:hr~._)l.,:,~i [lt:'St:.:r\..·h :t :.t •.Jats ttJ t.~ u1 ..i 

t·1..•stttur' to e~~·!C·it sc.rr.~ c.t :~'t= r.-10:;.t irniJ~>rt .. 1nt 
:n . .iustrtdl dr.d .....:\::,IT".rr,~r~i1: 0E·tJ·. 1 Itl .. nities .::,,f t=1i:: 

tw~l.l'/ tir:.it ...:c:!tv.ry, d1..".._"(.,r..!ir1g t•,_, .t nc- iL-pvrt 

t,abl ~s.t-.ed bi' tht" ei ~t1.:l..·hr~0l·J~Jt· Direct0rd~e .::t ~:.t> 

,:;,,:!t.0 I1 :e drl.j t'..:n·.J~:;:;-~r i1~g ftt:Stdtl;'r :_:.::_,un-...·i l {.SE-:;1: J. 

'!'"he !,._;t~ntL1l !.S :•Li~:dted by· the fd__:t thdt ~ht 

Li.(•i..:.;-Ji·:dl comp,-H.~n~ 0f tt·le Uf( ec0rh:.1m1· is dlI~d.Jy 
J,)ftn SO t:ill io11 t:...JuuiJs sterl i11~J .. 1 j.._·dr.. 

The S~HC :ctJ·.:rt •:'Jtlf.r~iStS tht ,, 1T1il!ivn fh)1.1:·.h 

str:.:.r l ir11J Ur< p!1.)tt-~11 t.•ri.Jir;.~t"I lfhJ t-ir ... ·..;r.Jrr,r.'lt .. • dr11 •• :,un-.. ·cd 
L 1:.:.t j"Cdf wi~n ~ht: US •.; .. /;e[ :::nt.:nt '..i ~~Jt:l1,~in,J uf 
.;:- .T.i .. ; i.:•r1 i;\H:;1J~ :S'.t'r; i:1'J .J 'ft.•.-il 11:·! J-1p.1r11:5~ 

pidL!i '-'J spend lO•, rT?t.. l i in i"-i~Jr .. J.:.. ·.:tl":-1 .1 .. j · v~r 

:;~;..: yedt":>. It dlJu r~)t"-"l..i tht;!' idt.•.i rl1 .. 1l the 

t.ii,Jtec>inoluq;; int._,rt:~t.!.. drid .\L·t i·J:! les ·t .'111 tht' 

resec1rch C111H1t.'ils shll11lrl be mer:Jt.:·I fr, ,,r,_ .. h1.-..;- ;1 r:t·-.... 
"511~,t:r d1re 0 ·t . ..1r1't..·". !lt•l..tils, i11.:l·1.t1r .. j tr._.,_. ·t' l t.'.~ 
(>f St::h.r..: hi;.Jtt>:hndlU•J'i _jupp1..·,rt lt//t; .~·:r1:i, r·!..._1Tl; 

lL1.t._. . ..:hr.· .. lO{j'/ [•Lr~1~tuld':.c, PoL.."'II ~~ H.•1 ... t.·, N•JI th 

Sr:R . 

St ~i r 
A·;1-r.t1t_', :lwinri·.>n ~;r-.,:2 !t-.T 

hi_ '-~'_:!•!!'.:-~::.:~Y ~l!~~_ i_n, 

lH 011(J 1 )1 .t . .'.'.·. (:..i'.hl[f·t..': 

'Jc.d. I, "'"- ~ •. ll.11e l'J88) 

1'ht.•m1.:11 :;r1tt~l_..,,.: .. tit l~· .. •·1'j ,_.11·, ., 

t: Jt r,1n:st~1rm"t 11.:1 urt:" to Le tht.· t1i.·11 .... ,;f ! t'lL .~ 1 .. ~ :i 
~.1rn·. ft!...tCd[1_·h 'i[l)<jL11fllTit..·, wld1:h W.L ... t'1pt ,;t.•I l\.t 

ri •. ,r.'t1 t)y the :'t::.'(Jdrtmt:!'nt nt 1'rdde ctnd Ir1·L1..;tr•,. !'hir.' 

r1T! w1.l oJiVt! I n11ll1:)fl pound~ Jlt.-1l111J t~·w.1rd:; th,_· 

t•:> t 1 m.tt •:(I 
pr FJr.1mmt> 

,1r;. ,t r\t.'C 

1 11.ill :; t r 'I· 

4 m1 l: 1 i11 :,•,l111rt;; st er l 111(J ,_.,,'Jl .,f ti1e 

,,·J~.!t 1t:.; t ic~t th1e~ Yt.'dC::>, pr"·.11d~rl 

m1l \ 11i11 ;i .. 11;,<ts '1lerl l!HJ is r \l~t·J tr!)m 
Th~ 5•.'ler11·t· .trn1 1-:nc;int.·er !nq 1',>tlfl• i l w1 l l 

'l't1e : l r :,t pr (, Jl'·· I') t.~· t <:n.tt",t : :; .i 

1«1i\.d,,ir.tllV~ •!ftc 0 rt Ls· thrt:t· lll'Jt!?Jlf It",: r:t:nt, 

:;,· 1 e11t I :it~ t ht.' ft! WI l I •_;t t11!'/ ! t.t• 
'.;f 1ti1llt1, .,r hl<J1:,1r.1l'j:;ts (wt.ole r·ell:::;} ';dfll!.'\11.tr.lt 

111 111c1,u111: or lriw w,tfl.'r :;r,lverif'j, invp•;t 1q,1tP rl•d·'>j( 

lt.'rt"li(1n~;, ,u1d try t11 bro<1'1en tht- r.-tri·1e Hf 
t.ilc11·,1t1tly::;t~ r\'Jrtll,tt1l..J, eJp•!1'ldll1 rh<·~·: fh,at w1ll 

f<>fm 1·,1rbori 1·,1rh1Hl h<>ndJ. 

H 

The pr ''''Jr dl!\11' . ., s 
thc:.>T:·s L~bvr..tt ...... cz ...... tt:~ ,;,y:e nrr..~:it ::it:!T!.~st. ::i..J:~.! 

the p:- ... -...9r:..imrne •i: L h.l':c ..:i t.-1'..; l~~.11..:t ,,,_"\n 

bi.Jtr.instu:-m..Jt i....:-n:> resc-..ir ..... ·~ in be 1t..ti:., !...Yt .i...i..!t>...i 
th.it ~t ~~in·;es ..:-n irhi~:;!.: ~-lL i?lt~r~st. (S...:· .. >r·:t.>: 

14anuuc-~"-'''~ t.."h~~-:~t. ~ M-''i l'ltlt') 

Tht? Bri~ish ;;.._1\•etn~ent h.ls Je1...:1 ... it>.i .. hftl:ist 

dn0a;·mci.;.s test inq tor .ute~t ion -ith thlt" ?~~.;·f'.Jt• 

im..T.:un...;.jet 1\:ien~1· Vlr~s (HI',;), wt">.il..·h ._· .. tu:i~:.i A:8.;:; .. 

Inst~ .. tJ, .!lm0St :CO,'.J0u ~r:t:~n..!nt wurr.t:n .tltt:J>...-i1n~ 

.lut€:~..1~..il .._-1 ini.._·s 1-11 l l Le ..tSk~ ... 1: t\) ·..;v.;..r~:.ct:r t-...· h..i'.tt: 

thei: t.!-..."vd ttstt?,i. 

It t ....... J iri.JU'J ....... ."~~::: [~·~:~..Jt: t·..J h~t·;t: t~.t: ~t·.,~. 

r:.,_•Wt.··~·~t. it !T • .ij· t .. ,r .... ·c- tLl..' ,,:...._·:er:1:t1c1.~ L_• : .. t~ .Jl ...... :t: 

.\: . ._;:·1mv\J:> test ~r~__. ...... : t ~·J• .• ·! -5..trr.t-l~s w1tt-.. _ .... ~ :.~h: 

\..~,...,r,srr.t '-·t :.~t:> t·t.' ·~ .e ... .',<i ·,:r•·t."~· 7--r~, ~ ..... ~ ... r:-. 
Hu1i:stt·c : .... r l~~.J~~~, .!~:!!··'Jr .·i1·--J the (-·;.!l'~ !. _..!:: .: 

tt.~ :12'~·_.t~ _ ... 1 ·•·.d . .-::.1..; ~1.:tt·1 r..:t s .. .n·;~~~Lc .. .-c : ~1:·: 

ir.tt:>•.:t1L·i.: ..J:1j Ar:-._:-, S..l··! :.1:J~ •e~k t~ .. tt tt:~ _.r._ •t· 
rc-•: ..... ;ni:.:t"ll th .. 1t :;..:\..·~~ '"..1:1-....•.·,·r.-.. ~t.·..! ~tst1nJ .. :T.:.jt.~ tt.: 

r~4L..i.r:t='..:! : •. tu~·.:re. He .,,,;.u.~..: rr: ...... rt" 1~i....ttt- ... ::.-:: 

1"rie -.·,::"'tK~r•<..J. ~ .. !1t·1 ·ti._..,'"-" t=t.·'1:....tr.~. t!.t. .::~., 

bc~:dUS'='.' tt1t-z· ._,C·....i\i:jlt:' !,~._,._ .. ~ :; .. ~:-:~:t:'"5 :, .• :.;.e. 1 ... 

Tr.t.· ,,: t.' : t.. ! .. ~.l: , .. :· .. _. 1" .. ' •• ; 

i;t.: ·-- ,-. 
.. u.d t...J:,·1 • ~;:-.~t~ • ..:0.1:! !:: .. ti:. : .. _·:t.··,. ~. ~-: 1 _,,: 

;-· .. r~:.:tti'_!, .. ~.C:'-." :_~\":":C :.;. :,,.:,~.": l :_f".;.;.,·~:··i .!Tt.. 

~: ; 

rr. br~t.JI;:, tt".'f..:• .. ' .-:~, 

It::!S~•-T- .J: ~t"1L':: ':.• .. ·~~ .... ~: lt.· !~t.·: ·! •!·.t.· 

!~.:t·:1;:.; t"".e~1 ul '''·~ • .. _.. ~~· 1 .ti• .. 1. :: 1 • • ••. 

tt-.e:: Lot..> :;r.t•·}:.J:,,r1 tt:: '- :.r.1•t.• ·~.t" !t:';;..l:!.. : •. 1•,._ ~'- ... t.: .. 

1 
• , I ·• •,* .J , r t: 1 ~ ·• 

..,, • It.." jll.1:, !.. '#. ll•t.'; I, W L t ! I•" ..it !i t.'t•"' • ! • J ! : •l" : : f •t..": ,T, ~ _ _, 1 

k .. -1/:"!":1._':.\i hc,1:t:. tr. ~t·:.;_. : , t . ,! ..... :.,,t"r' ,it 

.:.it. H.1:t: .. 1:·Jr'!0t.••
0

:..> H ·~-t .:-i:. w •.• • ... ,, .. i ... c,:. .~_· 

fl, me:t n Hr ~.f.lt.L ;:, t..·.1.>! '. .. ,, ! 

,-11.,i tc', r 1 y : :tr. t! .. 

A .:..1, . . 0.:. t.~:..;n1 1 r. 

~ ; , 1 l l ,1 l -! ; I·: l ·, :_; ; :.J 

: •I'~ • •.'t..". : 1 t ~· 

·.- .. in .. r., "r .~ 1 i'•··r ··:.r, ..,,.~._. .id···',.,! ..;1 ~ t ~i: .: 
ht:.t~th .111tL,.r:t,·'· .... ctL1. ·.1: •· .rJ?·:•t1·1· !lt~ .1;T:• .'t.t 

k;1.J'W' ti.•_• ~,: t"·•~ :t:n·'t• \d [ ~h: '~ l C J... r r~t.· ;•·=··:: 
~~<>l•Ul.:t~ l·J;, l:1 ,, lt-<r ~.. 1r1 ., ; :.1.'r ·1,···;. \:; •• 1: 

N, .. ·,.; :;,_.~er~~ ~:_.r, .' .J,1r~._. i·)·l~1 

1"ellft.".·h (:;lu.:•;h, lfi"'.) 

.-t11t ibo11y t-niJ l11,_.µr i ri·J w· .r l.t 
::..; t.•mt.•rrJ: 11·; ,, . ., 111 

l t.'.t•it-' r, \ •r1~1. 11.·f " ; •• """ 

ti mll 1 i•;ii ,,u11nd'.'; ::al •:r I il1<J :t::,t..•,sr.·h ,·t·r.~ :•• .. r.: 

1.'.JrT\rT'.m1:.;:;1'•Hlt1<J ·tw w•,11·1':... 1.tJ(jtJ'~f m..trnir .. ,l .. tr. '.!· 
··11lturl• f1..!rm~11tt•r .. ·~1:tl•1'h t•tirnt-d 11r1.r1t·; .,r 
f,f,1,()(1() p~,11nri"i Stt•r l ltlCj ·111 ! i .1 mil I ~'1t1 ilu\11:.1-:. 

: .. tt•1l1oq t1Jt1luVt'r 111 tl.t• i~·.1r f'll'l•·rf 

J1J ;:._.;it.t.lmh•!r 1')(i/ ,\CJr1111:;t .1r1 ip,•r.tttr•·J ~.,,., .~ 

1.H m1l!1;H\ i1<1d11tk> ~;~~·rl•nJ t11rr,·)·.;•.·r ,,r ,1_,, 1 ... 1 

(i•11ln·IJ •;t~r! inrJ tht.• prt"/1 ,,.:_. 'jt>•tr. 1t11• ,.r t ~t .-.1·. 

tht• fir~t Celltt."<."h ti\'."; '.it1r.·,.in :r. ·a."it:11 "i•·.tr:;. 

1·,,1 it l>' 'h t•rT1l• I• •Y:'i t r)t: IJl1l1:'i11 I; fTI•• t fl'' l . t ,1 I: l 1 f I 

ft:tm1.•nt-~tl'>ll wtu:lt'lll ,, 'J<li ;111rrJl' r1irr11-.~.t·~; ,tf'f,tr~·!ll 

r1111I ·''' 1 t ftt ifJJ1 '"'1th. •ill m11'/ • 11' ;•.tit~ , .r rr••• t1.1·11 • .11 



:'c'.<.S. Tl:e -ic·::tl"' ..1-Jit .. tion thus !'!uvij"J hiiS 
~·! ·:t:.i t:.::i:h:••t.i..1l 1:1 h.:tri1Jl~l:':l !lh~.H St!!lSltiv~ 

r~ .. 1::.r:-Jti~tt; .:t:ls. b:..J.St1h!S!i sp!t".JJ i1!..:luJt!s c011tt.11.."t 

! .... 1.:!. l....,!1. :ip...._1 n:»v!t:·~ ~~rd'.) ..:!eVt:dOiJincnt .lud cont rd.:':. 

i..~. :;,1.._·, . .-~s:::i.t;.~~ i'U t11~t~h~p.::i i111 .. :lth"i~ ~·[1.)•jUL"t i,,:u 1.._lf 

~·. :'!1:~ .. t-1 ·~~I· .•.. lL~h •. ...l Ph .. Hr!l~ .... ·~u!.i .. :.:ti'i, .! ::u~.:::iiJt.tri 

:::.s. ~• ~ .: .:.; . ..;i _,;;, :U!j .:t prt...1 Jt>.:t wit~: . .;,~.~r i .""tn 
~:; ~.! t,. ; : .• rt• 1:, .... • t ~·c- h1.orn..J,.1 ~t'.':oe ,_- .1itt-11! •_·t 

;; .. : .":.:.11.1: .:t:l:.1t .. J ... lie::. {M.A.H~). l"'~ll'.e-.:t: i~ !._.,_·usu1~ 

·t!l·l ;, :-...~11_ • .._;.. .i: .. t .:.1rd1-..1V.J:.i1..:u.l.tt .J.11.! .1 .... t _, immur:e 
.: . :..t.'".'.l:;es. 

~. . JtHl) 

'..:'<~'J. ~~-~~ ~Jr_i:·~:-'..__~i~~ :_...._, _l=.E.__:~:J~-=-:~-~!!:::J_~~.!:....t.~rul 
~-:_·"!~£_:1'.J ._~ _!!.J=:" 

~r 1t i:ih ~:· l'••:~~t:-):'-"J':" (BbL) t"'i .. ts e .. ~tr~j int·_, .. t 
~t._·tt:1 .1]tc>t:1n1..-1.t dt:-'-'t.•:up c-h:.Jlt>stc:=:-•)i l'-·.w~r ir.,J 

:~ ·t:., 'Wlt.n ~-N..,.!l ?:· .. trm.1•_t::""uti1 .. :J.l, d. s.Jbsidi1r1· u! 
~ J.::i.1.::1..i1. '!"l·t: .t•;r t'ert1e--11:. ~ !~ro~J :!1 A.:_··r: l, 

• ·'. :o:"!s tht- j1...'ir!t ·"!e.lt:-LutJ'1lt.l!:t .:_.( r11t"Wi •..:h~r.1;.._,ti.5 

!~ • ..::.: .. ; tr-.J1r. B~L·~ re~t'.:tr,_·h tnti.:.. impt·_lV~d 

·t:':)lt'r,"'-l rt.<1w·t·rs. 

~~d •. :i~:z:-, i~ t-.1~ !..t't..·r:: ... _.:;..;,n'.; ... r. r..._..':fl!i "::)t'C0rd 

.• i=":_j~ 1-)!l" S'jf1tt1i:oi:.1,: inh1L1:.,Jf.;, ,-,f l~~t.: i i•Jt::I ~r':Zjm~. 

1:~; .'\-:t1.J.:toSt.•. 'f'ht: ~li'.L'/r.li· lS eS5t.•rH:.:ti ir. ti•~ 

t':, i:~·-· 1 o .:it ..._·ti.)lt::;lt:c>!,J~. U!hc1 \.·om{ht11it'::i, i:11.<; ... j 

~'..:Mt r. ;.:, ;";L_•:p dr;i ~JGht~lt.·, 1··~ 'r~.iJ:· de•1elur.ir . ...J 

•:,r·~t.! ·r:;. .r tt1e "::':1·z1·n.~.: t·t•t LBr. s~ys tl1:i':. t_,~1 .. :! 1 .• st: 

~~~ 11 .• ·J .,.;! •• ~JI.:' t·~Jt..tllj' ~·c,r.1~1-.Jter-mc.Je!!~J ..sn.:1 

r1..•s~·-~r(_·1':, :rt,:;, .. :Lil_I <-h~mt.:-.d sy11t'1t.::.:!.; ~1ri.rl 

~!.~~::n1-_:.;;l .. ._;i ~1' ·-~Sti:~•j, \.itii.~ ~:.·t.;c-i! .itll L".iC:'i •JYl 

: 1 1 ~ · · -t ~ • • :.: i :_· ,:) l 1.J 1· r1 i 1 1 .. L ~ 1: 1 .: .1 .i : e .~ c 1 n. j _ i1 i <. t. 
1;· -,- Lt: •'v, __ ,:ved in -1 ~rii(:d: tes--s. 

:;t':. :.1..· •. -.:·~(_"'-_. 'L..:1~ •U•h: 1:c .. ; !ic.j1.o.:· . .:-:.:it.• 11it".~tJ1t,,:~ 

.... ~~• l·•:'-"r~ ;r.1;._r 1.:lass t .1:-lltJ 1n t~f! f•1turt. :t 
; !" ! 1 t '.: ~t'.1r ~;.al .. ~~ .-i: 1 Lt: Wl'JI th .. 1; J1:r.J 

: ii, " ~.·,· thic l!:id <>r' t ta.• ;•!11t·Jr ~,·. 

,. i : · , w i i . ".;. ! : 1. ,,_. t \. , ·, ,;1,·,~n ~ r \ ~ r..: 

Jr.· :T :r-...:r ;,_·~~ .t.:; ht-.tr: !rt;•J5 ~nd as~hmd .-:-jL"l ··' 

.• ; • •· 1 t ~ i ~ ~: 1 1 rr ~ , t. c.• • " •• ~ .. • 1 rr d _j ,,.- r ~ r ~· 1J :.J ~ 1 • iT: • 

.-:, t•t- r.~J· ;;r.irrr .. -t·~·l1t .,,_;it ..;1ll ir1~.v~i~1,·t" 

.,· ~ .•• f ·! ~ ~!t. : .• :: •• _- .:t:t•.:f )!"-.tr·, ffi..!fk°i::t. 

r:s~.1 .. : i·:·· __,i;:···I ,1.Jr .. ~·1,t·.ts f,_,r ~t1.,_- m~1:'•.·'._1r.j 

1· j•-' ·, 1 11 1 'i.·~ _. Jt.'lot:,.~ i:i )..ip.i:1, S•,l..1tt;t.'l I' 

1 t' .~.r~·t:r 1 .'J t~.J l~,r.-u.·l. 1'1~'1 Tit'"--' dt-:dl~ 

~t .• - i.:;c::tl1u~i·.Jt. d'1tt.:t.!ITI('i1t S'·jnf!.1 e-Jrly 
'/t.·.1r ~~· • ~·t- Km.1r1 I~1st.ru:nt..•nt::;. 

' .. :.; Mel/ L-.t _.' /P.,;, I!; 1 1. I :.L 

_ ~IV.'= j'u:.= _;l.:-.; '-:' ? .. r.-;t• _;1,~: d,,dtl-:•~ 

J '_ '•: , If,,' ' ,... :, -, ( , ; J(,} f_ 

;( .-: '.t'' 

;;, I ! 1 :! ;t_ • _. t 11t.' 

.1 1 '; •• _! p·1io..'.~ ""ir !•J-'1 1 !c. i.H it l;;i.h 

·r·.,1 •J, __,1·,·J i' ::; di~t1.~.J6t t·) t--·~t;m,tt~ i..h~~ 

·_, •• ~t it ~ ! _, 1.l. .. ,.. :l"or"t:~~. 'ilti 11 {JC. Af tcr ltle U.i 

'!1•: Jm1 .. ,1~1r· •.-H'J'-"'tcd !.JIJdO, with its <Jrowinr-1 
.t~· 'if••,L -'-J'1' :1,?1.:>tr/, d:;i .1 11ott:11t\tll'z' big .11.JIK•.'t 

Jt:Hl"'>. f• ')i.111'.l "·" cAteod d1str1hut1-:Jn ,:,fit·; 
:

0 1 ii ;,1·!·/. ""~tn ct•Jret?mt!nts ln key lt:gi:ir::'i 

J • .. 1 : , 1 _ ., t .\ ~, r 1 ; . ( t-; i' t r .i 1_ t e ~l t 1 um ~1_:_ r. ~P: :;1_~ 

~.t"T•. ! I ~h· .... , .') .!. .. I l 'Jtifi 1Hll1 ::~J JIHH~· 11)88 > 

f''.11JJ J',t1 i""I 1r~1l t-·rJ,J:,111:,·~ (:,1<, 1:.. rtclJf!) >PilllJ 
, r 1m 1 t ~ '· ~· 1!~ .• ~~:i11 t1i·~le1;h11r11 •'1'1· The 5t"r' .Jp 
t I : 'f1 lo l,1t' I t re·11·; .. fht:• IJtl rr):;e <.~l industry, Wtlli h 

j~ -

J1ed out in the 1700s. It extracts rose oil from 
t'luwc?rs grvwi> oz: d ten-.tc:-e sitt? in Yorkshire, usiny: 
..1 new low boi!in-; vrganic solvent under high 
pressure. The pro..:ess retains the more volatile 
~l~m~11ts 0t lh~ uil which Cd1: be lusl with other 
t:il.tt.tction pr'-'~-tsses~ Ef~F is nvw testin'-l ~ix rust" 
, .• H !,tit's to St't' which produ.:es the s•t'etest smel 1 

wher: ')tvwn in ·:,Hkshire. It hopt'S to plant ont' 
anillivn rvs~s in ~00 dcr~s to start cvmnercial l-HO 
duct ivn int.ht: t:"J.rl~· l~<JOs. It wilt entt"I .l wucld 

rr"trket !l')W worth 6'> miili0n .,,·unds sterling year. 
F:FF h:>pt'S tc. exploit th" niche m..1rket tor all-natu:..il 
t t..t•JLlnct prudu •. :ts, .. 1nd wi 11 push its uat tve Engl i:sh 
identity. (Extrii.:t"d trom The Fir:..1ncial Tim .. s, 

l ""'' 198tl) 

Amersh.Jm !ntern3~ iou.:tl tJ led:! EUHEl<A L.:!_Qj_~ 

t;ro}ect 

A..~ersh .. 1m Interndt ii.Hhtl is UK prcject le..ider for 

,, r.._, '.•J' new Euro(.leiln molecul..1r biology Jevelop!!'.ent 
prc:Jt'Ct which Wds 'JL'lnted EUHEKA Stiltus at the sixth 
minist~II~l CGnfere~ce in C~per1h~gen On 16 June. 
Tht> aim <>f the project, entitled Liibimap _2001, is to 
d·.1t _.101 .. !t ~ the ti IT:~ - cvnsum 1 rig, lab·jur i 1: tens i 1,,·~ 

r:,~-1-:i:utar biology techniques used in b~~itechno~ogy 
:t>s~drl·n. Tn~ pot~r.t :.11 m.-lrk~t f•::.r the:.ie te•:-hniques, 
whi--·t· .-il~:i h3ve dppl it_·dt1ons in clir-icdl ~i .. =lg:1.")sis 
and ::1dus.t;· iai rr.i1.:Luhi.:ti pr0ce~ses, is estimated tc: 
L., •·>rth l bi!l ion po.rnd:. sterling. !,!1_\?_lma£. 2uOJ_ i~ 

f?Al1E=<rt-d t·) ~ak~ ...it.l»Jt. tvur years t.:> cumplet~, with 

~ t..~!_-;: tudJet 0t .:tr..)~nd 40 mill.ion p0uuJs s\.erl1r!g. 

TL'° p.:,je-.:t is ·~.Jncerned with develnpinq ..ind 
:i'IJ.lkt:t ~r;,J ~t st?':ie= 1)t 1.:-orr.p.:itible, auturn.:ite.J :nstru
m.?rit s .Hid ~~~~l·:.·iated n~w ~;iot..""hemicai re..Jqe-nts tc.r the 
_3r:--:1e ,Jf :~:<.ilt.:....:u.lar t.iol·::iqy upc<dtivns - incl·.l·j1ng LNA 
t~:..: r .. ,,_·t ~ ... 1 0, •. -l Jll i:l•J, h,·Lr iji:?..:it ior .. -1: .. 1 :..e~;ue! .. _- :n-;. 
.~urren• l/ this :3t.~Jr3t:_.)ry work is !'fo,.J:3t.l~- manu.-i~, 

rc-tt::-ti'vl.\ic .--tnJ •_t:dlc,us, ctll•i i111.'~:· .. :~s skii:ed t~·-·h 

ci 0::l...i11s. In .JJtvm..t~ini.J -t:1d simpllt~ iug the 
pr0··edure::i, t!"cre 1::; d\S\J s•:npe for speedin.; 1.1~~ rndny 

·Jf ~ h._. :-:: t cps i n».'rJ i -,.:1:.".i. 

T~.e ~niti.ll ft:.J.sit_.,. ~~y r;t:.1::.e o! t.t.,;: t·r•i 1~.:\.·t .~ 

.•;.ti·"'.t.•,i '..._') l~Jst :tJ mi·~~t~~s, iur1ng wh1· .. ·r. Arr .... ·r:.~.irr 
Ji i ~ -...._Jrlo: with th~ Imper l:tl 1:dn,_:er Re~e.u,;t-. F·u:.:l 
(I·'S.F~ i;. !Lt.'!!!--", t~1e Frt:n•.:h prcjt.!"t"t leJdl;;'r Rt!lt.n ~ 

Ci e, _1 ~1 l -jh • l.!•_·hr!~- a_,•J",' $'2' r ·,; i ~.:~s :..:-oiip.Jr:/, ,J!1d ~ta.• 

Jth•.:• ~·c('.-:1·:r. ~.:lrtic1pdr,t, :"~ntre .j'E::tudt- C..J 
t->--·!fm,.pt"-.:z;r,t~ H11main ('_'EPH), rt leddin:_; rt.·s~Jr:h 

ill:.it ~.:1te •),J!,.;~,j 'lf:dr P1.U i3. (S:...."Jr.:e: Bi,J~l!~~~l:J.l_ 

~~1~ .. t~';• '/,J:. 1
, N•}. n, ,_lul, 1988) 

Chem :~'js~t:-ms I11terndtiu1;Jl p!,ir1s tD ·.: 1~·.Jlucttt: ,1:1 

:1rr~_t>dre th~ r.,1in typ1.:::. ..:un.mcrl:i.dl tJr \,:c:;3e:.i •11 .J· .. l 

f·.r prr1d~1-·!r"J ff·-'11'.J':i. 0 11..s~ Jr1tlt .. -1.lle:i. Tf,,_. :::tu.~·, 

Ct;·f i.1..:1·~ S tht gr•1Win~ Il.H'!ll.Jt.•I r_·f ,:c·n-..if\~[f_'l.i! t ,_~::hr1,1~ 

-1:e::; st~nun1n1; frum th·~ nt't=1 f•,.r improv~mi:~nts :i1 tt~t· 

JU311r l a;ij qudnt ltj ·:.it m1_.r11-,:1'_..n-il ,_tr.t. lt.1<;'1.:r' L.1::.c1l 
pr0duct::;;. A-:-•..:ur·il ny: t·_. j:<.)l i r. I.e Q..ic~;ne Jt "L•Jl'T: 
System.:l' London vtfi•.:e, wh:_; w1l; c-:"> -::.r i1r1dtt.1 tt1e 
prujer.:t, qiut.Jd: !:.Jlcs .Jffi.JUnt l» ~·.;mt! ~JO') ;r.1. ! i.Jr; 

<sr1nu..silt f(Jr the !')(J •)r !#-; prudu 1:rr. 1.~;w ... r. tht:! 
mdrket. Pj' 19r10. !i~s~e..>mi.,Jht re.1•_'1) $2 b1ll1on. 
r.ull~bo:.Jting dl the :.;tu1·1 will t...e :;taff d~ tr1c 

hiologic:s di•n::;ion oE the Cenue for Appl icd M1,;ro 
b1()loq1: dn.J Hc5t:-Jrc:h .tl P1 . .irto11 L>own, Enqldnd, (1d:t 

of the UI<'~ PuLl li' ile,.;\lrh r.ir.1or.-1t0ry Service. 

(~cpri11led with (•ermi~sion from <~~1~~j~;.~1. ~~~SP'!~•_:r1,·,'.J 
~-~"':;, ~.Jul'/ !'Jil'J. Cup-1right (1?08) Ameri '"" 
C'h~micdl f,()c1ety} 

A new rc:.rP..tr.·h r.:t•J1trt.· 1~. ·,,_• t,uilt ,tt Go.:-Jp•1rl, 
11.,m.;;;t,1r~, t"1y c·1,111ttm1ci (tJY.), tht.• !(.'!...'.:rtrr:h t>rl'S~d 

Jih,,rmd<:eut J<"<tl, medi1_;dl rtnd r·t.cm1c.ti ~ 1;r1m1Jdll/. 



Cyanamid's Le~~tl~ ph~rm~~~utl~Jl bu~i11~ss d~t~J~Y 
h.J::i tl:~ t..·0n1p .. U!'j's ldr'Je:>t r~sit?".:u, .. .-h L·~utre vuts1.:!t! 

tho: u.::, in..:lu.Ji"'J a st.:< il.e devt:L.Jt•meut unit wt:ic't: 
h.Js played d key rvle in tho: d.evel0pment ot ai;t ~ -
'--..1111. .. -er prudu'-·l.a, ~nd th~ n~w 9 milliun pvun.Js 
sterling centre will continue this work. 

'fhert!' wi.:.l l.H:!' .:1 ~drt11:u: .. u t0i..:us ui: tr~ ... i~· .. -t..~1 .. ~, 
me1;.t of mvno:.:lvr:dl dntib0dz· c'-·ujugdt~s d: isi:i.J ... Hl' . .._,!· 
~11 12":,1sti11'-} Jo...·1:.t ,~-~;1tur~ with Celitei....·h. Tht:: ..... ·ent:t: 

exp~cteJ :.v b~ .... ·l1n1plet~d ~>i' ~.3.::·i 1990. (S(~Ut...:~: 

~-,.u~e~_t!!~-~~-..!:!..~.~~~~ l_!!r Vul. . .,, No. ::,, Junt' ~988) 

'i'hc 8riti$n L.it.H..1t"f Biotc-•·h1a..._·.1uy1· Ir~fvrit'.at.ic:; 

St.:1...-:.1.:tl', iu-.:. i..i::y ldu::ched with the hei.p of fu:1Js 
tr.:.~t tL--.. Eur.)~~-u. t...~vo:i.;'f!ission, pr-:ividc:;. .i 

l·cmprt>·1~r1sivt2 seo:·~·1ce t1...· ~ridu::;tr...,· .:-u,.j rest<lr--!l 
WL:t L1iwi.._i~. 'The sen .. ·J..1:c- ..:ui. prcvIJt:>- i1:~.;r!Tldt :L,~ 

::~:>~d!:ch a1!d deveto~ment as well ..=$ i1it._.rmJ!'" ~·Jn 
the business 3Spt: .... ·ts ot bi0techn01 . .:i~r·· 

For th~ s1~18r1t~:-1c tt:searche:. ~hr: 11t·r.1r'i 
Cdll ies ::i ..._·ol.l[Heht:nsivt> t~1r-.ge ot j:;u.~n..tls dI'.d L-.:· ... ~S 
t~ldti;HJ t.J l.Jivtt:"::lu~·-•i\)gy. The Hi•_ite.:~11.ulvgy 

InL_,1mdt !•.):J ::::~rv11:1! .. based 3t nolb...:1rt;, ~l.JS d·:ce~:s ~ ... 
.--t:; i;::tecr..a:ti:__,nn! st-:::~k cf scientitic, te1_·hn:.:.1! :i::.~ 

...:c .. rru11ercidl lr.: • ..:.rrndt i.::d1 'Whl..:h iuc~~'".h:s -~~ ,OJO C'JI t~:~:. 
> . .:1.>tndls, 19,Jl),J oocJk~ and pa:nph1~t$, :,otvO aLstrJ·_· 

t ir."l jo0rnals, J,OOJ dire·:-tories, 100 d=tt.Jbrise~ .. u1d 
.'I million p~tent s1;.,,_·lticdti0ns. The Aldw 1":'1 
rt-ctdicg rocrr., 9 !<ean St., ~ondon WC2b -IA'!', h ... dses 

the litt:!raturt:i un ch~ :ife scien..:t=s and t~:..·r~nvl·."'-j:e--.., 

n'eJ1 . .:1ne and t>1c1lt"'.:'hnolug1·. Some <jt tllt: st ... ~·ro: :s _,1. 

open d1: • .:t:ss t 1Jt the Ttdin sto1.;k, on ciuse·_! ...t·:•~-:_.s, 

1_:.Jr, Lt! bruutjt".t t,-:o the r~ader in a few 1T1inut-2S Tr.i:> 

opeu .:scc.:es~ ~:ollect ions include r€feren.:~ lh.)dks, 
d~strdctir1g jouri1als dtld t1iographies, d1ct1onaries 
,.:n1:~ lit!W b0(JkS. 'fhe tk.;:lt.H .. irO re.ld~ng [GO:n, dt 

2:, S.->1..1thd1Til=oton Huild.1.ngs, Chdncery Lane, Loud._...i. -..,..:.,,'A 
lA~, carries pd.~r;ts and literature on the i11ve:1t1v~ 

S\:i~n1.:es, t!'nqineer1ng, iih1ustrial tech1v)l<:1gy anJ 
h1,s i ness. 

The rese.:H·-~·her ,.)r rea1.1t:"r who is intert:osted ir. 

t,.vL~·-·hnol,:,gy cusint!~S ·.will r:1nd tne bu~int!'ss 

intl;rmation s0urces in the British Library 3re 

ma 1n1 y locdted d t t ht< Hui burn br dnch of the S..: le nee 
1-it-terenct!' and lnformat inn Servil:e. Publ i.:c1t i,~.ris 

hel-1 :n this n1ed incl~de trdd~ directr,r1es, bl•s1ness 
books ~11d mdrkel research reports, tJl1s1n~ss iuur11al~. 

trade jr,urndls, ?.n.-1 public;<1t1:Jn::i dt.>ctlinq with 

..:c.mpdny ir:format ion in<;ludi11q C(°Jrntnerc1cil ~i' prvdu...:L:·1 
ior.>.:;;c- ledt dli<..1 card st:-rvir:es, dnd dirt:C!.<.H ies. 

An 01.l in~ S~ar._·h C+!nlre ~s iJVdildbl~ <.tt tht" 
Jlolburn t)I .. tnch ot the Librrlry. The Cuntrt..l dt.•1tls w1th 

.inqui; iL":> in dll drc,1s r;f sc1~n,;e and te('hr:ulu'.j'j dS 
wel J .-:tJ, hJn .. ti 1ug !iearch~s tor business drvi J.-tpJnt:~e 

intnrmdt1on which are referred to other specialist 
servi~es. The Japanese Information Service has d 
staff wh0 •re familiar with the la~gu•ge and who Cd .. 
help solve the problems encountert·d b/ the nun 
J,;p;:inese spe<.1ker when conf r•Jnted with th.it langcia')e. 

A sedtch may be condt1•;ted ot a w1d., rdn<Je ,,f 
existing d<1tcJbases, but the lliotechnology lntorm.l! i•J:i 
Service Is developing its own datdbase containing 
information on commerr.:idl dnd non comrncrr.:ial 
org~ni~dtions. There will he far.:1litie~ t0 pick ~ 

particular r.:ompany and llst all its known produ~t5. 
This databdse already conta1n1 information on 
European r.:ompdnies engaged in biotechnology an~ its 
di=velo1iment is planned tor 1')~8. 

There 15 a smdl l init ldl d1dr9e of l'> p<>Ufld• 
slerl iHg tu set up d search plus the usual rh.trqes 

t .... •r CUUl:~.:.•.et 1,."1,..!!:~~ ... .-t t .:.1f1C: ...1:11,,l tt:'ft:tt:!l\..
0 t" t--= .:.t :: ~J. 

'!'h~ st..sft, "_.:,t-)t::'t t___.r: .. ·l;;",f ~=· .t"-~~-.-h~1.lJ, ..... : !'r:.( >.i-~·t 

th~ ...:Ost vt .. 1. :>C" .. tt•:h t,.' ~i r..:1.::r.~rn. St..• .. t: :!a:.: •.'~t .. ~·~ 

.. 1rr.J:l..;l!J bj ·:is it ~=>-1 tt~._. ~ lL!_·:·r -.)r ~-1• :t.."".:.t"t_.~--•·-=-· 

tt-ltA, f .. -L..:, t~~ ... :tr•ni.· m.1:.l ,. :~~lt.!I. 

1"t!t: Eidtr:L-~1:•~-· 1 .Jjj" :1.!--·Im~,t;.._.: s~!\' t.i.:,·. 

0ttt.·IS ... 1n~- .. L1;· ~t'"mi.n..lt::. -.,,:--.i._•: ...t:;~ t .. -. t:-'t'·-~~:~ :r~ .. - ,r .• ~:-

:r·J~'-·t"s ct tiered t;· tt~e ~: tl t~li L1t.r.~~1· _,, t!1~ ~,:_• 

.~1...·t~uvl..._'•Ji' indl1Stt~· .. ind rt::it> ... !;.__·:: :_VlT'J!"~:u1t ! . ·:-Lt" 

S~lili:l..lCS tJiVt? ,jil • .. ·.·l!t'. :t.·W .._,f ~ .. .,,.:t:'.:~L1~-:,_..;J .~;1.._~. ~!a;';., 

q.J 0:: tu c11tlint- t!1C ::-.,,:.: :;:, '-·' ·· .:: s._-:~!~:..i~!. •. : ..l."·• 
ru:..ine~::: int(l:r!icl':.. i .. r. i11 ·i.d,!l. ... J .. 1: :..._ ~-< ~:..i:_:i ~._- .. "1: 

l:1f•_.trr.1t r. 1 n ::'-~rr. tf·e- ·d. turt- ..._-,-.. :t..._·~ iur:s .1t:'~ 

~1:r~·r!f:.1~ :1. ... Ii . .ii p.-!~~r.~-.: .1~c- ... ~.!:·:~:S!.."i":! , . .Hni t~.~•t ;_, .1 .. 

1 ::~: .1<1·1...:t l'-'1 . ll:_· ·_: .::1_~ ti ... 1~ 1,_.,, '-'t E· .. 1~~1.·,:,.; i.:. 

t.J1,)t~'-·~::~··l·) I: .. 

,; 

ht:::iJ 

'".h-::-·i 
Oz· tht ~~.· :.'1 :.1tr.tr~· .1.~.J t!"~t> si:-r·.:,_-=-:,; ...- 1:;,L 

·-·~t11 .;t~t.·:, l_i,:• !":.·t~:~ -~tt· t~lt~ ,_-.;..p~t-".t=: :...:~:·_,,, 

• .Jt :?1f,_:::--ma~: -i• :S·.~=·-·t:"-~ !.:\·:: :t.:tt"'l.t:_.;,_-~ : :urar it>S. 
~t~r..:,a.-_1h .11.L ... st r ~.!J. ri:=se ... !"~·~: .: • ..l:..S ~ - ~·t:rs.-?L~l 

.:.•:it .. H:~s _j,~ ._·J;:r.:rt'a1..~t:'S :i:h.! w._1r.--:~:~,,_·.i-,ci.· t-..L"t~c~r ... t: 

t_,·J~-..ks, jvur.1.;.;i.~ J11.J ... ~,1tdl•.:t:)~j .. ::1.:~: .:ir .. .: :~~...:.n .. ; 
5-...:uri;e.: or Li.·:t~.-r-i1.,...;!uy:,· i;.t._,r;:--.,;tt ::)n .ire- l i~~c....:: 

.1s a:i:: r.:1ther l:=..r.1:~es wnit:h i_-J.ILj.' re!e;.::::t 

i 11( '- f'I:.1 t l:;C . 

l.•tr.er s~m!r; .. "1rS w:·t.._·b .ire uvrt:i..-tLl...; t1lr1· ... ~jt~ t~•o:.: 

.::::;.~·.ce h~t~:en.:t;: ~i:d ~,.,_-;,_,rmdt:;.)t, .Scr•:-..t> .. ::.t t_,1e 

~r it is.~ ~.:1·:-rlt'1' :.,,_·lJ.Je ~<Jpi:..:s !-.JC~· d;j "P."'lt~1~t 

Ir1:L.1 rf'" . .:tt 1._~o" ~a·j "Fns ir:ess ~n1crmdt ~............ Tnt";" .i.ct• "· .. ·:: 

1:1._·l·Jdcs n;1.:. i!.t: di::rr.:_1nstr.1t ic.ns and p::.1,·: i·-,d W· .. r~. 

'lh~ B1,)tc=1..:h.10!0-:1J" L;1f..:::rri..Jti,)n Ser".:~.:c- n.:ts a 
~[ e··i.~: ~s~ st.:it:' w1P:.r. t:o:<pe: ieri._:e in •_hc- liioteL·hn._.: -:.J 1 

~r-'il,.;..5tr·z whi::t1 ~r .. -1t.:~s tr.em to \inderst..:r~J .-1111.1 he:1· 
t11t.~ ir.y1.!ircr. Tt1t" .St:r':~1 .. :e, in C:·)nj,:nct l,;I: 'tfith 

Hi0Lc•nut1erce Ll.~tJ. i..tJ., r1~t.! tsr'.eS d ntj~·1tt":ii· 

newslettt:r ·•01c~ech Knowled\je .,:j0ur...:~s'" (Bl<S). H~S 

dims to alert" 
t~e reaJer to new int._.rm~~ iun sources in 
t.. l 1:-Jl c..:hnc} l og•j. 

~·".Jrther inlormdt ~·.Hl rtnd help c_·.:t:1 LE! obtdlnet! 

fr nm: The British I.ibr..iry Siote::-hnuloLJ;· ;nfC>rmnt ic,n 
.Service, 2~ :3outhctmi•tori Ell1ldinJs, L•..-.nd<_,:1 WC2A !A~. 

Te:ephun~: 01 323 72'lJ. lSOurc~: !n~~!~nt_i~~..!.. 

.!_r:9_t;_~!~!_!l_l__!!iot"c~n._>ltc:•1i ~:~, March April 1988) 

~dr~J(Je'.5 t1rst m1jur 1.:l~1.l•.'dl t,r:.d .if d 
["'terit inl Vrlr:clne dC)din:;t hurndn lnun11nrHh·t i-:.~1enf'J' 

v1ru!i will t..tke pld(:·~ thi~ summer ~it St. Stt!phen's 
h('~'dt(sl in London, where L4 unlnte1:tt:·1 lo·fli risk 
V<;lunteer:; will bE- tested to st<e it the vaccine 
t,1roduc:•:$.. .1ny side (.>!lt·i:ts .-ind i:; dhlc tri ind11<.·e 

dnt it,ody product ion. 

The 1/dr·cine 1s a s·1nthct 11: 10 dmlno d1'ld 

peptide called hqp-JO, thdt ffidtches the pl7 proteic 
locdte~ ju:;l under the outer envelope or the AIDS 
virus. The v.ir.:•:in" w.1$ developed by Alph.• l 
BiomedicalJ, which '" d joint ventur« with the 
r.,1-sr1 Corp., Cdllcd V1r<1l Technologi«s, has 
l1cen~ed mdrkeling ri~ht~ to Jdpan's Nippon Zeon. 

A1:1:1.:.rdinq to the .·hd1rrr·.1n of V1r,sl T~1:hri.:)lOlJles, 

MdMlm1llian de Cldrd, ~ didgnaJtic kit tdsed on the 
protciu ls to be de'lel0pcd with dnothcr L-,..,mIJ..H1y. 
Given thdt a sudden drop in <tnt itodies to pl 7 in 
infecteJ individudlS is dCcumpanied by 0nset of 
"!ran~· A!US, de Clara suqqested that hgp 30 may in 
th11 future find d r<,lc in c.•.1l·il izing the <11:>cdSt<. 
(~u11rce: ~~!!~!~!~~~l.!£i~!SJ rh~mi~t .. 2 Md'J 1'>88) 



A t...-.J:r. vt s1..·i~nt t:;ts h..tv~ ..is<ed th~ q::.:,ar...ii.:tii:; v: 
.:s: .. ar~ (·~.t ... _.t i.·e in qe-Ii~l il· t:-r11.}inri!t!'r iri..J i:1 th~ US fur 
perm1ss1.:-m t• put .11 • .!rt if ic"i3l q~r1~ lr~tc hunur:s. 

The exper 1m~nl, th~ tirst .... -.n hum.:!:n~ ) l·t> p:~st"r1t~J 

tu th~ Gvvt?-rmn~r.t"s :eviewt?-r::;, is .. t ·1..1~·1 run•, says 

its authur:::i. 

Tt'::t?' t··r ... »:t?jur~ wi l i 1.ut .·ur e d1s-:~t5e,,. but .. t 

...,111 tt>St tht: !l'.~th....:-ds f.,t 111sertin'-} tvr~l.~1: '-j~ues 

lnto hu~dl•S. lt will ..tlsc help to ec1se the 
.__·t.>utrvv~rs:J! t~ct-:.n1quri! intt"• pr.l..:t ic.:e Sl0\llJ. 

ft. !>'re:h .. ·h Ander.sun, th~ pt inL"liJal .iuthor .-.! ta~ 

~:iq.Jt>t 11r.t?11t, ..-tr:.:i the Ndtil1nJ;: Institutes vt He.tl:h. 
~~1~~t1 mJ~t :~view it, Jr~ trjing ta dnt1cip.ite 

0:.:..je1._.t t ... ns. 

A !i~l> ... :0rrJ7·i.tlt"t: ..:::-t tnt: r.~tA 1;omm1tt~e recei:llJ 
-ie.:i ..... it·.! t·_.1 t:,rw.1rJ th~ t=t .... ·t--1~-·s.J! t(• lt'.t:i- tul~ ,_··.H!'l..-i.i~~~t! 

!,:::.r cnnsi•ler...!~: r. :.r: O•_·t·•C•_·r. !n the rt1e.Jn t•mt.:. 
,;,,.._1e~s0r: mu.st ._.n::;~~tt? !.hd':.. t-.1~ tecnn!qu.~ works ui~ 

rt •• •..!. 

The r1c._ .1tlt.:'r..~,:_ ::.i :nv~!L·~:., S..i',~ A· •• !t:[SGn, ... ·:-itt:t 
_ .. hdtfr.•t~ . ..Jl• ·_;· •• tt tht• ~;.!t ~,:n~i .. lft:> .. U t. i.l.;.r<g art,1 Bl.:'();! 

:ns• !~\~tt.•, .. 1 ; .:t,. ,:t ~c1e ~~Ui. Th.::- -l~ne: h.l::i P.•.J 

t;:~:r.tpt!1.~:.i.· . .ol1~t!'. ~t w:ll 5tt~~ siirr·:i .:15 ... rr .. 111\•.~• 

;.:. :.;pe._~.:l .:e .. ~.i th,,;it. :cst.:lr·.·h~r$ h.J'.t." t,Ha:...-i • .. ) !"t-: 

it·~ !:O.!• 1 .• ... : .hi: l 1L~· !1.!•.·..1.1~·..:it:..:! • ..:.tSt'S ...)~ 1..:.Jti~·t.'f. 

t i. ~ L : l t . I.." • 

. :.rt.::; re:si:.;t.11 .... t<· 11e ..... n:,··.-~r; • ..:tri 

t-': .. i:t . ,_. L·lrT .. : :·: -...·~: : -.: t .: .J -.~ -'t .. _ ':. t1<:.: 

• -,; :._ • t. ·- ~:. _;.. : t t , r l l • .i r-.. _·.ust! 

~·- i~: 1_-!:otdt lo:...'~ :t .. .:-• 

rnc .:::d~ i~ L:.i~:t1ie::.:s Lut ,_·~1:~ 

: ~-. hu:. .. 1 r. •._·c: t ~ . 

'!h·.: !l~'.r._ .... :n.·. :..;~ .. p~.;u~t tl1t: ·1·'.:.t· :n t:J1T' .. ..i·a 

l1:!1llr.itinq 1j·•·ph.· ..... ·,•res ('!'ILs), · .. r~!~c Ll_.:)d ,_·el~~ 

~ ·}l;i....i i;; t ll:-7 •• 1~.? . .) • :;tc 11er: !-<.~!>t:11~...1\.:'r ·}. l t:~ h\.:' •. hi of 
:...ur1J•:r·,· ~it ·_'\•· ~.f .t; .i .• 1i •.::ir•o..·t:::r fii:..t it. d~L·, t,-;.:r ra.:!'....; 
~t:e~t- ·_e.:.i.~ tr .~1 1 \1!1"~;.;.~:.: .. 1I1d qr .. .-•s t_~1~r. !~·::!.~~-~::· 

..}.I1'.t..' ,rltir-. h ,t,·;1Ll'r·.j h.t:..) .~,·-· i ·:-1:. '•:l ~::> lo 

~!•.;' 1[/ ·~·:· .. t;:r t .. r .. tt ~t1:t _; lit~ ••• '~.'.._.!'•: t 1 t.'.tte.t 

ta_.t .. ..>:e. s .... r:.·.· ·~hrii...it_•d ~.:lpld [t-7.::;:;J.;,i,_ .. t ·.".111.'f-:"1~. 

th,Jt i..;ctt: 1·_;:1:;i'1L·f1_-._t 1;,.;a1.1Ll\;. 

. l · l · .. .- I,·_. ..... ,., I k , 

t t.l"'i ..irt• :,.11 1-: lli . .o t .ir •• _.~1t. H.;:i1J.·.·d• ~ .·; •. :.•tJ•:i:.. 

'.·d"L't in.t.~:-. "r<1~· ·)tt'' Ji:1.., >'.t~:r i_t:l ,i~ .... ::.1~•· 

; '•." t J t (" f t •t: i : ,_.,It ! i I" r • o_• l l ·~ ,·! It.° • 

Ir ,1 "~r.,·.t.·r" ·~·-'nes !.J·:".' ,,,_. .. _., ::.~r./l·.·t I 

11"1, 

(· .t ht·r •.:.;Jr,,·L·r 1.1::t ~Ii..~ 1·tH~1i,1•:.il:.> 1 •ll h T:!. 
•:t.·ll (~htc,1. tt.··i fr Jtl U!:•w '°';1·1f:11l i~t • .i ;.,,1·.po:.t l(11ii.:) 

I J'.' . ! •l[i I/, f' ,'. [ • 11 I•. f. "f' t ~ l.l[I j•;: ll 1 t· ! f 'f : :; I•• 

~1; I t.·11• t• f ~ t:'I ·t-, r1• l • i'JJ' 

At t c ! -' .,. ~-·'I' ·I~. I t. ' l f 
1 !lrJ•l•i• the 11.· 111! J,q•ir1 t;r,1:1·, 1·Jrfl*,~•:'•.·l ;!.1· 

11.f.r i~·.itl' :t.·11t_''Wrtl ,,f 'I ••I! L1L1t~r.d _,,·11·11·'t: ~:1.t 

tt..,·h11,.} >-J't t,•A_!l,ll~ljf.' I jtt..'~.'ITl•.'11[. 

1't.l· <1 Jr •'t fl.t•:, f j 1 ' ', t t\t• ! \ ._ Ir!., • :l .. t. I' r. ' h.- ~ "-'' l 

,1,ijf r lt'.• t,.,11 l J ,,,.., It•:, 111•1 1 1 1·1,ril I j 11.i f'I 1',' I,;. it:'; 

l11 ··Jldl·ll' ITl•..Jlt.' !\fn1•1 ~· tll :..• ,1·;.~ I'·'~· I ·l r1·'..l'll 1 't1 Ill 

J.1,1.lf\, tint If ,ii :;.1 • 1llt r1 l H', ·~· ,m1• n.11 I >11 Ii '.••.' IJI I! Y 

j ' 

... 1.-.t tut~:-'.~,·ta..tl prvp~r~;· ... -1.hlSt?S th.ll .... -....... uld l'f0\1€' 

t<L'Ubt .. some if pressed t>;· teder.>l .!-J .. '"·1.-s hvst i le 
t.· .;.,p.rn • s te-:hnvlo-J!c·.JI might. 

·rhe t 1.-lds .;,f 30111t r.-search worked 0ut · all 
hl<Jhl;' r .. le•1;int in .i hi:!h-tec:-hnology w.-,r id are 
bil")t~l·!'l;~ ... d•)gy and otner 11 fe s.:ienc_·es, lnformat ion 

s...-1~nL-~ ..tnd technoloq•f, :n-!nut.31::-t~r ing t~chtlo...'iogy, 

dt:t:M11.it ion .lnd process cor.trol, global geus~·1ences 

and t:"nv i r\.)11.mie1~t, databdse dev~lopment, .tnd advanced 
mdter 1 .. .,1s ?nt.~lud1nq superconductors. The list can 
be modified when oversight groups think oth.-r .lreas 
sh.)uid be in.:luded, The whole p..:11:t 1s t~' get mo<e 
A..:\~11c..-tn rcsear1_·h~r.5 tu!.•.JJapan"s qovern::n~nt and 
indu~tr 1<>l l.!b..Hator 1.-:; .ir.d to m.lke Japan contribute 
~ ... He t,- L'S techniL".J.! de· .. elnpir • .?nt thd:1 it tLts in thit? 

past. 

Tht.> pvl icy eiemt'.'nts in the aqr~~rn.:-nt .Jre dt 

l~..i.st ~s fasc1n3ting ~s the techr1icdl elem~r1ts, and 
tJru~.1t·l·1- c-·.:en m..:.re c~t.o•_"i.-tl in th~ !OI!-.} ru~~. tha~ is 

tecaus~ the policy elements r~flecc accelerati~q 
~~:.~~0::s ~~er econcm1~ ~0~~~t1t1ver1es5. 

Th.: new 3grcemcnt rt:nt>WS out!' ins~ iqdtt~i ~r•,1 

si·:1:1\?'d t.·z Presider.t Cctrter ~1nj f'rimt H1r.:3~~r 
M4S3j0Sh~ Ohira iI1 l98C. The edrlier Jg:eerr~nt ~.ts 

to rerr • .,!11: i!i eftcct t,,:..r t 1Ve 'z"e<.JrS .liL.! W..:.::: 
administered (,n the US s1dt: t.y VSTP _ 

S1·mt.,.:~ . .J~!f'• thc.u-.Jb. tt'.e ·)riq~;:dl :1.;ret-ff·t.·;,t 

1ar.ke~ !"1:.~h 1s the ;.Hil}· tt:•.:h:-.i . .:...sl pa1:~ :;ctw•.·t.·::. ~·-.2 

t..t•:, ,_-,·.'llr:t! it..;'5 :;i..i.!)I~e<i l.,'.i tht h~.!d::i Gl ::.t.1~t:. 

H·:->\ri~'Jo::r, tht= pre\tl·-·~:i Jqre.:rr.€-1~: r.t.·~irs .:ilrr.,;~r r1. 

r~::;~mt·t··n.cc: tc· th~ r.e..- ·:·~;~, wiu •. :n ~:t:o:d~~it? ;.r Kt.:'1· • 

.:......;.ntr .t.::;i.11 ldU.J'.t-1'-' 1·r· :o~tc~:cc~dti pr ... t:t.•,t_-1· 

r :~Jhls 1.H•·; guide! irot.·s ..:.o :•.H iu::..ii ::;e·..:1.:.r ll'1 
µrLtt:.:t 1.-.. 1., i::; CJe::1cJ St"':.'°:'"• ~is rto;~r~sec~t :.11 . .J, t !!'~~ • • i 

wate;::-.r.~d :n f'.;i .~.Jt"1.3r1 tt. .. _hr.ica! rt:'~.t~ i.:Jns •. 1.1d. 
se,~·c.nd, a dc·,,:..:e Lj; ·•~t·.:n OSTP ....:Jn ··:~1im ·~·-.:.iz:t ;, 
[1:,3 :1,!t!!":l tl tvr1.1~ ;i;;it.•r-...__.,_. .l01 tc....:hI1 . .1~G:j'z' t-,;! i.":·· 

.;t. the :i"_,T.t.2'1.t, ~ht: rc~cdrl·h llt:'l'T'S .:sr+· m·-'tL·:, 

~"t•~:, r .. t w~_J, list. ·~·h"-· pr,1Jt--:cts d~• ;,,·,r. '/t:t •.·-...~:..! 

.:in.! ~ .. .:.$l t.:ll!:cr ·:tei;er..:t.t~ their ,· ... wr. tu1;·fi1:,J ;.-r. 

tr1 .. ~ 1·:; .;1.1'.· .. r .1L..i1:,rL t.:Al:.>ti:HJ f~f•.Jt>•-·•_s 1;1.•it·;: 

.. t.::[-.1!'..'.1!.e- .:sq:t!f:rrc-nts lJctwc~i~ US ,·1:1d JlEh1Lf:Sc ~c:1~n·.-'--' 

.ltJt.· :11_ i (:5 • 

i 1u:,t,. l t·:T!~, ,_. :1.1: d ,, r 1 '.it' ·..11th t ~t:' ,! .1tJ .. 111e~; .. :· ·\l'·~r t. ht:' 

n :t 1 r:.l! Jt."• ,,r at'i cJ:'1d i1d.•!l le··~u.1l pt·)f1L•rtt .1"..:ipe:.l::-. 
• ,t Ith: .J~~r,._.,._.n .. 1!t. '!'hes~ p'u'/l:il\,!.:· ~~I•.:;c ::i~_rJ.._-~_l·t' 

••t.'•J1i~ i.it_r)r:. :-._.,,rt'St.•r1! .Il'J the :'.-Jinmcrce De( ... trtmer:' .. , 
the Dt:ft:"n:;l· :,.t·p.srt 11 .. :r1t, the Off ice <>f the l.'~ 'i'rddc 

fi...:J ... rt.::;1:11t.1t 0•:1· •. 11.1! o:.~TP. The St.1tc Dt!r •. 1ctrrot .. 11t ,in! 

USF did 11•.•t th111k t~·'!'-i Wt.![t.' fll.'L'L'$:.J1J. 

Tht:- :r;t•:i ,1: ·t .!t1l rr(1perty ::;e.·t '•·f1 n .. ttur.1l l·i ,_-.;r. 

t .. t~r1S r...:1;;;f1~,n._u'i :<1"..J~tll~ti1: W'JtdiillJ. !r1 ·.1nt: 1.:..-t.:..e, it 
·•'~tt:;r.pt;j lc.o "11•"3Llrt_. th~t lt:JL:dtcbcr::; who thirik thc'i 

~1d'.'e ·J1sc:r-)1-'t.'tf'.I ...i'1rT+t!tfi!ri·:1 pdtentdLlt: ··c111 kef.:~ tht.·ir 
·•t;uJ1:.c-:.s 1,•,:1f id~·nt 1,-t! 1r1fr,rmdt i•Jr,'' J>f<·l~1..te.j fr(>l'T' 

,ti~·:lr.,::urt• f•'i ,,~her m~mbt-rs of tht!' ;c.ir:t t•.·.Jm. ':'ht: 

ir1t(.,lff'dt i .11 ·-''"ta.~ reVf!dl~d tc.J otht>r5 •Jiil/· wht·n .. i 

tht.' i"''' 1·.~(•dllt~ ir1 the re!ie.lrch prr··}L···• .. J.Jrt.••-· !(, 

1 ~ 5 ! t..'1._.,J;j(!. 

/\i1>tt'.t•r 1rifj·llt>i·fu,d pruµctli' f.11J;"f p·v'~·~ ·,w11cl 

::,.hq. ,t int·~l~t."1:tu.tl pr•,pt:ot.y r1-1ht~ t(, re:;t!'n·••cr~ 

'#tic, t .. t\,'P m,1.!1 tt\t• 1f:11 )''r ··r;nt r lL\Jl ~<iii ~C) t t)t' •it::, 

'"1Vt·r·1, ~,uLjt>~:t '-'>the dlffl•riuq ''"'tent LtW"j (,f ,_.,t,·h 

<.",,<.1111ry. (Tht.!' IJS sld11d::. virtu1111y ·tl•;llt:' In '.he 

W'•irld in 'JiV!IFJ Jit1tt·nl r1qht!'; t<.1 tt1t:' tlr!.1 to invt.·t.t. 
All 1.lh£'r c~>•lntries 1_i:<1·ept tht! Ph1l1~if.llle!i <1per,tlt.· •1n 

,, t1r·.1 tri filP s·1~tt!m.} (Ali~tr..t1·~ed with J.>Pf1T1i:-.. ;.1 1 

f1<JJT, t'h1..·rT~i,_-.-il fo:rn.Jil1!•Pf1r,1j Nt!W5, 2~ .Jl1l·, J')ftA. 
1·,1py11qtlt { l?H8} Am•·r H"111 r~hemic'.1\l ~-;(,, 11•t ·,·) 
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Fields of research 

Agricultural research 

Fire research, wind and seismic effects, 
telecommunications 

Marine activities, geophysical studies, 
Landsat ground station 

Water, air, solid ~aste, toxic substances, epidemiology 

Co-operation on major health problems of Asian 
countries, exchanges and vision research, exchanges 
dnd cancer research, problems of the aging, co
operation on indexing for biomedical ir.torm.:it ion 
systems, co-o~eration on laboratory anillldl models, 
recombinant DNA, vaccine development, cardio
vascular disease toxicology 

Alcoholism and mental health 

Consumer protection dnd regulation 

Heaith statistics 

Geological sciences 

EAchange of information, provision of technical 
assistance foe research and restoration of 
endangered species 

Definition and design studies of Space Statioa, 
emergency landing site for the Shuttle, flight of 
the Spacelab-J microgravity mis~ion and Payload 
Specialist on the Shuttle 

Research reactor performdnce calculations, loss of 
coolant flow i~ fast breeder reactors, severe 
a•:..:ident research, containment analysis, assessments 
on partidl loss of coolant, radioactiv" waste 
management, information exchange 

High-speed rail, avi.:.tion, urban mass transportation 
management/systems 

Rddioactive wast2 m.:.nagement, fusion, h•gh-en~rgy 

physics, ldr~e superc0nducting mdgnets, long te<rn 
Effects of radiation exposu<e, rest!.HCh anJ 
development in energy 

EJrthqudiu:: enqint!er ln•J• bi•,t.:..:iinology, mdter IJls 
sciences, comput~r softw.1r~, opto electrorli·:~, 
phot v1;onvt:: rs i en, ~hot o:; 'ji'l l. hes is 

~lVlt!':.:hnolu<J'I aiod vth~r ! ite sc.:ienc~s, lnforn.Jt ion 
science dnd technology, manutacturin') s.:i""'-'" <i1.J 

t~ch11ulv<.J'/1 dUtumdl ivn and '-'roct:ss ,_·v,)tr,.;l, \Jlvl.i.Jl 
geosc1e11.:es and environme11t, ddtdlus•· d.,v.,1.,pr.enl, 
aci•Jdn1-:ed mdteridl~ includ1ri:; supt:ri;O;\ i,;,~t i111ty 

l:li0tec;hnolu'JY lid~ t,.,en d"velo~ln<J fast ..,r in r.h.: 
U:> than e•pect.,d. But. d<.:c:c,rd1nq to d report from 
the US Office ot T .. chnology Assessment (OTA), ~1~t 

funds are be1nq used tor heJlth care whil~ ~•ugr~&• 
is laqqinq Pl the us4' of htCJtec:llnoloqy in <1<Jrac11lr11rc 
dud w.-1ste d1sµ<,S31. US <_;,,v.,rnm4'nt dnd i11Jc1st r. •. 
spendincJ ;,, ·~~r· "'f'" $-1.l Lill""' Jier Y""'· 

The 01',.., Sllidy '"~edl:; u,.,, 12 fe<l4'rt1l d'J•m•:1es 
are spend i nq about $ 2. I hi l I 1 '>n per yed r w 1th r he 
ndtlOnitl instit_ulPS of he11lth ldkin<J the lion's 

Agen.:y involved 

Departmo.nt of Agriculture 

National Bure3u of Stand.-trds 

National Oceanoqraphi.; and At111<;spher ic 
Administration 

Environmental Prote.:t1011 Ageu.:'i 

National Institutes 0f Health 

Al<.:ohol ism, Drug Abu::.e .-1111.1 Mental 
Hedlth Administration 

food and Druq Administration 

Department of Health dnd Hum.-1n Services 

Geological Surve1· 

fish and Wildlife Service 

N.-ttional Aeronauti.:s ;1r.d Spa..:e Adrnir.isttdtion 

Nuclear R~guldtory Commissior. 

Department of Transportdl iorc 

D"partment of ~nerqy 

Ndt i(Hldl St..: ienr;e t'our.d.jt l(>f1 

Otti1...e ot .3Cl~0Ll" tfr11 TC1_"hl\t:lO')'}" P .• ': 

shdrc ;nth ~2.) b1lliu10. 'tel despite tht: ~,rumi:..1.: ... 
bi'Jtcchnol0 1]Y in the dlJI lr..:Ullttle !" .. e._·t. r ~ .~•· 

lJ~; [1~f'drtment of At:.Jrir·uitl...rc js sper.-t~·.,; ·,·; 
~04 mi 11 ior. r,er 'jt?d[, ~(1 1 >U'. l. 4 ,,(•[ 1·c11t I::; 
reSt.."drc·h l°'~ldrj~t. riitn!l:Jrly, W,t:Jte di:;p.··;si 1', .1!::, 

ur.dt:t l ''" h:·I. 

111 t.>oth fir.·~1~." th'.: st11d;· reVt!ct.:a, ··~t!"hni.,,; 

t)ortl[lt•(!;. e)l(i~l fJl:','eHISe ~>! ~ltc:omt>:~!l•• kn(>Wl1:•!Jl~ r-.,f 

hd:ii•." r1roi:esses invc,lv1111J pL111t J, rT'll• ru i.r J.!1.0·. r..• 
,.nd m Lr: r<.1h 1 ct l ~coloqy... IJ:l 1111J bi· >t u1:r1.1 1 " , 1 

<1is{1 ... ·°Jse nt WtlStes is st 111 lttr'lf!ly e:rq,1·1 \, ..• '. 1. 

iJ rlr 1ven tJ'/ r~qulttt lrJTL 



Th~ UTA re • .:-u~~rh.:f:i th..tt the- e::virvn!ne-atdl 

~r:ut~.._·t iun .!g~nc;· shv1..:~..J tu.·r~dS~ its S~·~•:Jin~ 1..)n 

bt..._'ttt-1...-hn....:-.l.. ... hJJ.' H.IJD. "Th--:- t--~,itt-11 Gvv~rnm~nt tlt>!'t:~s tJ 

t~k~ d 1~3~ in s~ch r~s~~rch b~cdus~ cf the 
t in.1:.1....·~-tf r 1sk c~qu1r~,! t'") .t .... ·h1eve 
f1e~J,• s~~s the r~port. (Scutc~: 

':°:h"r.!~;:!1 __ ~~~:'• 2~JUl'j l}!l!l) 

pro"lress 
~Uf0£:~,tn 

Hi'-'~t\.:hr:ol0qy r~i-. .iu:~d prv.nin~nt i_~- :.n th~ r~ews 

wht':?'n th~ E-'h.1r:n.1..:t?:..1t i ... :.il M.1nut..ictuce:s Ass0L·t.lt1c·n 

spdnsored .t ~.t!'et inq in N~w 'i'-»rk Ctt~· r~i....ttt.-"d t..._• druq 

d"velopment 111 the field. 

~..._· t ii(: t n .. 1 • i th l he Fovd ..ind LJ r uq A..:im in is t t /l t i .... •n, 
PHA h.ls i,1ent it '"d drhi ~-h.;1.1•:t<>r ized 81 
Liotechn0I~1y- based pr~i11 ·ts th3t hrlv~ re..ich~J 

cl ink.ll t: i.tl~ in the l!SA.. 

In .1 stu,11 •ith the P ... tf't-'r.t .'.2nd Tr3dem.!rK urt 1._·t:, 

Ht.'\ '1n.ll·1se . .! ~t.lt p.lt.,:;ts !Ssi:.,J :n 1987 ..:over"''.! .ii: 
~•ppl : ... -c.ttic·:ls ._.t th•' 1ae·..;.?[ t>i•..tt:e._·h:l<:Jlog;·. ot the::£-. 
9b per ~-~nt L.C'r1· ... -~rr..:-:i ph...!.rr."1J1_·t-.a i,:als a!'"!. ... i health-,·.~,t" 

EJlUd1,;cts, ::)r,,;.•j·Jt::::t iro,J ~i:·~rlft•.Jl;~ :·-.ter.t ~Jl t ..... ·r rr.eJt, .. :.tl 
Jppticdti0r1s ir ~0mi~1~ ye:rs. Also, &G per cent c1f 
:!~W biole~hn0l~q~ p~~e~tS ~~t.t t:0 US crqaniz~t:ons, 
ret lect inq .~:r:~r ic.l~i. l~.tders~:~ .. 

Of ~ht...· t:l r. r .... , ... !l. ·ts, .i...; dt~· rt:-l..lt~J: t...,; <..:..ln•:et 

treatmeni:. IT!t~•r..; •.. :.,r.·:~r ~h~ m.~,st frequent!·; 
':.Jr<Je·_ed J;s-:-..i:~ i:. tl\..·tt-•:r-.n .. 1 !·)1.}ic.ll dt·.:~L:;pmt.•.1t. 

M.re.;,-:t.r, r::...: ·~~~ :r·.,· ~•tirr.ul . .otttr."} fa._:t•)r:::;, 

lnlertc..•t . .,.:.:;, i1:•cr~~vt1ns, r::~·n.J..._· .. .-_·n.:-:l .int1b0di~::i ..tn...! 

~u:nv!.:r ;.ecr."s:::: t.Jctors •. 11T'.v:l:_; tr.esc- r~~rese:1t 

ii~erse 3~~=·~.:~~·es !~ tre1t t~c s1me jise3se. 

~ ; l l i J rr. ....... .: .: !" :· =~ ·"' ~ ., , 1.1 l c c 1.· t v r ,·, t PMA. ' s t., i . .> 

: c1...:t JH_;~ ... -.·-.j'j ; ~ !r tllJT,__..<.::, ···-m!T'"•_-:"1' ... eJ ~ n:'tt ')2 [.Cr 1·ent ::t' 
r::.r.t :O!l L!vt•_.-,_:"",·i iu,;-1· f.-it·::.·~ 'llit:tt?- !·,r rCC•.)mbio:.-lnt 
':·';/~ te.:hniq:.lt:~, -L ;·L"t 1...·ct~i:. f,_Jr rnc)t1(,._:lc.,:13l ~tnti 

tJud1es, and : ~.L'r •:•.-:;: t.)r DNA ;! • .lq1: ... ):;.t.ic prob~S

!-'.re-tkin-; t!~-.~:-:- !"•r1 t,·1 intended l...!:je, S;:krybalo ncte..1 

thd~ ~s pdterits .lj~~;i.=e~ gen~t:c er1gin~~rir:g 

:_,_::..;t-.nvl.Jr.j'j ':)'o:.•::cr,tl:;. _._:, ••:!~ r . .)r 'J:l•:..:in~s, ':>2 f(1[ 

.i1.'.lg:n 1:•Sti.:.:s, 3~ t.n !h~r.•pt-ut;.._- d·J~1.t!:, l'> f,:r 
:)t~::·.:L.:~t .:i !:iu.i...::1. .t~ :!'.ui. .. ''-·:r ... '.1,11 <1Bt -~·.:Jd~es th.tt •.:vuld bt: 
•~cd !1~r ;,,...)th ,i1 ~rjr\,.•_;· ;,·_; i& tr~"!r.1py • .i:i.! seer. 
~L!iL"cll .. 1ne0.1'.i. (/,~J:.tr..11...:'.ed W?th ti~rrr.::..-;: .n frulT: 

::~:~".:l:~~-!_-~1lgi_r.t:t:r_.:_:'.J ~~..:.:w~, .~1 j~.ii .rJ:;e. c ... p1r1~ht 
~ i 9 B 8 j Ar\~ r .1. •. u n 1 • h~·::· : · .1 l ;.; ._,. · ~ •: t 'i } 

I•o!:~J. ~> 1:1 ~-1 ii.i'_.::;":· i ·,.1 t..· .. '.~:l..t':'jt" .,t !:.!1_._~it.'.~._,1_-'... 

".11':-'!:'-. .:t•'-.....J 

·11r~ 1..tt 1-Ja ,,ri !-;.·,_;1, .rr.1.· .... r~·,,J:i~ tht· i:S {1 '.>~.,1 ~>r•;; •: 

_; ~.r·...Ji'~,s1:: .. 1 ~·-· tJ~1f1 ::i••11·l~11·J d~: ... _.,,:; ... : .. 11,:.;1r11J cr.1.;r.Jl .• i! 

.:jt:n~::, .Jn•1 ·.·A~t.:,. •t:,• 1 \J·lf~ '.he rr.:ti:. ":'he u . .u. '.itdu:d 
!·~:; tr: ... J'. ~;·J!"'.•· . .-:, r.--~ r._:.lH.::.i th.tr ~ttt.• (1i11.W •!A:r ... ·h.tr:'i<:'•l 

:•·t·..,~en ;•!S·:~•r,:h !r.:j;f1Jt.1•ir.·; un.!.'r :..1·•.:- 1 ·1.1i p.11·k.Jq~i.·J 

i"J~rcm~n~s w111 !:~J'J•! t<> b€' sc:1t L'i .,~t~ ... 'T\1 :11s. 

f ~, t,: t, j :_; l .. ' .I'•! 

~ ,(J .I. i ' 'j , I' 

•! ri I I •1· I !. ~ 

' ~ • t.' _; . '. , 

·,r1ff··:i>'.ulldl th~."ricr~·I ,r; :t1t• l 1 :irJt·I 

1·,·,1'. n;,1'."!r~.11~ •hr.)1.Jt' t'1,._. rri.1>1. 

! !! .:i .. 1c ·'=-": · ~-~ 1: Hif.;) · u r'::.•; ·,· r•:•fl;; r •.' 'h.,, 
,:.'. 1.1. ·i m:. r .. '.,t: ... f>t?° i-~ 1·_·t. .. J ~r~t t_tir•·• 

• '. . t: : .. ~ ·: t: ,· 0 :.• 111 .• ·r : . l: •J~l•j W 1 1 t, •;1; .~,j~l 

; ' 1 : ... : ; • ; 11 ,, •.' ~ \ j ~ ' I ' = I J ' > ! : • ~' ... '\J: t , r f.' , i ~ ti. .. I rl ~ 

lr r·,· 

:;, .. ·~)'.\ 1:~11 1 tH.t ii:.•· :11•;·nbf!r ,\t 

.~.,!1·~ ... • 1it:.)~ (•·r;1 '), '!t~e m.):;: 

j": •I ·:•.'' : ,. r ':' r ,~. J::; t •! 1 , •. I m 1 ; , 

:r'.1' !~··· ,1·r::•!I ; ... ,.1;1· ··1r.r1rrr .. 1~1 .n ~'l--tt r~: .... 

t I ,.. I ;o• "l~i a fl /f'•l d ••I'/· !'he fH•f,,lr t mt•Ct r,f !I lri~: ., ,; . '"'' ,,;._.,, 11.1·,;. .111t:1 r ,'. i >1••: 1:11• 1r~t1:r:.t.1:t: 

' r I ~ , , .'. r 1 r t ' , I i . ~ ' . ' I : ' I I r I ! : ' ' f ' J ". f .• : • ; I) "" ~ . 

J9 -

Th" bdn pr0pvs.ect bi' th<> pvstal ser·n,·e woulct 
c,,.:.,, th" spec:tic list ..:0mpilect b•r HHS ot some 
100 ~i~roLes thdt dre kr1own to cause hum~n jisease_ 
s.-.....,. ,ue responsitle tor jreaded dise3ses such as 
Et"•!d t .. v .. r <'r pl.lgue, but others are rvut inody 
exchanged in m.!ny are.ls•)! scientiti..: research. All 
sp~'--·lt!'!: ,_,r myc.:opl .. 1sm..1 dth.i rr.r·cobd. .... -ter i.J. .;tre un the 
list, .ts .ire h .. p.ttitis .in,1 herpes viruses, simian 
virus ~o . .lnd all s"rotypes ot Es..:herichi.i c0li 
wht~h ~~r1 ~3use tritestindl dis~)rders. 

Th" CL•: .ud th"' Americ.tn Type Cultu:t: •:vllection 
(AT~···i. th" !.iS rep..'Slt•"r for "II is-:.t..He•I microbial 
stra1r.s ~1nd <Jeneti..: m.lte:i..t:l, .:t.re- the tW(..1 ft"kJSt 
tre<lut"nt 31..tllt"rs ot l•1olog1c·.1lly h.!Z.lrdvus rr..lt..-r i.tls. 

':°h<' ··o.: re(J<.•rt ~h.st no probl.,ms h3•1e been 
en1_~cur1t~r~d with the current pol ii..:y go\·ert11ng ~he 

shipmer:t ~·t dise.tse-c·,rnsinq microt..es. The CX 
hvt I t ne .lVe r d'JeS 0n l y SO . · .. ii Is per i'".l r r qi..: rt "'•J 
J'1mJ~ed p;i..:kages with Linh;iz.ird labels. an~ ~nly 

three (:.:' ye.sr turn .:>ut to be actually lt".1k 1nq. Nu 

~n~ hd~ s~ tar developed disease trore J ieak:ng 
;.:i .. i...·i<.l'-jt". 

Bui: "Jh.lt rr • .:.)sl c ...... .-~r~s C0rHjress i~ th.1t ~::> 

te.Je:-.Jl . .hJ.:!'ncy now mor.it.:Jrs whether or r.ot t~-~ 

pJcka~i~l~ rules f0r diseas~ CJusin~ micr.~bes ar~ 

t:;.,ing follow.,.J r .. g.1i'1r!;-. (Svurce: ~~::~· 

V<Jl. J33. JO June lJ88) 

E~A. t>.>. ·ked _!j_~...S.E...!...:!~..:'.-'-'!.- ~~-~- l_'-::'i'~g !~~ q..
t,J~i '"- .. ~ ~ 

E ..... ··-•Jcu Ir.,.:-. hjs lit:qJn 1:1rqe s.:-,1:~ ! ltld tr :J:s 
·>ta .;e-neti1·.lll·i ,tltere.-J •rJ~L.u •. :tt-.:-oal"' t.i:>ii.se.:-t. 
c~de on p,)t.Jtoes, Uth!er J;l e>.:pe!'" iment..tl U:it:- perr..it 
r~r..-t-:.t l:,. -..Jf.J.r.te..:! t:r :.he tJ$ Er.vir'-)n;nent.il 1•r0tt--·t i .. ~u 

Agen~y (e-:PA). In its tir~t •;t-..lt I)! sm..!l:-~1:..:tle 

!ielJ tt:sts, the ~rc.hju.:o: {tra.:!~ n.uned ~~-'.....!_~). whiL·h 

inc0r~.JIJ:te5 .i O(J\."e-: ::;tr.111~ (Jt the bact~t ium 

~.tcj_-;_~l~~~ ~~~~ ~~9..i~r·.~!~, pro~·e.j t·.) be .\t..:t i•,,;c 

~q:1i:1~':. tutt"\ bcetl£' .1r•·~ .::tterp11:.1:- pe::st~ t~f p(~t.1t,1 

pl Jr.ts. 

T"'.e l..tr...Jtt s<Jle ti~ld tri.il:. will. •··:.i:1.:.~•t~ r-·:: ~ 

·ir: i ·1 t1lut:; ~n 'Jreq"n, '.._i.ist-.inqt(Jr-., North D.1Kut<t. 

i't:.>nn:.;yl';~'n:.1, Del.swart.~, Mdine, ·;1rqintd di;~t 

~d:;~.J·_·hus~r r .:-.. !n tne tr i..tls, the prC"·iui:t wi 11 ~,rt:' 

J:..t.. .. ,i .:1-111n~t ~he ,_· .. .,1.Jr,1·j.; p•Jt.:1t,.J be•.?t le, thl.: 

r-:11r ·:ri • ..-an • .:Grr. ~;·.,rer .Jn..i ':.be 1:",tLt'...1:'Jt: looper. f-;,·.:,i.;en 

~st 1rr.Jte:.; th.-lt the . .H~nu..:i US rn.irket f·)r p1.1t.itu 

.n-st.·,·t ;.·.•••-"- ~l:•."•"'tcd .t•j.t:r::s:~ th~ .:u:1;f.l<i•) [J•-.t.tt, 

Lcctie i:.. .••. rth $:0 Sl'J :n1?litJn. {S.Jur._:e: 

:~l~t1:·.·r::.1::'_:,J~ B::~1~t_1n, 'l)"· 1, ?J.;. '., 11•:·: :•J>Hil 

:'Le:;~ U~~Jtt:-."-•r1t 'J! ;\yt: .. :ultJ:e'·.c. .;oim.to lu;.j 

Pl u~t !f~.1ot1. !n::.~.•:\.:t ~.)11 5t""rvice ~Ai-'tiiSl l'.!r...-cnt iy 
.:..:.,i.a ... t flve t·t.·!'ml"'!i tr; dl l•>W f ltd1i t~:;~ In<~ •. )f 

·ft•r.cti •.. 1:1•; Pn:Jillt:'-"t•!d romc.tto .~n<i t . .)tJ,\1_·,·(} i>l,,nts 

~-·) ~.-t•"tl tL, M1 r;:;11.tr_, A·;r i1..:1Jltur..1l •-:., . .trid 
.:-t;r: ;t."nt:'. ·:, Ad1.·.1oi<t.»J ~1;1,:rH .. '~ r:"'u •• 
.1r.·S ,r:1~ r" :; t11·1 ~~ {"r''i' Prnd•;,·t :,;n 
Pl.1 ir·.e-:., : ! 1 

.~ 1 ; , : . .: ! ; r :r1 ti : : : 

M.a.l i S 1 ni, '111111 .; • , 

.q ~- ....... 

•'.Ji"t:t-•:.'·!t 1· >;.:.i•'-~·!t•-;:1r:ei• r1~:;1~· 

:--.1! t:~sr 1 .. J ·.tt•·rp1: I 1::; .\o.·r. 1::; rtie ''.t." ·,·u ~),;d·· Jrrn 

l!. ,. · •: tr11I 1 \,.J11' ·1 , ~L·'. if :>l~····t:•:;.~! o:, t~~I .• _:.,,.l.J 

~ l' ·J Lf f! ' h'' . ,., '-' ! f : · t•"'. i .. I ! i ·'-' '"• t 1 ! • ~ !•' :'; . 

/·, 1 r1 j jt-!'Ilt!t l •, l:.'il I l llct•: i '• J ~ f!"•:t~1·, • iU~';, 

1.,,~,1: 1::; ,,··11rri;,11 ;ir.,te1:~ 15 11.tr'·'l.1. f.•<! ;r.f') r~1t.: 

~. t• ·, · 1 : i:;- 1 f • !'t:t:' r, o - ,r •• \ :1, 'Jt\ 1 '· t\ l ·; :1•, t r ·,A J 1: t • > 

! .• ;rf'!,11.c;. ··:: J <)r l·1rl11•·:~ :. !,;:1!~, ri~)\ .r iTlrimm<i:.O •? 

"'··'.·' ' t• ·~ J ~ 1 I '0 f! 1 r ~. , ..J ; J ! 

·ttt·qd~~1r:; 1111 '.irt1,.1r 

,,1.111'. 

r: i 1 I l -~ 1 f • .,, r 1 11 , 

', •• ,..., t :; wh i. ·n '-'·' ~ ' r· t! ~ re 1 t •· i 



M0ns~~t·l 3,:~ A~riq~n~:.1..:s w1~~ t~~lJ :~~t 
q.:net i.::.slt\· en<Ji:.eerej tvm.t~.J e>l.i: 0 ~s '" C"...ice1mci.1 
(\.H,;.nt•;. Wis •• .J.r • .j Jt::!':St::'i ...... ._,i..;::.t;·s !.l. .• :>~m~!.t:rl·i 

Jtt?s1~n.ed to resLs: t~.J= c-.itih-1 .._·~•tt::t-·i:l.i1s s~.._-t-- ..:s 
the tob3~£.:..J hvr1~wvrm. the bt:t:'t .!ttr.1·• ·t!':! .snJ th~ 

t~m..lt0 fruit•0rm. 

H...)nS.!;1tv w~i.~ 

qent::!'t i:...·all;· en~Lnt:~rc-J t..:>~t .. ) t:>~-t!1ts desi-J:ie.j t ... :.-' 

t0ler~t~ th~ h~rb:~i~t: ~ly~h0s.it~. wh~~:i ~~~t.lJ~~ 
r3pid1~· in ~h~ f i~LJ :tn.J is lc:iS tv:.· 1c l·) .lr.un~; s 
th.in m.li~y ...)ttl\.:: ~~rt,i~i.jes '--..:)1:11noul1· us~·L 

A...;t ~y~ .. .:-t :...:::i ••: l ~ _•:-:J.u~t .l f ;,~l~ tc:>t .... f 
~t::1~ll~..tl ... y ea"1l~~t:~ttt'-! t.Jt . .J:i...·,.:v pl..tnts, .:J~::iV :.n 

C..:-lumb~...i C·_;-..;.11~·1 , ,J~si.:;r~~J :.v :esist th1: ..tl!.llt.i 
mus.l.1..: viru:::i, .lrl ~-r~.1nism th.:tt s~unts pl.:t:~ts .ln.i 
rt.'- ... h.;._·cs ·;i~lJ.s. !n th;.s tHJ ... "t...'"·j;..:.r.~, .! ..,J-::u •. • i:i, 
111.t::.Jdu:.:i-J u.t~ ~ tvb.l•:.:._· t... .. !":.r0r.\\:J-.>!'nt: tri~~·--1 ~t t .... 

pr ... >·-=;.lL-C the::- 1_'.:J.Jt rr..:>l~ln • .! h_s::n:.t!':S.:S lJ-Stl ._t tht:' 

.;lf.tlL1 mos.;i.: virus. 

APHIS" cn.;1~vn.ment..t.i irr•i-'..1...._·t .J.:iSt:'SSm~~ats. 

..:vn·.:il.t.ded tr.r tr i..1.:s a:e S.it~ .;ar • .J w~ll rl·Jt h...1 .. ·t: .. i 

si.~aific3ut tmp.l.:t vn the €!!·;ir .. .:H~m.:nt. ':'he 
dssessr:h~·:1ts inc:udt!d rt-•Jiewinq th~ t:Jmp.in1es· 
'}"'''"'t 1-:-.:n-,1i11.,er ing rr . .,th0d0l-:.g;es 3r,d J£<term:::i::g •f 

:. h~ new •J-=:-r•<S or the i ~ 
pl~;at ~ha:d~t~rlsti~s
~rtc:, .: Ju~y 19C8) 

pr .... •.J·! .. ·ts ~!d"lt- Jri·j l"l..lr!T.!·~l 

(S,_wr·.:-":!: ~.hetr.ic.s! ~..;_t_~~t~ny 

rta'-· update 

F·..>~tidt:J in 1963 b;· 1~1ne ~er.'.b~I tirrr.s. ':.~~t 0S 
As:;o..;iat lOII vf bl(.•te..:hao!O")"j -.::umpdr-.ies (.'\lK') ~~~s 

~rown l6 r~ld in membershi~ in f~~e ye~rs. ~~!~y. 
ABC represeats i6b b1ot~~hn0i0~y compd~i~s. with 
::i-::r..becs fr•Jr.' l:? cv..int:ies. The Ass.Jci.itic .. n has 
re.::e:;tly e:A,:.and,;,d its merr.!;tr~hip to inc:".j" " 
C.:t....·~nc~l ut Stdtt? Biute·..:hn0log'j Le::'ntrt!"s. •:11...::l 1$ 
~e1:19 ocqJ,1izcd by Mark ''itne: •. 1irector 0t th~ 

Nvrth Cdr~~1na Ei.:.it~•"'ha..Jl.:'1...JJ' ;:t>:i!:re. U~t..:ttls from: 
Association....::·! Eiott?•_·h::uLC>"l'i (".J!np .. 1r~ies, ll.2C Vt..~rm.~nt 
Avt:ni...e, N'-', Sui:~ OU:, WJ$h;.r,qL'>n, :-_>(,.... 20.-JJ"l. lj_j,\ c: 
u. •l (21-l:!) ti42 ~L2'~- {::iuJ!"·.-~: ~~ute~~-~1.:_i~:_·~'.J:i 

~l:!_l~~~-~-•~, ~:'-.1- 1, N:i. t., .;J:"f :-188) 

rh~ S!Th ... Oth OIJefdt ~1-.1n -->~ tr:c- i::;lilaC J.1rnt.::.t .J~ 

t-:"-itt!Ct iJh A·;r.nc'i (Ef'A) ::s e~:i~r1t 1~t~ t }: ..t: l •F· ;op._ 

sec-k i:-111 !JS dt;i:,:-;:)V'.\~ of e:qier ~m~nts t·~ ·.i~ .. : •:r.t~e~·,· 
re-l~-'l!>l.' ':IC-:lt.'t ! 1 ..:~1! t1· e.;~::1'--'c:-=:J m;.L·r» .):':f.u11..-.~ .... _ .~t 

~ts Hdy rr.t..·t.:t~n~;, r:i>A.':; g1.J· .. ~1:hr.1;l·:>\l'i S..:1cr •. ;~ 

Advl~\'.H··i C·.J:r.tr.it:.tl'i;: \B.,S,\:_9

) ~A...-sm~nt-J hlJ"• •!~! ic·lt.'t~':. 

thJerH..:~··:; I ev ~e· .. rJr.-... c~.:;s h.t5 Le•"f>;T'•i' .ir.~ . ·~1·; i !t:: t!•! 
n.Jw it m1..Jh~ b~ r~!ine•J turttl~r. 

One p1s~ :.;.t11mt;: ~n~j C>icn.'i< ~1. r r.~ r.--. ~~·.J 

• nt= 

p: .. >-:es~ · n..lm~!:, ~he flt::t:!'•i ! :,r cu ... p..-r.i': ~ _,•1 Clt-': · .. ·:._.: 

t~Jerdl d<..J~n· ~c~ ·t"-•p..tr~n~ it l:.i t,t"•ll•J ":~t,· '":h:, 

.'\,·1.urdin·J l1.• USA-.' m~mt)t; Jrt1'~5 Tl~<!J~ t~.im ~1 ·~'.~·J.1:0 

Stctte :in1vers1ti (i-~d::.;:.. L.10~-;1;1·J· M:). 

B:;A•: is :.<.>W ·~ontemt-i1.it l.lhJ wht:~~.er ~:1r j•·: ~._._,.._

t~sts w~l ~ r1~ 1u1re .i~e1.:1dl r~v1~w pr• ··e·!\:r•'$. Trlt·!"e 

are tour er 1t 1c;1l •c..Jte')i.>r ie.s of ·II ~r,~ren··"!'"' t>t:t·,...~·-'r; 

smdll dnd lJrqt• s'-"1~ .it;'llbcr:.st•· :t"·t.·t.:..e tt-a·;., 
accorJ;,nq t.) H.iA1' rr.t!mt .. er [,...>11;jl.1s H•>'IJ.c' t111m thc-

IJn1vers1ty ut iiii1s·"~ns1n (M.srJ1!l JL): "hfJ' pers1::.ten ·~ 

c.,f microbes; thtoir .11s~:.t.·m1n.1r \ ... ri; th~ <JCP.c,t••; 
p<,ss1b1l1ty ut t,rJr~Z·J:itdl 1J'?n~ tr,t11sr..-r; .u1d •.he 
potentldllly ln•:re,tSf!d "iC-.Jpe r,r ht.".sl!h, 
env1ronmentd:, ttnd tintn,·ittl L0 •>nsl•q11.en1·l':; ,,r" t••.=.t 

Perhttps tt1l' m.,$t d1tr 1··1111 1~',11•! t.ct ,r~ H'.;;,1· 

one ':hdt is. st i A 1 tdr trom ht.•i1HJ 1e:;rdve•1 1:; huw 
t:l'A ~h(Hlld l'VdlU<lle <.:ldlmS t,y .;(Jmp'111lU:; tll.I! 
1ufr,rmc1t1on thtty ~ut,m1t inast. he kdpt 1·r1nf1Je11t1.1i. 

'-.. ..l~!'t.·.i..';..~z·. !-:.·:;._· .?lt.·~.!t::!'r:.; .,?.._· -L";~ !'-"1 .;, ~~i:s :".J~·-'t.· 

._:_ . ....;:~>.:.:..t:it th.l: s_.mic .._·:.11=.:> : .r . .:_ .. r~: t...:ie::~: :.:.: .•: .st~ 

~ss~.::.: i ...1: 
t~t s~t . 

.. : .. : .·: !. t ! : 

q-:-n. t_-::;__~~~.::\.·:.. .._il.i.: 'JI._•.:: !'•:l··! .. _:1.1 ''· ~~::__~~-_-:1_=~·-~-1~· 

~--~~~ '=_ .... ~, -

;: .. -.... •.•• : .• ~; _·.1...;t;. - .·; ,,, ·•. :·.; 
t::'r.· .. ·1!' ... :•.r.en~:s: [it"~t!.\~~:::; ::- .f\..· .. t-~t:.i~>,· 

•..!t-1..lrl!SI:'.~, tht: .... -_;;;:c·:.;:;.: ~.t: .... -.!"~.--~ -:._..._·h: .. :. ·~ ·i 
.';.s::>t::i:>i.'lt:l~t t·i-;.,; ~·;t-i"·=·~ -_,~:.: ...... · .. :..ttt:'i :•!::.~•· ... ! 

=-~~lJ :.t.-.:;,t:) w~:t:::";. '-'~~"t.:r :11:; ... _~· ::-;:·l.•-; ·~.~:· ..J:C" ::,t::!':·i .. .._ 

;:...:..s~ :1.t:.:tt' r~sk ': > !".~1r.'si.: ~:e.:":.!l ._.r ~::.i:: 

..Tttt.' ;~ .1; t"" : c•.t.=· ........ 

l~~ ~'..1"1'=-" rep....::.. Ja•.:'C'l':.1•:.~:.C'5. :.:i:.~:1 c::..;:.it L<l. 

:._jt:r~ir: spl~~t?..! rr:.·t,_·t".~s· :"'1~1_ir.1t :_,.: .-:i;.! c-:!c-"': ... :r:~ 

e·..:· ... ~·-·-..•"i• the:?- rrt:- ... i::!. :i..11:: .. =.- ..... •. -•~~~e.·:t.:.1 . .! i.l=··.t.:t::'T.: 
•jv :'.Jt :ivW ::...:t:!!l. :if..t::·,,• it :.lJ:!:.• d:l.~ S!7't·~ _._·.1.~ 

tl~ij :.c-".i':~ r.'.~t~· ;.c.; ~~- ..... --..·:i.;· W.J"1 ~-- ·~:;)-_·i.· .. 11;. ':.!" .. :" 

Ai.o...'t"t~.t~a:.~t""'::'- :·~:~rt..;.· .. :·_ ..1.:_._, .:(_.:.·.~ .. ~c:.; t~ ..... ._ .... :.:._ 

.ni.;.t~ e·,tJ~r:rr • ..:e:- ~:i ·-1-:i.iL'='J• s•_,t.t:n.::h:.·.: :....:.::c.•. t 1" 

tJ0:::i;:.;.t;1,;.· f.l-:OI St:,..·t: • .l: .... -.... ~t*,_.; • .-: ~t":S ...1: d': j..::1:.::.~ . .S • .>~ .. :~: 

~1:; "".;!:i ... Ho,J..:tr.lS:'"' S.ILSt .. -\;':t ~-1~ :':· .. .!t.1·!:. ·.i: : ' I· ':":.~·

tt.;.S ctlr~.:1Jy b .... ~:1 :-r·.·1~--~J a:.J ~-tpi---r·J~:~.; ~·.;: ~ :e-:.! 
test~n-J; .... H·.;.:tn1s:r~s i..-::. ._-..:.:l:..::0:·1:..; ~::·1 .;r;1~t.: 

rt..it~~ i.i: ~t .... •n . .J t--· lt::i: ·J: t-:-~tt· -·±~:: .. : v!: ;.!·:is"1..i. 
wh,,:,s~ :..iN;. .• _-J;,tJ;.:-1.s 1·.~th:1.-J ;1t"• ~..1~·- :--.t:~e-: s.~s·~i::: ...... ~.-::.· 

.n nvr.·-·-··Jir:..J r~-J!.·.,·.~ .... (.;L.'J!" -~: :~~~:."l...;_-:!~- .... ~~""· 
'! t'I.,.,. '·j ~ 0 J 

'!'"' ..... !.-· •• ···..:. 

1 :: \ . ~ ! I''.' • .•. ; ? , -:: ' : ~ .. • • • 

t ,"Jr :r .• ·. : t:."'. ': l :1 : ;i·•, ~ t' : .. r;...; • . ~ 111 t:::u·:;. .: .. t:. 
u:: ~,i.'_.t.•. t lt...'. l L '. ~- ~-...i: ·.i:I :,,.; ~. ,., 
t•>...;c:-tr.t:• ~r; ·1~~ t'~d'·; •L!.:' :au.Jt: ..• 

S':oit.~ 1. t!'".t: _\:t. f.',,.J,...::r..; ~··~·-•1·1· ·' !i.t!" ~·- ': ._. 

pr •. ~ ... ~.1··~ .J ··t.":.~rt: t·~~ ,., .. ci~-t~:·r .~ 

qr d.!·. _,."" 

f ,, I .> ~,. >: • • > •• :·;it!·: 

·: ~~~ ,·t . .'• •. 1~,.; .it 

• l :. • ; .... ' '; ; ..... • t: . ~ ? ' 

t-?~~::~r b1·,•e;., <"t·.;· .• ~.~.1=~'- ;:t·-·=11:."~:.. .. r .:~ :~c 

• l ;. ·; : :.. ~ , ~ : L .) ~ .T' t' ! : . t I: I ' t..• ~~ : '..; ~ I ·,· ,t 0 • S ; I I ( ' t : l' : 

intt"r-1::.. ~ •. :.:11:, ~l ·=· ll·• r:J ~~····t:·r.t: ., ... 
<1t:••.trllf.~~.~~ .;ti-! ··~·:.~_z1·~ :t .s.:,) ~ ....... • .''-·5 
•."•.· 1p•:t.\t I•;;, .,;,i;.t\ •_ht;;;· ·_,,1'•· St!·•,: ; ,.t -:~t. 

_; .... 't• ~ ·'. rit,..' '. t'. ' :\ S. t I'· ,J ~ : 

.!t.:.::. 

! ..... , 

• t.· .• _.,. 

ta;,,r.1t ·r·r .. 1~; sl:i•. fJ-t' .. :;..•.! :.·, 'f··-· b.c.~ 1;~•.1. 

$1_::~"1.·•:!°1 t-u .. ;-· 1r. h :·~r.~ r ..• ·~· :.rit.• ';~;" · ... ·r~· l, .. : 

me.! ;i'i 1.•:. 

c.1e:v~.;t.lf•t•r,t ,·,! tt.t:" ~1r.t~T .. tu! 1.•~:·: .... ~. -:;.-,::.• . .-rr. 

(At>:.•r.t·:t·~:d y11tt~ i·t•rf"',;s_oo .n r, •·..._r1. 1: 

t .. _t~jlflt:t.~~ \foj ~·l:·w~, h M.sj l'18foj. l\,,i'ff O jtH \ 1'.n1'11 

A.rn"-" r t, · • n ,_·r~·:1•,:. · _,, : .;. )._. l •.! r. ·,· J 

, .•. : ! .. J J 

r"• >ll" i.1 t ; )r: 

The t1t.i'. i"•.·~l Jjq ;-· . .i.:. I.st 1··1~ .. r t·1·• ~._. ,·:L··-·k r·.,1~. 

tr.•· 

Mi· fli;l•tn HI 1"~··f\11ql,,1Ji t.1 ~ ,r11t.•! (MHl) r )f e:.:;1,1nst ,fl 

11t 1 11P tr.-;t1t11tc··~ f,J,,lt-·~~n"•'''f,' f•!~t->'ll•·t 1.i1,p.tr.1n'--·~i 

t(> t\t~vt·•,1'> r,._.,,., l·tl•jt. :;,-,, •• :,r.,, 1!:..~tt· ... ~t-.1t .1 ... } 
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..:1t0~hysioloqy an.:1 ..:ellular en9ineo>ri".; of th., UkSSI' 
A-:adein;- of S..:ien..:e =nst it1Jte of l!vtany •n ICie,·. 
Yuriy T1Jryevi..:h Gleba, the first person in the 
S0·;iet Union t.J pr~'-d.,..:e ..:ellular h;·br ids cap.lbl"' ... t 
pr0d1J..:in9 oftsprin~. :s directing the work. Clet.1·> 
wvtk hots includ~J f.-ir r~r,9in9 e-xp~r ~l!hi!nt~t i~r!. S\J..:h 
~$ the ~rassinq vt t0b.t~~o cells with hu~~li ~eils
Rt?Se.lrchers h.i\.-e thus ftir 1-'roduc~d a p::-t.Jt0 t ..... -~ .... i::..:. 

h1triJ. as veil .ts hj'trids such .ts ji•svnve"'d 
henb3:ne, .;ioutwee...!" ... -.trr0t, and even SV}'te.lr.-blt..e 
tvba...::~..:>. F~w. it ,,in;·, however. hdve been br...;;u~!':t t,) 

the sta.;o> 0t a tuliJ' !led9ed fruit-bearing pi.tnt, a 
f 10w,.: in.; pl.u:t. or o>ven a rvo~ed pl.int. Tho> 
~~ll~l~c ~nqin~er~ h~p~ to ~ross rye with tJn~r~ 
1110ss. One ot :he must pr~""•sir..; are.ts ot ..:el!1Jl.tr 
engineer in9 !S th" hrtr id1zat tun 0f d~st i..:a:ed 
spei..·i~s vf "11.lnts .lnJ •ilJ. spc~tes_ A r~~~nt 
su~..:~ss re..:'-lrdc-J .2t the in:st itute •.ls the jvir~i:iq o! 
wt.eat protupl.ssts. (Extra..:ted fr0111 
~~!"iistichesila~·a !n.iustri)(a. 6 iur..:h 198~) 

HvffJaJ,r.-La fi.v.:h~ h..t5 s1y::.~.j J 'jc.:.l!. W!til r-lP .... ; 

Eiutct.:hn0L.:u~1c3. the ;.io..-i~t Ministr·i f~r M~Jic..tl .u:J 
Hil..·rvt.iiolu9i~ttl Indu ... trie:;' !1rm, tu E=-st.iblish .i 

JVint '.JCnt\Jre tv i-iro.Ju..:~ if'·~·:i•:..sl. .J1..t..;1:o~ti~ test 
kits ir. the So~i~~ ~;.10i1. Th~ new v~nt~r~. Cidpt~s. 
wi~: be -:apit~lizeJ "~ Sri 10 million anJ Ru1J~les 
~oo.oco •i~h ~o('he hJl.i1ng ~u per ce~:. 

~·J.~l.~~ ~lil st..1.ct v~~:~t~v~S !~ ~~Ll¥ lid) by 
mari<et ii.~ .cits prvd:Ked i;1 S•itzeriar.J. It •i l ~ 
ldt~r tuil·.:! kits and e'.rentw.3lly m.tnu.f~cture .J.1.i. 

._·vmi><Jnients .:at .i ~i.ant i:t Mvs._·\.• Li· ~~ri·1 !·))-t. The 

Kits wil~ ~e ~rod1Jced to1 the ;:;.:\iio<t anJ u:h"'r 
selected :Ttari<ets. This .Jedi '"i>r"'sea:s i<v·-·h.,·s 
first jviht vent"r"' a~r"""'""t with the Soviet•. 
(SVUCl..:e: C.Yt..:>t;~dn Lh~::r.1..:~; ~~~· 25 ..;ul·j ::idtl) 

C. KBSKARCH 

Research on huaan_~~~ 

kc:t!lhJ!.>•.:tSl->tT\.d ·.j~Olt: : i:;i.i ,T1.lj l..'.' •• :.H~tril.Hitc t :.!'".t! 

.Je:..-~~0~:!.~at ...... ! t·r~dSt .:4:.ct:r ,-,;.,j s!T'.d!:-{.:eil :·.hi'J 
!.:a1·~~e-r in 4ddit ic.1r. :,J thir: re":.,•. i·-··~!;· rdrt! 
ret :.n~-,t .. i~$tUil' .. sS. 

;.. ft!W J."t!d:'S ct·; .... :-es~:...i:1.:icIS l~.;1::.t:"d t:i...-+t 

:e• ••• ~.)t;.~;1s:..:.:T.dS, r-ii..;hly \'l".d! i<;n .. u·.t tum•)Jrs thdt .:sr ist: 

~~ Lh~ :etind 0t :h~ C"J~, dr~ ~~·Js~d hy the l0ss or 
indctivati0rl ~ .. ~ .1 ~drt ~~ul3r ~en~, kn·J~fi ~s th~ 

rt:.t ino~i.istor. . .., ('1i-') •jt;?n~. Mure '""·.:C"nt r~SC'·H'-.:h 

suq-;1ests tn..st HH •. p·:l~ in..t~~ 1Vd: \\..ir. -r •. ,, dlSt.1 
r_;ont• :.l>ul I:' ~·~ ~.;\t~ 1~·.;~,uprnt:r.t lJ: twu .:tddit l•,:r.di. 

0:·1pes ~·~ 1;,-t.r1•~t.•:. n .. tmeiy brt.>.i:t:H ··.u.L·~1 ..tnd 'ithdl: ··~i. • 
.1.ur.l_J c.u1cer, t!~:t: .-1c1:ur m1.1•:h fT'1:: ... ~ fr"!,IUll?nti·l t~idr. 

tnl." ,,,,,·,..1rtvr1•1n r••' .1,.-A,l..t~t, .. .:t1.•:i-

Th~ n~-.- c ~·;"' ~ ~ ~ iT'.c-t'/ t':"\.C"1:t l•~•.: 'y hJ'.'t: 

••""'·: 11:t\t i.)ns f,,r • r~.·r ~l·•J L:t..•11sf < • .1•···f·r on•i 
~:r."~ t .·ell lun.-, .:.J:it·~:, tr1•l .1i.su tor ~.re.:ll~t in•J wt"-.1> 
• ~:: <j~t ti•~ m.1~ ;fJn.111• .t·s. M·)!~·,.Vef. th-.: RR qene 
:itl;,i~C.-~ J(~ VC»..1·;. !~fHJ ,s tJt:: tl/lf •• l: 1 lt:r:..l.1r,ci•fHj rlOt 

;·.i:;.t .J! 1."dr._;.r1'"J~··~:;;,,:., :.\If' ;.Jt r,.;frT .• t. ·~:~ l:"01J'.h i~ 

Wt:~ : • 

:1: !t:IO• \' t 

~r.e ·~~t!w ~r.dt ·JC"•'n or1n1t,.1tori· f__.ri:•-':... ~-•·,· t,.e ;u:»t 
,1.a •• -r.pc,r t4nt ':~) tLt: • : ~t: f)( the •:t?a ~ ...t:; '-Jf1...J•t~ 

~': ~l'T\1,ltttor·1• t»r··t-·•. :-r'.e d"i~·.mpt lu'• •~ th.it the 
pr,,;1.v1r• en1 ..... ..Jt!'d l1·1· ~r.e Ri• iJ•:ri•_. ; .. ,:rt1.1:: / '.'~.1.1p,Jre~:;c~ 

c.tl: '1~v1:.1.1r1. :: ·• . ,~'.J th~t1 'dJ~~~ rt>r inctl 1·t.-i i:i 

1 (> <Jr•~Jw out ·.Jf .r.t t 1 •• 1;,<i til.'• 1~n1y '.n:•"•}!'·».!i. 

on., r~aso~ why ..:an..:er resear~~e:s t:nJ :he R~ 
\f~ne s~ ;r.te-re~t in., is ~ha: its in.set i·.-.it icn m..i;· ?:~ 

ar. early. o:ern.ips eve:. a:o initiat•n~. e·~ent in 
~ar.:inuqenesis. This .lppe.irs to be :h~ ..:as~ !~r 

ro;t:r..:·bl.ist·1C.l .it le.ist. 

AbVut h.tlt vf ret ;.r.vbi..ist~ p.it ;.~uts hdvc- .. t:. 

;.nht?ir it.ible f.-,rm o~ the tumuur in whi.:!". ~~ei" 

""-l":r,,.j """'tad ur Jeleted cop~· of th..- R!! gene :rc.r. 
tt.ei: !BiJther·s i?<;'1 or f3ther·~ spe:-m .. ':'~is al!nOSt 
-.,u~r..lrl~~e!. tha': ret:.n0b!3stc=i.a wi.i..l ~eve!<Jp. Some 
911 pe: ...:ent u! th.~s~ ~1& ... L· .. ·1dl4...tls ge~ ~hie- e;·e ... ·.lnc~: 
.st .in o;arly a~o;. as1Jaliy ~efuro> they .tr" J yea:s 
vl.J. Ar.vther a:.i.;.t.!t ~vn t~ knock Out th~ s~...:c-r:J. <:"Oi"-i 
ct th~ qene !:1 =et~:~..tl ,.:t?~!s is alsc r~ui•ed. tJ: 
this ::> app.irrnt:;· .i treq1Jent event. 

i\ese.ir..:hers be.J.t:! :~i-IJif.ir~q: a:. th~ fi.S q.!ne in 
t.He.;lst 1...·ctn..:er c~l.:s i' .. uti·j bt!'•:'..lUSt!' vt (..t:S~rv4t:;.cns 

.it..out tho> inho:r :tar..:e r,.it te:ns .:i! th" "'-': :•Jn.i'1..:y. 
o·.-er the past s"vrr.l: ·,·e.irs. impro·:eJ th.,rap!es !:.1c·e 
9te.ltl; ii.~:e..sst..~,j tl1~ s.Jr·.·:.· .. ·..tl rate.._")!. tt.~ 

re~ i1.o~l.:istc,:!'..d: pat :.f:"r.ts, d;:-j ~l ini,_-~.;;ns t·~·-;-tr.. o:c 
find !hat ch.:dr~r1 ~h0 nJd ~ee:: suc~~ss!uil~ ~re~t~d 

t~r th~ !.rih~ritd~l~ for~~: th~ JiSt:dS~ d~~el0~~d 

ctncr tJ·~s cf ..: .. u~.._·er, e:s~-.~ .... ·ldllz !...s:L·_.,..J.:., su....:~ 3.~ 

v:itw:-vs.sr .... :..;mJ (.-s t._.1: t!' '-.-..::1.·.-t:-:). dt t'.1~!:.ir:: th,-:i. 

t:'At:t:'• • ."t ~j : dtt:S. 

"4.i(.Ct:•-•1.f"t:f, c: ~:::..._·~,\::~ .J:ft? .:3~t:it."'1 ~tt>- .:.tst.·S '--• 

Lre...ist ..:~n~er in :h~ survi~ors of iLherit~b:~ 

r..:t .:•·::.Ll a.:it .. :.!r<J • .sl:~:--~-J!'": :.t !.s t·X) edr ~I :.v tt:l~ 

w~~~t'.e:-r t~:.is :t:-pr:es..:nts .:l trJe :r.cre~st: it1 the 
iw . .:iJci:.._·t: ~t t!'le Ji.:it:.:ISt:' ir. the qtoi.,;p. :r.e- rr.o.....-t?"1cr~ 

vf ct:I :..j:~:. w~t~ ')SteOsdr. JET' • .J .J.; ha .. ·e 3:: .r•1...·re.1sL·_; 

r1$k Jf Jc~t::Jp11:J bre3St .;~~.:~r, h~we~~=. 

!t:cse "-t.·.it:'r· ... ·.cit £.~~1.s SJt.j...jt:Sted t~at t!°'.t:' sdm~ 

~i:: ...;~:.t ..!t:"tc··:. :nd:. ...:~:.ters sus..:cpt i~;. .. :-:·: ~u :c::: ::· 
t.~.J:i~cT. .. a :ri!. . .;h: dk(C"d.:ie- S.!scept i~,i: ~!. :t:.:. ~ t:-.t!' .~!~t-": 

<.:dr1•.:ers .:1s w~l:. 7t'.1s ·•.-ss svun t:onfir:n•:J ft..t .!..t9!~ 

~.:tr···..i-tT' . ._'t. ~n re: :..--:. ... t>l.t::::t.._,md .:el.:s, t.Lt~1 1..· ,~:t.:::; .... ! 
tht! RE ..;cr.e ar~ ~ith~r del~:.c- ! \:.r sr.,.. t·.t !:z :c-.it :.u1<..;t!'-..! 
tt"'.;:1t tr.~·; ...:dnn0t ~~ fun" _ _.ti . .:.:r..ti. The s.-trr.c "!":in; ··.!S 

hd~iJt:!'l':;n.1 tv th~ g~t:~ ~=-· ~:..st~(...$.i:-Cv:n.-t '-·p_•: i.:. 

7"'u _,r ...... ut-is hd· .. ·t.:' : ..... ·.; ;:--.v-..· .. rhtt • .-_,r-r1.1r.1: .~ 
rtb Jt::n~ _,t,:.:.r:na:it~t!~ .. :.it..· 0: .. H ~=' t....re:1st •. :.:s: .. ·~; :t.:::~. 

::i.i !.t>e. Jf~r. H•~:. !..e~ a:;.j t1-.~1r •:•'•l!!.t-il•t!'S 1~ "..t.t;;.> 

U:.~·.-~r~tt·:· ;f r·d1;tc::.i .... :;.;ro,, .. ,: ;,f ?iiteii'-·1:.~ •• ;:-:.,. 

:.•~t:~J-J .]c:; ·: lt>t r~:...;i!.S S!!v·J~J.1~ thdt ~·.-_. v! :.~1.t.• •• : 

..:>t t'.tc.J:it ·:.--sn....:tr ,..·e:ls hct\/o;> ~~~ .:1t.m.·rmdi ~t ~t:S •; . ._; 
":~) :-d1: ~· -n.tK~ .i~te.·t.it.L ..... r.e pr....ited.. ~1·. , ! 1: 
t~on. "i..;ie:1~ ~:1~ ~-Jn:.f. t thf· :j:~1·.:~:rs1t.,- ·1: ;.; ... Jilt he::: 

.. ~ ~ .. ·• .•. -~ 
hd·.,·e f·;l.r.~1 "P "1t-i•t!' • .it!:et ~.-_,;1s . .,, ·.)th~r ,:,1.,1r.r . ..-1: ~' 
111 S •J! l~ ~ .1.e:> •• : [.):'-·.s:St ... , ....... r , ft!:.: .. 

jt'"~t: ic!t!'1:t~ .r~ .1~ .t.·s.;t .s ~:T't:~ pt.·r •:r·.•.t:,• 
tir~::-:.sri t)rt:.1~t ,_.,: ... ~:-;. 

: ... l 

.:.;.-.• 1i. ~ •-"t'~ • l.U\·j .·.a:1.·t!:, ;,11.~ li(c : t.•: ... ,:, .. 1·_;.: .. r 1 

L:e.1:.;":. r_.i.r.··t!t, .1. t;•:; : .• ~~ ··r-~)t".t; •.,. il.11VO.: ·' :-.f!:t-.1.· 1: 

1:;.; , ..• ctt p ! ... ;. • !"" ~f!'.1;".' : .1 ~ ' ...... 

~moi<~n-J. Ne•:•'r~nelt.•:..'.j,, "-1l~1.trr ~.t:~,,-Hlt',. r.- ~Lr.:.1. 

:-"ced~r l\.."" ':'..1JP.! .1n.J ~ti•}•:- ._. _Jl le •·Jl•t•:.. .it • :\ ... :~..it~ ,; .. s • 

~ ~~::d h~~ ·J·~r.e .t~i;~1 .. i~1: ... :ta::., ''1°•iJ.1r.1: .• ,. · 'i'. -••• 

••. ·~ o:. ,:.:: •· .~, •.... 1L••.:t ·o ,Lr.:'-•:.~ ,~ ·~·-·· .. ··1 .. 

·.!~. :::1.-:. .. ~,.,· t.•:...t7itr.~·1. 7~e r~~··1r·r:cr 

, . , ! : ;·. •_' ~ •_· ! • · '' :·, i : ; : ,t,' , ~ 1• : • j t\' i f ..... •I; , : ~ I , 

.• .ii 1;1._·~r; 

• ~r:'} t um,_,;..r. 
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' ; ._. ~ ,, t ·-· s 
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the -ssen-Jer ltNA. lr.tns .. ·ribeJ trvm lhe 9ene inJi,:.He·J 
th.lt its •"pression is qre.Hl~· reduced or shut ott 
coaopletely in about 80 per ..:ent of the cell lines. 
H.trbour and his collea9ues specul.tte that the 
RB qene, which is very larqe - abcut 200 kilobdses 
m..t/ be e:slJ"c1ally suscept ib'e tu aut.tt ic,n b1 the 
cheeic.tl carcinoqens in tot.acco smoke. 

The loss of a tun..:t ion.t: !<!! g"n" 's .tpp.trent 1;· 
sutficient tv put retinal cells on th" path to 
cancerous transforaation, .llthouqh .tddition.ll 
qen~tic aishaps a.!y be required !or prvqression to 
full aal1qnanc1. It RB qene inactivation is also 
the t irst s~ep towar..i produ.:inq brea:>t and s:aal l 
cell lunq c.incer, then it ai9ht be possible to tre.tl 
the "'41 iqnau.:ies by repl11cin9 the lust 9ene and 
restorinq noraal growth control. Atta1r.-nt of that 
qoal is far in the future, however. A more readily 
a.:h1evable <.'l ini<.'.al .lppl ic.tt ior: of the w.:.rk on the 
RB qene aiqht be th., ider.t if ic,n ion vf woa:.?r. who are 
.tt hiqh risk of qettinq breast cancer. 

Studies ot retinoblastooa.s are rele~.lnt to 
uninherited canc.,rs, too. Two fifths of the vi.:tias 
or retinoblastOlll.l have inherited J predisposition to 
it in the t.;rrn ot a f.tulty retinobla!ttOCIU (RB) qene. 

The tu,...)urs attack when a v:cti• cannot produce 
the protein described by the RB 9ene. So the RB 
qen" actu.tll/ prevents the cancer - " prime e"a111ple 
ot a t~aour suppressor qene. 

E~er1 cell =ontains two copies of each gene, one 
t<om e.tch parent. One suppressor gene =an produce 
er .. .;ugh pr.;,tei n to suppress tuaourous ~rowth; so fvi 
r.,t ir • .;blastOftld t•J strike, both copies vf the ll" qen'= 
111u~t be d~:aaqed. Dr. Alfred Knudsen, of the FwA 
.:"h.ise C.tn.:e• •:entre in Philadelphia. pr0poses that 
t h.,se i r.her 1 ting t!'\e peed i s~os it ion st art out vi th 
01oe b.<·j RB gene 1 n "i.;h eel l. If .iny ce 11 then 10ses 
its sp~r~ ~~Pv o! th~ qen~. the cdncec ca11 stdrt. 
"'h"n the<« 1s no iJ<ed•S[A>Sition, the probability th.ll 
.i s:n~le ~e.ilthy cell will lose both its copies of 
tf\c PB (Jcr.e is luw; s.r) r •. )u·inhcr1ted retin.lblastvm..t 

r .tr~. 

T!'\e He qent •s the onl~ supprtssor gene to h.lve 
b~·"'' copied and stu.lieJ in a labordtory. 
lor. kvbert loieinber-J ot the Massachusetts Institute of 
Te.:rrn . .;11,gy, wt.0se l.:.bor.itory llldde the firs• RB genes, 
h.t.-io found c1 ....;h.:m:.l.·dl link b~tween tht su~i·'~ssor q.:ue 

dI\tl JO vn...:01;t?ne. Ht.: ust"d 00°.:u-lt?nc.-$ fuurl•i in tJ 

t .. :..111i1 .. ·er c.t~::>ing virus, '-·alle,j ietd~nuv1rus, which 
• (JJtt.t1n d ft! __ ·1r.1e f•)r d pr.-,t~1n cdl lc.j ELA. Thi:; 

,,,.,: o<ln .. -.. n bind itsel r tu the prulein desc:r ibed by 
tho: f;I\ q«n•!; lh.il stvps the Ill! gen., trvm wurkinq. 
tii.:.a rc:.,.lt:. '.JtJt!n Ul- the , .... ,~:;,1b1l 1t··1 lh.1t :iud'lt..' 

vu1.·uqe11t::i .1., tht-ir -J..ltn.l<jt.• c,·i lnterter1n'J with th~ 
tur: ... :t t •• t .r t~1trk) .. 1: su~prr$~ ... r qeneJ. 

"'' l: .lfl';' ·,t '.hl5 t!I•; ~·Jhtt!llP~lll (.'fl tt.\!' • .. 1 11:,i.t?:i :;t 

··~•11 rt ~c.• ! L > .J L·ure? Po:;:..it)ly, Li.it not r::.ir 5·Jl'T'•! 

t irnt.•. [1r. ·~.:inber9 SU'J'-J~:;t:. thdl sup,,reJ:aur -J~ne::; 

«.:1. .. h.11~1 t .. c rc:.>l ... Hed tu tumour '.:ei ls ttJ h.slt th-..•ir 
91<,-,.th. irn! p.1tt1ng q.ines Into a •:ell •ill bo< 
'1~tt1,.._~.lt tc'r .!t.>4..."d'.lt-s t0<(.1m._•. Anti 1r :a.c.1rr.ec4i?il5 
Jrc ::i1s:at.··S. t r.~y w1 l ! lj • on ;.r1H1~1:in1J m..,r~ rn.-ll 1<;r.Jnt 

~·t.·~ 15. Pr. 1':1u-1:.en :>pt.· .. :u:.,lr!~ dbl' .. ul d f.tr 1Jf! '1dJ' 

when t~;~,ur ~;ells c:drl Le .stld~t1ed t,y ~ td~lur mJ11c 
v1r11~. de:.~ 1Lt"·1 to 1nt~··t tnem With he,slthy l1'-"''''''r 
5'J'>~,r~s5..::11 •J•.H•t""::-.. 1'hc vm'-">h.!i!9i:;. would t,~ 011 

:t.·f.,:;n1u•' ·• .•. :.nq::.. nol r1e5tr,,'t"1H•l tth·."IT·. 

'.'ti•· 1· •·• ._ . .,.: ••. 1 t h,ft :..· ,,,,,... ·J~1.~;;, Lrtn 1·"11 •t' 

. ·"" t'.. T:l•' ,.,,,d ncw'i 1!.. 'h-1t f)I ht-r 'l~ne=- ,·.tn '..-1 ·r 
;r ~r. tht• J'"1i'n:; :,.<1fl'P .,,;_.n •. :. Wt.·r~· fo1.1n.1 which W••rt 

f '"• r' "•• 'I: I # 11 ~ '(' ' • 1W f ~ . 
1 

1 • ~ : ·• ; ·, 

tu1110urs. Like all genes. they .:ontained recipes tor 
makin9 proteins. These particular proteins •ere 
~ssages that told cells to qrov. More recently 
scientists have discovered genes that ~ell <-"<i!ll:> .. ot 
to qrow. Oaaa9e to tho?S<i! -Jene$ can cause .:an..:er. 
too; but when they are vor:.inq properly, they qu.lrd 
against it. 

The geno?s that 111.tk<i! .:an.:er s grow - on·~oqeno?s -
are not born evil. They aro? good ;enes gone bad. 
They start out as useful genes, aaking pro~eins that 
encourage cells to grov ..lnd di•:ide when they are 
youn9, or when they need to. But when they are 
damaged they become hyperacti<e. aaking the cells 
qrov aialessly and relentlessly. 

Reso?archers in the US. howe•1er. have '"cent l ;· 
reported the first indication of a direct link 
tetveen oncogenes and tuDOur SU(Jpressor ge11.,s. ONA 
viruses th.lt be.tr or.coqer.es iaay bind to and 
in.ictivate the product o! the retinoblastoea q«ne. 
Two proteins fro. an adenovirus and SV40 vir-.Js bind 
to the retinobl.tstoma protein, and presuaably 
interfere with its noraal function. 

Peter Whyte. working with Ed Harlow and 
•:ollea9ues at Cold Spring Harbor Labo·atory, in New 
Y-Jrk State, identified a particular re9ion of a 
protein (.;al led ElA) fro. an adenovirus that seems 
to drive cells to divide. Without this region, the 
ElA protein canno: bind to the retinoblastoma 
product. ~iizabeth Moran, also at Cold Sprinq 
Harbor, shoved that a •utated ElA protein without 
this region req..lins its ability to turn a cell 
.. -ancerous once you transplant a sill'ilar reqior. !roo 
..l pror•,in of t• ~ SV40 virus, knovn as the larqe -T 
ant-iqen . 

Understanding the growth and divisi0n of a ~ell 

may eventually lead to effective therapies for 
C.!ru.:er. 

Bernard Mechler .it the Un1vers1ty of Mainz in 
th" federal llepublic of Germ.iny h.ls already s~own 
that the •e~hnique works in fr~it flies. He and his 
ccllea<jueo> have isola~ed .i tumour suppressor qene, 
the .tbsence ot which disrupts development in 
Dro:.upt\ila and produc:es le~hal brain tumours. ;.ihe" 
it is introduced back into mot.ints lac~1nq the ger.e, 
the flies develop nurm.llly. 

Wc1ntJerq, a,munq u!her!O. l.i now .1ttempt1ng t..:· 
s~e if this approdc:h will work in the laboratory, 
c11u-;in";J tum.our ctdls to revt?rt tu n.)rmdl. Er1·: 

St.tnbridge, of the University ot r".-1l ifor111.> .tt 
Irvine, hds alrt?ddy shown thdt .:d1i.:erv1.J:.. rt!lino 
l>ld:;toma ("c~ 1-; Cdn t1t: res\·ued l>y dd<!inq the 

chr·Jtr.osom~ be..irin'-j lhe r.u:;sinq gene. 11ut 5Ul,,.;'n ce~is 
are u.1,;tdb!e an<:! often 1.1~" the add:t 101.-1i 

.:1;:oir.os.:Mfto<. Oleinbo<rg hr>p .. s to dd.i just tne 
;e:t11~vLlct.at.JmJ q~n~. (~:..:tl-iCtt.?rl trom ~:.:1.~~':·~· 

v •. d. 24:, lJ July l'ld8, 1_'.!',· Ec:~·"e>m_1~~· 1.-1 J-.'1-f l'.11!6 
dnd N~~ ;;·~~~!1~~=-~· ~a July • .JllHj 

T:1t.' ur11lt?r5lJn•Jinq tjl~dned o'Jf"'f th1: ,i.1:.:. !'iof':VCrd.l 

'if'-'!',H ~ •J! t.h~ qene •:hdll•JeS tr,dt_ u11dt": 1 u.• ,-_u1°:er 
.JcVt!l'-.;~.m~nt is l.it.•lJllHHrh.J t'-• lt!d•1 t•> rit.·w st r.it ~lJ&cs 
f.)f ,.re.tll:t ln<J the proqn >S.iS ~>f f,ft>rt_.t c·..111,·pr 

p.it icnt .~. fi.t::-.cd,·:her;,; hdl/~ :.dent' ( lt!•J :-a.pvr~·1 t .,. q~nt~ 

.1b1 .• rm.ii it le:; th.it .l~pc.tr t• l>~ .·orr,.:l,,~._..1 ....,,th .ir1 

Uh~I t!oll'.!1,.1 ; J Sk <1! thtt .;..JU•.er C~•...1Cc.:urr &11q ,d t~r lLt• 

~>rl•'T"try t1ur~)~lr i5 rf!P\•.l'."c.l :;.ir.1ic:tttl·,:. 11 I1i1Th"!I 

f'l~11~··r1: in•;vst.irJ..sf1on:;, bt•t11 ouT thu [1r1,1ii.1~1nq ~rt• 

l1m:11.-tr·1 ~esult•. th-:- l1Ut··1,me• 1·•u1Ir1 l•t' :T\•1!•· ;t'~··ur,11 .. 
f~·.t :. f ., ·l··t~rmi1·ir11J ht•.'·tS' 1"dH•"t•: p11.q11 ...... , 



T~~ :u~~J t .... -.r su\..·ti t~sts is ~re.;t.t. dnd the?~ is 

curr~r1tly ~0 sure way 0r trlli~q wh0 wt~l exper1~n~~ 
.! re~urr~rh.:e )t the ~.!r: .... ·t:r .ind s!'luul,i thlls r.:.::e1·:11:." 

pr~v~nti~~ treatm~nt with l·h~~~th~rapeuti~ ~ruqs. 

In th~ p.tst. tht:." -.!~ci:s?....•n t..:> y:ivll:." a. wvm.Ju 
choL>"'-ltherapy wds usuJLy b.Eej 0n a t ir:ding th.n the 
,;an~·er haj Jireadi' sprea~ t•> her under<1rm lympt". 
nud··-s at the time the ori.;i:oJI tumuur was roL>mo·.-eJ. 
women with negativo= nvJes did net gene<ally r£eeive 
che1110the<ap:r·. But >•;mph 11<:-de stdtus is an 'mperfect 
ir.dicator c,t breast cdncer p<c.gnosis. Alth.:>Jgh abcut 
10 per cent cit the V01"en whvsoL> nodoL>s show no siqns 
ot cance< metastat 1s w1 l I rellldin tree ot the dise.tst: 
for at ledst ~ years ~1thcut turther treatment, the 
other 30 per cent will have a recurrence. 

In tdct, in May ot ~his yoL>a< the US NationJl 
Can'-·ier Inst itutt? \NCI) rei.:ommen(!ed that worr..en witn 

neg.Jt i...-e nudes be gi·•ea dru'; c< hormonal tner.1;::1· 
Jfter all. The decis1vn was ~Jsed on as yet 
unpubl ishE:d studies shoving th.it such treatments 
could loweI the tre~st ~dficer r~~urren~e r~te in the 

wumer.. 

Neverthe~t-ss, th~ dtU·JJ use.J tor can·.·t:. 
ct".em.;i:herapy r.ave ,a:pleasa;:t or d.u.3erous s i .!e 
e~f.,.;ts. Th._. test .•pproach w.:mld tJe to de".iise m.-'"' 
acc..:urate •.lys ot idt"r.t~f;·ing wc.rnt.-n '-th·.) will 

experience me:3stas1s so that tt1e 'lthers ~ould b~ 
sp.l:-~J tt:~ ..;ht:>rrh._tt1et .!~z·. 

Rob~rt 1:aLl3h.\n 0f NCI descr!bed n1s gr0u~·s 
:..Je:-.t if ic.lt ivr-. vf twv sep3rate g~net i.: .1bnurw..il i.!': it!S 
:n breast ..:ancer cells that :na•; be ass0c1ateJ -~ti"" a 
~0vr progw.:isis. ':'ht! work ".i..JS d::)ae !n c0!.!.dt.(.1 :'.it ~(.,;. 

Wlith fiusett~ Lidt.:!'r..t~ ot ~he ('~n:.re Rer.t!' Huq\;f2'r.1n :n 

s:.. CicuJ, Frd:--1..:e, .::u~a !qb;il A.i.. 1 ~ also ot N'.:!. 

~~t ~t the ,1~:;0trn~lit e~ th~ res~ar~hers 

~Jei:t~[i~J is .Ji. d:Tl~l~tic..:.Jt~OI1 vf ':he l.!.!l 2 
·'J:l\:·.:·;~n~. The t.-t ...... ~~ir: encoj~J b'l tht }_~~ -2 r;ent!' 
~reSU!Tldb~y ai:t.5 f1<:1 sitt·.:e!.y to tjster the d~·.;elcpmc~·1~ 

o!. :r.c!~ignont ~u.=n•-•~t:;. p·)Ssitl·1 stimulrtting cetl 
divis1.:,:: ainj the nll,o~1 '.lt:Ssel tcr;r . ..l:. .:.u•~ 1:ee\ied f..;r 

tt".c gr..:..w:.!'i of s_ .!. ~d t~1rnc..irs. 

A qro·Jir.'-1 L·:.""!/· _t t-'Jidenc~ 50•J·JcJt ~ th.:.1t loss 
l-,t tu:~c ... ur -suppr~ssir:r-J •Jt1r.~s .:ar: alsG .._·ontributt- t..., 
tu:T1.)1~: {_JtU•th Jn.;! ;ndl :~Jf.d01:1. Tr:~ s~1;(111.i lj(.>Oct i._: 
alt_t"rdtiC>n thJ':. tht:: :i! l.lhd11 .;: .... i...i.11 ~\.tS ~ t11~t:d tu 

f'Gur l>re.tst ca;i1-t:[ t:• .... ;11.Js;,s, "' de!-:t •v;-• of a rc-.11 ,.,, 
<. .. : 1.:hrO;'!"'.QS.)(T'lir,: l l, .n.1·, lHl/.-)l•Jt: tn~ l,;::;s J: !>~:ch -.1 
:;ur;prl:~:irJ!' ·.Jt:ru~·. :r .. t::'t' e·.rent, ;J <;t:1d•; it -.;· .... me 

l~.J C:e.lS': c:.u;.:t:l ~; .. lt it.•ut:s: dt tht.: '~~ntrt! Ht:ric 
tl1•.j•a:n1n h"::. :;t1•..1w1. th.st Cd111..:er r~-,,_.,:,.urt:J murt: 
Cit: 111·~n~l·1 in women •hr>se tum01..ir cell:.; h.td ._>nc "r 

ttit" uth~t .... f tht- tw<.~ 0~1notmdlllies thu. ~:1 W'C•i'T'>t!n 

·•hr;:;..:- t~~r'!'lvur ,_·cl:s dh·i O<>t h~'\VP t:itht•r. 

P..ttt i~.:•d .StL·t:,J ,i.id h~r cul le .. -HJ'-"c:::; ;St rk'i ~.1v .. .: 

''""""li id.-r•t if ,.,,j " ':!'-''"'• which tht:J c:.il. llM/l 
th.it dp~~dfS t..; !,.,~qi,,rt~:i lht: met.J!ilJt ir. iJoter1t l.Jl •Jt 
1·.11.•·t.•r Ct.'l l~. /\ pl lc.ot :auc:!y r)f ,;;;'> htt:J:.it ,·d1.1't•r 
, .. 1t: •_'OtS Slll.J·Jt:"~t.; th.:tf ~dr:k. t)f f!A(Jfe::;:.;; ,ri ;)[ lr;1:. 

' 111Jld.lt~ SU,JiJlt::i~·,[ •jt:lle m..ty l,,E;!' dS:i1Jl."idt~.1 'Wlth •I 

5Jv•;I ~Hu'.Jl·•.>:,is. t-~Aprt?~si•.>n '>t the q~ne ...-,t!:J low •n 
the ;.,11111dr'i ~um,J1.r~ .,t .-ii I 0f tht: 16 wum"'' w~th fo•ir 
<;r m·JtC i>·>::t1t1Vf! ;1r>dt::;. It Wd!'.i high in thE: tumtJUrJ 

.;f ;.;iA vf the n111t: ""'1me11 with thCt?t? c .. r ff!Wt!f 

~)IJ:illlVt: oudt!5, b11t Ir,·.,. ~!i tht: 1_1ther t:il(•t•. 

Tht! fuw~·t i.:,11 of Lht: NMt.J <Je11e i~ lH1kfl(Jl#fl. 

fJctt·1m1ndl i1..>11 ,,f ttJ nucle.,t i<1t.!' ser1u~n·:t:!' d\,f n<;t 
re· ... c .. tl tin'; Sirt.iLH\t1eJ tri other ger;es. ::;tet:Cj i:. 
curi~ntly ffid)J(>H1J tht! • .:hr<;mo;;•_imctl locdtl(~n ,_if tfu.• 

qtHl•!. It ·111rJ11ld hf: ir1tt.'f~:ltin<J it it tur11~d <11it '') 

Lt!' l•J•,ctted i11 lhP 1i•.dt;lt.·d 1eqi1Jn on chr<im()~l>me 11 
th 1t w.1s 1dent It ied h•/ th~ C1-tl lrthrtr1 qrr11Jp. 

.,_;c-Vf-J~ M~t::t i.u ..tt tr:..:- N..tt L0n.J: l!!S! :t ..i.!.r ·~t 

P~nt.lt 1-l~se.tr'--·h h.i:::i .. 1rs.) is.:..)l ltt!' .. i !~'---c-t.·":·.H s '.):l 

!l".~t.ist.it i...· ...:el ls th.!t t;n.J t~ Lttr.LI?in ~t 

.•1.·,.,·,;~cvt~in ~r. tht? bdsem~:1t membrane tt':,\t is 
sup~0seJ to kee~ ..:el ts lfl 0n~ ~'~ac~. 

H~SL·.tr .. :h~rs .1t the N~t l.Jud! Ir.st ttu.tt' \1f h.:.:ti.t,... 
J:~ Gt:vriJt.'"t·.J,W!o :Jn1·.-~t:iit"i• in -..r.-!shinytUr! i."-.". h.J\.'tt? 

md\i~ ..11:.tibvo..iie-s tt'iat a~t.:h.·h t~' the l.:t:'niI1l~L rt-t.."t?'i _;.rs 

on tu""-.•:.o: "-·el ls .ir:d to dn e:izyf"e kr.own .ts tj"p~ r: 
eel :.t-Jt>r..1se. Ant ibvdies to lair..in!.n ..:i..:..u~d ~):~ven: 

.id:hrs l·)n by t.um .... •ur <...""~l ls ur Cdt ry tuA i·.· ,_·ht:'mlL"".ils 
d•rll2'~t1;- to the l..·dnO..:t?C•..>US cells. Mdrt1.r~ h~=\s b~ei. 

.ltilt:- ~·) sy:'.t!l~::;:z~ pt-pt ides th..tt 1nJ·i L.~;.,: .. _·K .. tdnc-si011. 

H~s~~r~h~r~ at Bt>th~5,i3 ~re t~stir1g thest:." 
str3te1;1es :n ~~r.im.ils tl stet.>, or at le.1st ~l0w. 

1T:t?t.lst.ls1s. ~est.s en h1..ur • ..Jns d!e .t l~.:1s:. t•a ·.r~.tt s 
..tw.J:z· .. t•ut the researc..:~. t'•t.>.i~s hvp~ fur idt:!-r.t i~·,·~a-.; 

tn~ d1s~3s~ ~dr:i~r .. 

r;r. LJ.!:,·c L1 .. :-t:.;! ct the N.ll iun..ll ,_ .. tn•:-=r 
r~.st1tate in 9~tne~.13, M..lr·z~jn.1. t'-1.iS shc•ri tt-i ... lt ~-_,tr:ie 

y:.c:r.es ~:1·:1i..n .JS rds o.~·-· )qt?n~s tr ig 1;t!: the p:0.h.:.ci:. .. ._-r: 

vt :ie;.·t:r..11 c11:=1·mes .1nd .:,~h~r proteins thdt let 
to.!m(:.ur c~l:s ic·J.l 1le L·ther p.iro:-.; of th~ t .. _ •• :i:,-. f._: 

t?A..J:.n~~~, rds or.c_,~;enes conta:n the codt..•-1 r('--·t-~ ~--· 

e::zy·rr.~:; thdt ::_1n tre.ik dowr-. t is~iJe. Me:...is' ...:!. ~·: 

cells qt.l int.-1 the t·iOfJd tie·:..ius~ th~st t"·r·.~ 1·rflt:~·s t.:!'dt 
1.itO t~~ l.lj·e:s Gf t l.SSUt" .1nd .-.,1ter na.!.n~: .1:.t!:.:; ;_.f 
b!....r..::;..:i CdlJ~i.:..:t:ies t:1a.t st..sn.j i1: th~11 ._.dJ". Tu!Tv~; 

c~ll:!:: tht-:-. iii..:,·:e t~.:im tht: t--~.::c.d:;trear.; t,:, :r~·:.:Jt- ..l •• .._ .... 

0rg3n an~ t0tm a se•:0.1~3r~· car:;~:. 

S::le~t .. s:s dt th~ st~t~ UiitVt:!~ity ~t ~~~ i~t~ 

.J:. ~t.~.:ij £L>Ct-: ~,r;e tul.r.u £": ~ ..... l~·-·ule .:.1> "'.::c ~...;.r!.1 .... -~...: 
Ct t .... O:.)V[ l..ell::i. k:1vWn .. 15 t-il..lsm:nv·jen .::t:.. ... ·t t~·o1t >r o:_r:.!t 

md-i pl.l;· .. ~ :ole it; .1et:! rci•it!·] ~ iss~~t. P-!~1r1 fT',a.je 
..-siit ;_t"_,,-:_.i:.::. th.lt interfere with plasmics(_:e.: tr·t ~,_.it 

c.u.:--. t. lc. .. :k mt?l.l$l.t!. ~~ i~ ....:r1i1.:kc:. e~it·f'jO~. 

Metjst.iti1_ ~-t:"lls r-.::;tru·.:tu:c the~: .:wr1 
si<t:~~l.:1n:: s.-; th.it thej· c.!n :nevi.:- .lCt)Ui1J ·~.crt: t".1~ l: ·,. 

Lt. !.i..:·t t.1 ha:i s~vwn t~1.Jt in tht ';t."l ls th.it .:-.1a:::t." 
tJrt.JSt ..... ·ar.,_-c: tn wumen, f;tS ·Jn<..:..::.ycr.~s !.•t ir..ulatc t.:h_ .. 

tJr..:·.-iu··th .. »n ot ::t ~Jr:,t.eir~ callt::"1 1ul~'..l:'t i;i~· l1l·jtil1~·, 

Li-:t.:;r (Mff). This ict!i tr,., Ct.I f._Jlrr, rrotrusi ,1.:. 

1ii;1,( 0Wn ,Js ps(·ud~.p,·:ds (fdlse ~eet; •h~1.:h helt> it 
!l·u.lt:. One Amt.·r ii..:.:tn ph3rmdCCt!!.. i1·.1~ t..:cmtJ.:tny, ~er··k. 

hJ::; .jc·1el.:;;Jed .l dru J t.h.rat t-,J,_;.,_ks tti~ .-tel lf.1 ·.:..~ AM:-· 

CH~t..· .,_. ·eot di:;.:u'Jt!f'j dt..><•llt metd~t.1t ir· ·.:1_·i :~ 

.... :,_.:n t:a.; p.trll·~·ul.irl·; 12Ai..:1ted re~ear·.:ht!r~ is huw 
~fie:'/ lv(.i:ic•· thc·:n::;e:·,,{.'".:I !t 1Jm ~he rr • .J.in tiv<iy of tl1mui.;{ 

r:t:l~!:. A LUrf.L~r \)~ r.rcJteins, :.ut:I"' • .i..; (it>rone.:t.r~, 

m.i·,· Lt:: 11•.,.«>l'Jt:j 1n tr i.-j'-;l~t i11'1 ·..:t:,Uhjt...':; ~·1 ~.hf:' 

.1.tt'.~_·:;ive , .. ropt:rlie::; <°Jf tumour •:t:ll5. Ftl>r<111t:.>1:t1r, i:.: 

t:J1ind .tll 0ver the bc.dy, pdrt1•:uL1.1l·1· oet•t·en 
~ 1!..o:.u~~ .u,d b~·h·.t 1:dpill,1ri~s. !~~ t1•Jrrr.,tl f ~.H:' l•.>1. 

::; t.; nelt; cuntr<J! the 1.lrg.snizat_ :1 ... n <.Jf rnu~,_-~t: .in·1 

i~•Ju~ !'.iJrC(11l~d 'iit,•=;, which '~·r.1: . .tst.?~ t~mr,ur:.;, stlmul 1tt.:.. 

the pro .. 1uctiv1> 1Jf fibronet..·tin rel~·e1Jt•JI$ ~jn th~ 

::;urtd'.:t!S Gf inf~1:tt:d chic.:ken <.:E:l l::;. 

0:. H.JI t ln !lumlJhr it:s dt tht! US ?.fdt ~,)1 . .ral 
In:;~1t1Jtt.> (Jf itedlth drld ::;,1me :;olled'JUt.•:..; hrtve m<1d,._. ,, 

pt!ptidt> cJ :;hurt ctl<tln <1f protein <lut•i')cd GRGfJS 
tt~d~ ,·,in inri~t>it the ,1,·t1•11t·1 of CitJr-_,r:t."'·t::1. Mli:t.• 
tr11t.·•·ted with mf!lt1nr.>ntrl <.'t!li:i ,J1ed W11t~1111 :..1~ llf'e~k::;. 

!.u1·1it. :er m1.:t:> in icctcd with mf!lanvrtic1 1"t>l l:; .u.d Gr-tr;r 1S 

w~rt· ';ti 11 .1l 1ve .sft11r l'> m~,11ths. Howevt-·r, tht! 

µt:1,t ~·Je l#dS unttt,le to o·JerC.:(JITlf.? in}cct1...1r1:, ·Jf ldC<J~ 

rnrn.bf>!r., uf t,1m<,·1r 1:t!'lls. Dt. Hum~Jhllt.•J ,1nd h\::; tudm 

.Srt.' O•~W tr•1ing trJ Sljflthesize mvrf! (><J'11H2•rful ':t·,emi'.'dl 
s11b:.t itutes fr.ir GHGr>~; th.it C<Juld .:;cr\it.t ,t:; rt .Jruq. 

(fo;;.dtti1't"!ri fr,,m 51·j,.,:,_·t..•, V<1l. 241, :.'I) ,ful·t l'l89, U•~·w 

;;1_ 1t.1rit i~t, )8 .J111·; l1/A8 dll'J !'~'~ E"1Jr1c1m1',f 
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n :;Jt...l!.1i. :.·,· ..... ··l·l~= r :.£;-l •· .... ~.; .. .;,;.;_.: :._,: ·.•.t .:..:·. !::!1 

·t:! ·:c:.t.!$ b.t•..:~. ~r::_._.: :.'-·rt~..tl •."~~ :::» •. 1, ..._·'-·:.._~~L'-J ':,• 

l ~c··· Y -0 t K , ~;·; ) • 

.tt:( .. t:~nt ly h~<r.-:;. 

l • ..... •• t t .... · ~ : r ~t: i l) i ':. .._l r ·:· ~ . t _ · ':. 

~;....__•fh r~~~:.1~ .•=~- ~_.:tr .. t!. t..:cL .. ::» ·.:t ·t •l: ••t!1J w·~,·=~ 

':.'.t.·:· .:u1:t..tl...'."t. •. t!:t;": • ~l~:5, L...i':. ·:-11: ·lt."r · t.'~~~ -~ :i..~ 

r •. cr.1.~l ~t:"lls [rl1:.J.:!t- .sc..·m~ ~l·.~._,f ~~:u:~. ::. ~!.~· •:.: 

m~·l1·~:7:, but t-.--t.u.··c-r ..:":•il:; ,i,:,. n...Jt. ?.t,·.:n .. 1i •t:~::::. 

c..t:.:1.._.i:. .. u,._:-w i:1 ~l1s:·~r:"'.il1...'::. !..lt :: ,-c: .. :t.~l::; •:.;1: .• 
.. ·rF t:: .. t~....::t: i ft3·1.:::tt"tS t:..,tt' 11~~e ... ··.1t.·J ,_-...,; .... C"t ·:~ii:; 

':~ .. tt r..:.i1:~J .a'.~'[-..,!_~.,·teJ r....trT!S'.:~tS •. Ai 1·~::.~ S~i'[J ;.;il.!. 
:•· : ..... :•!~~ t ~r:· t!"~C J~Iut.."':1.trt> ,lf l.·11-·. 1t::.:~r.1.::..t:.: 

• - .;!'. ~~~- ... ·~~·-·~ .?--.~·-=· ..'.~ '"'-•:: :<.•ti8) 

l NA t .. ~·- ;·:._.r.-~·;,1..;•.:S , ... : . ..;~.!. :..t .t:t".:t •• t .. :-i ~.·1 
j:u·..:·.> t~l..l~;,, 1 .. :.: ~1.::~ •. L.·L·! ·~:: :•.•f: . 

._;~._r i....__.;, .;1, O:.)t..iii;.J ~·· .... c: . .:-\ 1 .s~ -~ t:'!•~ ·;i:~·:e:s~::.· ... 
t-•~ r .~:.! (G..s::.e-~·:~!i~l . .,..~L·! ~N:.,. :~·t,u: ::; .. r-:: --.t:':O .H":" 

11t;""e:t.·! ~. ~i\..t"C ~ht!':_;•;· •. ~ ;rt.· ! :~~.:..: .: ...... 
; -: ~ . • '! 

.. Lo:.>. ~t . .; .J'. j ~:'.·~·1 •.::.~ t :· ··''= :. !' :·; .. ~~=·~'·-·: ... ,.,, .. 
•.·.·.i...!' !r.tJ ·!ru~ . .-!i .. ~J :.~;rt,•. Ji:.t:·.·: ·.,,,; ·=··-~ :;:· 

.; ·-:-... : . r ~ •·.i : · : ;n Jr 

... : : .. .': ·- 'i. 
I t -' '· : .1 . '. ••,! : o ,i .:· . t.'.. •. ~-·:,. _. 

•::'!.: . ~: ... •: : .,. l : s 

t:~ •i( ~. :.-1, ..._:i7•_·::: "'." .• :~ :~~l:;·.:•.t ·~-~;. 

t :.e: s t 
.. \:: ·-~~t! t:A:.r. ti,:_·ti~·~!·;,":·: :.~: :1~~ :,: 1.;: .:t:t;,.·~ 

. . ! : Co.-! I ~ 

~~: 1 '... :; .-1 l . i. r· .1 

$; · 1 ... :11' . ': s. :t t : ~... ; 

·? '· .1 ~ ~ ~~ : I .I. 

t met .lt_·· .... ~ •• 

} l _. t .: ~ t'°o ~ • f, ..-_• ! . 1 •: •;·, '. t:" , ·,,_I 

~!.~.:r·1 •. '1:.;l. ::1e .:·-~ .. 

,... 1 • ; Jr.:~ , , r .. _. . ~ 

' : iT'lt.•.. ~· 1 :- t' -:: •·r -:: it ~ ·: ... · r , .1 

t , 1 : t t: 1 .. 1 . ; , ._. :: i. • r , ,. ~ r.. • : : •.. t .,. I ~ • 

•:i. !.. : ,. 

~ . ~ : ~: ... t '/ 

. . ~ : :: . 

: t•.t ::..t: .... 
.Jt ,1, lit:":" 

w: ,·. #.! t:.J. : !"".t: 

.J ~', ._. ":; i ~ . l j ' 

·-.. :r u J 
. ; '-. .., : , •. , tr~t: • f'.! •'"t.' ' 

~t·! .. .:, 
1
·.!·:. 1~.tr .. l1·;~1 ,.'r.•. ·~··1•.:r".t~·,;• ~ n•·:.· 

·~•,•Jt•-te.1 tLt· rt«!•,.: ·1-. .1• .'.. ·i'.it:•! ·~~·.: :•.·~·· .. 

•. 11" 1.·, r · i. ; ~1 1 ~ nr ,t_ t t··-·r : .. _. ; · :. :.: t r .it ·~'1 r ···: '·-'•J. 

r rl ~ 1 :r; , It t t.•::. 
0 

·' • ~.. • tf .. ':,..' •_• l ~ ··' ~ ) ' . 1:11• 

t •·: • .: t, .• J '. 11 .. •!_, rr .. ,r ... • l'TI ; 1 l ; '..; t_' t -I ,i• 1: 1:1 
': 

c:.q;.;::.,t.· 1.1 '.,L·I,1t,.1;t.: l, , ·-··~:i1p_.i~n: ·ri.tl t.~: .. _ 

• · l (.1:i •-·-; t f ~ r: ,. i · r .- ' (' : : : 

Ttit·. •Lt: r•::::.t:.ir1!1t·1~. ft:.~1.•: rt···.·._·.~-· ... • 

rt·:.1:.;t.1:1•;.: ·...;h ... ·ri t)\.·~h t~~~ [Jrt;t,_.~.; 1 ... 1*'.1i; i:.-1 ~::•: :l.'·l<·..: 
1.:, .. ·lc Wt.'[C L; _d;K_,_...,J_ w~~er1 t t:•."i ,· .mtJ\rlt."! q,,. t..- ·~ 

c1)iT1[ 1 tetf';·l·1 r•:·.ti.tt.'.1 thl' '.it'ri:;~r ~·.:it/ t, : hi-.· tr11;j:,;. 

The·; {ll:.; > s,.1w 1 hl~i rf'.">.tct ;,·J·; ,r: ,.,. l t1 .~ 1;11·1~· "t.•l l 

i1r11 .. ·:~ :.h.1l '"t.'lf.! 'JL':1f:~i1:,1ll·i ·!r-1J l•.!· .. 1,;t.,11t. :_ .• t hit· 

r;•.",.'J.:l l;t•it..'f, ~;.;(_,1.,:.•:d t ·) r:hPm•J~ Lt.·! .tj '1 • 

. : i ll I (. ,, I t r .. 'I : .: 'f ~ ~It f \ l' . :- . I I: I! :> ,, ! : ' A Im • Ii•' i f L 

-.,.mt,. r.Jt t _,n w l t t· 
~~dlr thi~ J'-•,II 

,, Au 1Jll.;t lrJU8) 

·ht•i11•J"'~\c·r.1t,'i w1 ~ l i1rr1h-1L!'j !.t"Jiri 
('.':•1tH. t~: ~1·:_•·1,. ,. ~Jt'"':· 1·n. ; j·i, 

A ::::;11pt.•ld!1t1t .... 1·; t., firJLf ,·,tn t•r 

•lt>'/•.'lr,pcd (Jy rcJl•.1:,·LPr::i ..t:t 'ht· ~Ji''; M•_• ll··.1\ 

Ht!5ert11_h (<,.1101...:11 ,1nl tt1f.: 1:n1·11:r:,1t·; ,)f r'1rnbr1rlJt.•. 

.!.~:~ ::i~.:.tlt..'t.H~':. ~i._ •• ,ii ::; ..__·::~.ltC.J l'i .ttt..s.__·hi:~-i ~.-J:'. ut" .\ 

:.it .u:tit ... .l·.!·; :...._ .! t:urr-.... t: •. t:~tit: ... J; t_· •:C~o1Jt.~ t t-..·,·t.r;..J. 
r::~ l~· •. :~11 .• ·;l..-.· L,1:i ,lit~.J,ij· l>~it?-11 l :-.t"IISt=-•J t.: ·-·~::~.\::'-·: .• 
cflllt.":1,.-,_,m.~:. ,S,',Jt-;c.~:1. Ur~i!.~ ... ·~r c:tud !:~hr :r.q \t-'"lu.;,. '!ht:' 
!.t~ ~t:~tit .. _,_!1'-·~ ,t!t.• ... :.Jlic-.._·tc-..i f:utn f.!tS thJt t~.JVt: t:t'"t:'U 

1:. :~·.:~t.·d wit?'\ :1am •. tr~ .rht~~ t~..__")()(j ._-~! l:.>. Th~ :-1Nn. : .. 1: 

':.~:t:' !"'-j·p~cv.1r :..it l~ rt"qi .... n .._,~ the !.t:t tr.t ih ... "'\\.i)· :.s t!'l~:: 

•. : :t:ut.·1 ... :~~j: t..._. tt~c." LiNA th..tt (_·u....:!~s t._,r hum ... 1n :c;G a:.t l 
:..~...J!·- Th~ DNA is tht:."n usll!'J to pr .. -x!uo:e th~· h:·t r :d 
.1n:.iL...:~;. •h~ . .-r: wt~~ d~str:o;· J:tl whit~ bi_,.d t.:~:i~ 

•ir.t: tht" --Ji;:e•: .ult i-1~'~- This ~y b~ ..:r: t"ff€'ct1vt: 

t r~.ttrr.cr~t ~ut :~~1k.tt.'l!lt..t. Th.e- ~ybr id .int ~b.>dit::s ..it~ 

t:!>i:t..· ...... i 111·1 ust!t1~ ~.t"...:.JUSt" trh::·r 1.:..in t.~ -..-;t=d !elJeo\..t-·!~·, 

with«ut "..hc-r~s~~ .... ·~s t~ .. •:..; .stt.tC~t:>J bJ· th~ i:ntr:l.a:le 
:;,·:·$"'.~~- ~tAt.r.!.:t.~d :::,.:-:-. ~~· S:::_.!_~r.!.is!_. ll K.J.r,:h l')d~) 

5.-2~ l_.j;" .• _'~[ ft?:::e,tCL'"ht-:"S d[~ tl..°'t."tJSlr'..f 0>1 o,jii:-lit:"S 

• h.t'.".. r:.JL..5€' C . .H:1_-t! ··t:."l ts tO r~~: i..:,tre J11d -Jro;.· 
=-•ri it:·- s-,.~thet ~·: sul·5t.;ln•:es su...:-h d:.i :tr:.::. i-s~nst: 

l;NA dptJt:.:.1r t•) t·~ ·.-~::1 t-·l,_'rr,ising in ~rele,1t:.r-.g 

~o.·_,;;tr ... -· •• ed -;r .. .Jwth. tl*h•-'li..Jh cl it~i .... :.:i :.;so:!' is st 1 ~: 

ftr _,t~. 1\r:i:-~ se:i:;..- r·NA '-")U!d .~!s,J t~ -~se."'! t·.:... h~ ._:!( 

q~_·r.t:':; ~h~'lt m.ike ..:..t11··t:-r eel ts rt:?s:.st..iat t :-. 
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Tt-.~ ~;.·r-ress~.j product wcs in t t-,e ..l·."t i 11~ t•::.ir!T:. Tht 

t..·c·mt·ltnz· {)l.1.11s :j suppl;· rt"-..: 0 )rr.bi~'dr1t h::r.1~~r; ~e-·~rt-•t :r. 

~:l ! IGF ! r .1s tt:>st scsmp~~s t,J:- the r~:.;e~1r1-h :n •. L~:et. 

dr:..i ult1rr._!tt:!~i· -Je:1..·el•.JP r-tlen-, as rharm.iLe~1~ 1 _~.J::i :i'.d 
~id.]:l,-•st1·- 11e:?P:s. (S<h1r· .. ·e: ~c·~E~~~Jj~~: ·~; 

~-_!_~~iC-~!r~.~~ -~~~?~~1t_1:h• / Md) l :1'38) 

8t-se.ir._·h~ls .:l:e ctn,..i0usi.y .-t:.1.Jit ~ri-J 1_ •• 

lt-S..;~ts 1.)f ':her,~ri· usi11y chim~ric m1Jn0·~.:.0na~ 

:ti•:. ~b • ...j~t:s {\lih1._·~ '--· ... ·ntatr• r.-,(_~e-nt 3nt lJen·t·in..:::-·; 
~ 1 <f.;'s hdt .-l:e ,»ther•is'> f)t h . .1m?t1~ r:~ l()i:-,) _ 

Nt.••;ertht-:es::i, lji< c:·)mmcr ·1:H .:tttenti .. r: :5 .i.:.!"e,.,·Jy 
:._u.:nlthJ t._1w,tr.1 ev~n m0re t•..:ten...>1•.t.:>l·; "ni.::rdt:IZt:·j'' 

d:!t :bc)~ii.:::: thcit contd in i t.u.rt.• rr.::;~rr.1.rr. uf :-,:,.~e::~ 

5cy1,er11."1::. 1·c-1:tec~~ {~~i..)u~h, herK->r:1:c, ,;!i(} :.:... 

a~-:1•;p~·1· 1J11rsd1nq thi!:i lrrrc.~··to, w~,it: '.....-e:i .. - 'Tit" 

P.~r.t,.:? . ..:hr:,._.1,,._J~· (Rt»."l\'-!iih .. Hr., ~erit-. :J~) hl::'i .:: ; 1.!rt 1-.~..j:.,r 

lr.t"t:res• lr: the r'-~·t-r:•_ h .... 1i!:"LJt1:;r; ): .t r.tt 

m I , )'~ ! ·) l~ .. 1 r , h .> • 

·:-ra.-:. l i' .. f!..:~ ~~t![: in ~ • .:snd:,.r, J : :._·ri~ 1r.r.r .. _.. ·1·1.!:. 

t_, m.;,,r.; "/.t-;: ~t:e~r r-.. ·._-r_,yn1;.1.·,r, .1~ tJr~1:1r· o:, ~t~~ 

t.;;;i . .r: :.~t.T.ii1t' ~-!·:.~··:11 t:ds ti..:-en p'.n1.t..•t:rl:!i J! tr.t-: 
'-h:!! ·!: i{f?·Je .• r ·11._.,1:1.··~:·~ {~?"""") : tt, .. r.1t)ry '._!' 

"\,l.-;Ll -t.r Ei..JL)'j'/ 1,,,~.-,rt1~,.r i.!J~-·. !_!i\). :r'.:;'t..'...!•~ ._:..t 

,·,_~.~.tir.:~-,._: ~1 .--~rr,t~~f·te r•jienr: 11t".ij~.:11 ti:·1din.J ~: .. t! 

11. :f"t•-· f.)rt ·r ~~c.> v.1ri1Ll'!;:' .J'_,H .. !.r1s u~ ~h ... · 11:1t:t ,r_. 

ht'.tJJ' ·h,\.·:;, >~ tht· Jnt!~.':..·1·7 r.i_•lt::-J: ... ~ t~~'.! rcsh,it··· 
rri·,r1• • 1 :,~!.:> ·,\·•~d111 .:>nl't' rh~ thr("€' sh.->rt 

···~it,c.•r ·:d; ~.JL:t.·' :;e·.r1c~1.:c .. ~ 1:..t ~-.-~,.1t-:ri• . .tv.t:~J.t:~ 

rt-j.GO~ c1re cr,,JJrH···~ ..... i ;1~·.j .. 

.',lr 1.1blt" j(.)fi'Jlr. frd.newrirk, w!111_n t~ ... ~. i·J:.~t1r ~r·.:~ 

.~r ... u~ fi,~ p•.:r ·f>;:t ,~f ~tH? ..,.;;.J!P. \d:-~.~r.Jie ?1n:-':!i.~. 

!1. Il""·~l•~J. t:1·.: 'e1:rH1.;.lvqj -~· r·Jt _;· ir.:_:._:h :..r1e 

t,f.t. :~ !t.~1:., ~ i >df.•r,r_ LI~ it·1:iilL'~ t:. •f'O:: 

1!1ZT>\J!l_..Jl·lf .... ri ... ~Jlr tt1•_• h·d.Jt.>:·vuid~!c ft?·11•_.;~ ( .. 

C•1rf,[Jl•:1lo~r,T .1( ll'/ .Jt•lf~!:-t.~r1lt~q l•_~rJlun) •;L· j 11_·f:•.t;.•, u! 

r , ).t 1_: 11 t ,J 11 t ~ I '· , I i • _. ~.1 • 

1 •.:•:~·_.·_ti".; 1n:.•:ll!··~ 11. ,t..J·JtJ~:r.r~ ~::.:. tt.·1.·!11·Jl·1 1 
I 'II t r I '· t ~ ;· f ',1:11 ::..e:.; )I I ,, rr •. u :;f! n1( Ill.JI· 1. >i". J ;,, .. : r • ...J 

..f~· :t_•\r,~,e J f.-~r ,_·,.11;,·et i:Tkt•p::r1 ,1nd tht•r IP'i 1T1 

'!;;,thl•r-1t i 111 *';th ":nt·r.,d1 •'•1.111.tm1·l tW.t/1 .... ·, ~41). 

At lt·.1~.1 O.·> mrj uf I hf.• did 1b,J•1'j m1;Jt t,t: •JiV•:r1 f·:,. 
j~'ld.,~/; J •HI J rtl>•.1Ul '-} ffi•J t ,r ltH.!fJP'I· l/11f,1rt 1ir;ct! t•l'/• 

-t :~lf,(Ji(• \'T1dtJlr11J J(1:;1· l:'i ~•01tf1r·if·J1t t1, :~;V4;1(t' t H/"~' 

(~11ri .. :11 .icJ.1i11::;t rtJllJ~! .1r:' .. 1fu>di) rt•:;(1•.11";• .. •. 

·~.f.·'1•1erit J·;, rt•l ltf•' h p!.111.J t•. p1lsh t, t1imer.1 

.. ,_.,,t,1:11111·1 1,.1,ly tt1e .1:1ll'jP11 11ir1ri11trJ ·,1tt• 1,r the 

ffi·• ... ~·· 11.111)1,dy 111t", 1i111· ·•• tr111:-. Lifl'I lt:ts 



~-~.n.H::..=:t:? !;. !.ujt: ....... 1t.: .:tq.tins!. t~:~..:..;t 

~tt:.tt tht!' ... :.)1!,.i.:lI!)o' f:....i--.._·5 ·..-il.~ t:..::J ~ 

.. t.: - : ,, 5 ! .::.i t .t . ' .• 

t!1~:-..1~··i· L·: SCt•t·~· S~,_-,·,..} .lS '-'Ct~ .t5 •:.1:;,.~::; 

~:t~~tc: ~01~c~ie~. 

·.)ther: c...:tn(-~U.l.it::i thjt !.r:t.:-r-.\.1 t..J .... '"t 1.s~ ~~~· · _. 
. 1:.: ~u'-- l·z' r,umjni.:~it i :. tt>-·h1-.._,: ..... tJY :..:k·l·.1·.!· ' .. :~ .t..··.t..·~ 

\ :5~1.J.::;t;.: h ...... ·k, !)~,!~ _rJ:;hi r•.:, ll!-:). !-!~~~ l: . ..;-~·l l(•_· 

(~..tct-.;,;ty, FH(;j. ~t .. .'.Jt·Jt.•:l (;..Le:..:ic-...: .• :,_ ....... !. ... tL·J·1 .,!:.J 
"t..·ll1:u.t·t.. :~Li.'-·.·t.:: .. !1n1 Et.·?'::ti.11·,r•t>tkt" -~:: ..!~i,i·i :.:.~ 

t~ !::11.1ut: :.v ._·d.1...:"=!• .-h:l~ ~·-··-·':-Jt:!l w.:t:~.s t.' "'..:.'-·-tt 

t':U:T'.t:~ '-·i·:_~r.1t:..j.li .... •Vl!1-.::: :r ti:-•."t l_•.:. 

t~'=-'-·r~~!'J.:.-=.i~i· ·:_d. t, ~-1:· .·:•eiJ1 
•. e::: .. t: t ... :t t>·.J t:: ·- ~ 

·:..Jko;:J...i C!1t:f'r •• ··..!: ~: . .Justrics l..;.:t. 1 ~1:.l !;.~:.. 

s::·· ··:ssful:·i pr2.J>.J.,.:t"-i .: i-· ~1_ .• _-:__:: •. t~ J1.t~L~·-·ii 
t°";...m.Ja cc .. ls .._.-:.:·1· ... '.'t~~ t.>t(.·,.!u.:':. -.i~: ~-1·:t' ::1~ -...:·; 

tn~ Jt.:·-·el. ..... e.;:tit:::t ._.!:. ..! ~-..n....:._·:._r.JL !~.t ~t..··_·i: ·:..l ·._ .• Lt:. 

:~~lt:t::" t'/~C:i ct in•.:"'..J·:l....,i:c~ ~r:c~L. ~la..:·; ! . ..i·:·: ~t.·e·. r..:.!t.. 
V~d hurt-.dn·h~m.a.n ~ybridvr:.J:.:;, wh:..·1~ .._··_;.:::st,,.,'::~:~: 1r.::i 

.. •t :1u.:n..lr. .~.:i,,-..._·tC-:: :n .. ~:''--'• ,_·L·l~:= .:i·.J :~ ~:r-:: F· .zrrr::~ ... ·z·~~~. 
T~kt!':i.i :::. 1.::Jrret.~~.,. ·...:s.111.J ._:r_;.~~·-H.-t:·~!.; :~ ;. ... r _._!J._"t ~::t.· 

~-~i:~·l ~~·~'.~~..i: .__·~-· ~ :JI 
·~r: ;[ t:.""..i 

1· - !. 

•=~-~~ .-it-1t_..:.1rs ... Lil· :_,i.-

f .. -i ... !rt:a.~~ :.:.;.;~.;c:: i .. :., :!.t.· 

i''.'Yj~ l _ ~.l.:s rcp~·::::t::d 

r1:-:,i~ 5;.!c~ ..... -~: ~tdftii.-:; 

d.L: .. _: .. µ"'L"~r:t ..... iu, !iun~.:.r:...jr-=.·:1 ~ .!:st:1::..e. ':"L~ 

E:-Ata?r irr.er,ta.! proc~.JtJr~, l.!S ~"'1 th~ i--_j.'"_ 't<t.t' ~ 
:11..~Ct!•:~l t l~:iu~. •.l:..J pt:r!,,r'flt-.i in edr :-, M.t:.·:1 J: :h~ 

'.;d;~,1.:rb~it Un1•1f!tsity Mi:°d~L'.l~ l:er-.t~r ~~. ~~sn· ... i~~t.·, 
'!"t:r.:a:SSt.-t:. :t iS Sim1:.it tv ~r1 ~A[it?:!. ~i!lt'I.':...1. :_~.~·:-.-t: 

use1 c~r-1 t-..s~ie11ts with P'1t"\lt.$~-.. ri':.:J d."::>t..·.J~c.:, .1: ..• lt.1;r 

::;·1.:..Jt:r :..-:::, 

Whlt..h C1;.! 1.:t; : .. ,1.i ~t.:~n It:t·'·_rt'-·J .Jt ;.o .. _~Ve!'_s~ rr1t.•LL ·..1: 
.;~ntres, hd\.e su t.tr :r.ct. ·~i~·1 1~1.(.:t>rfdl·. re.:;:i:t:.;. 

T~.~ t.tt ! n-sie t.ehind tt\t-' t_:a::sp'i '._·un ... _.5 tr,,-, 

evtdt>J"_·e rn~tt t.t-~e nt'"l.r•.!~H;~ :.::. t;r,1L~e:-r.s 1:;s···- ~.lt ... •f 
•ltL H.H1~ ~·1~t,.1.'s n.1j· L•t.' li11<';" ir. (hHt :·,; ~:.11n t1•:i.1 .. J·-" 
.... _.,ll";f.-!'•i !;i .. t r•r.!.i• 1:t·.e.r.1t:,1l, ,ll;~i.v:~~lil· .J.·id. 
£,.;p~r imcI:lS Wlth ra~S 3U•J:je ... t U~.!!. :.r..t!~~rtd'.'.! !:. :,t 
t ~ '..is u e t r >l'!'i t. ht! .. t d r et, d ~ rnc.·. :i d : . t t ~ 1 t n ..... i: ,\ u ct' t t" 
:1u1_leu5 •n t.1~ t,: 11:-~ n-.~t,· be t:.J•t: t(_1 ti.,_1 < :.; ;._r: 

cldffi'1'Jt! • 

'!'ht.• uper _1t ~_in t.·u ~ iiLJ, 1:11 P.:q;t::' imt..·t,~ ·j .,t,f 

·.:1r .. i·..:trJi~t ln •r .• ~n re:.e1:-.t~<';"r~ i:1 t" tt.:l ,.;.~1.:0. 

.'11:i.j Jn ~11·1.1~ e;.;tccscl n<1[,T1csll 1· \JSc-•l tl, ":::: 

intest lndi wvrm~_, into r.:it brti:11s : ) ::;p;11~J...1tt.~ tt1c 

e!r~r;ts ut H1..or1tinqt0u'5 dise·1~e. ·tJitLu\Jt 

~r~1r.s1;id;1t'i. the in;e-r:teri r.1ts .iocd .... :~!". 
t. rdn5;,l.:snt~, 1P, [.er cerit ~,.r-.:;. Jed. 

H•>lolt"i;er, rr . ..ir~y re~edrcht.•: s .~(J~lL: '..l~.:s: 

r.in~.pldrit.::> ~ui·h .i::; t.hl!'se hrt·:f:: ~.lffi,_it~r.: ... •'lp_·t.T :t :1· 

r1t1.~nal€' ·;t:t. Md:l'/ :;1_·ien~1Jt:; beli ... ·:":" ·t1dt ir1~,rP 

,1n1mctl s!..Jdlt..'~ ~h·,1il•J t~o:e pi.t• ~· tJt-t Il' d,,1 t•):~ rr .. tlt'.t· 

dt.tempts t•., trc.1t tHlITi<'1n:.;. 

•'01:"~rr• 11: tnf' 1 1.::.~ .1b•)'.Jt tf\e ~.<if .. _.t·,· .ii:l •·tf:,·,1.-·1 
ot" ttlf! t r-JH'..iiJLlid-; ~1.t'i !f.!rl t<) th•! N-s~ i·)n.i: 

!nst1t;Hl·S (Jt Ht.~.1ltt\ (N:-H) h<:tnnlr•rj rI111::..pldnt!:. 11r 
f··~etrtl t 1S~;.ot: l)~1·duJP t.1~ ;t!•J.l!, 'T-l··J~,·.1 . .:i;\.! 1:t_t:11·,1 

q;u~~t~oro~. Tta.• lfS !1c~·<1r~mcnt •): Ht.·1olti 11r.c1 H1lmn. 

St:rv1,·e!.. h.1:. ~ d.t tta• r•lit t,, ·•i'i''·'ri' a: 1111:.;.d 

d'1v1~r,ry ';c.mm1t.tc•~ t) L·;.c:.tm~nl' th•.' 1rr.id :i:r\t 1•1r1'.j .:d 

\JSIU<J fc,~tal t1S$\)t.•. 

At ct rt-Cl'Tlt :~·t'mr1(J'.j l\lm .it I ht.• M t.J.:.,1· h1i'.'.tl·l t ~~ 

t:i~.~1tult! o{ TC"1·h11.,io'JY (MIT), /u1 1 h.'1·; HJ•1rkl11nd ,t 

~ht~ Univer!ilf'/ ,,r i.ur1d '-'"~'' i ~'Jht :1r1 h1,w ~m~,l-u11~~ 
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~ithcr '-I~,~~ .i.J·:~t:i~ty ..i.tt~...:t~1 the .lI!i~...:.l 's 
pulrr.un.3tj" a-:~1·.·it'j. Le·.1tt ..:..t..!ttui.s thert: is n__, 
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~lqr.t .)! r:.lI:t;"' ...11t!'c..·:~:.t , i:lc:.t-.jt!'; V! ._·~: L j .. ::. 

'-.·ir\,..·u:.lt ~I.·} bi.._•'2·i- ~h~ .Lf°~"t:L..Jt :..:.:·. sn·-~~.: :t_-.t ! ~ 

better t1c.lt:r.~:1t.5 ~ _,: t;:.~t...·.i d.1$.:r.!~r:; 1$ -c.: .1~ 

il.d'Jctr11...·in·J t:.Jsi1..· ~e~~-1:··~-: ... .:: t..:.._.,· .. i-!.Jr'Tli:1J t:.ss~•~:.; .. 

f._,r t: .... J:"'".t-:t-, !t .~ :>.c.~:.!1 --~:1 ..._·..t•· t.t" 

l..:!e-:-.tifit?'J i;. h.lLT . .J:::;, :t?:::t>~1:._-: . ...:rs ~'-•i· ~t ..lt·l~ t .. 

tr~:~::.pl.1:~~ _;t~ro: ... -t': ::... :.:!~tcJ..~ -- : •h._ .t: ,_ ... ::t: ; ..i: r _ ..

::.t~ ~.t:-·t:. ..-:--.c !t.._·t.-1',.'t:-" •. Hg~ ..lv~t'S ~~t r..s.):.tt ;,_: ... 
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:t::":.n]t.· ..... ~ tr.t> .~:~t"r~j .:~:4-s i,~t.: ..i t--t:I!: .. ·1 ..-n, r-..1:.. -~ 
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t::>h r!"11.1t:t lh)t :;..;•; :·1~ -~~~ i.1 tht!' •~l . .!, .... ·uts!..!~ ot 
..l .. i~J-.ult~re P•.it:.is. t;:~,_·~r.:..:: ~~j~_:_1_1...·~ !'~·~::>. \'0~. l lJ, 
: l June l'J!lll) 

$hi.:::.~ .. (k) Cu. L•_j •• Tvi-1:-,.. t~.tS ....::._~;~~ ... t tht 

dt:pl l...tt lJn 'fC:Lt? t roe:. r.h~ -Ji.u:t s~:.,.J...:~ .. -.us ~l.Ju..:i vt .t 

:n.11«:' h.Jmst..-r . .!.~2..!_~~· €-:q.rt:~s1c·:: vt tt.is pr·.:-t~:r-. 

-....t$ in..1u..._·~_! t"i test ~"-·~1Lt[ ti.--..rm....i1h.:s. ·rn~ ~·- ... rr.p.Jr:z· 

pl.11~s tv furti:t.·r st\.!·J 1· !his h..tit l ..... s..: "l-·!:t? t-~· 

t.:lat ity !' ... hi~ .._1~ .• i.:t ivo.. tht:" : :.r:>t .,,:.it..·~, i:: u~vt.:'! .... -p11;'-J 

.s h;iir·t·Jt1l·' !'..·) ~..:.a;1ter i~-: ._•ftt:?- ... :ts. t!?c.-url.-~: 

H..:Gr~.s_J_!_i~~-·.-~ I;_}_Ut.? ... ·t!_;_!:_2~:!i -~~t;·"'!~~..l__!.:_r:, :: H .. t·,· !rn·S) 

J..:l[i'..>hn~::):i lt: ..1: .s:i :tLt:"-. ,..-~;_;t, ----------- --------- ----

F:•·-JS J:·.ct S! • .l!is ..!:~: p·;t:~·r- .. t_1...;s' ~.tils r.~..l·r rr..1~.c 

~itti~ t.·z·s, ~-.· .. t :n !.~.t:" .__i_-t· ~~-.!~"-~".:~..:~ .·~i~!t~r~;~ .. 1 
.:.. t: • !" l S ;! · . L ! · :-.. .' ~ ... -~t:' .tr p..1 r ·.:.: t : ·1 •• t:: .. i ~ , . t .t t t:.'" wh i •: r-. 
.. !is::::·.:;.;.:. ~c .-r.1:._. _::;1t. .• ~l.ii..5 rc1 .. ·r:.. th..:!.:. .u. 
t .. · :. .1 .._·::: .·.r . ._.~ ~~· . ·.s r. ~ ~·J :.:•1 ~--ti. c.:s ·- t t. ~.e St>~~~ C'S 

s··-..:-h ·• ·it'"s~r '·:·.; :~:c- i:t1~: ! .1:t:"ri:.t; .:!1r·:r:l---s~:-~e.-

t!· .J t;.>"r.r:.l;,,_·::-j :':."5 ·w· •r~;,_.:-.:> ... ~-·=· ~i.;t :eS-li":.ir.J ~Ii 

.~ , 1 1:' .I ~ t..' .1 • 

:.-:-n.!·t:'~ t~ •. :t.•::1.1.·t'"j t."]";..:: :nJ -ia~i- r.u!t:-S !I-...iT• 

;1:.!ert~::..:t'.".: L"';;. i: .1n e .. t~~1 ·:u .•. n._:::··rr.t.: ·il:t:.! 

t--~r_ \l-'~!t.l.!:: .. 1: ~:: .. :..ii:i. .} :.st--=·-$~;.~ :r·. :.ht spt.·r:: •• 

·.·. t~i~.~tc:i :..·:" ~;·~!rt1 ,_ii.i.Jt-'r-t".:1~ .::t!.t~:' tcr:~l.=.:itl--,IJ.. 

... i:~; ~t:i .. !-:.•! ~- •• ~~e<:" :it.J:t.iJ::- .·3r.'--~i -~'-:. ·.!'1..: ~·L.; r::h~r. 

'1: t•.::•:r.e<:ter : •• ~;1:~-. °i1)rl( r~t-dr .. n.1r .. tc.:..l~s .. _:- t!~~ 

i·-~: :f-.[. :T »UIT . ...- t":i~Li;, 1.::j ~!.."> ~ ! \;,:.,,,f: .3S 'di'. tz· cl lml: • ..& 

.:,lJ :.t.e _ __ ,. ·.~ .• _. J•.•,,._,-r.l!. ~t ._:-.t:: b•: \ Jt.s.:.d~rr!•! 

. t 3 • : • t.• r t ~ i.; .., l.: r .\ r ·, 

t•• •:.~ ,J, d0.•j (tI,~,i 1:' I 11'.o'• !.!:- • . < 

t·.-.ri:rs,t~. tht r. ·· 1 ~; (:- .. -.,~t. ~1: t·-~)f-·~ .1 :- h: , .. th\;·;f: 

~JC·. ,,{l,~ rf, .t 1--: : (""~ ·': t'. ._ ·'"' •. ; . t: ~ ~ 

t t -•: '=" ,_ f r o-: n... ~. ·, : l:"i·. J. t:: im1r: •l •. : '. ! t· i··#'.;;, ••. ; l '·1 

AL t 'l·; ; J! ~ ·" ·• r •. : I t• ~s r •_ ... '· : 

', l ::, '1 K •.' ,i: • , fl [ <" t ' · '<; l II t h.1 t d ! ,•:" ! '• t , ~ t' [ '! ,s.J 
'.t 11:-1.11qtl a p•>;:,1;,,1'.•·.)n 't wi.J:.;i,:;; ... Ir ~hl.'.j 1·. the 
•. ~-; .. _·. n.r: :;,,y~. m~;!.1!:1 •~5 r,f unkr~,,·,,fl1 ~n·.;~rorHT'.t:nt,si 

:.1. :.,r~ r:1.-tJ' pt:I : .. t.1·11.~J" :;:·~P [;>_>: !r.s1'1~:.::;s• ,r., 

Lt.·! . .irt.• tht! .111 n1.ti•· rt:·~,~;t..; e,o,t~n,;u::;h ~t.•"}. ::;'1c1·1e:.. 

:-t:•_• J· 1e;.t l:it:> ti,t· .. ··~ ~;,111,,l t~H! 1.:ht•>mu::,1 rt.•.' dlf1ur··1 ....,J5~ :.> 

•1l•••"lt..'d Ir, :!t.1:1. ~>t,' rlo~ 10 lt;1,5•} ~:·~rr. rJt:>W "ii>tlt. 

';'he hi·Jht-:it •it.·;··r·.-, .. j [:•·rr·•-~nt.t•Je ,,r m.t!•· ...... ,tr1•;1n:; I.'',: 

lll .~ll"j '~''t:•."lf, t t 1,l.tt LqJI '#,S'.'l. ,.•( p•·I • 1·1d, rJ,J7 "'·'J. 

i-'1ri~t:_·rti~11,11~1J 1.1.•t•:·rrn1r.•·~ rr1•,. ,., .••.. t·•t ~1ll1~1J 

whrtl"?'!'; 

s :...:t:" u!'. vh.1lt: pvpul .. tt LVh..: .iuJ the .t~..:: ~ui..i q~a~t !t..
st..tt~:; ut indivtJu..tl ..t:1i:r..J.l:> usln-1 the tc...:hni .. 1u.: ..:1t 
q~rh:t iL· ! in'l~rp: int i11·~. 

.J.it tht.~ ~nj ·Jt t.lst i't> .. tr. the !r~tr:n.lt :..::,11.l.!. 

AL .. t.1:1-J :_-~:n..'!!i.Sstvn ( iftL) ..l~re~J :clut..:t.tntl'j tv issue 
.I...tt-J..1!l with .1 ~ermit tc· n..trv.:st 1:3:5 Minke wh..iles and 

~u sp~rm whai~s t0: ces~~r~h-

Hc:s Hoelzel .ind w1 l l i.1m Aines o! tht> Cei)"rtment 
0r Genet i,-s .it C.imt,r iJ~e h.ive shown tl> . .H DNA 

fin-1eq.a:ntin.,i, de':.,:vped b;· Alec Jeffre;·s vt 
Leic~~tt?t U:.iver:i:t·1 tt.."":r ·.J~e in ham..tns. is ~qu..ilt\-· 

.ippl j,·.1bi" t..i wh.iles_ Ir; hun1.i::s, th.: te.:t:"i'1ue 
c0~fir~s i~~r1tity thruu~h .tn~lysis ot 3.l~~les 0t 

b:->.J)· t i::s..;.~" t....•r ftu:.ds. 

Hvel.:.et ..i:.\.1 A.:tll..)S ·~t:t.11n DNA :>dITl'-~l~-.; trnm wh.1les 

w:tL J J-n~d~ d.irt t~1..i;f ..tt.Jstr.Jcts sk.n. The·i fir~ 

tt:.~ . .!.1rt t.t\.,;rn d ._·c.;ssb .. }w vr J tit le :l t ..... - tt":.c r-·i1!~ ~~f 

.. 1 •:1..l:~ s"'!.m.~ir.y .. .111Jecw..lt~r. The datt h.:t:> '1!. it~ 

t~p ...1 r. ...... :L .... w IT.~t .. li. .... .-ylinicr i..-hi .... ·ti a.t:jttd._:-ts ..s ~it::~c:. 

:i~ sk:r, w~:.gh!nq s•...,,me•ht:-rt? ..JC<.>Urh:! 0.S rnl ~ l i. ;:..:ms. 

1 ~~·-· ~ t:?sie-..: r L·he rs 

:t.•i::- t J :.he d!'.i:n.Jl ... 
t..11 .· •• _,,~ ~ntvrrrJtl._1r; 

~-t, :r ... !t tht> ->per.1'.l·J•• _,j ~-l~ 

Arr.v~ s,1-,s th.lt tt ... e :.;i,.!mt.J.e ? .~:d.i 
tl1 . .irl :s ..t"";ii:J.bie t:..iJ1: :,..;?di 11· 

ILt..··, r.: .. !E-:-'>:t t!1Jt ~r-.tc" t•_·,':. ,_·.ln iJt;>•~t•r·z· 

~:.J:·:.·.~J ... :s, t·!~te:1.s ·...:f ~.:ttt!CJ\lt~· a11 ... L ii~:.. .. i .... 

·.:.1·~~~, 1r.1:.c:-:.~,.. j, W'lth '1::t=~1~t:"! ..;~rt...-:1r:t i· r-·r ... n 

i:~ie!it:- .i..it .1. tht.> rcs~~H .. .-heI::; ~.el ie.,;e th..tt ,_t-.~y •.:...::1 

~.lin d tit::tt~c und,.._.r!.it..!r1Jin..:} ,_,f the :.jt;:..: ... jt.:1t-~··"'··~-t~ 

dIS~J•!rS.Ji. J :d !t:[1t•JJ~ic't l"it! :.1.J:.~ .. Fi v: ·.-h.t~t:·,,. 

·:.ir i.Jt ivn w:~~!r. 
ir:~i·.:iJud: pn~~;.:.tt i.-.ns ,-... ,,.r!":.!:es. ·r:it- ;~ru ... ~t i • .

:1.,·cislt;· ·.;~tt-.i;. ~,, .. ~,.i.:.it: .. :::.> :1::i:,.':.;i nhtrk':.:'!:·: 

~>rcs~~~ts f0r surv~~.11. 

"·"'"'s s.t7·::; t~1-tt t~1~ ._·as~ !°.J:- ki!l1r:y -.... ~1.1."=''-' 
·-··)ll'-·.:t ,,n·.:·s:.;!J·J~ ·_.!I d.-'\•.i .:; ~ •. 1·..,; w~!,.~ •• ·,1,;.• 

!\..ht:.d.t: :u;;1. Ht- :;...s·,·s. '.~~-I~ tt:i:.. ~-.f. _ _,r:r..1t : ... : .• _, 

_--!lre..i-..1·1· :iv,:1i ~..tb:~ tr. 'Tl :i~ ,i..i.i::'.;i ,_·--tr: i.;..·J .i• ... La Li .J 

i1t:=i1VY Whdil11·.J 111 t:1t: ~~J)~ .. 1:1.j .·1:.:..~. 

S..:- ~e,~; ~ ~ ~ , ~ .!u1lt:? ;, -)~jR \ 

·i.r~1:.=t..":. :':l.t'i SJ•Jrl ~u~p~dnt Ld<...·~·-6Ci.t ~. IT.tn·, 

._ r, .. n ~rHJ ::;;st ,·rr. .. •IS•.:d t•.> rr.t~t' ~-,pt.·i1.; l'Jt!" dr~njS • 

'P.tt t..eq:'1r~ .t~ .u: i:!·;es~ l·J1Jt ic_..n -'.°'.>t ne·• ·•.tys tu 

.;.Hit re: pc..it5 1:.,w tn.,:r:ist"~ .it•'..,'e~1J~;lll'-J c'.>ur·,tt it.·:.. ~~; 

·li>[H·flt11~1ty t _, .:n,1l l~11;e t!'1t! it..~\.:.>tr i.t: ~:lt-:d w 1r ~d' 

d.;rt.~f.-tf:•·t: • .it tht m.srK~.-t 1n ~J'="r·•·t ~ "dl l·; t:"l.']int:t.•tt-:d 

pr c. tu.:t ~. 

'J >r U ~· -.. · :.. ...., :: :. ': h I n t ·-· c_ t • . s '· t-: q ~ ~ ~ • !" :, , l.r n JW n . t J 

r,.,.:ulu·1,r11~c.;. r.a·.:e 11-! 1 '\):v~,j very t:"!t1._·icnt m•·:1r1~ ! .. t 
:.i.Jf 1io'-.ilrltJ ta~twct.•11 1:.1ter.1:ll..sr h1::;t5. H)· fht..· '.:mt- .1 
'J I f l.I 5 k 1 l ~ :; l t S lit 1 f ! , r t U 11.t t t! V i I. t l ffi h 1J l f ) f t I 1 t-;' 

.-riter,1i~ltr':; hr>,-~·, weight rr.-ty bt- m.-tde up,,( ·._·1r11:, 

p.1rt t•~i.·!::.. r:.s•:h 1urt 1,·;t: is com, • .-J~,.:d .-,! v1r,t! D~A. 

t t: e yen~~- 1 c t, l 1 u_·', r J n'" t 'Jr m . .:t ic i n lJ m<; r l) ...... 1 r 11:; , 

.:ur:(>,H:11,!d t1'j ' ,·,.,,~ th.tt 1s rro1;S' l•j r_:r1mp,>St:>d o! ;fli"j 

>?J•." p[ott!in ,11~.-i (if(•tc•·ts t~.e fJNA 1ns1de .Hjdtnst 
·t.·s;14·,1t lr•O dnd •Jlt r-tVifJlet rct-11-tt if)~L It f_·ll .. ~ l01H_·~ 

t•. :1,"> :.u f,Jr ap r.J :rJ ye(trs if nl··· .. ::;:;-tr·,- tJt!'f,·,r~ t~u: 

·;ii us p-tlllt'l•_· 111ter ts ,-i nt-wi host .ui·1 :;t,trt:> the 
... ,, .. l t' r\'frt 1 n. 

The spet-d ,tnri t-!t 11~1en1:y with wh1··h cJ 

L.1,ul1)v~r11:; t..tk~::; 11'/f-,•r ,· •. r1trr,t ot the 1:ctt£•rp1l~rtr 

,.,_·l l:i ..tn·t <,rder'j tr.em t, nitKe the protert 1v~ t1rr1'e1n 

.tp(1t•.1ts t•) ~e unr iv..tl lert. In the ltt:iit yedr (d tiiq 

t·1(1t•·1·h11ol(1ej1:;tJ h,1ve Jl.',1li:1.ed tht! P<>tt-nt1tt r>( :;u.·h 



·.:1ruses tvr tJr .... iuu .. ·!:•~ ht-1h · ... :..s:.~t'" t-·r~··t~~1. t.-•r-..1 .... h.:,:~s. 
t'.urr..!o bvdy ...:untr0! s~t,st.ir?•:es SL.:..._-r .Li ::.t'l::"rtt.>-t..)1. _1~ 

ltl~ulin. vh:.\,."h ..t~t:" lll\...0 rt!'..lSinq~y Le:-ltl·J jt"'.'t?l\,.;t,~.j r,:ir 
use as dru~s • ..s:i ... i · .. · .. i._·""·ines ...tt!d •;1r...sL .... : •. .-tnier 

ant1g~ns fur ust? tr~ J:.Jqr1~st1cs .. 

Hl-Jh \:.!l.u~ ( r.Y':.~·:.::::-.i. .tr.~ l>t::"lt.·_t rri .. '!J~.: t ... : ... ~·'Y •··: 
1n~t:t t u1~ th~ -JC"Ih:S r.._r th~m int.._, t~~ i.j~r: .... :r.~ vt .. t 
• t. .. :l cult.!t~ .. •!~i"":. m..t'j b~ l..ti.. .. ·terI.t~. :!' .. t:nr:: .. tl!..tn ..>: 

z·t.."'.l:it. The ..:e:i. \._'l,;.i.ture th.?":~ .Jt·cl'i"S th~ 1ustrut_-~l.)l!.:i 

~r th~ inst!'rtt?J: ..jt"llt?S .Jn.j :n..tk~.:i thP w:t.n:.e- ... i prc,teir:. 
As c.h~ 1.. .. uttur.:- J.·:i.it>:> ,.\n·j mult:.~ilt.>-s. it!.. c.ip .. t1..·it; 

t~· :r-.tnaf.icturt. .. •.ta: t-': .... tt·:.:: qrows :.>tt?.1J;ly. 

Suppl.tnlinq <-"ell <'Ullure 

~c·.-~r.li. ~i J· ·.-.tlut..> pr0du 0:":.:; .Ht" 1 •. _._ 1~ .• !·.!"-" 

·:..--.·:.._·:.~liz· ;.o. :.h~::. -..1;· .-tr:d r!'!.,.t.:.J" ~xr·t-!'t.::i t c-i lt:'.re 

tl:1t t~•·-· u~"'~ ~c:.t...•t.s'-~._: ..... •! meJ:.:..t: -.it:l'j·~ ·.·1i.~ ta.: 
.._· ··;'91.t' ·S·-·.1 rr..11a:y .. ! h,ur .. 1.11 t·)·~·1· · ·_1 : ': ;.:!L s.~t·:.-t.H· ... -t:s, 

ly:T1~,r~.._r1.~nes rn..t ... ic l:. the S..i!Tlt.- w.:!.·,·; tnt': is, .. is 

t ~,.~~1..·rin,:l .... ;!::..t:; :i.l."i· tr:._•'j w::: te ._·l·-'Lt.".i. P~;.t ::t..·•· 

:t:st:>.tr\.:h Ut. r:..:t1:1;J..1. :.tu:.ic"i -:.~-· , .. l ....... r:e pr....:te1a.s, carr :t:.; 

1~ ,~:• ·:~':i i:;o ... tlt .':.r;" ..... < 0

w
0 l?v!·_H_;i· i.:1 C:.::t_1 r.J .u:J 

..i••t'i·-J!"~~.j bj· .t ?11.!.!'1l...t..·r ~'!" "1f !.V.lt-=- L'1..'!T",p.J~~;t!~, lS 

~ ..... :j:li'-1 .lh~d,j :i ...... • ~.J:it th.:t i:_ t~JiPS tJ ~1..)JK ..:t.5 

tt':.) 1 ;..Jf1 t:.~::u:..:.vi,.u:>~.::i m.lJ" S-..1·_1:1 SJE·P:J?.t •:tl l _·;,...lti...tt' 

:ij":it~-Y1~~ f.:>r rr ... u:ut..1·-·t..i.r ta•J rr..lu 1 • r:t...•[~~-.lt.iS n. ... :i:, .:.1..-,:rlt" .. ;. 

~,, ,,,j.;.:t ~ 

Lt>J bi the~ r ~Ii r ~ t· . .n. l·l. l· .. 1·; i ... i r.. :.)r.,_ t, 
:.:~t'' tists .1t the !ns~1~utc h.Lt.• t.t:~n wurk:r.-:f r.·,r 
St:'•.t-::'.tl re.us vn v1ruses th.J.t intt.".t ~rst? ... :ts. TL~"z 

:-1d\.1t..1 m.!1-.::- .:i .:ipc1.:Lil stJ'1·i 1.;t ·.1;ruses th..tt m.'Hntr .... 1ls 

i.:.J:.·--~ rr._,tt'. ~llS~._:ts, lrh:l:;Ji:hj thus~ ~tJCt:.1....! Li· 
r.1.. ... ~~~1.r >~.:. ·Jrl.Jt.:i .Jn.~ t ;,_·K:... The I•!St it~~c l"' • ..Js 

·.:h:ve:1,i.Jt::-..! j '.1d 1.:1:•n~ t'J p[ .... t~·.:t dqjins: l,,;..,: Lno...J i ~:, 

d d1st:~t=>t..~ .._,: SOC>t.:p v~r·.i L"0if.t:\t:Oi1 it: t:dSter;i E-.l.r~ t~t"" • .:i:i i 
i!. h.l~ ht"ipc,i t•, de·.·~lc·p ·.;~r\.1St:'5 which dtc r .. J'.; ...:st:.4 

a~ •-'L):1\l":·.cr•."i,!l tit:::it; •i.Jc:.-. rts 1o10r\c o:: b.J..:..i.i.."'tJ~r•...1.:itj 

uc.JLin ~c·:.lu::.;c .-_,f thcJ. r ~···~t:-i't ~.\l .J:l ·_·..ttt.. rpi ~ ~.u ._-..... ::at 

L;ntrol .i']t"nts. 

It w.t:; tt:'-' w.Jrk t,.r 1·.._·_t ._._,r;tr .. tt'.1! :,_..it.• 
tne ije.i . .)! ~~sin-J t• .. ·L.ulu•;1rJ~•c:.. ':.·; ~L,:1.•.· I I -tt:! 

pr .. ..1.._iu,·ts .... oy w,t [t.!'(...l..t._t..• thl.- :Jt!t•C f,J[ il\.H'. ooi•J lhc 

11r·.tt!tti. wLt ::. ;,r,)tt:o...:l..i •,·ir1;_; t•·I~ t ic~c~ w~tn .- ·~t:1:t.." 

t ·.r rr . ...:"-~:•·1 s\_..,;it ; .. ii...:.iL~l." r~1.mu1• t::l tt•l(: ,.•I ;~r.i. 

..lu'..i<-:Jen t(;:- l~-.:;e in .i •,;,,,·,:uu:.' It •11',ui.: rn~.tr ·r.1·. 
:.ttt:rtii:LJ::; ._·,,.i~1i f_,t: i .. tt!.·:.t·i ·.ntt"'. t:-H_· .1itt·:~.1 

!J;i•;._,~·.)'Jir•J!i .11.1 'J~'-·'1 t:.. :!·:11. L1. f't.".lC' ·r~ ~ 

IT1dnut.:.s....·t.ar•! ;iru~t.·:n~ .1.1: V..i···. ii:t.•:... 

-,'ht.• i, t t.·r.t. 

t ••• -J.IU•Jt'-i l"t 

I l · , ! t , t , ~ , "~ • : 

t r .• _. r .t.: ~ t t ~ t , 

• J t.' :. u::. ._. I ~:, t rl 1 :.: 1J 1 i 
,.it.· ._-,.,tcq,~ 11.1: m.i'r 

1,0 CJIT.t.: t'- 1;.,t1t tlt; •Tll." ,.~.~l. •!. .',{,_...,, ,;,t!ll•_.c:;. bl.•f.•[t.' 

l ~ .1 ~ t:~. ~.;' m.t ~ ~ ·,· ~ !lt:..it· ;. 1: •. 1 ~ ,_.:; w'- .. ': ! C•t' sp~ c.t·l 

Lhr•.JlJ•.J:l tht.: :_:.., .... t·, tnt-· -,~, .. ~: i .•• tr :. '" dr k ·,,,· .. ·.1, 

\)f thr:,u.fh bir J~ t'.tt ~•·J rt.,.· 1.·.1 ! ,·,stt·rj·.~: .. 1: •. 

• 1r (' ''J•t L II 1·.1l1•:. ! ·,· ,t • 'I •• r' I I l .t: • writ.• [ •. ,,, •. f, I tt ... · 
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r •.• • .• ~s ~ t·~:- ..... ~.::.;t" t'":-'"1.Z'i'T'~ t~.i:_ ·~t: }!' "": !l-'S :h·-:· 
:)· ... r--:r..·: •••..•. :1~! t:;il .-t~·-,··--~S SU•.:t-. t: .. ·.:r .. :.!Tl:."::.-s; 

~· ... . t:.. :tS .-.-.l r ~C.Ht:.:! [•:i.'h: . ..,.~s. s: ·,:>'.! :~· 

., !: .... .:.irr . .,n;;;, :u,j ..:::-.~ : ~r.J"'~ .. i ~ .. r. .. ~r.:::-:.Ji. ,.:.:.. . 
M. : .. ;.1.,. ··t':· ~-!' .. !t.·~:. . .r :.r .. :.Ot.: ij·,· ...::~:! ·r '! .. ?:.·: 

~t.-,i ... .1~ ~ .·: ~.1i ~ ."i' M~._-~ .• :.!·. ;: .. :~tr! I:: l ·;L": -j • : ._. 

~'.1';.,;-· '!t.··:'1':, t,~.i i ~~ .... ·r::ii.t ... e ~(..I r..~ .. ~·:r.: "~·'-- .;·.Ile.: 

• ~. ,. ,•.it::: t .: th.· ;Jt•r._,:.: : .. ..ss~ :!~ t:. · .... ~ ~ ·.···l· 

·= ..... _, .. _;:·; ; ;.1·-.t ~ t lt:S ::f trio..· .... ~:;T'-" 

t::. ;, .~ l r· j . ; • : : .! ~ • : -,;t: • 

=->J ~ ·1~1>;·_ :. : r; • .i r;._. -> . 
( ~ ') ".!., ; /..:'°•>-• [ a' .I;• .. ·. ·.i: 

rt...· :>t:J !' .::--.t : _ · '- •. 1 ! .~ !, i ·:l : • · 

: . ..::~rr~:·~: .:.':-:.··.r:~ .,( lcc1.·1 ... 
.. :_,,,.: 

... •• p r..: : , I ·j ';1 ,.,., ; .s rt' K '' .w1, .1 ;;.. ._. 

;.: .•. : ... tt.··, L'!i.:J.·,.; .. 1.c, t·i~t .r.~· .t~ o:.r.r~ r.1t.t?' .,~ •_:1-.• 
)..: .. ~· ~ .. ~~ ..... n ::.i• .. :1t•:! ~'i ..._ .. _.J ~· .• le·,· .J'. :r.l· .I\.;~~,;~.: 

1·,1 .... 1 l ~ rf->'.t:Jr··t. ~! ,,. ~ ir; 1; hd·et ~·a. lf t un.fv:> ',,;, 

..s:~J ,....1.ntJll\ t.;.Jh :.1tt."S Jt .11s:;·J1~•.)r. IL :j, •• ~i. 

•ht?r•: :n-tr.-,· ~.~ tlH! tic-r.t,~1 kn.,wc ,,r·J.1:".i·.1o·''."'. .11•: t! . 

:r:~ tlil··JU~~. wni·:h 'iw.t:i ,,c:-pr1J~:'i ;:.,. .... Jtt'1 t~ ... r 
:;.1~:, •.'dr. s·o~. phv:;,>t-.. s"t! tcrt.ll~Prs d..-·;•:: .. ·r.1t l'.:., 
:nt•.1 1r1SoJ.a· .. Je f<,rms <)•h.:t• tt·.~'/ hrti~·e f.>t"er1 .::t{J~):~c{1. 

rt •:.u. ~•~5 1 1 • r.1n~f,,rm i\,tt;:r d tih1.·S.~·h1'•:S lr, t ~' f' J 

~n· ... S· L;.tle r ... ,rms, ""rd .. h :T 11'(1!J q():)(l •• ::;e 

·,r1:1.• t .rm~ r)f 1>h.1JphJl~ ! 1_. strlrt witt-., 
,.,,·k ph• .• ph.1tt". At ~hP tt,q1:1t.?J1t thc:H! mu:..r 

.• u.:h ,1:. 

t , r ~ t t .. ., 



..:dt~ n~ith~r ..stt0cj tht!' ~·p~nSlVt? t!''-IUi~mt:"Ht llt?L"t>S.Sl!i" 
tv '"1c· this, r.vr: dttv::J t.J irnpvrt t..ir...J~ qu..lnt it it-s '-'f 
ptt>p.lrt!'J ph..:1sphat~ f~:t1:i:.:er. Out m~u;· ...:o~lntrie.;,, 
::.ilh-~ • ..is M.tlJWl, h.d:1.o·~ m..tsslVt: n..ttJr..it r01.:k. phvsph.ttt.· 

Jo:pvsits whio.:h tht!J" ..:0u! t!Xplvit b:; usia'ol tho? 

ttW-JUS. 

K~~~y S..ii$ h~ ·J~-~~ rlut ~ri·J~rst~rt~i :t1~ ~·tc~:s~ 

r.'l\:: ... :tl...1nis1.:i t.JY wt:i _·h th~ tun!..fuS ct ... ·ts vt: tt:~ !Jh.._·,s~·httt..:. 

l'''~ !.hinks its <ttt.•t.at>vl ism p!odu•."t!'S 0''-l·'~.;. ... _ _. .11..·iJs .1.:..> 

..t L·1·ptv'"1:.J··t. Tt1rs~ .. 1Lids .itta...:h th~m:1e:l·-~:-; t tt-.t· 
m.:t.1l lC•US or. ~r'!t" it~SC·li.U,.,it!' t-JhC.·Sph...!t~s. l~.t·.;;;1q th~ 

(Jhusph...ttes ftt!'t> t• .. J .Jiss...>lve !.ntu w ... H.~t ~1. tht!' s~>l l, 

tt-dd"j :i...•r ~h~ tJl ~nt '.J ..:trsu::-t;. 

·!"ht= i..ied i.s b~tn~ -:o:ist.dertd t'-1: t-•r.1l.:t ~1_·..i~ 

t-: .. ;.: Jtt tt iJn t•/ P~t i ... 1m f1i,)S, .1 C'.lndj:..tn C.1or+ .. .u!'i ~~i.it:. 

i$ : .1.ttl...1 test ~n~ the vc-_1...lnism .lcr ..:·s~ CJ:.dd..! .tnd ~.JS 

.t.(~E ~ i~.J t..·r p..ttt.•:.ts . .)r. th~ t~'-·h:l•}l._'~:t · 

i.t~it l.al !.~St::l r...J-..~ le.::-n su;,...·ce::;sf·_i.!.. ~ur t :-.!:"t 

r r ~ht:' i tes•~:;. ..lre t~L111nc.J tc·r the US ...,nd 
drt s~~~esst11l. th~ tur..qus .._-auld 
~ l 3,Jr .o....:ult..lrdl ~~rodu..:-t in a te-w 

~~· ~~- !~~:~~~. 9 June l ''181-!} 

E.H op,;. 
t~k~ ll5 piJ~e dS 

/edr~. (S~ur~,;: 

1T~ ~Lt:· 1-ith .-~r..tur~'· th~ t·~.1ck t=·l-i.;~:~ !j,t_,::med 

tt-.1• .. ·~t1 t:~r ·~·t. ;..1l~1:1·1 :: .t.·.i:=:~ Jnt: '-1-~.Jrtt:'r ··! ~ts 
:.:.!'r..it:~.~=·~s. ·:-h~n, ..!'i r;,·,5t...:r:-::...!S:y .1$ i~ ~ .. 1.1 l-,_r.1t:-. 

i.t l1l:Ji.:li'£1t.3r1::d. N.--iw ir • ._,.!.c 1_·...:.: -sr lii•<, ~i~t~ :;.t. 't.· : .:.. ... r..J 

.3 .:1th ... tt".at T.--iY he1p E->tplai:. whz Jise.~s.~;;; .1kt" t:1-:

p:.:t--1ue :- ::;~ arn1 !all ~t;;.j : tSe ..t~dlL. 

·:-r:.t!" ::-~:.;edrcher~ Ldst: tne1: ....:<..,;;._:~u~; :1,:.s . :~ 

st . .:u:.'='$ .._.f t-.o s 1.r~i10.5 .i~ L~i'-·t~ri..t. ·!_t!..:....'..::...!..'..~:! L:.~..!...:::· 

whicr .. :-\1,.;;::cs (1laque, ~nd ~~~~!:!.~ .E..?~~i"..:'...~'-1~~~~~·~--. 
l~~.!_;;, wh11.~1 1:(Jnter5 rE:Si5t.u1....·~ t'' plagU•! t:a1t ._:.s~.:.st:.:. 

1"':.i'j ":".!.~d ~·;.r.fJtoms. E.1r.:.; ·"'.-.• t .,..,,:..:.~ ,.:_.r the 1101~:.~;'$~··/ 

(;.! Urned, :i'Jt::.,1t-:--. w~r~ R~.l .. ir .. ! t--.;~.·-.;·.r:s~ ...1 .... 1d !"\ik.u.:~ 
Skt;.rJ lK l_ ! tr.~ Sw~dist". ,J~!t>".:it:! t<c~~;ir,:h e~t.1L: :sr. 
r.-:ent, !!r'it e..;.arr.t:lCd :·.;•) :jt?r1eS L~: l~-.:~-j ':.'' ntl: .. 
I:_L~.'·~~1-2.~.:~~::.~·~:l~.!.~ i:~·;3.1t.: l·t.·! ~s. Tt""'.c •JP;H~.:; :fle 
!"or ~nv .. ~s-:.n d:l·..! "i°<•f ... !. ;.c •.. ~c·•I ~ L \ ... ~ '"'. :r.: :::'.::-~.: ·t.: 

r:of ~-:.....i-~e_'::}·_~t_'::!.!~~££'-! .. L!.~~s. !": i._t.~~~~~ _:,,Ilt..lln:i J!tero;:d 

! -.rrr< • .:..f tru:? qe:ies th<tt dv r.<:it ~r;,.j .,_.t! pr(1 t~~r~::. 

Tt.~ :::.1:1ti.tl.;ts rn·a-1tt-1 ~·lt: \". 1-~P~~i~·'"=-~-~~~~~~~l.-~:;;:~ 
Cjt:i. .. _.S t•_!" .;.-:,L .. .l •• , t·.·: Yl)p~ ,.; :.::-; bLt:-l ~:I··~-·:.. ~n .... ,,; ·~ 
.i.irT'lf.a-'tl::•_·..I ~ J ~t..'!" •• 1' ),1:. si: •. i ·J ~ lE:' ,_!~f.t_·:t.:l Jt•.-.t..~ 
t._ ~1._·t-. ·7nt.·1· :ae;. l"'·~·1s.irt..:d ~t:t.· ~rt. .. te: ::.i' .. 
V!~L.~, ......... c LJ t_,_.1H.tl.1-.j ~he ;.:rn\L~·r .;! ::;.,_•2 :.tiJ:.. _!."-·-~. 

r~~ tf'.!'!.>i.ll~~ shi..J"ti th.-!t .1 :rdt :t i.iri : .. :,!:t> ·Jr th~ 
,;~nc: .;f ~ht.» t·""v gen~~ b.lrt:l:· .:hJO•jt.>5 •_:u::: ;ictt.>I LJ'..: 

v~:ui~HCt", t>1 .. ~: m,;.t.it~011!:. t:o r;"-,:r1 ~Je~les :".1,,;c p·~....: 

L;,,.-i::~rid r~n•dtl"'..tt.'~i r..u~e d~dJ~y. Ar.prlrf~:it~:t, ~~.c 
,,reser.1;e •Jf ::\·:.s51n dnd ·i··-pl rt.>~· .• ~~:; ~r s mii.,l, 
.....:-v:--:.tr....,~ied ~r1!t.!<l~-..111 but the~' dt>:H~r1,_·e ..;llv'#5 

L;.l··teriJ t,, rd\..J1Jt! f·tdls dn<i .·dd::.e d15en5e, thf,• 

te:5t,1r1;h~1:;; $J'i• 

N..;:.c!.., tn~ :;,;1+.:11t is~:;.:~··~·-''. i t-""~1m;r.ed tt".•· ·,· ,~;l 

ql"IH·~ r"f ~· l!!f~l-~~ 3n.:1 ·~·· l·~L'.~1_h_;t~·~?~~":~l~)~~:~. 'T'n~·i 
fd,H\11 o;dy one ::;m,1~l q~net;.,· d~fferc1\c..·e betwe£;n tr1e 

tw., ~lrdlCs. Thi::. daff~rei":e t:1rl •Jr1tt in the ~11·1.1sin 
LJCi1e d..;.:can~ f.;~ {. p~:;r.1s' ·/.r,1lt:n•_ ... .!, theJ L:'.on·.:ludc. 

fir1r•l.y, 111 t:.;, r~ (d. rc· .. cr .... •1 ,if (~1t-· t1i:,t. 

~Ap(•timt?r:t, tn.:·; t;,,11.:;pl.trit,~d t11c 'l:,.il ·JCi.t .. • frr>ili 

'{. p~~-l!~~>t1~bt!~~~~.io~~~ \ntv ·,:~ [J_~:;t l~- c'(>nf1r:niu•J 
t':..:pcLtJll<>n:-;;, ·~. 1?~5tl~ t,ccdm~ notcib~J' 'eJ:i v~:ult•nt 

Thf• I ~~·-·.Hr •ht.: ( 'j 'Jl »IF ~je t fl rt t ,. Li(J~a: lqJ i dcm l • :. 

m,1·1 h:IVt!' (."()rfl'! ciUd fJOl•t.' Whl!ll lll.'r111'/ h<Jrmlt:S:.i 5tr.11n:.. 

~ ik.- 'I: l!~~'!<t~,~1Jb~~-·-11l_<.'~1:;, with,, r 11.·k ,,f two 

'>b 

-1-=.-Ht.':i• t·~C..1mc ·!.~ ~~~~~ ~t:,.i ... h:::u. -wl~h .Jl •. ·t.:1t."'r 

$Wit'-·h. m~t.t.t112J tJ.i,·k ~" .-: a.•n ·:itutt"nt f.._.:1t:.. Cl"Jr ..• ~: 

t.··~·~lut i-~u.:J:r i h·zp ..... t ht:"".:i is c..J!O!l·)t l•t b.1s~d. 1...-:1 \h~I.~~t ~-·:: 

... 1:._,u~. ~'.h~.t v.ni,tt.lt.>s. su....:h ..l:i tht: ~:.~t:' ;~ tt~ .. ! 

th·:S~ p...JpU.i.J.t i,'•r:. 1..·d.1. J~t~rmiu~ tt'll::' (";)l..H:it.' ;..Jt .l 

......r L..i:L·~e::ia _·t!1 t1'""i$t, t,_:t ._h~•• tht? t:.)st t--:~~~;l.1~~.·=· 

is s:n.J.li, ~:.:.!i th~ t~ss t::1\...lt:"~1t ~tr .. t1ns su:v1·,,1t1'. 

(:i\·U[ -~: ~·:·_;_'-:1:·-=~-~~W~, ';,J~. ! J-t, ~ j .::.._~,l.J.Sl l'l8.-,) 

t•t:··:e-·-·1.:.1·1"1 i!'liJ~ .\."t--..1 11"1~th0· .. is tcr i.,h.··n :.t·11;1.; 

t· . .t·_·:~r ·.!; 1:::'l.'"..:l .:._;,,~ t~'.":1.,llUS ullt::' 1,)t t!".t..1' .!lltJ·~I ._.J.:1l 

·JO.'tls t. r :r:i.:...·1.-t-.;..-·1 .:_!':. A!th..._'-'11;r~ t..i•'tt!··L·!··l·.qy n ts 

r•L.-iyeJ ...l !r1 ... tj ...... : .;trlj Wt::: : •...:t0 l 1ci-.::t.:•j role ~:. tri~::; 
It.!'"1.tt1.l t~~l·.:.~:t.~h .n-_ .. ..._,_ i. 11.!.l ...!ll~ ll>-._).jy d•hi C:NA 

lJ!Gbt." !J.iSt:',j i~.t-1::tl$l'··==-· .! ".,l.J.I !t::l'i .. -.f ..lltt=r·l.1r.:,,.-':! 

..lptJ::-.1.,.._·!1t-s 1!~ J~;.;._ t· .• _.1 .. ~J t...:.11.:..••t:,1. 

Ell!ut J ..... · .t :r-.t' r;r1:.·;~rs1~y v: '-tl._·~~·-1-!:1 

(.:..!a .;r~c-r / .. _,._ 1 .. :.-11~ .... -s J··1,11.t ~t tht- t.11:~t>: :.~l 

_·r:::.1.·t'?risti·'5 :~:...1':. :..t;; l~ !eco;n~4:cd tn..:iay: 
~.:nr0r1u~··:n..3llj d~tt!rm:.nt:-·i t-h~nvt:d'•1... :.:.:il:s, ct? .. -u.:...it 
c,·,~t---s it ;:Jn, LiSA. '""'' :-1~(:.s1.·:T1di. SNA sc-C}...:.~r..-t~, dnr: ~ =h· 

at.!~l~J· tv 9enet11..::i,i": ~t?;_· •• );i,'.,i1~~.. ::.:5 

prtis-cnt.lti_·!• he .. t- ,il.rl!1:.t M:3·1·'s 8J~h A:.r'·J.1: ~1i:~r1· 

•.·t tht- A.'11.-:t i..:.in Si'··~eljt tJr Mictobi.._t:,c;:·,·, •. r-. 
t""l1Lf,~J.Sl".!~d tht:- .• t!.;t~r ,.,f tr.1:1~f~Jrm.1ti.-,n :;:1.-1~~s. 

He n.\:i r .... und t~ . .:i~ .. ,..;· 'j.:.il: .. .; ,:.1:-: :.::i~ <1'=-"~ ::,..:<i ;: .. :~ . ..., .1.. ! 

s.:1rrr·lo?:j t:i!: l:~·-=!~h_~~'.'!':='~-J~ tt.1:rh':."i'.::::. ~:t: ,_-~!"· .a: .. t:I'T1Lo1c 

rt'"l:"!: ... ~_h:t5~ letwe~·1 ;: • ..1i~-:: .,t str-1:r.3 ~-·!.• t :t..> 

q.i.1:.~ r· 1:.. ~·:'"- :t:\."el ·Jr 1:- ·-:t"-1 (,.f ·c·.:.):d.: ... :;:t ,· _,.:11t:.5 

·,,;:10:.'!. 1·:• . ...:..:,;,i ·.-1tn _.. ~--~,·tt.·r ~.:l ..;.uni-1 l~ •. ·I .. !t:.- : ,;,\ · .. ·: 1 l 
~!"=t1 •• ,·: • .-~·,· rr,1r.s:,·;1"' ~ l1_.5t?l'1' rr·•l,,tt;>.t s•.r.1~11, ·..-1~ .. 

ir.c!~-·-~1:r.tiy '.! ... 1:'.::;~,,1rr. -~ ... ·.:.'3 ,_·:_:s~JY ~el.nr->-1 
s•:.11:1, .1r:J •i:l t--li.l f· tr.i:1st..:.1r'T1 .1 n\·111 =-·::.-:t.-:·~ 

st r.Ji.1:. 'r~h: ""t:cr.t.. 1:.t.' ·-""' .Jl~" }1~ 1iS€'•i t _, .:!ent it·1· 

rr._~:.L..._·: .... ~ ~~ ''.;t.-:-~·; .:.q··t.:·-·it.:~·· (\•:1c!e .-.:::;-t .. ~~~.~ ~11·1L:-

•.!·.~~-..·~·"! :.r:::~·1t.:r:lt1 1 · r,11: ~i=-~ stil'. •elt!1.'.»•l1· 
cl\J::c:l·:· :e .. 1~eJ1 )!' tr• :.'.'"I 1"..i the =-el.1t i11r:s!-: ·t ~·t.·l •t.·t:r. 

•Jl:02[.J .:th:11 ~i·:i:'-.l•,:".;. 

l •• ~ ·-· ~ l .-1 : • "" 1 1 () ... t •. t ~ :1 ~ ti,._• i·~-·l ~ iit·~~;f.~ilL' 

\.oi.!~~. M-,.! 1 )n S.i:..:..c:· ... .-, t!"'.t: U:1~\.'f-.;'rS.~t'j r·e~ 1W.1:,_• 

{~o-:"'.ltrW-) d·~-;1::;t.e1 ..1 't.'· t.: .. ;,:•.:ht:' ~'.i dt.>1.'t:i·.t !T:J 

tL1:..•..>·! ·.:. t~1tt'i .1.;i,~ ~.r.:-t ~ :e.:. .Jt·~~rmi.r•~'-1 ~ ~-1'.-> 

!; r <.)fi' :. ~- •j I ,1i-.J'1 / • 

.;; 1 :3 _. t' r r • ! :. , .. r ~ t. · 1 ~. · · 
! i...: ~ : :1 ;· . .-: _, h ·"· ..i r l, ,,,. '5 I l f; _; ,. t i, i .; f.. t." l .t t t T, t ,J ·t 

-::. t Er:r.:hc th: 1", 

t -:-bd4_. i ! l ·r.i. Tr.~ ...... ·, 
l t~1~r, t> ·•e~: J"': f :1,1n sp ... ·.-it.·~ 
Er,·-:.:t·,e. t~.!:A, ~,l.!':.t:1.1 ,, .. 1 :.J.• 

l:.i ~hr :.l' ... •Jf ' .. r'r· '•'~~ .•. : ~-'t~·,· .lL·i.i'.i, r.1Lfit.--r •h1: 

tt"1eir .J,~,.l:.:e ; •. <:c::::., w•1.~L· r::r! .. ~ l>i.·t· .. ,, •. n 
,Ji:ft..•Lef:t f1ttz· ,1 ids 1:~ S. ITIL'~.:;.-... _.~; :.('"t..1• ~ r. 

r!1stir~·.jul~~l tLft1•t-_-!:t ~ .. 1~c::; •,1,·r •,r·jt;.1.;r.:;. 

!"°1.J -;~f?r '·• !<s~ dtJ Li~: 11· ·• l l·' .. i,,::; ~ L•- t•: ...... ~~ ·· 
r,,,Jrt? tr-1 • ..i•~ -,,~Q ~e:-,,b1•· .111 ! ~~:~~ .ni.12:"r,i.- :.tit·•:._,:: .1u ~ 
~1~t.:;i1t.:cic~ .u.d r,:,-; tht· .ib. l .t'J t., 1.-!t!llt 1t·1 s .i11• 

JC:CJ f.ttty 1,·1r1s 11.l !"t.1 :.1!e·i' J!Tlii(>'jnd::;. '!'he 

~uftwdre ·•hi,·t~ r·Ji.s ·>rl H~w!ett p .. ,,~krird (Pd: 1 1\i: •), 

1 ... A) c.-1uip-ner1t ~~ 1·1J1 r1:t1t l'i Lein:; m.,rk•_•lt.! l t.·, 
:>t,1ct up 1:,..Jcr.1.dr1·1 .il l•_·,1 "'t.•:r )h1.tl LD (tJ~·•.srl(, id.·:1. 

! n 'jcl .11~"' ht: I .11111(,':.1r ~ '.'t.' 1°J1!1it If l,·,1t i1 •II 

d~1"'r.1J1_tl, ~l_ t~:n':. ~·;t:; .1~ ~t!:;.1 l . .ii..Jn· ... :Jt l<:s 

(Ai.t11:•t'1t!rque, ~J~} 1it• fr;.ir1· 1:1•1 pid.u l'l.t.-d 
1 : p1' • • 

specldli/ i·If .. ·,._1;1..•·! "ult·:r1:-:: 'J 1Lt 1111 ~h<'Jr 1:,,~1t 
5t".Jttt.·1~;••j "';.;r.1t.•:•! .. ··. M1!:..1 i-. ,·,,mmcr<·1.tl.1.111'' 

the ft..>t;h111quf.' krir1'#!1 ,1-:.; mn:~ Ip.tr HT1t..>tcr Jirjht 

51.'.Jl~cr ln•J (MLS) '.,'Id .1 '.it:r ic::; uf ::;t·mi TUtu~r1,1t1· t 
.ind f.:1:·1 11ncHr:.1r .. d in~t1.1mc;1f~;. 

Thl· ll•.i'.1el 1ppr 1,,1·h rn.iy t:'ll'll ,..,11k f,,r 1f\•;ri'T .1 11.·j 

tht..• 5t,1tH~j 1i( t't.•11 < 0 Ult1Hl'~ ,1t1:J tiif m(lklnlJ ~\JJP tt1.ll 



t:A~t,:1_·t.:J. 

• •u l y l ?~&I 

··t..·i.l liu~.s ..it\.• :.;ttli t.r\_j;,;.,:~nl.J .JS 

{Svur •. :c: ~~~'!~..._:~~~~~~~:i· vu~. o. 

r·..._,t n.v:c: thJ.!l .J C~nt•J[j', t.l~r!l.t!CS >-\, ·.·c ~'t.'t;>ll 

~ ~ ;ht!r.g Pic·1...· ... ·'s jist":.J..>~ ,)t '1r-tp~s. tJ!l~•r.t:·:· ~·e:.·11_·h 

.11s-=-.1se d1h.i :,;~vt:-rdl •s1...-.)r'"·~1~:;.· ..!is~..t::;~-:; t:-l_tt it!.i~·c 

tr~e~ L,1,__,ic.in.J l--ltL·ht..•..i w1th-)ut .ft~L-.,_'l;,.·cr ;.1&·.J tt!~ :..:<• .. il.! 

v:til..it>:i lhv:.I'-Jht tu ..: ... 1us..: ~H lt..•..tst -->i)mc ·..Jf t~·c:.~t..· 

: ... t ;nts.. N·_·• .. i: r~s~ .. 1rct1~! h.ts !.d~nt it lt:J .J&..i a .. Jir.~.j 

t!t: ·ur.ltk··!I ·_·i.;lty[t~: ~:t"~~l~t-~ .. .t...:;;~·J~~:_.>-~, the !Ir~~ 

~--~~h ... :,4~ni...:: t1.J,._.tt:r iw~ .!f~~..:ti.:l-l t-L1:1~5 t~ ~--..~ 

ur::..__·uv~rt•.i i11. ..tlr:1.1.s': ~U yC'.' .. lt:.>. 

n1~ b..11.:t.cttum ~s .:11) sm..i:l lt t·-J:..~::;:~J '.hruu-~!~ 

ti:t,_.:s m.J.dc t ..... tt.1p ":i'JCh pdth•,":lt:n:-:., :c .. ,J:.,.-:J t.i 

s\.S~l,_·1....,ns :t :....ts J. ·.·1rus, t?Apl..-ttri..5 J . ..:..htt L. Wrr..:li.s. 
t.Ji.Ua':. ~h,~.h .... l_-,;.~t d~ th~ USD;.'s EJS'.t'[t, ti~~:-...-.~1...si 

~·. ~~.ir._·h .~ent~' i:1 Ph~Li.j1~l1Jhis. ·..;h: :"=' t~~e .._,c>.j .. lI•!:;.n 

.in~·_;tt_-.Jlly re:it'r'.t_1ltf.,j t~~..tt •-'dU!i~ll~_; .i.~'Jlvr1.:h1!•t.''s 

..i:se...is.· in ha!n.:tr:s, Y..-c~ ~s s.rjs th.:it . .;~r.~!' i..:~t! :y i~ 

t.H::tr s r11..• £t'"S•_-r..1Jl.~n...::e :"'' .. t:l~- kr~ ..... · ... =1 =·-L'!.t. r i.J. lie 

... .-.~:t~j it ~-~~!.1~~ tv t~n.._·t~ •tit.:ft;' ir. 1~s1de:::a io1 
ti-.~ Aylt:m, tht> •·'·Jdi cun~uit tht .1.a;~. W!'L·:l'. 1.at~ir.:"1.:s 

i:.t.:a:i up d pLHt~·~ st.t?rr. or trdnk. 

Tt.ln:-..:no.t:c.j ti·: in:;t>.._·t~, pt.:.n.:li-i .. 1! 'i !..t?-:::t 
'!,pt!!:::i, ~1.-;_t::~!_~ n .. 1:::a Vt:tl' Cd:.hvl l'-" t_,:it.t::-... :t 

~tuni:s rd:Jweed ..in._i JJt1nson qrass. ·,·r::l1....:.iw.:i pt'"Cl•ini-:it" 
.11,.! .·3..~~t'~ ::i·:<::·rCilt~S lll .llmond.:;, plum :.:;·,·.__·am-_)re, u.::lj.,,, 

Wtt1le, :nulb·~:-r·; lt:!'\.'en /. .. meril·.11! ~111·1:.;. 1•t-,erri' lrt>-t.•_. 

?'_!-:t: .:..1rr1c·J the bijhcst ,;._)n...:c>r1tr.:ltl•.t•~~ . .:JC tt&..: ~c:s.".., 

_ •. ~r. ~1._;h tnt"z ::irl·JY th.· :..:tmµt.0;:-ts. !n 1;1ust. ~: .. tse~, 

~: .. -d L-t dppears ~o r..i. i9ht t.iy di::;rupt ir1·J .1 r • ..\r.: · ~ 
ll··tm•::,nc tJ'"il.11,:e, "ftCllS says. ln td__-t, ~ .. ;:.:'k..d~t.' 
t:~·.1·r..,;.:11t ~u::~ ;: .. it s.~mi:: dtfc.t~._i l:~t:·. ll'~·~uJ;r .. f 

i r.t ·r· .. ~s1 i!' [C!ll.i:..l.Jtl. In ;n.)st ·...:.J.t-"::i, h~ .,.t>;e., 

:il ;._.-1!..t-:J fJL.J?.P;:; r:: l'.-t !: 1:tiµl';{ .ue pul :r::..l uut. !~,.t. ~lt:~(J 

• :i .1 rt~'!:" ·,,;.1•7. \;: t~ •. 11. J r•)••' s .-. t re:;: :;t .111~ ':J si.t; 

~\.l..i.•·t';.t i:->it· t :•:t. ~ .tp~_,l:?'drs t~' ;[t~r Jllf- ::..~ ltJt l•Jt:; 

:!.t:: ~:... t.) r l•.--.st t,J..-tr:t..:. I.IL':.~ .1r1; ;l ·''~I·::.. 

I~-,. •l I.-~: l j J. 

f, .!r i. ! 1r:'J t-".o.t1t.•: lrY'.t-11t ii. ::~t·dt.'ri IT":.i·)· t·r·:·/:•it: 

•::l1:P11 ·t.• t "il~'l'' rf .t • .•.1! r--1ve:-31,1l th.~ •r·. :-1;."t'-

l"f t.;.Jl·.,.Jl·.'-1; m.-:~~r :.1 . 
Tt1111T: 1!:J 1.;. l ·J, •,.-t·· , ,,;-.,,, .;._. i 

.;'.lirrr: ... 1J !Lt::: (CJ'"'.'C'.'• ;:.1· 

~t . ..- tht·<·r·1 , ;._, ·:.J~~:. 

•!>l-;l d,...t"f: in ~· ... i-.. i~t ... 

i;•.lrl !•~,.p.,j•!:; t~ll .• l"j~-·· 'd ~:t-.;'.I~ ~\,illj 

1 •!rt t t )1.i1·i t, [·1! .1s:_.,i1 1 it c-1 w. t 1: ., . i ··,,, 1 ·.-t·;· t 
t :11: t l ! ': ) t t Lt! t· 1.·. 1 f i' 1)<'•' j !' rTll 1=· '· t ,._. !· t. I 'it 

r••:'4 "Li ·~,·t1t.-l~·" J•.t'!• 1n tt:t· E!rt•1. >.J ·ti t.t t..:·r •• 1 

J l · 1 • ht· 1 ; • r · •• : • J ·1• ! r .,; .. 1 • .. • i • · ) ; II 1
,, · , t h t1. 

: ! '· , :r 'J '\: , I 11: ~i. I j 

.i:.• ;,t l 1.1 '. r . ~ . [ 1 r , r l t •• _. t,: • , 11 

n,.,. r I :; f I•~; 1 h I d J :"" .~ ' t."; ~ . J ~ ,. 
J .. 

:1:.p1 r.·.·1 ... :,•tur•2S. ,:I:d (1C·.:~:.:.11rt::: :.,:ml··! 

!'1tf •I ft1•! ':.oi~1p ... Jrr_ill·J t.'·1id,~1. t >r tht~. 

· •'/j 1:· Ii 

i. 'I.: --t:i.J lJ.1', ' ,1,, 1111 "J.I.!· .>11/1 ,,, "'' •. L 

; 'J. ::~. 

( .. ! ~ • ~ • t • : ~ • "" , J r 1 1. , • 11 .. ,. . , 1 ~; . , . · : 1 • t i' , t. , . i ; • · ·. • . 

tf1r1~ 1",._ 1 ,1•;•, f.·1·1I1><-tlho11:, Wt·lt.: tr,tp[lt!•! 1c:.·f "#L~f1 fru• 

!·,,urr~ 1-: 1~ w1·, trirm~11. Al Ll-Jh (fcs·,Hrtt., •_·,, .... 

: ''.fr,-, .. 1i ,,.,r.:. ~ 1 -.r:ri~·1 J'f-'t r, i''lim ,·l'"itnp()lill.t·. 

: ""t • ""', t 11 I fl,. ';.,..,,,!I .jh _; t .~: P , . ,.,...,. r 

'· ,, r : 'I ' t.' ;. ' I ~ r •• , I '/t• .tr <; t J r' r i I : . I 'I 1 •,.;I f\ : t." 

f • ~ ' t 1 i ', I t. I~· • : ·, 

•;-1111) I 1::-; .,f I ':'r)IJ.i' t . ' I ( 'ij, mlrit·irtl ('1d•Jfl•" it•) 1:" I 

ii• fr~ r•· d •1··~,l h •d ,1!.r111t '•I ~- J 1 Hf•>' t [ l'-' • T!• 

n .. 1 t 1 •. I ·I I 111 ·'J .. , t f I' tn• ,,, .• ( 11111 ! I: , ·t11•11; r ,1 J i Y ,\. 

•n·J :~h 1i1· l!•i··I, nt•,1r• r l(J l li1• :,11r f 11 ·1•. (,1•l1t'; ! h1•r·I J' 

is th..tt tbtl" J~t"p :~s~rvc-:> _,! hyJr ... )1..·u.rb,J~1:i !1..t·.~ 

::it?ep~d tv tt1~ sur!~~~ ~v~t ~c\~10~i.;~t t1m~ ::i~Jl~s. 

thus 3._ .. .._·Juntin..:J fur th~ ... -~it"'mi1.·.::l~ simil .. tr :t':.' ..:..bsit.•t\.'t:. .. ,1 . 

The m .. 1'.Jn~t ite -....!s ..ll::i1...• ,_· . ..;1:t..lmlt!..tlt.-....1 wit~1 

b:.ulJqi.:.ll tn.lter i3l, .J:lthvt .. '-ih, :iJ'iS G.,_):,1, ·1 .. ..> 

.:[q .. uii.__· se~imt?"nt is kn .... 1wn .Jl tn.tt Jt-!Jt!i•. ~ .... -i..._i's 

t:'~"-)ry !.s th.lt the b.L"tt.•r l.:t. ..,·_•:.r.~ tr.._jrr: tu . .s k':'·::ir, ::.;~ ... 1 

ti~:::(Jhi..!'l~ of t 1.h'tt'Ct..! J.:i !ht".._•>.: St't..~iJ:i •.JpW..tt'1:i. Ho::-
h.t.;; St.1 nt his ::;.tmptt!'s t•."• :~1t,,H.tt .. 1r i,::::i, th..lt ,Si;t'··:Ji ~~t."

in ~u1.\l;·si11q b.l1..:tcri.1. 

C:... ... !.,_!"s tht!'.}t·i will tt>- t-,.1r.iit:e.i tn..:'tt::"" ._-i,.·:;'-'l·:· 

d..:r!nq tht!' ~vmir:q lflt\uth:.;, tJe: .. tu::.-:.t.'" ~ht" Swe.jo.sl". P-~·•t"t 

E)...tt.J, :.he Swt:.JI~f! ~.y,.·t!':I:r..et!t ...1n.J 11~,fustr'z' .J[t.;: 

tog .. tn .. r [>Utt :n;i f0rw.1rd $-4 n.: l l 1 .. :\ t.:. dt: 11 t, " 

..iepth 0f l_'J k1Lomt>tit.'"S ~:1 t.hc s~urt.• plJ.__·c. 

(Suut.:e: !"~-~Sc!~::~!~~, ""'.j .jui.t:- :~~61 

Mit:idLtsh1 Pttr0.._'t-.~rn1._·.1! ·~--'-, T 0__;!(yv h ... ts tJ"t:."tn 

:1~ jcct Lng DNA i11t._. i11t.J1:t ·~~-~-~.i~-:~~~-~~.;:-it.:m eel is ·._ ;:t 
~le'-·trvp0r.1t1~-~=•· ..t roeth0J .:,f 111 • .:redsing m~mtr.Jrtt: 

t.-'11.:lrr'-t...dto.lity Ly .. 111 t.'"l~L·t.: ~·-·...i: ~,.Jl.:;)c:_ l!htll IiVW, 

..11!:,- the pt'.:'t0pldSt mt:thl.:--.i ~-...-i~ Le~u us~d tv IDSt:!! t 

~r.:ter...:.L.h~ ,::s :JNA int.) tr.is L..!1.:t.:r i:u q~r-.~!a, bJt 
r ik~s ~1 .::-cu1 . .ie ..:)( ·.,;t..•t-?ks f·:..r the pr1J':. .. ,~:.i::its t..J 
! '==' Jt.>:1"-'.r.Jtc. Tnc "Ger:c ['Y.l:;;e[ .. n·...iriUtd•.:t.ureJ bz· 
Uiv f..J.d LJ.l•vr...iturlt!':i. !;i.. ... k1...:hm011d. 1_'._tl~! •• •.l~ 

~1~t-.j f-:,r tht? stut1!t>S. (5\)urcii?: M~~~~!l--_!-i~ ~~_'s 

H~-!~~~t:!~~J_!_y_~:i ~~~3-~~~~~, 2 M3i' 1~88) 

kes~.ir . .::ier:i -."Ire worr<.i1•11 • I •. Jt.>·}~1~1piwJ 
jt..""rt":c"t 1,_-ally e:igiuce:ed ti..i.:tt>ri.J th1t destr0·1 
~h?msie-i·Je:.i w~lt:n their wurk is d-..L~. T~1':..'" t .. :-1:~·; .. _,.;.~.r:· 
is b.ssed ,_.i. thr. (~!S..'.'1.JVt:"f'i ~··t t•d...:tcr i.1i "'sl!i..:~c1e 

qt::!'ne:.o ... ':Jt:r~t!::i tt • .Jt ht:!l~ ti':."...;\:; 3~e tr>! l: !~ .:·z,·i.~s .. r 
hdcteri~. Wher. tht.· ~;er-.•!S ~irt.• ::,·.-1~·.:h·~·! )1,, t-:.: 
in:itdri1:~, th~ D.i'-.'':.t'r l.'.! he:. 

...vrk ~n SUli:1J~ y:r:::;t:>:j 1·; n Jt •!·1·~.;;~,rt!..J.i. 

TM" Inc. (New.1:k, ~l.J) 15 .~1_t1-.1c, ~~trqt~t.:1rtrj •~i.__-:•_t" 

TM<_' h.;ts r t:.1m~ i •ip wit. ~i ~j •r l r1 M._ , t ;1 . i[ '. t°'.L' 

Tt..· . .-hi:ii:dl Universit')'· .;t ~ .. e~~.Td[I( (l.J:•'·J:"/) \•itli._h .s 
1!t~I.':: l:)(ll rilJ d SI! lC 1de l}C°f1f•, Ki 1•)'..ln .s:.; t ii~ r\~~ q-=.-11t!, 

fr')m u1.~ r .. 1•·tt:r1um i-~.:'..;.~·=:_;·_·~]~.--C~.! . .!.· l"tle •je•.~ 
..,,~~c·h lJ l!!thdl 1n .1 .-1 ie r.t1~1Jt!" o! ~ .. t1:t1:.•r ld 

.:1•dt.-·; tu: ~ srr.111 tJrute1r: thdt. d~_,rupts th~ 

t..' l t! 1 • t r i ,_-L11 

:'tlt-~rr.LI H1~, 

ti.i· t &.!I \ ,1m. 

M,i, 1. 

r .. 11 

pvtt~nt l il d1·r .:.:i ,1 tJ.:tet,·~ l..t: ,_·el i 
.!t .. •slt ·1111•J th';· mer:.hrJoe .1~1d. •r ·.__,, 

thtt ,l• t i',.itt• tht• f\·i:.: ;J<-H•:. 

IT. 

~.:'HT\·ilt:>f_,, Whl1.'h 

t hp•J fl!'}·J l -1t ~ I rl I;~ t r,..- , • ; ., .,, .... err .• r: t'.f• 

pr ,rn"' er ttt . .;"he S ~,, th,_• t:· ~. -;•-'rlt'. ~:r 

~Hdm•Jt•-•! 15 c:•)·;lr ,! !t->! t•'/ lh(• dffi~.J, 

'nht·~J t: d1f '}•ht1L lJ pt~Jt_!l,t ll1 tt:•.' -,ti!: 

·,.. 1. ~ :. r t· .._. r ~I, 
i 1 • 1 ·1~:·. c1ph.r 

. ' . .! ~ :; t :r.e ! i .; 
•ht 'tp ~,r»milt~r ,j it '~\._. ,;[! (H1:;:r :1,1,, .1:.t r.•_• r,,,, 

j""!.1,• ,., ... , ... ~ :1·>~ rr •• 1K•! It!: i;r.itt:LTI. "l'lht•r!. r·,·1·t )~t •. ~1 • • : • 

.it.!".,·r:t, 'Lt '- ~ l! pr.,•n<>t 1•r -;w.' ~:e:.. 1r1. :.. 1 ~-' ,t : 11:1 t Li 

t\· •K •;. 1h·. Tr.-tt (-.11:::.t.'.; t·: 1·h·(·t ~. 11 ,,~ ~ t,,. Jt·:.•" ... 
lf.!;l;n,; f.f(1t••11;, .·h!.i~f·~·,JrLJ Lnl'.' l1t·~··L.r1. 

rt·n~r· d-1,.• i·fr•m·~tt.'r, •·•'· :' •.'Xl~t::. ii.,.,..., 

ofi•·11!,1Tl·,11s ttlld l.:tl.<f·ml,' ~ilp fL,p~ !1 ,,,. H••' '') 

t I I t t ·, t.' ~ • (111t.· 01 ~e11! '' J H l1:c1•:> tht• n··V Jt•i1·· 11; 

''" .• t •,,., • 1: r 11f, 1 t , t f . '-1·. l ,, 1· 11(J 1 :1cP: ., ti ,, 1 .. : 1.t 

1,1Jl·1 !ht• l11r/\ t;•,lf tt•I 1 .. ·111•·:,lt•d 11. tllf.' 

•,ff f111., I I l••f1. Hc)'.1•• .'t!I, I •••ft .t I 11 'J( · .ti.1!1 l j JI 'j t I. I :::il 



thdt the !.l~ t,r .. rr ..... 'lt"t ·mill t~ tp ! ~l:r :..v tht."' ..;r: 

p0s:.t lVn, .let ~·:..tt in\_} th~ ~~ -.lw?:1t:." t ... pr0 ... 1ut:·e lt~ 
Kilting pr'"JteLn. H.t..""r•1..t?- • .l .._·vnst..tnt tr.l .. :tl:...'n i't th~ 

b3~teriJ will d1~ 0:!. !n fa~t. sJr~.v..t~ t.ltes !~t 
ba~ter13 e:1~ir1~~rt:."J w:th this S¥5tt?m ..t!r !J lO t0 
lc- 12 • making th~ t.1'-·te: l.t •qu:t.t_l- s.lt~· t.~r 
en\:ironmental r~ledS~-

TMC"s air~ 11• waste rr.an..tq~1nent 15 tu t?~l':J'.iI.t:."t:t 

b~ct~r1a th3t dt?gtdJt? su~h to~ic w~stes 35 
i''- ly.:hlor 1:ut"'d b1pr . .?r.1ts (PCB). One appH'3L"h "cui,l 
tt: t.-, d.,..-elot: 3 suicide 9"'ae with .i p!0moter 
'"--~:!t r.)i l~ .. ! by Pc·B. ·rht:!' pres6;?nc....·e- 1,jf PCB •\..)ul.J tiJ.tr• 

t~lt.-· ~r.Jm..)tt-r vtf. pre•Jt?ntinq the suicid~ ~t:."nt? !r.)!T'. 

rr ... lto:.Jn~ its leth..ll prJtt?in. Hvw~·:er, attt:."r tht." 
t.~r:._nne~red h.Ji:teri..-t d~stro;·ei.i aii tht? PCE, the 
:tr:.stn-.:e i...tf PCE w•)u~.j turn the p!ol!\C..•tt:-r v:L 7nt) 
sul_"t.:ie ljt!'t.~ w.-u:.1 t~tii !T..lKe tts t--rco'c:.r., ~:tll~n .. J 
t~~ b .. 1..:tf:r:..-t .J:>•J .l·,;.~iJ:nq ..tnz· pwt.:-nt:..t~ d.in·-J..?!" trum 

t:-.t.· t· .. t·.:ter. :.3 ::~rr._11ni!.g !r. the er.vtrc-nmc-!::.. 

I:l Vdl.-cint::- dt'';'ic.-i. )pl'lt'"~lt. TM·~ tt!': i.€'' .. ..__..$ tt:Jt 
suil__·:d-=---g~r.t- te,·h.-~..__-.l·~·':Ji c.:ul.J :T:.~t;.;_t.. · • .l•. _ •.. t>-s t.~ttt>r, 

z:.,tt?'r ..i11d t>dSit!'r :..-· dJm.r:~ster. -:-r.e Lit:.t :s t~ 
t·:1~:!lt-t!'! l.t•."tt!:l<l t.· mike Jr. .J;.t_t ~ir:i t::, m .J 

t'-t:'" tc.Jl..:ir pa:.h ..... y~r.. ~..1.y. d 1.,;1rus. '!'t--.~ t:."•i'":J~UetrcJ 
~ ... ..:,_·:.~::Li w.._.oi • .:.!j .:i:!:.._. ._·._:1al' .t:.:-, .! S.Jl<"t,je- gcnc-

._: ...... r.~: ·l lt..··:1 ~. 1· .t r~·/t![~ i~ lt' ,_;._•:n.•tt>r. Tn~ ·j.-t, ,·i.1~ 

w.:..ul_; t_,e g:·:-=-:~ .... r.t~ :~-, :: ~rr:u1a:t ing tt"-4:' tv.1·1· :i 

s~--·rtt:..ri· ~:i'lT•~;,(· 'Si".::3t~.·;:., ..-111ch pr.:.-J1.;:..:~·.i .jr.;..1• .. _.0J1es 

:.1: ;;1-J: ·•:, :r.~.::r.t:.t:111:#-:i, ::.··~~j1:!~ tr.e- Rl\.::U.tr: .JaJ 1ut. 
:!. :s ~nc-rt:L .. :·r~ .,, t:: Si. ~ l: . ...: 1)[ rieter.ce -'•J.1>:s: 
;_ • .J t ~:. ,,Je r.s _ 

i-vt-=:.:.i..s~:i, ::.:.:1..:~: ••. ;_..:_ :.1.-= •-.. :u.; ri.:-i:: .-i -~t _ .• 

~1·:.-t:it.a..jeS. Tne ·:~r..il ..:i;;t~i.J~n !S ;_,r.:-.;c;·.tc.-.i t.·1·..; 

: ~·..:oe.~ .·irgdr.isrr .• w~.~...:r. L.H):it~ tt~e t,._..i·z· ~ .. :!':""'u;.o:? 

:.'.t:!S~u:•:it:. 1 n~ ;....r~_tni.:im t..Jr~se:•t l~·-j t!1e .s;·.-:. l·.j .. .::- .. !~t:-s 
::.f!, rr~·Jc:r: lr.-1 t;·:·.:>S~t°,lt:' :;~it!' e:t~..;tS ~r.;r. 
._,\;t!': (•Af,j5 !tt: ':. .· tnt...' .-,:.t 1 Jt·il - And .1J::::.::: St!:![ i:•g j 

1..·:t.:.•_·1;.'-' ._,r .! iz is tho;: sa!rst .t1.d edsit:st \of.J)" .. 

(Scur :t:: ·:.~r:.i~~-~ ·...,-=:~..:, ~ ~ M:"t'i iC:,88) 

. !e ~ 5 wr : •. '- •.: ;, 

!>:t·-> ":.t''.t: s~r~11:turt!' t_..f :.he en:::ytr.t.!S tn1~ ·r.lq,1(· 
r.-.1;icc:1lt>:.: ·1f trans~~r RNA w.-ir.h .tm111·.) J.:1d::;. :_,:. ·e 
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i'n~ 1:!~~.:.,::.n '-'-~rrJ• .. r -1'+ ~Ur. :"1H1,_,,u;:L~t! that lt. !~iS 

!::.i·.."•)'iere~ ~r..~ ·1iru~ ~r~.=tt ·:.:iases ::0n ;..,. n.:i:-i-E 

'\-:!p.tt:~:s, •hie~~ inf~·ts J1;G,i'"L;:: r>~.:-.p!e e.lcr. ·;e.'lr 

~e·:er.1;. •;1r"Jst:..:: ..:an cause hepdtitis. 

: ... : 

!it>p~~.t~tt:::; .:... ~5 r.1r~ :n ...ic-·Jelcpcd1~.-,untri2't'; . 

:-lt>r,1~:t~s ~. ·-~1:• h ·...-ds id....:nt~fie.1 1r1 ~·Hdi, :n!'~1..·t_::.. 

s~ .... e :.~o r-.i!:i:::: 

~:r.nLir:.:z.it i·::. n~1S 

:~;p.~c~, ..it .. t...'-1..,,~ ~~' ~~e jt:•:c.c;-;~ . .! ;,:,;ur.t:.r:·~s . 
"l per ,_.t"nt ct .·asts .·.r ~t-('...-t'.itis ir. t~1c ~J~: ~\rO: 

her1titis FL 

~·r. i. z· 
f fl;,7' 

:r)~f!!·r_i,1:~.; l•!1i t.i !···.1~~. ·1r ~c:r1r:orary dis.::.1s~, ~_t1!;! 

l'··~t ,Je·;~;:[. ;r,t·; r·f, .. ·n1 · ,..,E-r.Jt:itis. Cr.e tifth 0t 

t~~~.':..e .·hr., .. ~.; 1r.t._.._.:; ... r1:;, . .Jr j(),:JOS lr. tht> ·_;3 

jf.:.1r~1·, d~vel(_,p ln' .. c c·:rrt!()::,is ~_·t tr:L" liver. 
"z't.·dC', MiC"hdf~i. Huv'-1ht .. ,n ,111r.! 4.:•Jl lt.:dfji.JeS dt Ct-.1rc)r, 
i~u::Hc.J t hl• \Jeiomt:> <:'f i,,ih,H theJ' t'",,~! il.''Jed to be ti".•: 

r,•)n A nc-.r1 ~ ·,; l rus. 

tfH.' tt_•iiIT· t-:..1 jL .. iu1;,:1 tht.· ~rnrr·unc-;iog1l:dl ii1f.:··h.in1::;rr.~: ;f <.! 

·J~r••:. no c.nf.: h.t:1 "jeer .. ff·J~l'Jhlc.r• fi:~t .-1__,n~d tht! 
1:1n . .:;·~ entire 'J~rlf>mc int0 bdr.:-te-:1,t. Hi5 1;ullt!,lr;ue, 
:Jul r.:.rr ,._.h>-:.1 • ..1nri ·th1:r:J ·.Jf• the te.tm tht!r: :;pc·n .. t_._,u 
'fl!•tr:; :;1·rec~~nrJ m1i11:-.;nz ·,.t :if.:~Jdr.sre ·,·,t1it..·!i ,·J! the 

r;i·:.r:t.·~ "jeri.rchincJ !r)r .:)i:i: t:.h·:t'. ~,rc."i:;r·c·t ·-~·f-' :l'J.lt 

v:r.d pr ;tPir:. Tl"',f> pr<)tt•ln had tr .. L~.1.t r,: 

Jut 1L,,.1·, t.hH HL1U•Jh~<)il d'.1::i1JrTH!•"i :'TH!St. e ... :1:;t in til\Jr:,d 

i~1fe.·t.crJ '#lt~-. r.r)n A r1•1n Ft he~.,\titl:'.ii. 

L.1:.l 'jeJ:, the lt_·-trr t.1:1 ie·u.:d thcf h-J.t f()1.1n·1 th-:· 
prr,ff.•ln. ,,11c fr .rr. tt.e 'J1rq5'5 (;Utt!r 1·r,.dt .1nri ~.h~~:; 

!l~(!~'i t, tr~r;rJt!r tht: hr>•l'j t.o pro~ll•"f! rlnt :.b<»d~e~ 

d•J·t111-:;r In lts !1r:a t·:·;t, .u1 tt5:..11· 1_·,ntr1inir1q 

\.he pr Jll~Jll f,,,llllrf f,, d~.! l!11H11'~'; ID tlt:>~J ~ fr:,m ("tllmp:; 

i111d nor1 A rH,r. B ht!p.·1t it Ir 1-11Jt li()t to t°JirJ1;·! fr,Jm 

1;h1mr>~ with ,·,rht·r r.·15J£l'..i ,,f '~1c• r11-:;~!cto:.,P. A '.';.1miictr 



bl tI!·j '!.-=st J11 .;_, E-~'-·E•:'-" •ttt: :.~'" A u,lt: b ht:t·.tt_ lt :s 

id~r•tttied h..!i.: tht> ul!"t: ... :te ... 1 tJ: ... vJ. 

Ail bt1t L rJ~: ·__.:~t 0f ~~~ ~l~3lth~ v0~.:r:tt"~!~ 

re.jLSt~r~d nt!'-jdt ivt>. · ... a"'h .. ·h r its w:th t l-}Utt?s ..• r. u-.~ 

numt·t:!" cf uu.j~tc ... ·ttt.j .. :.ls~s ~h..tt slip L·r ie:.: ist ir .... _: 
bt..._·,._:..,j tests. These .Jtt:"' ir.,iirt.·1...·: tt:s! s !: .... :r ..t:ot l:.''-''-1~~..; 

t.\ 1:Jte tJC,Jt~i:~ 11: r:t:tJ .. H. it :s B ..1:1.i ~..:.r l :.·.·t·: -~.it:'l.J-Jt! 

U~.tt lS L"Omr?\t.)U :1,,.) pt:.1pl~ 'iliitr.. ht"'p.tt l':: :s .. 

Tht? ~·m:t;.1n·z·~ .1sS.,i,J" r .. r i1:fe ... :te...1 l•l•~•.).j. "Jh11...·:1 

it wiil Sjbrr.it tv :h~ G.J":t:rtmt>-::t :io0V!! ~or .it-'t,~:(:•;.3.l. 

L· ... -.r::::tsts J!: th:.s ·:ir.1: (Htltt>~r: p!.J. ·t!',i u: $m.1~- wt.di:; 

un l pl.1t~. I~ .1•1 11•!:t.»·tt".t bi.,_:-u..i S.l!T'(Jlt- •s I''-':Jl.;ld 

vn t_, tht" ~l.ite. 3:1t .. t1o.J{llt-~ tn..!t :.h~ l•.tt-.:tt",i 
i:"ti;:1du..:l t:.ls ~.ll:i~d dlj.J.lu.:it tht>- v1r::~ •:11L1r:...;t1 

tt"'e v1r~1l t--r ... lt~1r:. .. ;u1':Jther ..ti.tib0J·; l..it>t:~lc·t wit:: ..j 

ma;k~: 1.illl b1r;d '":0 tt:e tr!.:t .:tat:r, ........ !'.i .ln.! !..hvs 
l.ibe; th.e t.:0.)J .is ;nfected. 

S.:;.,nt.;_~. 2o M<i'i :98tl) 

The u:..r:e m.:trrow .... t:er~ .i: ~ r:.~• LtL ,._ .... ~ _·'f:!l :s 
t....Jrm, :-.ir.:o.:iblJ· t:drbv-..r.::i '-!"...di".tltt~:i .i~ ':t!l~s tr·tt: .. _t.:..i 

1Jith tht! humdr• it"'ll:1u1:0det1_·1e1~ ..... ·,· ·.;irlis. "tct2';.t 
re~e.:t:.._·r. t;~· ~hvm..ts f..::1!i<:i d:.J .._·.:;; 1-=:.dl:Jue::. a.~ trie 

N£It :onal !:1!:.t i.tute cf Ai l~rg'j ..-t;o.1 :t.te._·t l,.:.i,;s 

Diseases (NI,,..!C) ln Bethesdd, P-!...ir·zLH·.,j, su JlJests 

i:hat .>.:>m~ µr-=-...:urs~r ..:ells in tL...: t..._ .. ~ rn.,i,rr,J'# :n.'i·~· 

f ._ .- m a ! cs er ·-· ... .11 r t .:. t If I·-· . 

F ..... l~s ~n(1 n1s ...:0ll~.t~U~~ 4t t~~ NiAID n3~ 
alred.:i"{ t.·)Jro.i ~he- ·w·1rus m.l.~r..::it--~lci.·Jt?S, and thetr 
prec""'rsvrs. m0r • .:....:1·tes. H.:t...:r·:>t-i:i:i..:;~s dre la:"Je -:-,viJ:l~ 

~e:is th.it ·~..tn sw1lluw Jud j~str.:x1 b.:h.:tcr . .:t 3r.J 

s0~~times ~ir~s~~-

The sci~n~ ists wor.dert:j t'i-)w ~arl.·; tht:- ·:~r-..s 

strikes duri:1q the . .:~ll's e~c!uti0n !rum p!e.;l1rSv! 
tv mat.urit'j .. Tu f .nj ..:J\.Jl, Y.'clks e:..trd·.:te":! la::.e 
marrow from ct cdj~~er th~ pers<)n hdd not been 
infected witn HI~/ a1~d e:.:~ra,:r.eJ .1 subset uf 

tr..:.im the t..une m.1r:· .... ·•. 

de u::i.e•"! ..i B'..)\.'~ l t f.>c: I' t qut:. J~ve ! u~t:.J ~i' S ~ e·.;en 

i;t!ss~er at the ~l3Vdl Med1c.:~l kesearch Ir.st:t,;te ir. 
Bet!1t-:.'ia, l#h~cr~ ~11V•Jlve:; Jt t-11..."hinq mi1.l . .1:.e rn,ttJI.et iz~,j 
tH.:Jrls t~J d me..:'>•> :~: ... :1.:tl dr1t :r:iJd·,· '. h.-1~ tr: T t•ri . .:1~_t,11:~e5 

only t:> ce: l:,; ;,f tLis pd rt i . .:d.i.1r sutJsc:. A rn1~:1•.:t. 

~l .Jct:d neAt t, ..1 :..._.::;t tubit.: .)r '-1'.J.:r"-. rr .. sr c~,'11 ..,.1 L 

.Jttr.1._·t ,;ul·,· the ,;t:: '. ~ ..Jttd<.:hed t.; m.-t•}Ut:t i~eJ b~.,d~. 

wt".~1.:n ·:.11. thtr: ~,., ..... l:..• l.1ted. 

f-"ulks ~rifc.-._·te·i :;1.:.m~ 1J~ tnt:> tJrt.·,_·n· ... ,; '.:cli:.i ·•ith 

l!I"/. Ttie ,_:~ll~ :;1•r·-.·~·;e,j 1n!afe'1! ._.f _·1v1:-itJ~n'J 

t\;·i •t Lt?r dr1d d'il.f~.J •. s:; wvuid h3tJt'e1. it HI\! Wt:re 

:nixeJ •ith m.:.1'.utt:: ;~ll!i.. T~1os 5V1.t~Jt::>t'.".i th,1t, ,1.I) 

th•_• ~rd·1·, lht•::;t~ .·t.-! ls rt>irJh' t.irm -l rest•!;,_,.:- 1 ~ 

;.;,ft..•.:r :Jri .sn·l J\J; j tJt: ,if, e"tJld1"1t i·,n f.,,r the l 1.·J 
i .i~e11Cj t>f HIV. 

t'olk:a ..-(J~·:U~.1 1;.•:.,. t•1.it m...s~ .ir•! L., ,.1 t:i l!i :;u1;h 

.:JS l·,·mµno<.:ytes "-'d:::,;n; thr.,urJn ':.ht· t.,,r,t> :TLir1·,w mui 
pi.:k vp 'Jlid!I trurt. r.h~ 1r.t~ . .:te! ""'t-·.'drs~r cci.::.., 

wn1 . .:n ~·-;mtt 1mt!'.; t..u:::Jt trurn th~ r1umLcr rd ·11rr:il 

~Jdtlli:le.:i \i1Jih~ rht:m. Or, he ddds, the t1r~ 1-·1it ... ·JI:... 

ffid'/ rn.'1t.UI~ lroto mull1'Jr:ytcs, (ln..1 ther. ;nt•, 
!"11· r 'i1h.trJe::;, wh1 l~ st i 11 i1lfe1·t1~1. 'i'h1~ tits i:~ 

·.-1th ..,h.:1t ::;, 1~nt1~t::; tSiC'1Jd/ kur1·..,., t~1_1t th,: •;1r 1Li 

::.;t.•cm!> trJ r ... ~ ~~:;:i cffi •. ·ic1.t ,)f. ~1l •. 1.'.t m.1t1.1rt.· 

rf•d«'f(Jphdytt5. 

i 1(.•fhdj"• 1 tH.,? rf,.,JI ,.Jrt,fiSlr1q r~r1<1lrlj ,,('.hi'.".. 

~;r 11d·, is thdt lhl• pr~r ur'it,~ cel 1, II•, 11,,r ~'1:,.;~·,5 r lit.• 

(_'f,-4i rt.:."·t~til··'· tr1•: i•r(_,tu1n W'bl•.:n :i·.ltnllJt~ r1,1'N.', llp 

ti 11 now, tJt-l H!'l.·t.'·t wtts e!isent ldl frJr tht.:' 111ru, tq 

l'J ·1< CJiil(J the c~l j. 

i.:.~l:_",_·t~J ptc.._·1..:s-,r 
i.T~t':.'.._·t~...i i.·i~h :-L"..' 

l ~ !o!"i' l 'l~B) 

·-·~: ~$ 1:1 m.ir !0.J t t -.~. r-ll ~t_.n.• :i 

(S.'t.:,-~: ~~~-- ~·..:!~~~~-~-~·:.· 

t~.it 

.o\m~.:: i'--".il! -H"~ 

.llt !'~V!·1lt:t 

Pe~,;:.1:: !t.:$~_,r.._·t•t.>::.; 

~1.;--:!.. :r;.._·:~L~in\] "j· .• :1. j'... - " 

d·:· l':.lt~ th~ :.Jtt!<".t '1~!.t·~ i.._· .1".1~t.·: :.:i: 

irr.sriur>..:-it?ri~:~rh_ .. ,. v1rt..:.s :n :nt~·l ~e ... ! ~·t·~ :·.; 

S•::~a:- 1$~S ::Ios~_· ~h~ t~~::.t.. · ~ t -~!t:":!.·_•! 

! r.._, ~·.:.1:" •• :!.:. 

.1·t~ .. ;_1titi·J tne V!IU!:i. 

T t•~ st u.j i : ~ .; .... • :-i t .... 

r~s~_sr :~tors •h._ .. ,._,:,t t 

: r-. t •.! ·t c.1 E•tJ°' )E· t "°. .1 • : ;:._ 

t1r:.:;t t? ... l>··::;:t.:i 1..:~::s .. 

1 r .t: •.. 

:t . :- i' : ~ . ~:. ~ 

t : :.~:.t• ::u:.i ~:._:r 

..... r.- ~ i1.J : .15~. !'~-t' 

0~ tr~t? pt1dr!T.i·:t:?ut. :.:~tls · ·.T.t . .:t:., .S.:'•'r.:•: : it: : : ~ +_·: ' 

l!-; tho;? "JS 3;d B~.i.\J: .... rr. ·;. r :'!!; J' ·t-.·· ..... 

a,·t :·~· :.t~j 

~.l!..t• i ..l l. 

... ,. ... 1~::t tr .. 1'" 

Tr.~s tJ_tt.;':t it,;.~ ·;.:.: r.c" i.~ 

~r1t:;.;t::ci._·~ C>t ultr.i·J: _,:~'- ... Jf''. 
·.;n11...·b mvre t:lJ:;.;:i i rcs.~:r-.;. i"> 1 ~

Tt;ey lrr.3..:li.lteJ t".l1;-r.;u1 -:· .·cll::i, 

- . ~. t l _.;,_ •.•. 

.~ ..... __ t-;:~ "!.·.·'.""" ·.;:'!"' 

H:•:, .1r:..i t:-.~r: t~~tt.·j :._.: :>~·-j;L; :.r .r~r..:i: ., : 'iii ' : •• 

~~~r·:lj ~~ :Jck ~~~c:. ~:~t:~ j3~~ t~ !·:· t.'·-

ir. ·.i:it:-t!J.t~J c..::l .. s, t~t- :..'2'..1~ .. 1..-r .. 1 ·1:r"JS ... • 1 
•• _· 

.,;itri :..:~e q"='1:ct.1._· .. :Ll·r t.·•·1~r.~~!eJ ._·c .. _, 
:1aif .::tn h...:..Jr _,f e:..p.·.3·;r-c ~::; :;•:::~ .,_f:"t ~~~!:.. ;:: 

dctlvation l)f tr1c 1.:1r~=tt ·Jcncti1; rr.att- .... il. .,.-; 

fi.·d~ng ma'j be r.1:t 1,_·:...l.:! 1 1• C~~~-.:dC.~ .:t::i !-• ·• :..: ... lo • 

t.o infe.-t ,_:~rt.Jin L<t:-~l: ;r. ~~.to ,_.p:•icrr"":·~ 

skin. H.:.wt:·Jer. 111..J .);,c ..:.:.~.•s .r:·.t..-t~:er oi::: • . ;:. 
l.1ltr.rJi(.1~tt '. i,Jht ;i-_·o:er r 1"•::.. t~:._.. :.>-<~1. ,.. 

t 0 ha•;·~ any ct f t:o :_ t r. ~ t: t .l ,,_· t ~ ·: ~ t 'i , . ~ ~ • t. 

! !..:.i £!.. ! ~L~~ ._ __ :::.! • _ 7 ~-.: ~.. • l 1 : ·-· t: • • ,:; .. o(:. 

·Ji r us .. 

. ;·· 
to dcti·1ate S('t.·.·:l•" ·,_.:1~~ "~ ~r._· ::r.r- :.·t·'· 
two patient~ w.tt1 ;:..~u..:. :'nc r~.:..~.·tt ·r,t·:-., .1.-- ... 
the .J<.tl'J.-itf:'.l 1...:L':.:; ·•rr..·:c ..i;.,.~: r_, ,..,: . • .... ·r. 
_·t:~l:.; int~ . .:t~·i ._,~th H~'.." ~!' tl"'.t.: L· -!/. .:.>;,.· 
,_.f CJ(.Jth p.:tt<.t:Tlt~ tid:i i:r.~: ,.t.1, l't,t: It:t:1 

Slf.::'t.:' the tr .... ,~rr.~_.1.•. ·;~~ 11'.,rt!".:; 1•J,, 

. r J ., . 

Sf•ii.trd: ln·J 1.t.•~ I·, •. ~ •. t > · • i:•t·!" ·, t. 

31,,1 ~n·.:ut..at.111·j ~h,_.:;..- ._:,!' .. r.'t::~L·r 

111tl.HJl (_.ht.•li"1·:1l r.~::.ul.i t·= L.·,_.!: 
A · · "r · ! , . , j ~- · ~ : .J rr" · 11 

l•: 
: .. 

~ 1 ,er ' r.,. , . 

rt.·.; t•.!: • ·i _I. I 

!O I.vr1don ._·.Jl;,..__..j N:•;W1r:111 11:;. ~f\•· •nl•_•rt~' r. 
the b<.Jdy'3 r1il:t•r "t:.•ll· •. Th .. srr..· "'!; • .; "..l.'t:lf "'· .. 

Sh,trJ, ,~/. J t.~'.i •. ·.,~lt:"-1'.Jl~l' •. Jt1t1.t: '. 1.t.1 1
,, ,,·, 

rFtdtd l.1.1c...·;,.,!1n,. (r 0,rrr.t.:1t•; l<?1'"'"' .i~ A.'.~') r > !.•~ 

1·1mph-:A:yte, wL~lt• t.~e~e •·t;!'re lrHdLct'-•'·J· !'ti;'_. . .,,,, 

t.J prt:vent H~·; '1It·,•·r~~ ·~. tt1t: 1f!l15 fr,•:T re[J;l,·dt.r,J 

t,1 ,t ri tJ t .sri (." 11 l ·, 5 r ti<; ... , . r 
th1•j th .. :rr1i..i·1 c,:, t 1·;e 
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; r1·«•·: • • t I. '· ·~ I l :. ('' t t 1• 

I ' ' ' I: i ~, r 

l··lll ,,,,,,f~, 1'1~1 (~dl1•!, f1..J1 ... 

fu·.1~ mt:n (Ll.-l p~c t..'t..>Ut} °"'h-· : ..... st dllt iLvdit'S ...__,,.1t t..'t 

l ,OOt.J r ~:>ted. l'he mt'll d.re ;•.i: l vt tllt" A.m~c i...:an 
Hult i~ . .-~11tt.•r ~.IL·:-J L',ih·_·.:.t Stu if, wbit·h in.:luJes ..tlinust 
~,OL'U hum'-ist::'L~.Jl .JnJ L·!::it.":,u.Jl n1cr. iu tuur c1t~t':i, 

.lnJ ctims tP c.-.t:r111c th": n..ttUt.Jl i-Jtuyr.~:>sivn ut 
... ttct •011 w•th HI'.' l. 

The [~:it>.Jit..'~tt .. ·cs, lt.•.i t.·1 H•-1:r ... ~·1 u1_ .. .rl ~.dr:.: .. t.dt::"'J.:lll, 

dSSl:itJ:lt pr....Jt~~s .... ··[ ..;t t-11i ... 1~1T'iv~ULJJ'. !C"t11..Htt'.j l..t:il 

;·c.ir tt1.tt t~:.•a m~1. li: U1t.~ ·uhu[ t .stu,i;· h...t·.! lv:>t 

dt:tt-ct.1b!e .u".t 1L.:i,11..-.!s. 1·~lt:j' tr it>d t., cul turit..- tht:

virus trvm tt-.e :1ic:1':::i whit.a- LlU·Jd ,_·ells, which th~ 

\.·irus n•)rm~1: ~:: .-J.tt.1_· .... ~, ~·L:t w1th ...... ~t su .... ·1...·t"ss. 

M._:re rt>1...c1.t:y, tha.·y tr ~rj t._, fi::·i traces ._i~ tht> 

Vl!l..3 USltl9 .:1 1.ew ~tn .. ! 5,)~1t:.i:;t l• .ttt'd lt:.:il Cdi !~J th~ 

polymerdse ch...1in r~~~1:t!~)n. 1'h1.s test c .. H! fir~d d 
sinyit.." :TI•)l.-?-1."l>.1.e vt 1:irdl r:NA .1m .. ,n~; the!' DNA !n 
somt:dnt:'s t"~il:;, .1n.! tm(Jl~:-·1 !t to ~l !.t:v~l dt •hi1_ ... h 
::;,l·ie11t l:::t!:l 1: .. 1•. det~ .... t it . 

Tn~ tc.~rr. ,1t .J .. hi.s ti-.•t·kins •.:ts t~stin~ L!o-:>d 
Sdiii(Jlt.!5 trc•:-n ~,.Jt:t!'~:t"S :•:th~ l'vh .. -~rt ... tt six rTl<.Hoth 

:ntt-~\.'Jls 01,,·tJr .J E·~r !,_~d ,,f tw1_.. ~·t.1 .--.r~ F'lVtl "Tlttn t1~td 

a.11t1!1..._')d!.e.::> .. it thei: !ir:..:t ur se,:or.d v>.s~t, L11t ~ct'l"r 

tests ~dtl.ed todtlt.:-:·t •_·1~st-. 

in!t~J:l r~su!ts Lt.:!1.'-i r ... 1lse pusit!v._·s, dn.j J: 
blu.;J S...iiTipies lh::::•:n-J f;"11At:-~ dp ._.r '-"JO~..imir:att:d. 

·rhe ~i.. __ ,:·,·rr~t!r 1s .... ·'."'..t i.n r~ ... 1·.·t :.~111 t,-und HIV l '.:i 

•.ler1tt :·· m~~~r. 11 s::"' t_;_. ~~ m.~,r1t~s attt.·r tt":e ~.lst 

(;C>Sl"l'~·e te:;! !l .. r d:r.tll·c.dies in rou!'" uf the f1 1:t: 
CTlf.:r;. Al.;. t•_;:._.;.x mt.•:. w~r ·.: we 1 1. 'f~~tJ-~· hdd no S)'':rt(Jtnms 

s~ .. 1 ..is sw-.;:·~r~ ~i·mt. .. ~1 :;:ands. TtH:~y d~S,.,J nca-1 nvrmJl 
1_-.J1;n:_s i..•' T h1::".t-~1 ~ympr~.J1~yi:.es, •!"!.i.1:h 11Sil1lily 

di'i.·l :r.t' ir: w:rr-,bE:>r in Air 1J. 

Th~ •.".'!'L-!iri re...:·:t1.:;r: ~-i~:.t:"J ,._,~, t1n-i ·J~11.:t11: 

rr..:P.~'.'.i: trom th~ '-.':ru":J 1:1 tht> !1t~~1 m\.1n. The 

r.:~t~.ir ·h12:--s l:on.~!·h~t'·i tli.tt ~1..-.: f'1<1'/ rh1t bf! :r1te-1:ft'.! 

·..; : ~ ~: tf ! ·J l .. 1 t t er .:i l ... 

G.J·1 ~ ;· • 1 .. t t e = ~ est :;:, ·Jn ' :_;, , ..: r th~ t 1)1! I :ra:.· i 1 , • n 

;..;tv>m tht: pu1·,-meI ~:.:.'::' . .-h.11:? re-..:i..:r l:Jn h.11 bt>2t: 
fh>Si'"i'Jt-_·, W"t•r~· n;_·q.~t:•:t.~. '!"t'.~ 1,,.·1r 1 :s rr-.~<tht :-r.1,;r.t 

s'.1ll Lo.! t>r~~;··r.t •n th•.JSe :1:-:ii'Jit!.ldl.5, ;:.iert.J:p.5 
se4u~:;ttof•.!·j s1 1 :i•t.''""~:...:r .. .! su._·ri d:;; tt1l: b::dln, ·..-fh:.re test~ 

.~-.ur1e-:J l··ut •Hi «.r1·\d,1t 1r._: Ll•_,.,(~ c.uu .. ·Jt :fr!t~1_.:t i• . 

~·nL' r·.:-~e.lrt·her; -:..~f th.!t the- risk pcJSt!d b·/ 
~ t:: f~r1d~nJ~ t-, the S.:if°ct1·rit the ~):,v.d 51aiply ::.> 

f?At'."erit . .'L/' ~rr..111. 'ft1lS ;::; pdrt!J' :.H:'i.'dU~C j(,5S ut 
rtr.t Jt>uGit_.~; 1r,t ectrs t•) he eAt.rt:'=ne!y r--!rc. !:1 

ddditJ<;n, tL•.: t>lnnri t.r..1n::;:fus1r:r1 ser·;ict:: lri tht.." ;Js, 
c.iS ira Br i!.11n, d~k-; fiC''Jilit: wh.:· .tre dt hiqn r l.:>k '.J~ 

!Jei:iCJ intci·tt."i IV.Jt to gi'Jt: hl·.H>d. 

i".1t7..1dt',] .. r: dr.•i rl::;:i ·~·,JJ•:.'UJ'H.':. W)W p;dn tc 
t1.1ll·>W' up~~:~ tour men t~, see wta.:lht-r ttH!:r 

.u1t_1b<Jdi£·~ t:':~rHH.-111·/ return. (Sourct.': ~~·w 

~::·j~~-~iE~· 2t) M,iy 1988 ~u1.1 <J .June 1988) 

r~l.'j•..'lr··t: ... •r:. 1re r1ndiri1J ~hctt the hum<t11 

111VT1 1 lnr,.1,_.t 1 ·i•.'nC'/ '/lru.:; 1s fdr more <Jer1etic:<1lly 
•1ar1,·1t.!l: tt-.. 1r1 (_,nee Jll()~JO~···d. lr1(.iivid•1dl~ c~1n be 
~r1t••,ted ... ~~h sf-)ver.ti un111u1_. ::;troiri::; of HllJ. S(;mt.· 
r>.JtJlt?".: »t 111t•_.1·tc·I W~Jrncr1 "''-' tJr;.rri witt-. q 1jJt.c 

d1ttt:rer,• '_.tr,,1r1<; nt H['J ~h·tn t:hr>:a.• fr,1;i1t.1 1n tht-!lr 

Tti•.' •• _. !:'t -trt I 1nr1 t 1n.JlrPJ'.i h_tVf.! <1ril'/ ~,ven 

11•1::;':illJlc 11:.:r1<J pr1lym•_•ri1:,p •'hritn rertr·t ;r1, (' 11·1~), 

whi,·h 'j,•'l•:rdlJl:i tr,m ''t>t:i:; <'r1rp-.ratit.i1 in 

CJ11:011.1 t ta..: • ..,id tv J1:\1ulu'"' ov:r lht.• '-'d:.it 'i~Jr. 



~t~vet! -.._):~:.sky. !:r...:-:n tht:" N.....:·tt~i•t!:i~.ttri 

Un!v~:stty Mt.·...!io...:.il S .... ·~1..x\l z..n Cht._·.1.j ...... t0L! tt:.: 

...: ..... •ntt:?-r~n~~ thtt he- h..iS tcc-n -tb~~ ~- Jt>tt..•<q. 1L ..... 1 l•~ ·.::.-.;. 

Ht= JnJ hz..s ... :_;:.i..t:.t-};_c.>:::: :.: ... :r ._-t.·t..::: !.:.'"-· 

te._·hn:.quc lt .. Ld~!:t!ty tt-.c i~rc·jt..'"· •. : .• ·:~r.1: 

ne·.-t.....)rt~ ~~ .. \b~t::S. f'r~·:i·.-,i.:sly,, ::; .... ·~<..:'1l"...!.S'.s h..ld: .1 t.l:· 
t·~c: ~1t.lc t•J d~tt!·.·t :.ht" t;tc.'=:et:•:c .. ~t .i;:.: i:..·,•'-iit"S t1..• 
HIV in tnese iut.1nt::;. ·::1e .lBti!1,)1i!cs .._i..•ui.~ h.1 ... ·e 
'----·vm~ trvm elther ~r.t! 1.·hil.j ...:.·!'" tts ~::tt:·-·tt.•J ,n._..tt~c: 

1'ht:' ._-h!iJ it.3tlf .·,)1dj .!·-·t1;..tlly Le- r~,·t..• ·~ H!\.' t::·:ci: 

t_h,YJ..Jh 1 !. L" •. H r ~c,j :. '- s m .. t ~•<er' :i .. t ~ d.1· i.~: ..:s 

P.'Lt~ ct a.:ii. .. int :.L .. · !ies ...:.tn r~r si:;;it t..:: ·:p t'"· 

~~ 1:.;nth.,; Jftet t.;,.:.tn. W·Jlir.sl(z· ~.1 •• J. but tt'".i-> ... !Jt.:'.J 

~.-'L ;;,~, . .-~SS.:iril·i mt-.111 th.Jt the ' .. r~rus ~:.1:..> tr:.J·:~l!t.·J 

.. t..:r:.:05S tht.. tJl~ "t"I~t..! .1thi i:~t~·:tt.·~ the: 

HvS('il :ils in th~ u::; .trh..i Eu.CJ~'~ t r't.' .. tt 
d 1. t i b, JJ ~ t..• ~ JS i t t. t\t.: ). ..J I t" : n ft-.. _ _- t t...• i . 

r .. 1 c·.-; : t. ~i-~- ~- ! ... 
t 1lJ;.e:, ·,;ll!"l H:V 

Pli:i .:.1:. te-

c..:l1ni 0 :_j,l~y Jn.j ct!'uti1.1r:.:1.tly tr:.:urn.1t1 . .- L:. the t.'.u:y 
.:l.i;·s -:-t 1 i r ... 

~: t . .1t·~t>S, ~·-·~ :[.:._."<.·,· !1:J 

,_·v wvrKt.:rs isdl.itt.:j u:« .. · dn.J ... 11: .. l.,..ic.! "ht.: ;J~nt:t it: 
_;cql•~ikt..~ -.t lLt.' -..·11 .. tl UNt\ l·.; ,J1~·-·J·4·cr tt'lt: s1mil.1r1t1· 
.._.t :h~ ;·ruse:; i11f ... .><tlll•j th-=- t:.tl·i~_; t,· th...,_j~ tnft"1:t 

~ThJ lf't>ir -:n.,t=1cirs. '..i.•l i1:·jk_~· !: ,,t.r .i th.it ir: ~·•..:.. ~...iSt:-=.. 

<i,.Jlr."'::' i~trt:rt!'rlt strct1:1:.; . .,,: ttr~.· ~;it,:~·t~.j th-2 ! .1~·-1 .1i.l 

th.: .. \.._,tt-.t:r. Tht·:.~ .ilt> tw~ ~·.Jssit·~~itit-::1. ·'...1nt- \.:; 

th..it tht: •J:r..J~ ht~ rn;tdtc,t r .. 1."!i·.:.3:1, 1:i • .. ;1c L..it"lt.::i. 

'T~·':." c~.!1t"r i~ th~"1t h•J:1:1sk·1· i•:J:j f._ur1d c! Vir.:t: s~:..iiu 
L:. t.t·i::' :,;.i: ·,· th3t .. 1lS•l r.J...:...:.-u~ 5 :n ":7lc m;.,tf:t:?'r, but 

... ~11•.:~: •·11~ J,,_·t l-t:t.::l idt."t:ti~1t:>d t1t."[h,!pS tlt.··_.HlS...: it 
~s ~rct-..:-e1.·_ i' :c::l !v._,· 1:.Jn•:t:;.tr -t:. 1dilS i11 Lht: 111·>tht t. 

(·:.nt!: tt!':it>.1:""··~~c:s. s;.i • .:t; _1..i Sin1•~''· ~.;-ti:, Hvt15<H. 

;ti.,"! M. :ur~eri G._:, ... ;J~o. ,._. t r,>rr. tht"" ~(1:3Le1.~r l •• st it 1;~e in 

r-·.ir ~$, hd.Vt.!' .._-.__,nfirml.:'1 d1j-Jlli JSll~:J tt)~.! i-' "H 
tt:·:hr~i·jJ8' th,:t :i [J~r ~~>:: :~1r• L·t...") ·~11;1;!,·r-=..f w:t~I 

-Je·.;ercti str.tli.:.; .;f 't!·./, J! :b,1·1-j~1 sumo::!' Vdr i..ir :..i 

,·_·ri~ ·.1f :Lt.· r. .. .1;.;t ~1:tt-"'t~.;:;t.i;1\l f:n,ii!l·J5 :..J PiT'•-:::>~'Je 

ft ;;1. ;,_,(ld~r:,_,..,.. 111,l -,.;:.1::: H,b.3;Jn's \lhHk :~th~ 

1il~\: •. »;rr.,- t.•~ ".1ir1::i~j thdt d!t-: dr:.:tt.· . ..::i-Je . .::5Jcr1 
i.'lrd-...•.·~-: ~1r1\.t: rn11:'1tt.".1 tt) pr:1.11,,·c ~~h·.:rt :.oeq11t.n1.:t>!i, 

.. 11 :t._•11 ••.:,.tut: l- ,..!.Jr~s", io5ertt"J '.i! p:.:11.:t:"'S th.-t'. u:•,.-,. 

:•ft,! ti.ir -tn1;11 .s• 1d~. ~~tJp ·.,.,J . .;n:.. l'tcVt~ill '-~1"' 

'."l!.11 [1~.t,, f[.)I~• ht•irLj t:"'A(d"~JJ~l i1~ t.h~ •"t:-!. 
,;q·1cie~1·.J'loi ,.,r:.i .-...1u: Hu:,S•>I1 ~1.-n:o:.• f..;und : ..ii..lrpr!-111. 

!Hlriol>t:"I rt tt,._•:..:t! .!~·ff;.'·_"1.~~.'t! \.'i•;~j.t:S. •i• :~1tp·tt.'~ -:::::.. 

'f'• _. ! r..'·,._;.;.[ • f; Ho.1/" Sho:.! ! 1 j'11. ·~II, "''0.1l ILtkt..·..i 

'Il!'"U!) ..• sH"..>t..• \.L.,ett'.Jt•. An H!·,; "! 1)r.f:" ·~·!,1tr1 ni::1y t:dn 

1)a•. tu :Jt" rr1uft.• p.1tho·J-·.·c1.: '!11"' d;1 HIV l·J! ·1fl~)~ti~r 

:JI r-t~n. The rt.·:...~·-tr ·r-., !1 ,~·-·.t.·r. ,;11de1' lr1!:"·~ jt1','. t~r11w 

d1tf11..:.:~ 1~ ...-1~1 LL' f,·}:- rt•::.,t_·,s~·:ht_•r:i t<J dt! ... :].~ 11· 

t·r ft.". 1•_· 'J.i.:•:li·t· 1.i.11r· .. ;! ,:1 1 ·:, s m11~d .t• • .• 1rq,_·t .1: .. 

tii\-. (E-;Atf,1-..:lt..!•i fr,·Jrn r.~·.1 .~ ... ~!•:,~_l_:~~' :1 3 .Jv•1.-: !J1~t\J 

The /dr).~ vtrl~s, t11·; l, 1:: 11u·.ur 11J1~::. r._.1r :t_:;. 

ctbillt'j to mutdte fd(>lrlly, m<"tk1n1; 1' ct d~ft1.:11:t, 

"'moVlfHJ tJri.Jel" f•.Jr 51...'.ICtil L~l~ try)IH.J l<1 dt-Vt•lr•p .Jll 

effect ~Ve AI[1S vc1c1·1n~. N••..., 1c'.3P,tf1'h pr,,-.;11P.'", 

c;t·net i1.: eApldn.1t 1•.H~ f.:;r !.i ·m~ ot tLe ·! in1,~r1~ 

(:<>ir.pleAit'j nt A!IJ~; ir1ft.··:t 1•;11, ,in·1 ·_;upp•}rt:.; Jt11.··;, •. 11:. 

findin:J~ th.tt r.1pid .111t ·;1qnif1r:.i111 hi'/ I m.itr1: ,,_111 

m,Jy bt- rc1rr.11.int w1tt.1B 1nr1iv1rlu1J·~ 1~11e11 ,1rtt'I 111it 1111 

1r1f~ct it.1T•-

Hese u1·hers ,,t 'h·· 1J11l1Jt!C::i ir ·1 <Jt ALH)(tm.1 ·" 

1J1rmingh.ur. dnd th'! lfn1vtfr'.°t1' 'i qf Mirsmi {r·i.._) ~.1·tH,,)1 
ot Medicine c:lr>nt-d ilnd clrtdl/St'd th~ (jenet lC mdkcu1> 

ot AifJS vi ruso:J lS<Jl.ited frnm twn infe,·tpd (Mt ie11ts 

"::.· .. ·~= .t :~i ~~~~·:;:ti ~-r::rl..J·.~. t .• '.'.-:t.-._. ~:.11:·~·-c:· :.• . ._.·,· 

!·-~::i .', -1 .!!~.i :J fi~t~:._t ... !s~· .. :L.-...: ·~·.1=:t· 0 
•• t. .•to• 

·ii:;..s. ·:·n~_· ':-:-·:t.·..i _:t:·:·.·'-· ... ~ J·~·t~:'"·~·.e ,1.-..'.J -~l·.· 

!-it..: tt.-. 

'·. - l i .\ :_,. _,I ~~ t 

P: - l 

... 1,,1. • L s 
t :1 I" •• : : .1. ' t .::.,'t.. : : ~: .•:: .. 

.. It.':. t : :... : .! ~ th - ~ .. , • : 

:•.:::t'':J.".t..4 ••• : .. .::·t~.,·.;ic.!.:, t-'~., .!:-i :!.t~· 

t ~ - ·-

!:1.:,..;~:~--~~- ! ~t.:S,:!:..._·:-- :o. ··;_,_.~ •. ! :· f.,· .:.-

.. i:.:!"t..-:t.... .. \. ~·:';·t.·.~ ..>! •t:::.'-: t..i: ..... ! •:ot..•'ls. 'rti.j. r:.~·: 

.~.-~·-·ut '- :v: ~~~·-· t~~;t.·t·•t :c- ::.c ... ~' ... 1~!.•_· ·;.~: !.t~ ~. r: .t. 

H!'. 1crt.·-·ti 1:.t·:· .: ·r .:-c~~:.o .. i.1·~ 1n..1 ....... !.~t: ~._.·:, .. t·h .• ,, ... :;:. 

:1: ! :' 

:.:.;it.It: 

! ~ i .. ' : 

r_i._ ·• 

._ t..J:t : t t.• ;., : • .: • - .• ~::i.. !l<j \ l l '.JJ { i:::} \ · .. 1•., ti·: \.. '. .i.· . ., 

,:11·1· .,;,L' .:.•r;.i: .. · .t•"L! 'H~ ll~ :,. [ f.t·.-'-'• ·.~:'a..S; t .t. i. ~ ;.i. • 

.;i~;t.lJ,) ... il~·.;:,. tri..il 1rt:·J~L: :~ ~' 1r. i.'.:!l:'.' ... ·ti.q .-t:l.$. 

'lt:t! .. ~· ·•:.\..:~;r.:.~.i..:;aj .L'.ll·u·-:·,_·..,i" .. •:..: >.':~:.:.1 •.:.t.· t.1;:;•_ 

t,t t::-!:Ct:.-~.:e \.1\.·,_!(: .. tti.,i:. 

,._ 
~:t->,j~lct:'L/ t'•'.!'.1-•-~, 111.l :1t:"1·'· .. 1: . .:~:.: .1r.• :I. 

;.!j.1i1t:J.t_ .._.•.c !·:•• .... r __ ,_. ~t1'1~•· 

:1c.·~.;.J1:.ii·, · •. :~ .sj.Jl11~~ 

t:..ii·n .r...~t ~ ~· 1t 1 ... ..:1~:.. 1n.l'/ !1,t: L· 
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1,,- -.u h: t i "t H ! \",, 

L.:i:~~n·; A!'/._-'_ fll t ~' I ~ : . ~ ·: ,. ~· ' '- ... ~ . 
1 ~ I i .t "... t;_"!j r '!: • ~" I< j ~ .! : : ,· r t ·•·I 
n•,:·:· r~\--:".:t~ ci~.!:·J~ . .;. l•e··\·:1 <. ~L' ;_·~!.! 1 •.I•:.. 'Wltf; 

t .. ,.; ,s - i .! _., t.< ~ ,j: t ~ o:' I i ·) · .• n: 'i ;;t.." '•: 

dr.t:.it~c,sll·,· 1.i1:!'~·:cr.~ .• _ •· ~ .Ji: .... ~ t t .rr· t.p.: • : ~ l ; .:. ;. ! 

• .1 •. · ,i L , )1lt . ."':' t~.t;."'. ~.j; : .• .:-1 i•t.·~. ~ .:....·· ,. 

ln:jt it.Utt.· '.J:. f:.t::o..:t=•-~ 1r1 •~..: ... !1~r. !!.··!1. I .... :., .:ir:J ~ .~ 

1:..:,,Llt! .. J'-!\l~__; lt..~~t'°! .J~t'.!:..':... tt· :t ,d( :~i !'L !".:11: .~•T·l:11·. 

" - : l . d\..ld:.... ·,f lht!:f ~,:,itt!~fl •:,· • .-r:i":t.·, lLr· f!~\" 

tht- -...•1r~L • ._,:_; tl1~ y' .-1 t.:r: 1 ·~,t: i--t 1· ... ~ ~ :(_·.· ! 
..:an-.pi-.:..; ~t· .. 1t ~lt.."'·• .::; \.1::...'.~ rs~ :1 .. •· · •. r •. ·i .• 1!" t.': 

~ l ! ·: t [ : ~ l : ) ' , l ·. ~ . : • - i. t) •." ,. '. ~. · • I ~ t.: •· ) .. lt_:,: • ~ \ ·, t . : ' t 

;. ·t..' t !.i ~- : t.: ~I! '. l ~ ' 

t'. ;1~l1 '- [ .• 1 l •• .,_. .1 ·: ' [ j ~>. T!o11:.··., • 11 ~ ·, ,•,: t..: 1. t.··~ l: 1.1: t l.t.· 

I t , • ''; _; .' l ; •Jr_';:.. , ~ •;:; ,~ ft: ") .1 :'" l t. "~ 

·._;: ,:j i 'h: { .dJ ~ ~r_•r 1 
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t111.J•_·r~t~r.di11·1 (;f ·,.,i-,,t rr.,,1'."!S 51\lAc;M non ~dthoqeni~ 
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.\.~S \:..t:~ ;&t!' l:i !t.'".t.S:Lit:. Th.: 1-'l.J!l ~::; tu &ns~:t 
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'.·rt_i[J'JSt:j .t ;11~l~t:.f :1 ·:u.•J\4·~,"\lu:c t · ·.t·t· r,·q"1~!'. ,: 1 
•]t'l1C!; ,;f F'" ~ J;1d di"/). 

I\:• ~· ,;•:••-'•iUt.rt• •-' ,t ttl1: ~ [!_·~'.t.:'Ld·J·J:", ,,._~t ~·;it j 01 

·:1,·, !1"':-'i·.1 .,~j •.~e t.1•. t11.1t -;.:;me r)f th~.- •J,.·r.o:..•s •t.'ft..' 

11h•r1~ ~1e:.1 ~"I :.1.!'Jer,d ;r ... :Jp:. with:n :;;.~1c1:-!' l,._·r~ ... ,L .. 
t i.il'll', ·1t::·1 ·1' l -..:11 fr\•Ht: •_;1.Jn ".):it.· 1 •. 1,...e ti .• !~ ~-A.'•?n ...,:.,._-.1 '· 
<h:·;1q11.1rt· ct .:i.or•'J-t: •Jt·1.e. T11l;j, ';,in t'e '/1_•~y 

<:··,r.rusin], (.-J:ti.:ll:c1r:·1 t-.) nP~': .:T.c:5 t_, tr .. ? flt.'1 t. 

'I'ht- ·,e;,Jt•r· rcg"Jl rlor·1 Jo:..·I·t.·~, 1,1u: <.,t wh11:f. ;::., 
fr_,~1·\.1 ,,.,1·1 1n :IIV • .-.n! 1 _,r1t.• r.1( whi1· ... 1-. t"n•;1h1 (~'.1'j 

I J~ U I•,; 2 , r1 r ·~ : 

t'.!.t. r1 revi ... ;sl1· :-;->:l'lf.?t •111•::> l.,t.f'.~: •~d tctt 

dnd '!'.~' ~~t •:n•:odc:> i-t l.Jf'Jtt:?in th-tt amp11jt11·~ 

thl.' t':i.prc~:Jl1>1• \Jf dli vitdl 9encs, ir:.;l~rfir1•J 

its~lf, throurJt"". ,u1 interc11·f.1on with tht? rt!•JU 

Ltl··"i' iJ'-Hlion cf •_he virdl ')enome kr1..: 0wr. d~ 

the lor.g t.ermindl re;ieat ( r.TR), The W 
protein incredS81 trdnscr1pt1on 0f the vlrdl 
qenume, but it 1ir . ..1h11bly ctJ51'."l "':t::; po5t 
tr.Jns 1 r1,1t i•.1L1l L'/ t,·,, for in::.tan•::e, "'nhdnc;n(; 

th~ ~tahi~lt/ of ·;i1a1 mes,er14er ~NA. 



!.!~- rt~·::-..:>;JSiJ· ~..ll~ed :!~~ or ~!!• r~..
st.ln.js !vr C~".JUL1tvr 0t expr~ssiou vf virt._;i. 
prot.,ir:s. T!l.e produ..:t ..:it re•; .ippea•s tc 
p:omute th' ac .. :umui.itivn 0t the higher 
mo~~cul~= w~ight v~rdl mRNA s~qu~n~es th3t 
en..:ode stt<k"tJt.ll prot0!1ns. HIV's cumpiemO!at 
of prvtO!ir:s . .HO! prvdu..:ed t:,)· tO!.l.iing .ir:d 
spli..:;ng the ~.ime qenetio.: lllJte:i.il in 
dil'fO!rci:t •BJ'S. ;,;~en the mRl'il . ..:op~i u! th<! 

HIV gO!nv:not' is c,1 :y :;pl io.:O!d, the sm.ill reg.
latory p?"vte~us ar~ produ'-·~d to! small m.RNA 
trdgmer~t.::>. Th~ tt.7V ~e:it: ..tp~t:J:rs :.o stdtilizt: 
the Llr.spi i<.:O!d mHNA l•> .~l lu"' lunger strO!'.<.:h"s 
vr mRNA t..:.; Lt" l!dn:>:dt~d in.to stru~tural 
p:-....>t~i:ls su._·h .. t:i the virJs ~nve-lopE> d:rh.1 ~·,_,tll.'." 

pc0t~i1:s. The re· .. · qeae 11lsv m.J~· d...:t. t0 
dir~..:t tr~rlS(..>Ort vf u~1spli1:ed ~NA tc 
..:e! !uldc t..~C.rtlpartmt-r.ts where ::. is p1~1t~c:.~J 
tr..._°"' r.0rrri~1! ..:ytc.pl.a:5=mi~ no..:..:lei1; o...:id 
JO!gtdd.l; i .Hl prc•o.:.,sses. 

~!.!- t"l~;:lvu:;ll}' ~al led :..vr, ~. ~·, .i•t·J ~. 
vif stJ;!-is tc..: t.,;irion i1.fect1·:itz t.:t,_·t..:::. 
In th.: .it.Ser~...:~ of !:!.!• AIDS vi r~s~s ..1! .il ~ ~ 
t0 sp~~J~ ~lt~~tij fr0m dr: lrit~~t~d ~~l. t 

.in u,11ntectt:d .. :-=11, bi.lt <.:e:~ trct:- •J1ri-Jo.s 

dt~ qteJtl~ =~duced i11 th~ir d~ililV t~ 

ir~f~~t n~w ~~lis. This gene is n~t pre3er~t 

~n utht?r hiHri.u. It?truvirus~s. dr.:!, .:i<.».:.Jr ... 1~:1g 
tu H.ss~lt irh::, ~t is (.IUSSil.ilt? lht: tJrt:sen .... ·~ c: 
:-:.!.~ rn ~h" HI\$ "-ii·;es th" A!DS t:pidt:r.llc its 
.lbo.li~·,· lV r~•ft-'~1~ !dpidly !.U t1vt-J..:l.:tt.LLHS

.:Otrt1..;.tl!•i with tne humau lt!Uk.:t.emi.~ 

net. F-re .... ·i·.)i.!siy callt:d 3' -~..!.~· ~. E'. ;raJ 
f· ne!_ Stdw .. 1s t,H 1.e9ati•,,;e r"?g.Jldt, ... r)' 

fa<.:tor. Th" pt<).lLlct <.f n~! a>t.,rs 'h.-
f~ndamen~a~ ~e~!u!~r md~hi~er~ of infe_:ei 
ciel !s in vrd•:r tv rct-i:ess ·-·ir.1s rt~i i·~..-stion, 

d (>ro•:ess th~t ~ikely ~ldys d r·~le i•~ HIV 
ldten..:y. 

·~J.!.. l""!'eVi•)..!S~ 'i ._·.-1~ :.::1 ~· 3 qtn~ lh.:tt 
~n~u-J~s d pr :t~ i1: the ft.net i•JOl vf whiL:h 

relf.dlr1S 'lilK.: >•i •. 

1:[JA. /Ii. re.:tt·r:~ ~I .11:;,·-.)vt:r~d ]t.:11•! t,h.,:J ,,~1!•.; 

i.i Hi\,'~ 2 and s•midn immunodef 1ci~n.:)· \,;iru~ 

\$1.J), the ! ... ,111·tiu;1 :_,,t ·-thll31 r~m.di~is u.Dknr.JWE:. 

~iJU. Anothc' re._·~:.t!f di:-.1..: ... ·;~rt·d tjco~, ~·p~ 

is f;~Ut~,1 (··111·1 in HI',; 1. Pre! ~"!1;1 • ..ir'J· 

res~:~1:i..;t1 s1,;~;r_;c5t:; .t d:t·:; t· .. ; '-'~e;~Jr~s~ ·;'.;.sl 
lit:tJl l<_dt luO. 

'Iht- ri,1mes of Yl!r, ···t:~, cthd ~i>~ ct!I-:" l lk~~~- t• . .1 
ch.tnqc '-then tru:~r fun1.:t iuns hrtve b~er. dt..·te:!'T'1:.•_,,!. 

{Repr lnteJ wit t. pcrmiss iou tr om 1~~i~~l...!~~.'--~~~':l 
News, ll July :980. !:or·yr19ht (1')88) Arr.e:i,_·<111 
Chemi:;al Sr,~i~ty} 

~art i1;le <h.'.Ct!lerdtors ...sl l1.•..t ;.rn .. 1g:i.r.(J prote1r.s c:tt 

speed!i nt :11 l ! i•Hiths 1..>f d ;jecc·rid. Tt1e r~·:hriir1 ue 
Cc>uld dl~0w ~iewing prote1r1 strJ~·urc ~t\dn1e5 thJt 

1-iSt only" mill10nth c;f a Stc'c'>nd dS the 1•ro•e1n 
undergoes ch.,micdl re.tel 1o~s. A techni~~" thdt 
shows d pr0te1n·~ ni-:..vttmt:'nt m1q:ht d!S.1,. ta:l'-' dett?rm~;1t: 

protein shape-;.. [Jeterrr,inir19 s.-rntein sh--tpe"; mo,Jht 

help the develGpme~t of new drug~ or otherwise treat 
di sorrier~ in·Jolvinq 11rotein <ty:if1u1ct lun. X Cd'j 

~rystdllngr~phy hdS been the Standard technique for 
tryinq u, determine prote111 stru•:tur.,, hut thi:; h<1:; 
sPr1r,u3 l 1m1tat ir,n::;. 1·ornel l IJn1•1ersity rl!SttdJj ht!'r~ 

!.:Se dn unJul.it...:...: t0 .i._-.·t::t: .J.t.: ~-U: : ... :l~s tu {•rv~..:-.=t..• 

X tJlyS th.lt l.J..::it c.;n~ till :._.r:":.h vt .l :i~t..:0nd. Th~ 

r111?fle.:t i0as v! "..h~s~ >. r.1.·zs ..s:.:- rJr i-Jht en0~~h t<..' 

dl t0w lm..iq:.:io.J. Rt:s~.t.r1...!l~rs h·-·p~ to l>t: _t.Jl~ t") r ..skt..· 

:n.:":i~s 0: t.1t1.:.tc111s .• s.n .. 1 tt-.~ nt?-• !t?"'--·h.:.:.q.h:. 

M~anwh1~e. r.u.l.-~'t.."'ar m....ttln~t i·: r~s0n .. u1..:c ::i~e._·trws·:,.t ·1 
is b~iny d.J..tE--:t:J" ~ ... ,. !C':»t?J::•.:ht?rs u.t the Uo~·.'~~sit·, "°t 

P~nnsyl\·.lr.1.l t\..i i~: . ._.-w !vr ..t!.vtr l!' .~t .:.& 1.1:: .. rm~tt ;l..:l 

or, th~ str~c:ur~ ~f ~:ut~=!~S. {~xtr~~tcJ f:.Jm 
~ew_!YI...~ -~j~~s, S J~.!; iS8Sj 

T!1.r ::.·t..'h«-"':i .. .:) .::~.>1:: .. J>.1t ...... ·r.i. ... ·t~J ~·N.; ~'="·!· tl'1 . ._·~: ft·:-

P.u ?....,n!,. t ~k.eS ~!;: .r~r:..,\:.l~ :\;e ,-tt_J~'!..:'..!._-~ t0 it:~~ .. r.:- ~:-~::1-...} 

th~ eA..l..:: st:u.._·t.J.cc \:·t -l~:•~t•~: m .. ttf!r:J: t-'i 1j:;i!:G 

h~~hly et~ i·.·icr:~ f~•.t..)!C~'-·~nt :.J~.:el.s. '!'t:~ l.J!..J•_ls ..i:t: 

,_- .. .J-.;..tltntlj t-,_.,.._jt:,1 :..:· Jt ;t!.__~i·1~u,._·l~, ... L\.!•.: t1~:rr:in.!tvr$ 

so tt".dt DNA tr3.;r.e:1t:s ._·.1;! ~e Get~.:t~j, a!ld ·.ht: 

st:: li.J.t:n<.:t> b.JSt'S '.a~te:tr.lncd :.;siri.J .l m.,dlt .c,~ S 1: )t..!: 

1ne"th<.1d. 

r~sul-.ed 

Tncsc ! :,.u .. :e~c.:-nt sequ~:i..:in·~ t?".,':f.n~r.:~ 

t~:~t-;·....J: til:· ~-'tr·cr tnar, :ip.tl1...!:i;· ;r: .t 

!:-.lr~gle ~ .. -tr!e t; ..._·.>;:ver.~:·."'r,..t: poi-J1~:·,!.tm.1c- -..~: 

tlt!'~·t:,)~h·::.=--~s.~. :·~t.1i:!:t fr0m: ;:,'"' t':_J1t (:J'K) I.t.j. 

~~.i~~,~~i ~J1, st~~~~d~~. He:tfocdsh~I~ ~;.L ~JN·~! 

G·l.JB ;3.;;71. :S..J'Jt·:t:: ~~'.:2!:~_:J.;o:..~:~ . ..:.:" _;:_~;:t~ ::~. 
T.Tdl. 7' N ...... ), .;;..1.-=- !'.):38) 

H1ta;.:hi. Lt.J., T'...d<.·:·u, wi1 ... :.t:-;11 •• r . .,;i:kt-!..-I1.j ~:.:.... 

.. :h .. ·~ j CC:.'i Tf~t O~.\ St:·!l·t-· • ._·~r·, •!'"·i .... ·h J~t~1-·ts 

r:h.i:c..i...i::..)(.-t!..) i·:c\.J!µ.·r.!:.t-.··j ir.t.; :lUCl~~.- --!1· ..i 

frd·J1r1?11ts. •:Jrrt::~t:·y .i·.-ailat;le ~eql.i.c~1Lt::s t-•'·t-l:..·;· 
c he- f lt..-.... re:;ce1v:c ~it:"tt·;~ i~··~ systerr.. T~:t rr . .l.·_·h1~.e ~:;;t..·, 

tLt2' didi?VA/ :7".~tt.ud, ir. .,:._.r~jui1·-·t lcJ;1 •~!:.L ~ J:.'. 
~s...:·t·:..,p~. S(m~ l')~j C·~ 0 .:.:tn bt J.::tt:r:r.ir.t".l ... :. ju::i.t "'\;~r 

s~Vt ... r. n:JL:tS, an.j f.-HJ.r .jitt~:-t.1':. S.-lr.'1~!t:s IT . .i·i 1)t:' r·Jr:. 

,~,:r:-·1.•rrent:y. \:.:i.J'Jr1..:t:-: ~j;i!'~'!!-':i:.!.:_~ ·~ ~-':o;.~~..:r.:_1._;_~:;::· 

~~~~·-~tct~, ~ Mdj 1J8u) 

~0l~c1;!dC dcv~~~~ l?tS ·~e·:~Lu[;~i J 

l 1~jht Jd .• irt!':.ioS:ill.: k---..:::.lt:r:t 1, _,1t,1?tr ~ ..... ~e.1$::r :.t. 1t ._·dn 

..:!ctt"•.t ,Jitterent. t...:.ut.1 .... _~1, J! :T.,_,:cl...'..;.~ .. _!... ~·h':" $i:t.lJlt' 
semJ.c ... 1n.juctor t.ie..,;i~.e rts~.11 .nJs tc) surt~1·:e tJ·;t~nt i.:t~~ 

..lt .-tn c:~.:trolj'te :ii! 1 _.,_,n ir:tt"rfn,·~ thr(nllJh the 
etf~ . .-~ ... ! su1.:h (>•-1t• .. \;1ti..il~ dil •::e...:tri.:.~ t~el is wi~L.r! 

Sldt"-1il lt·; ~n-tt1l~3 ;t ti, ;y,,;.;t.: lJ!.,c:t1t-mi1.."."Si 

dt:tcr.nir1.St1ons with l_Jrt".tt 5tris1tt.:ity. fhe Jf.>\.':.'<! 

hd'i t;een 1LSe·l t(J fT\Cotsure ~•1.Cjl'!':t· •·.·1H·ent r.t~ 11.11:;, in 

·JO-;.· U.tf1<1!, t ~[ Sdmp l •:;. 

Le .1JJrt::;,~cJ w;r.n : irJtd 
;'1~tl•l!::rit ~~n:;1r.•J :;itc~i •."<ir: 

. ,,St•.·.~·J ..... _,( f 1,.c.J Wl~t>'i >I 

1>'.her c:urrt·r1t (ldth>, t:;:,t .• i.1:q p11tt.•r1:.1.Hre:r ~1. 

IT'lf'!ts11,~mc:·1t$ to be 1 .. :-.Jmplt:tt!'d ·•!t~ ,t :itr1·jlc dt"Vl1.'t". 

(AL~tr.11·t~ .. I #ith p~·rmi:iSlOfi fr.;m 1~tu:f!l!'.·ii 

~1..:J.!_:~~:~!....1!·~ !'.!!!"~· .h) M.1""j I1)f'8. 1_·.,}1/rir;n~ \~'H1di 

Amt!' I ~ t ·,u; Ch~,ni Cd 1 Sc ... i. t ~l 'f) 

~.i_~t~~ f_{]!~~l_!~~~~t.1. S<_l!._~_!I.!!J f";t IT<IJ\; H j, :1.i: 

~-~ t_ -~~~121.Y--'1!.!.~>_<ll.1 ~~~'J- 1;_!-' ~ l s 

!;um1t<im(1r;1e~·tr11_· JJ1du5tr ie:;, I.t.d. t~.1:: 

dt:Jt>i .1•;t!d d :,;yst~rr. f(ir tnf.! d1.1tomc1t 1c 5(..>rt 1rirJ ,,r 
··ells \iih1··h (JC<1dllCt! monu1·!rH;,jl t1nt1bo.rJie::;. 

The m<1fl'h.· l C.Jrld 1 ,tnt 1 ~' ,d'j 1., ct ur1 it c.1 r y <tr.t 1 l.1< ~1t 

r~,Jl~.JlhJC~d lU ldl'IP q11dntltlt.'S tJy r~ftll f11:;1or1. 

$1ncE::! 1t 1:! ~- t•·ter i::;t 11:r1l l·,· discr 1min,1tt•:.. .ir,~ h~ridJ 

lt:.if!l.t Wltl. 1r:i'/ d Sp~·1;if11· l'jtJt! of SUl)'.j,t,sn1;e, lt 1'.i 

w1r1ely u::;l.'d fur thl• dlrhJL~Jsi:; ,111rl tredtnu.1 1.~ o! 
v;.1riou:; kind:; of disE.·d:;e~. It hds ttlso nt:er: 
~mpl<.Jyed tr,, th'! ~e~JtJl 1r1n .ui.J tJ1.H J t 1c~1t 10n c .. t 
d1•Jerse phys1c,lr1qi•:.Jl !y •• ct 1·Je sur>stitn<:ec.. H:qh 
e:.q.1!1..'t..lt inns h,1·;e t,l•e;1 ;)1.1.-P<1 c.n 1 t for u'.",t· • ro t ~··t.' 

1~Sedr1:h, dirttj1111Sl:i .11111 r1t1ttl1h~11t rJf ~:r111··•·1. 



'!'; •.'L'~-t:!l tn~ :=-• ...,i: ... ,.._·!,J!!.Jl .1!~t ~t...._ i;·, •!> l$ 

::~·-·~s~.l:cz ~...:;; .. ~rt vn~ Lt!!~ ~: .... !J..._'ii:J ':.t:t: t.J:-Jet .• u.tl 
b-.._'Jj· t:orr: .J•t., ::'1 d "1t..J11t- ... _.~ ,-,.~·er 100.'.Ji]Ll .... -~~ls sut• 
s~~uer1t :~ ~~tl tJSiJ11. ~=~~i0usly thls scrttr1~ t.l:sk 
t•?quirt:,~ t tr.i:~iP-.um ct :. 3 :n....'nths \ii',:-.:k by sk1Lt~J 
:es~~=~,:~rs. ~h~s, ther~ ~1..td t~~r1 d t1~it tJ th~ 
;;·,,..:t~tt.·: ,! ~ ! ;'-·cs.:5.l~·le cie:.!.i •. 1:.,i th1::; h.!J ( ... JS~..! the: 

~ ~tJJe~: .:>t.st.'\.._·:c tv ·)tt4i:1in:-1 rr.v:.,· .. :t .. r...tl .int 1X·Jl~.:i 
r.. .... r iJJ:'(.iu~ with <.."'.:tn'""'er. E€'$e.lr~h •..:ts ir&~-e::'$n.-~:.,· 

.1·i·~ .. H!·_·t"j t~· J~...-c:.Jp ..t s.,-s:.~:r en..tl:l :~.·1 .11.:~v.r..Jt i..· .5•)t':. 

:::-1 .::·~ tt.:-s\,,.'" .._·eli.s •i:..h t:.ls.:- .:u:,,.~ in !.!:r4~ ..Ju.lr~':.iti~.5. 

·""·~t:;: i.·:t.!l"f P.".vnv.:l....:!!.li .t:.ti.L· .. ·~'i ;,..:..:.1u.·1·~<-J 

:_·t..·~:..;, :nt: u.1 .. ::~ \.'lt~ii pr~.._'.tJt t .r1 t.:S t ... ' ~r~·:e:'t :..b~ 

:!'!t:: ... ~~!~ ft··I". !.,_...$.11'..; tht:i; .J•_·~i\·i:..t::>. 

(.""_,1~:.:;e}~J.E.ntlz·, ~t !S nt:.:~::i.$..ltj t0 ~0l1$tl:1:.~;· 001:i:...._-,: 

t:.t::> _·.:·1.i:t:d~.~ .. ! the ... -~ils ~hj t:> tJ~·.J\'!jt' ·h~:r- w::.h 
~!".e .Jppt\..1[-:!'" . ..J':c 3:n...;·..;r,~ uf za~t:ition jept?:!l~t.·.J •_n. t~:~ 

.t!..~t1ti0~· .--. ... 1 t •.• I :-,..._·~·.:C .h.-l..··_;r.Jte .. ,· t·J :.n.e ne:,! :it~r-

!.:; rcr :", ; .-: t0.~!7-:' ,jt.>(lt".lt ;.._,~'.$ ,\Ut :0~3';. -·~d.: ;", 

·~~:.tti ... >J.~ i.-:::~r. ~:.c•J~i..U::ii!y ::t!lit:V ·)I1 :.he ju.jgc:.T;.t:l:t 

.... ·~ :e!:~.ir •. ::•t:t:::., ':.rlt> ..:·.)m.p.H~J' -lt:•:t-lupt:J t ~) ~ s:;st t::t· 
:.··: 1..•p .. t·:.tl-J· m~.ls..irlL~ the t.'E ~.-~!l!C~ ,:it 1.:uitur:.n<.J 
:~.;-~i,::;; lt!] \~-I .l sj·:;tcr.- [,J: :ne..:->~1::•:·1 ·t.:"il 
~.:'-·11rer.:t:.l'1I~ ·-}ut.:~:i'j •1tt:._·;.it ~r.ju:1::-.J t·1·.: ._-~l•:i

.;,_.,_. ·[ !!·.:;~·i, -\. lS :l)• ;.>u~;;~~-.. r tu a.t:-1':::1 .. H~ t~e (.:H 

•. 1:uc...:: .. t ._ ... • .... ~i.n:..J l•q:lld.:; .i~ .jui._·k!z· .1:; ._.n~ :it:~,_,:.1 

.t: ... ;c: ·i .• • ..::_~~=atc:i·1 _ th~ ~u~i...iecrent .Jf \..-eil 
I.r ~1t~:.1lt"-:; .::.::!it~;•: is t.''t:~t.•C!Tt-.! t..) ;:i .. :t~rc 
tt•J:-_•::...;..r:.J i.:..1 1-;!At;.i •. :t:ioy 111,;~ ~:ell~ wn1le 
.! .... <'...:.J.:._·:1· .::!~~ .. r1rri:;:~t~ing ! iv~ .3nd dead ...:ells. 

.; ;t,e . .:hd:~;.sm 51rr.1;idtit~..._: th~ j.._..~.:t:L~J: h.:tuJLi!.-.J 

.e~~res ,.f sk:i!~J re~t"3:~hers w~s 3.s0 deve!.~~~~ 
l-•~-:tt ir.g .J!',J ·Jthc:r ce:l ~.:rc·_·t:ss ing .>~"~r.:S 1 ivn;;, 

wi~~ t:d:h ..)f t!~t-!>e 0t-.:er.::1t1ons .Jes::.J•·c·J t.H the no:1 
~:l' .r'f ... f ..;i? .. l:~. ir. .J.jditl•..J:l, t°>J,Si: It..':;~.1rc,;h Wd5 

.t· 1·;_1•: -._.j ..:..1 [<·1::·hc.!s I0r disc: !rr.~r • .it i:ig i11.J1v1J ... a! 
·~•:;.~; w:.o:t,J~t. !!l1._··.:.r,J ..ir.z· ir.J~rz-. A!> ct :e::ii.J.lt, 

·~ .. .:. :j~~·. [ i-:-.~~.at ~.:..: l ·."Jr. P•)W b~ .. h: •• v~~: Lih~j Vt!IY 

1 . ..:·-· .• r-:1:t.·:z, '-~-.J~r.-t·r-.i~r:ti; dnd w:th.; ~~·1n·.::r 

~. ::.... 1 l:.. =· f ."1.tJ~ ffl.:J'l/!t bl:['.)[~. 

·:t.~s :...,:...t~.:i e;~..lLlP~~ ~.:neJ,::c:?;, t...: t,t" ;irJtted 
.. n ... i· ~<.:~. :·1 l:l · ... H~f._:,rl1" .. tr.L·t: w1tL lr·[J ... t:. :out i~~e 

t •. ·e:.>·"t:5 .. lo.ti 1·t'· •. H~_,:1!:, t1.:.ir.-. thf'::" ::e:ttin.j .:! 
:.·.)~ '· ·:t-1::; '.Jnt."".i ~·~t" s·yster.1 trJ tta: t1n1~ 

!·-~Lt~.,_,,r, )~ :n0n.·.)1:l::.•nal ant:itu!1·-pr_,._1\ •. .:1nc; cells, 
·.ir. tH! 1.:t!'t~. :!11~(! d.Jt\)ina!.i1:'\ll·;', .:it ~1a.J ttu.: cl.1..:I<, 

"-·.IT'k-·l.ct.el·1 e:i!T,1:.atin·1 rr .. :.uHLll c1~~1dt ..... ns • . n·.~:~ 
·-·= .ir~lcs t~u~ ;..:: ~· ·-.:.·.~111.; W°'JCi-: n.urrralty ~H::!•rt . .J:med :..··1 
'.<.·;;·:r1l sKi.~~j [t.'5t"1r.her.-: 1 0 ht:" .'t~.·.-:q.~lshr:·! 

.t •• .'".-1'. ~11:· -.·1t~· t:t!:€'. ;.·...;rther dct..i~l.i !c.-;:"I 
J.rr·.l.;r. E11 t1 •. ~11d11stricl~ :~td., 1\(!!T'1r.1:.~rdt.1·;c 

~1·_.~·.1:tnu.:t.•, l l~. H.Jt._, At<..JSi.:.1-.a 1 .·r:,Jmt:, M 1 ~L.i' .. , \(•J, 

T .. 1t.
1 

T~l.: i1·L.l":i.l..:!, ;·t.:•1...~· 2 ~ l ·.J ~ ~:::.. r rq:-: J • 
, • •• ~ 1:.·; .~i:,, F~·cr . .1-1r·: !"~'ll 

!! :s;">;t ... 1t ',U ~t. ;, ,· l !.1{ tr. i t1 .1~ i · ~•.pL ! .1 

•!,f,Llll' ,l"\1• I ·11~!. •r,, ,t(., .. t. :,t:,t.-r I ,t ~P'd •jCl·l" ~1 i 111 J 
n.,,_~.i:.t! f'\.1~ s.:.,._;. ·:~:~m .. :::.J-.•- tr.i9m~11 ~ d( 11n:.1•!:' 

• I .1. i ..: • 

I' ·' : .. ;: ., .. :'. 

~ l .. , · ! I 't r'I , 

' I t• '~:Tl il.: ! ti/ ~1 t I: l. ":'ht' :,'. ·•· ... •. l_'.I 

,! .l·,· · .·l 'Tl~ ·rur· ln d1 '•r•_·t •!r 1tI. I 

j'C'!P·'' ~ ;hr .• m.,. 11:-i·: 

~,.11t :o t•'j r, .;,1':.<u Jl1·; .;Jf"l'I•• ':hr1.1f.\t.S.).nt!,. •Ji• 1 Ji.,l1• 1 

·11~ .. ,.1.-1·1 -; .. ·r•:~n. 'i#ht:n •i!J11t: t·r· ti,u1l, r1;1 e:.qH·rt ~'"'I 

t ·1. t t l l {J lt."II~ Ji ,, If: I .J•Jl" ~ .1b .. l~ t l 'ief1t' m 111. ;.. 

i r Jf ,•II c ,,( ~L,:ndm:tt 5d • :i ~·1-:Jte111, use•i ''' t ti .. 
t•ll I I ·:,1 ;•l.•~ if !'11Jf•1bl11l•J'Jlr·,tl Ht::"~11lll•.t.'1, 

'>1 ... ,. q. t IH: ,.~ .("I ·;·; .dHHl' O!•t! 'Jt!llf! !.ot>1'. 

(1-.,o\t I•~ t•.J r !•1fTi 'Lelf'll .1 I ·~f.t•>ll(, ,l l Mcir1:h l rJeO) 

Ill 

M.arKl·I f',I f,•1 :;rcr 1 I ;11, l '•1' i1f!1 lr"1 B1·1r~.1.·tr>r 

pro111d•.-·; 1nr·rettSt!<i pr1:.dllrt m,15·, trvm cc1 l culture. 

bl 

E.'!:.t.>l:.>z l!!~ .l:.rl!tt t~rmcnt~r !~_·t1a .. .JlV...Ji', c...;:-.t i:::J.0\].S 

1._·vttu:~ ..tnJ, an ..il'ltn..tte ltl.J: .... ·:.).._·.;11 r ~~r eu~-..t~ii.J.:.ittL""U 

systt0m, the equipment is :i.iid tu giv<' .l t<":lL>ld 
tri...:rt:ase !d ~nim.al .._,~:l j~ns1t~," ir:. t..:Jmt:J.t ts011 with 
t r.idit i .. 'I1.'I: St!spenst.)n i..:-u.~t~re. Other J.J':Jnl..:s.-les 
i11.._,~uj~ si;n~'i€ m..it.:ri.l:. h..lr~jll~j, .J~tcm..itic reuse ut 
bi..::.-.Jt .. 1 ...... ·s:..::; • .iuJ .._·.:.intrvl uvc: m.:.Jiun: .lni r:u:. r ient _ 
The H:. ..... rc.l~t~r h.is ..lppi i·:.lt 1.::.-r1:i ir. btot r .. u1st~)::m.\ 
t1J:~s. t? • ..J. th~ isca:.:riz.lt l·_·.r:. ..,'f ..4iu.:cse t1.:-

fru ... .-t ... ::oit", .lnd the m..i1H1f i_·,_u.rc ..,:;f .1nt it.0.Ji m .. ·~i"·.:G.l~s-

· ~" .. ;.;nrnvbi l t::.ll l\.-·li ~·:t!'l't.."I•t:i W.lSh·~·U~ , .... 

.. h:\..'."~e.,,,s~ :: • ...!ensit;· Jurin·..; mt-...:!1.i ~·,char~..j~:i, L~1..·..i'-"S~ 

th<' L·eli:; .ire physi..:.illy eatr.ipp<"J. P<"rt'-'S•·~r . .:H 
:.~-:.t" '--.~1tu:t" ~dium sets l,;I.l ..i:: h-·n':vgt-r:~;..is -.._;t...J'""'-h 
~::·:;r,·.am~nt .inj thus .Jpti;r.i:::t?'s .::-ul.tJre c . .:.;1Jiti ..... 1h:s. 

.._·atm1..:.ti dn..:i ph~rir..:.tl:eu' :_·;1~ · }:!~~·1d[.J.es tr~~1t 

:;~:;,;. . .J'1le ·.,;ith tim~-.._·cH!S:Jm1ny- 11-..:'-"_·i~l.tr ..lri~ J[~-l 

i:1 .. _e1 .. '11.:ti~.)n st•.Jdies in [.i..J.t$~~t v! :i.t.·• p!0J ... _·ts rr..J.·i 
-;c;. S·...-r..e h~:p !1-.)m tw0 r1t?'• \..· •. ;tt; .Jt~• ..J:..li--hl._·.5 sys:e:r.:.. 
... ~t:·1t:l·-,ti~.J hJ' ArJe:1! (\1~.p·..i~~r (5.H1:1;·-.: .. 1~e, 1..._'.)l .. t.) .. u.J 

S~eli1r CumpJter (~~~:~n. Hd~s.}. Tne ~~st~ffi~ a::~ 

b.!s~.J · .. ii:. ..:c.·mputers th..tt Jt':. :'..,.,r $80,CUC ..l::d s·JB,C'·:rv. 
r~sp~~t1vely. Hcr~~~er, tt1~ ~Jm~~f1i~s 3d~. th~1: 

:J.jStl..!'£1~:> cdc .t.., j .. 1bs pertvr:-r.2'J t·1 :,:.;.~er,:1>mp..iters ~ 

•h~ch sei: for ~.5 miJcn .i!> s~c IT'iitlicc • 

S~~e:,l: ~ :e~ulJ: gr.1~1 ~:.:s pio~tdffiS ~u; 

r~!"::i .. ln..1! C•..lrr+·Jt.cr:> {P(":;>} n::.w 0:1 t:·.~ :r . ..:irk~:. ..i! ~\.· -·dr: 

!,c u~t=l t·.:i !T1.u1it"·..:.i.1te .ltJmi _ ;~~!'";ltS. !kJl·.! l~r>1tt!S 

.li:.! ~the1 j.it.J, tr.ea disp:.l·J :.~:~ re':i.~1:!.s _s:.,, ..l iu:• 
:n .... l~·:ul...tr 5tr~;..:ture. Howe· .. ·e:, P•:s d~t -.J':!r:.r:rd~l·: t,._ 

s~ow, with 1 imiu~j tr.~rr .. .>r i~s, ,;:1. d ~h~it re.s:-:l!t ~·~'~ 
t·~·.::> luw :...:. ha:.dl~ incre.i5iP-J~·: S·...>:u·11si:.:cdt~.1 

qz~~hi·;s prc1qrd~S. 

Ard~nt .:ind Sttll.:i• 5d'i r:te:::lr t>: .. 1.h •. :~s i.;St! 

l.1; ~t>, hi..;h re:;......,iut !on mur:.:. ..11s l•_, ,i!sk"'L~; 

.;;1:-1:....:.:s,.~d m,;l~·:Jle::i th::tt C:Ul t.Jc :n.::1nl~J.l.'ltt!1! .-~i . 

s·.:e~;L ;.:t~lL.lt. whi .. .:h ship~~d its first GrdiJi.1:.-..:s 
:.;upt.:r.~.')rr.puter ~:j~l GSlCQO :c M..tr·.:~·., ~::i~ fT'drke: ::-1"1 
Jr,reerr,~nts w1t:1 pr.~·!\1t..:ers ~Jt :T..:.re tl".0:1 ~:: r.\-:Jl~:~~.l:

rr.·),ito. i'"•; r-r,;~;:dm:;;. B·r ;,.~~ust, Ardent w~!l shtp i• s 
C: C!;t :1stem Tht M· ... ll:::.~Ul-ir Sir~hJl.jt•~! (T~·..,) •r: Lh 

...; .• mes w:tn -t •;f,._,'.·;~ .;,f pri:.·~t.J""1~ !10::: tL~)r.ies~yn 

,~.1s.ij~n~. r~1~t.). 

.i'.rdildt··le ft0;T t.tlitJ ra:':.'j 1/~r:d:)l·~· 

(~;·:>.!t.h S . .tr: fo't.1nLi!:i•':J) h·;~;~.::.. t.:• h.-i·J·~ 

s . lll. 
.~ T~~~ systt:.r. 

~,: • 11Je l 

::_;,·lcn'. l::tt..i ,\tJtJ•.!1f l·.; h.:t-.._·~ : 11',\~ •·1• ,\.i.;W+.:ft'd r. nt 

.• ! t~ •.. .;,._· t,,151·:, Sl~i·~t.· que:~t.i .. ;., .1L 1.1 ~·.1w •::t.' _.,,,: 

.• di(' th,.~ he\~ )()I, J tdl:(i~.t t;.t;."!"'l; ... ~~··· •J : h'~ :.>·~1.t .t 

)t t.11:.• n.rr•.1'~e;; 1~dl"l(J')dt1d:... •h11t · • .• :.-1 :r.J:•J:i 1~:·-'·.! l 

'.oU ! ·~· 1 'It!: 

Nttl'1'J'~n .·4,IT:j•fJ;,•.!:.. lfi i•t·r "t::l' ,f tr- .. ; r;,,!,i1'5 

t1tmt>5,,hcrf!, ~n-1 :ii.l :iv111q tt~.i>(j:i 'l'.'•.!'·1 ~t .-1:; -\l: lt:t.• 

i1Vll"J th:O(J;i 1'dtH,(1t j'.j::;t t.J,{•! '.,.th,1• ~f.P'j f,t•(•rt ,,U' ()f 

rht.• 11r. Tht' r.1t~'><Jt•11 1
11 ta.' !l:it•fuJ, m1;:,,~. r.1t: 

"f IAt."<l'', 'J( 1·•,mf)ll\t.."•f With ·~tl•••I 1l•1m:. !f.t{ rt! i1)W It 

t() ht- trtk~n up .1n(1 u~e·1 b/ l111r1'J c:ell~~· 

!J11t J l now r,1,'.t ~r, ,, J 11 t r1".:!' si:H 1 h.1'/t!' 1>~~11 

th,,·,1,Jhl the chief heroes «f n1tro•11111 •:.sptllre .t11•I 



t ;.:..st i ..... n. tvliv•~J by th~ ftldnut .. h.·tu::~ vt tt!'rtili;.:~c 

dnd the use vf f0ssi: fuel. All a:Jke usJb:e 
n1tt'-''i°"''. Cvmpounds. Edward r'rdnZbldU and Cul "'--'PP 
.:·t tht:- N~w Mt!xi .... -u Institutll?' 0! Mir~in·1 .lad Tt!\,;'hn·.)l<1g·z 
rt:puct~J ,;)t tht :ec-=nt. tflt!~t ir.'-J vf the Ainie-t ic..-tn 
Che:nic.11 Sv.:iet·r in Las \'"'i·ls th.H l i':Jhtnin'l m.1'i l•e 
th.? nllmb~r vut!' s .... ·i. • .r1...·e i.: .. f t ~::..~d :litcwqen in the wvc lJ. 

Uc .. franztilJu ~u:.J (,'thers hdve Jut in~ th~ ~·ast 

tw0 summers workej dl Lan'ia:uir Laborat0ry fvr 
Atm.,,srher ic Res~dr...:h tu ir.easurt!' the art".ou.nt ut 
na r .... '.jen t ixat ion produ..:ed b~· flashes 0t l tghtnin'l. 
Tri.,~· measured the .ia.vuat ..;t l 1ghtnt119 f i~ed b'i the 
100 ... .H sv fla.shes th:tt 0....:~ut ev~r1· s~..._·...,1:J L>I• tt1t-
1::_.1i:..h. and c-dme up with .-t hu;._tt?- q1.;.i:ltitj.· c.·t tix~d 

nitrogen. man;- timl'!'s the- prt:vi...,us t!Stim.i~t?s f._1r 
light n inq · s ..:ont r ibut ion. 

l-::.-t:: l lt!C ~stim.Jtt?s h.J;,J t)"'.;."~r !Rdje i..:trqcl•z !cum 
l.:t~)t..tt•)r'j wvrK. nut a....:t1..1..J:l .lt:i\i..)St-:ht:ri:....· 
ine~St;t'~tr.~llt. (S.:1~r._·t:l: !!ltt:!_~tlv~~Her.11~ 

'!:!_i!>~'-'-". ~ l A.I'' i 1 : 98d l 

DNA ...tri..1lj"t ~...::ctl tr4:th·~·d:.: ulll . .'t ·_·u:1! :n~.J t ...... 

res~.~r·.:h lctb0rdtor it=s lre m..J\.·11:,-:; !.r.~u <l ~11iL·dl 
l.:1tx:r.:1to!' i~sr .;iad d whu!e t i,_•,_:-.d .;r prd...._·~ l ·ai 
ct~·pl ll.· ... i:: ! .Ji;!:: .._-ou 1 d so0r1 h~·l1::1. ~ore .. ·.·e:. th .. .tt 
<'dS·:3Je ,.; i l likely ~-Hh"r f .l: greater cr .. :.mo;>:,tum 
be....:.-i·.!s~ ut the US ~·i.1t:r1:r. ... _..-.:. '.s ~jr0w!~:':1 tesv:"t! t...., 
~.:111 ..sa.:i S'/Stt:.;..1~icdll'j 3:1.:l!yse all 1".um:!r. genes. I11 
~dd1t1on. ~S resear~hers hdve ~een car~tJlly 
prer=a:i,,g tvr the first 1....lir1!.Ldl t~sts G! 9er11..• 

r~p~acemeut therapy, with the e~u i l~st e!L.:·rl$ ;:1 

seri0uslt 1~l ycuc:g pdtle<cts so011 to be L:rmal:i' 
revlewe.j. 

~ne tw0 ~~der3i d~e~ci~~ .;~~rseein~ 1J:ctns f,,, 
su;~h earl.,- the!'dfh?Utic .. ::..:pt-r~:-7'.er.ts, tt-.e ('\)od a1.d 
L-r~~ A.J1'1'1to1strdtion (f''DA) ai;.j ~h~ Nationa: 
Ir;st i~utes o~ He.,ltt> (!;Il!i, went throu:ih .J ",lry r•.r:" 
reVIPW er SJCh a ~roposal IJte !dSt year. The F~A 
ha5 auth~rit~ to revie~ all rese~r~h inv.~l~i~1 ~~e 

c.se ot drug and r.;,Lned products in h1,;"'""s. Bes .. k·s 
tdl( ir.g on iott?rest in the scifel'z' and ~t! icd<:y v~ 
-Je;,e therapy pr0ced·ires, the i'DA wll ~ sc:ut i111~e 
materials r0 see whether they car b~ reliab:y 
;:rodu~~d tro~ one trial to ~nether. 

Within NIH, the Heco:nL~r:.!;'if. riu,; .~.j'Jl~:.. 1 ri' 

C,;rr•.m1ttee (Rf••-') and its Ham<1r. G<'ne Tn.,r,tp'j 

~ur.c.1rr.mittt:oe ar~ r.r1:.v~d1nq ~ tc•r1irr. f,)r P•l~>l ic 
d~s,,_· •. ~.sions ,,f thit.• n~w t":.'chn.J!•HJJ' de:.~1·.)pi~:,; 

gcra:rt\l gu1de.L1nt:'5 dnd r·r•~Jr.'.~::ir:·~ t,1 rcv1~w prorn·;~dl~ 

.-s~ f...AC e'J.iludtl.'j ~:trly gent:.! s11li.·:1r1\j -=--~t,cri:ncnt:i. 

Tnt• co!Tim1ttee ~-t~ <&dOf teri .1 "p<,Jnt.'.i t<:· ··on~ iJ£-r" 
dt)t:JIT1ent. on ethi.·.1L .'iS \itt?ll .. ls :;c_·it:n.t1fi(.· lSSll~S. 

At .J mt. ~ ir.<J .:..:tst De1_·embe[, th~ RAf~ sub\:1)rrJn! t l•1t• 

t!VdlU,ttt'j a ierLJthj; rrecl ird-:al .J::t• . .:t dvCiU'ht:nt • 
pr•-'r·;Ued hy f''ren··h /\:""1.:lerson of NIH dr.d hi5 1...:rJlldh.Jf.i 

tor5 cit Nlri dnd Mem(.rLtl Slo:in i<ettcr 11:4 C..tncer 
Ccntt.~r 1n ~ew Ycrie. They iilcH.t tn corrt>·'t it r;irc 

he1~ditary disease that re5ults trow~ jef 1cienc1 0t 

tbe \"dtdtJoli.·: en21·me, .Hlt!'nu:;ine cit•.\mlnd~e. !ts 
dtJsen,..:e lead~ to <11~e !urrr1 ut ~t!'Jt:rt.• l:omh1rie::i irrununc 
deficiency disedcd, whose v1ct1m5 usudlly jo not 
:;,irvive the t1r5t tw0 yedrS ot lift•. Tht· .Length·,· 

pre· cl inicdl dctt,\ drJr;u:r1ent cdnd1dl·1 (H1t l irif..'~ rurrt!nt 

gap~ it) scier)tifl•: ~r1~~l~dye, ~om~ ~t wt1ich mdy b~ 

clost:"J onl/ t:/ 1:(,f1<1u1...t ~li'J limited 1:111~:._,,1 tr1~1::;. 

Evt:n dS dRltJ1t tous ft!dcrdl 1n1t ldt 1•N·.:s ~rt,. tn::ri J 

(il;t int<:. d cone:;ive trame.,ori<, r;l inic,11 re!;edrc..·her5 

• trt.• est dbl 1 :;hi nq d nt:!W VJT iety of dld<Jnost 1c lelt!i 

tvr :it:.>.!..,:L·t.:j tt.t:t..lt-..... ~ t...: .u~d ...:.tht:."! mc:.Jo.._·.:~ ~l!)•_t·...:11..·t::, 

\JSln~ DNA b.1:i~J. t~ .... :hni tl.l~!:i.. A~c~l~r~t l. r:. vu S'2 .~.!.i·: 

frvr.ts wi!l. s ... x.)r~ t.1r~:>~:.: ..t t.H.:>..tJer:~.J ..!:r.:1z· ut :>i.J1..·•..1: 
.:sn.i cthi..:al -.1.Jes~ i.:.11s ;.:.trt i~·ul.Jrl·," dS !T'.t:th...JJs ~0! 

pre: . .ital di3.Jr>0$ i-; .Hli' ..ieve:~'•'ed cc:1-:1 b.,f_rli' 
tht::td{.ii~s ti_c ':.re-..it:=~'-J sL.:.~ .. :h .jisvt'"1~r.:s ti~i:1.Jr. • .c-
:t'Jai :.lb!.~. 

Alr~ddy. s~v~rdl llt:.!r~~~t~ry disu~J~rs c..tr1 t~ 

r~J::ivnably predi1 .. :tt?d b;~ ....:hr')ftiOS..Jm.al .:U:..ii.ysis, ..ts ..... -.. ~n 
s~V~[J! ~orms ct rn.:t!. ign.J.n~·y. With ::;;umit:- lj~net i~ 

dis...:::-rders, ~n..:luji;:~ Du~ht?IUlt:" 0 S r;.,iscul.t! d·r·stt..:-·phy, 
s~vrrdl !.u:ms or. hJ:t:."mvpt,ili3 •• uid Hun:..inl.jt•.)r.'s 
.. i1.st:Jsc .. 1:1."tl:J~i:> ·-~ t;NA p.J:tt~rns .. 1Lun .. j •itt1 ·i!5c..l5~ 

i1•c1de1:i.:t> w~t.hi:1 .! [..!mit1· ..._· .. tt1 lt?a.i t:J ..t :~m.lrtt.:..:~·l~ 

..lC~~r..tte predic: l\."t j~~-Ji!-.JSis ot dist'.1.:it.!. Cthcr 
t~·-hn1qu~s, ~nich ~!sn ar~ oast?d ,Jtt CNA arialts~s, 
ar~ l~..t ... ~i::.; ::.:. st!r~sitiVC' ~-=:its for ..:ert.:t!r~ f,)rms .... t 
·':":J~ lt.JaJr:c;·. sui.:h ..lS 1.:~r...:::1-_- :nzt.·i..·.:Jl,;t"!r: ... L.1..j · ~ali .. 1~m1~t, 

.H~d ~~ i:!fe.._·t ic,i~ .Jis~.lSt..>S. 

ht:"f,:.:ir: !·;b'::l. tt~t: -...•:ily ,1~·.1~ i.~t.dl: t-:i:e.jic_~o: i•.:c tt.:st 
fvr t.•~c:1erin.:-·~ .:-Js ... -ut~~r ~yst;.uph'j w.J.s t.dst:J Jn 
tnt'?'J:~.:r: ~1·.; : n~ t.~.:o-.t ~t>\'t"i. s ia "JI!" :t:'r ..... ~.t:l :·• ..i 

tr.il5=:lt" t!li..:1·1ne. lnat ~t W.l.!: nut h-,:t.r.itt: .u1 ... ~ ~:.ti rr . ..1;. 

t..:11st.: EJ0S1t.:.v~s. -::,ir'!c~ then. ::1N,i; i.:-.::<•t:S ... ..-: 
·'1ttt:'t:t~•LJ .:tr:.j .... .J:.~t.;.':}u~~l'J rest::.l·t~i>:: ~r;:. 1 th 
polz·ff·o[r~~s·n ~-.1ttL>rr·s (RF!~fl:iJ in VN.Z.. l.n!'.1111 r. tr:'=' 

··;:;. • .._·i.:. J~n.: rt:st-"···nsildP ~,Jr t~~e '"1isf'~t:..~ Ll."L.t!nt..• 

.:1 v ~ : i. "i :,, l e t J i mr r...: ·: ~ tJ: t" ; •• H .~ ! ~; 1 - • .. ~ :.: : S • 

:'h.it t!tst set ._.t i,..r ..... b-=-s. ·-·:-:~ .. .-n •t.:'~· r •. ·~ ~:c-.1~ 

t-e.:-: •• ::,t: 01t the- ld~·Jt s~.!? ot ~r-.1"'.' ..... , .':. ·'·-~. =~~ .... -~H:nr.~·s 
.Jl."11~· w~re rt.·~l.!-.:~j ~ ... st ·,·oe-31 -..·itti nt"w t-'!-~r:..: 

i.._.r: \"t:".1 : :. .... Hn r.lt?SSoo!'nJf>I ~t.:.; (~.:.-~L:"· pr ..... r.~s J. :•e:.;; ~. ·· 
~ ....... ~ tit .. .._·r.;~i\~d:l ir.,t:·r-.:.·:t:1~t::.ts, ~-... 1 ••e·:~~ tLt· :.t-s:. !S t',· 

. .. mit·.1;.s d:•.lys .t.:.:ur.!tt· ;;.:tr!. i.:ularl;r tt.·-.t.1:1? ,,,.· •• : 

rrtli.t.l~·.;r."5 uf th~ Duc~enr: ..... ·£ ':JCI:~ ~tr~s~ !rt··~:lt':i~ lf ir1 
1t· .. 1".. .•::1..' t.t1ird .-.f ,-,ll •:".:tSi·S. 

H~1~rr ..... k--nl~id A, •h•ch !S L4HlSt: .. 1 t.y ..ttJ1.cr.i'""1l it .,·:.i 
i~i f.:l 1 ~t.:·r V!I!. t :t:~ t"·loJJ ._.:· .... !.t.n1J pt :~: .. 
.~.~~c-t·ie, :s a::•Jlht": ,_:hrcm·-;~.~rr.e-1 :i.:1Kf?d .j;st.~.1~t· tr1:1~ 

'.!:- n1.Jt b~lny: : ::.~iowP1 r1'j 8N.l. dn2,:1~;s w,tr~.n 

!'.uriiies .. :..lth·.-.1?ql\ tL~ 1:r1t1.~al ta~t~;: ;~~I,.,;, •I 
ab•JU t -:;r:e t er t :~ :. h~ s 1 .:~ : .• t t n~ [1u•·.·her.r.~ · s .-J·- :te, ... 

still is v~r~ l~r~f·. 

Sor..e: r.i~l .. l•Jnar..·ie:; lent t!•ert15elves t., ~··~A f.i·,'-'~ 

dfld~z"~is be1:aust: they dre ,_.l,Jsel;· .:t.s.sc\~1.-tt(•.i '..;itn 

.;hrolih.;~<..11"'•dl c~drrdro1;c-r:.~ri::.; ,n :el!.s. l;~ m.til,J!1111t 

1:~lls o! inri~vldu .. t.Ls witt-: ·:hr .... ,n!·: :niel•).Jt"r·~>us 

l~.ik:temid. tor eA-ilT'.ple, .l port ion <1f l·hr\Jm• ~·)rf,c ·J ·,s 
ncve.1 \Hltl") chrnmtisPme 2/. Altn,11Jljh ~h .. :tt e•:t:r.t ,1r1 

Le f(H:(1W•;-.i usiri<j tr.:idJ.tJ..>1:,1i ~!1.r._1s<·rci1 1 e b.l:.it:d 
1;·it0-;~·:et 11_· .3ndl·,·~;s, th1:.· J1· .. 1ly~.11:-!l pr•: ·e=.;i.~rc i:; 

slo .... 

H<Y.,~vt.>r, t>e•:.sus~ tht• ··h1.)r-.~·;,,rr . .1~ ~t~11'!.ol:<·dt.1 ,r; 

inr·ludE>!i the m<.•vemcnt of ,, p .. trt 11:l.~dr \Jn1:v~t.!r\t!, d 

rr.~~rc r.ip111 .dte1n.1t ~·;t.~ :..t:"_j,t •· .. t 1 1 dcte~t ,.-\t•!rt: .. 1 
H:·'I.i• rdttt-"[r1!. t,y r)NA cH~·tlj'Si:., l .. ~1n,J dppro1;rirtt(· 
p:;~ .. l'L'~. '!'he IH·;c:edure is 5er1:;:t1vc e11our1h t..J f;i1·K 
"i' new JUnc:t h)n fr.t;n•ents with~u ~>flol ~pt"',erai bl\ .... )•i 

eel ls. M1JrL'•r~·er, t,l:c'tlU!lf' 10·.1 f rt--l11~nc·j C'Vt:;,nt.:;; .1rt.• 
det...-.:tJt.Jlll', the "t•chaiyo. .. e rild'J Lt.' U!;e{ul 110 1• un~J t.)r 

r;o11f1rm.tlJii ~ll.t•Jr~r>Si~ l1.t ,)l:;.-:) for rnuo1t-:1r1n·-;1 

thcr.1p1. ;,n .ippl le.it io:1 \o u~e th1~ dtdgn-: .. st ic· 
pro•:t:dure 15 ~~ndPHJ t>ef,.1re the f[)A. 

I1 iln-~1~her t·.11:it, tt1e I>UA h.t!;t.•d "t ~nqecp1 int 
m •. •th,,d" f,,, .Jriril"j51rl'J foren,;i1· lc1h•.>rc1t~_.ry 5.1mpit.•s, 

rlcte1m1ning fdm1ly relations in pdtcrntt'l ~uits, Jn.J 
C( r.du1·t l nrJ d l • .HJtli)Jt ~ i~ test !i o[ <jenet i :· di Sert.:"ot.'J h.t!i 
r~•:cn~li' t.cen ,ff0red in the llSf. ,i5 cJ r:onvr:e1cicd 
a1r·.:1,:e by IC'l:; Cellm.1rk DitHJrio::;ti1;~ sut,sidldr'j . 



The fin~~tE•!iutin'-J lt.."·_·t-1~.._t ..... y·z' ..i:1Jl;·st::S :shvrt, 

h•-Jt:ly v . .u i.Jb;e, tJUt "stutt.:r.:-1" seqe1en...:es of DNA 

t:~..it .:ue :i~att~t-=d U~t..-'J-Jhvu.t th~ g~a~:S vf 
t1:di·1idudls. Bt" ... ~.J:~s~ ..i11.d:iysis dc-p~n.Js :.)n p.itlerns 
thrO'J<:JhOUt a qenome, th<' C<'tUS PCR -'"'!'.!if icat ivn 
~~r1r10t Le r~adily ~~plied t0 bJil 0~1t i11v~st1g~t0rs 

\.ihe-n the~· .!re yi·:e1~ rr.1nis...:;.i1.~ s.imp~-e-..>. 

Ncne the L~s~, the te~hP0io9y f1J~ $uffi~i~11t 

:se:cs:tivity to b.: usetul t0r rr • .lny t:oiensiL
dppli~~tior,s, pJrticJlJrlj ~h~re its dbility t0 
illumcnate differenL·es ir: <:Jeneti...: p3tter11s between 
i11.jividu..ils C.J!l Le crucid~ t:viderh .. ·e in est.:ai.:lishir:q 

...f.J i 1 t or i nn..Jct•tt._·e. 

Thi!:. mt...Jl~.,- ..Jt .~ldt.J•h.'_.ti..: develvpm·~n~s 

spd1111ing J ~1de .;r~~s se~tion of int~ctious d~ ... 1 
~":.ereJ1t,1rj· di::J~..!S~:::i, l...'.'drh.:er, Jnd tvr~nsi~ t?v!.it::;:._:t" 

!.Jr .. ·r imin.Jl 3,_ .. ~ i\•itj• - promises to stir a';t ivit·1 
11_~ •.)nly in tht::" tllOt~·---.. hn•.JlOgi in~ust.r·/ .-tnd 
t~·.r-..:_llJ~lout ~ht?' Ltvm~.11....:dl ,_-,.rn,:r.ur.:t:z·, but als..; i1-:. :.t-:....· 
.;._•Jrts. H...;wf:'•:cr, m..Jny perpl.:xing leqdl a.1.C eu-.:.._·J: 

F•--:.r instance, th~re is tn~ 

·:·~: i pr~1.:tit...·di ·~T1est ~ ... ,;: ._·: hn• in3t.r.Jr..:t:.· corr.p.uiit.~s 

w ~ l •.h:i:d wit.~ ~ ·:e•·r.::l'-1 lt:Sl u1torm~.t i ... H1 ..t.bo . .1t 

I.·.·~~·J~t.:...'i .Ji::;,.rJ •. ·;-.;.. ,;; ::~w pc.1.,:ti._~1i ·11..t<..Jn•_.::~!,· 

tt.: ·L1<•l·~·!Y bt-.._· . .,~.c~• .:l'>.".!:l.t~le. priv.'\te i!~:::,utc!!.i ,_·,)..i!J 

~-;"='s:..U!'e l':'."np:.;.~·er:> n1....t to hire i?lji·;iau.Jls with 

kit.·-!i..;pvsitti .. H~s ti_·,_-._:.:,~~-;' dis~.t:r.esi n·-~ ,_:-,nl7 ~-· 

.i1 •. •~ •. l'}tl.:;1':> =~.:.ct::..-=.• '~I.it ..lt~:- d~ .. u ... ettsi ~;r.:t-rtf:?,:;i._r., 

. 11..! otht:"!" r.e .. 1.t:1 ;, u,,ji.t !•_1.s .·itt~ :it.~. :•·J yti.ct :._· 

,!t. le:.~iu.'!ats. !":·i·l·: ... d ~·,. ~v1j~n.._-~ vt ..:l p:~ t::....:it ~r.-j 
_. :-.!1 '. : ... ·. lS ..,-s·.:d :.,_._. ~n l iiT•Lt~J •~J::i tu dtsttu~-il ity 
...atft.•·.lt:.1 u.~~·;!..; .• ~~s ~r);-: .•.':l-.:!.:101..··: -··J'.,'t..;:-a .. 1e .. 

~!.1:;.\._·.:tl'.·:, .::·.•.'1 (.:t:s~ ... re~ ... :.)t;l~ t:V\.:"::tl: . .:iily 

.1i.-'·.,;i:: t~tt>- t1S fit.._, .. ~h .:.!Ie s·,r;:.cm ~0\oild:·l.5 .J,j._.pti:'l:J n:·..:ire 
tf:~'":~r.iLly m~! .• ~J'_t.:.! s~.J:n·~n='1.:;; d d.:v~l·l~rr.~!ll th.Jt is 
,_··1:""It.:n!.:1· •iis.ia.r!~..! t·i th~ in~i,..:.str1· lH::Ldl!Se ... f the 

ct-.ley:t.'",i tdlnr .1! ·s{Jc ... 1l1z~d :r.~·iir:!nt.'". (!:.:.,~r.h·t•:J 

fl~ :r. t_:__~_n::_.:_~_~.!.:i -~~-.!._ !~:ilj~t !j'. 1 ~·. J~11t! ~·J~~J 

It mdm.·1'..il tan i.:t>~ls J!e !_,-:, sur·:~ 1:e, di·::.de, ..1I:•1 

·~! ,._ 1.-Jo.JlSldt· :.t•~· t..d'ir thcl• tnVtronm~nt :nust dt 

lo,;;--~St m~~!~· th~1r Odl<ltJl Jin,siol:1qiL·d.1. 
.:i~:r[nt1t1dl.n'-JS- .~ei.l .:.1!t1ut- meJ1d rtrt:.> re:,;p1Jn~•ble 

tot 1: 1r f•ttn{J O\:t rr..-,st •)f r h.1l d~ce(~t lun. Bds.~l 

nt:di.1 su~'l)lemented ·,...ith -;crum (~Sl.J.:tll'/ f(..•etal c..i!f, 
r;,•·-t,.-,[,, ~-~~lt, h 1 >i.~t, u( hum..in st:run·. dt 

·,",•-~rH r.-tt 11J11~ fC1J:Tl .' l·) 2U '->~r l.:~r~t 1)I qre.-ltt.-r) rtr1d 

· t.~ler ..id~1:t 11.·cs h.ive t•e~n the trddl! ion.Jl t(1Vls. 

!t. fj~fl~[.11, tr.Hl5f()l1P·..'I! 1't.•il i iflC~ t'.t 1:t.• :Jlmplt>f 

mt·t1l,i rt:cjuir•'.nei·t~; tt~1n 1u1tr.111sf<>rm•.>·! ·cll lt.n•..'..i; 

they die rt •• r~ likt>lt t<., JI•Jw ~~fum trt!t:. TL,:r· ·1111->\1:1.1 
!it""t:m t.(J b~ i<lt:.il subst 1 lutt::.. tur :.a~rum r~.1u i r i.nr; 

... ·ult.urt·:.... ljnf,.Jttundt•!l'j, ,·ell linPS tr<111:.;f,}rm•~·1 t•'i 
nnCQV 1 rtJ5t:.-S .u,.J dL~t ivat~lt orH.:c)<Jene!; hJVe rer111ldtury 

c!r dWlJoici< s. 

1hus, tht.-r~ St!t!ffi to lJc r1'.J s1mplt.• or un1v~r~dl 
sol11t 1or.s t•>r mdmmctl 1r1n ~:ell .:lilturt• mcdtd. 
Succf!~<;f11l :;pC"c·if ic· ff;rmul.tt inns. tor large··sc.-tl~ 

c~l l l·11llHre pfo•i111.·t i<..Jn '~t rt.·•-·on1tJtnc1nt proteins terv! 
r.o be wcl l kt.·iJt irid~1~tridl sec·rets; puhl isherl wnrk 
on th" 511bJe•:t 1:; S<:<ir<:e. Wh-st is evident ds the 
S«rslt.• ,,f rf>rU\ m.,minctl ictn <.'t.>l l <"lllture ini·r~dSt-5, 

h·'>Wever, i5" 1i~i1HJ demdnd fr>r workable 5erum tree 

m"did. 

DAMPl.KS 01' CKLL TYPK AJll> CRCMrH MKDlA, 

WI~ AND WITHOUT SllltlJJll 

CKLL TYPE llKDlA 

with serum without serum 

BHK Gl.isgvw Ht:M (Ma...:iage, ~l .ii . 

(H.i,..ste• L1Jaey 1980) 
;:, i t:-r .. bl ... , st 

Chick embrr· .... • 
f ib•obl.\St 

Chinese ha,..ster 
OV.iry 

!-:(' iJe• mal ker .it i 
ri-:;c.:ytes, humdn 

LA!\ t.'tl ls 

I. ymr.·i-1;_.!t ·it es, 
hum.111 

Hlt'1oma, h11mdr: 

("""di 11q LULs) 

Md:r.sna•y 
t'pit 11,,1 id l 

t.ells. t:umctn 

Eagles HEM, 
Ml ')9 

Eaqles MEK 

HCDB 2()2 (Hd<et11ha11 ' 
H.Jm, 1977) 

Ham's F-12 Nutrient 
HeJict. HB CHO (H.in.i) 

KGM (·.'l0ne- HCDB 133 (Clonetics) 

t l•:5) 

SPMI 15~0. HDlO:. HEi04. H! l, 
!)HEM ABC (prQtein-f ree, 

Hybr1e ~.Jre Cell-Enterprises), 
(.:,1'•:·:) OiRC' 935 • 

(Wolfe, ~t_;!~ _ 1986) 

RPMr 1640+1i!HJ2, 
(Glassy, 1987), 
(Hig ... ...:hi, 1977) 

L~K Hedium X-VIVO 10 
"hittaker, 

(Whittaker) AIMV (G!BCO), HB lG4 

H...:Coys 

MM Med•um 
(Stampfe:, 

1982) 

HB 104 

( l!.i! lot;S 'S-"t0 l 980) 

HB :ul, iiB 104, 
Ht! i ·L'-

(Hammond, 1984) 

'!'IL Cell~ TIL Medlum 
(Whitdker MA) 

At:hrevidt iur.~: AIMV - Addptive 1mmunotherapy 
rr.cd l llm. ''Mi'~M Dul hcc1·0' s m,>d it i e . .J E .. tcJ l f.!' s mti-d i um • 
HR Hdna Riolugics. LAK Lymph0K•ne dCtivated 
k 1 l ler _ M("[Jll - Colord<lo University De("HtmeHt ot 
Hole1:uldr, Cellular, dHd fJevelopmental B1oloqy. 
Hf,;M H1nimal essential medium. HPMI - Rosewell 

Pdrk Mt'rnorial Institute. TIL Tumour intilt"1t1n9 

I ymph<><·:.· t". 

The 11'ed1.1 r<:quirements of the pdrent ··ell line 

<1re sr ill the ~,est guide5 t<> ti1e care and teedin'J of 
recomtJifl,,nt c~l l cultures. 



Medi.l rr..t.nufa..:turers ~t:..: .ilrt.ldy t01..:uslr.~ un :.he 
spel,,,:'ializ~J lll.lrket for rt:?c~mLi:.ant ph..1tmJc~u: i1_·..ii 
prvJuction. 1-.. vr !,,.. .. ultute uf Chita~:s~ hjm.:it~r 0v~ttj" 

eel ls (CH0, strains of •n i,·n .He rt:,· ···r: i =eJ pr .;J,1,·er s 
of tissue pl<>s.nino'1en act i v..;tor. tor e:..tmple l. 
Hdn..i Bioloqks (Al.lr.'eJ.I, CA) h.1s jest int:oJucei 
HS CHO serum free rr.edia. o.:0m1-..;1>ies are .lls0 
t4Cg~tinq th~ n~ejs ~f th~ UJti0r:~l C~11~~t :11stttut~ 

sponsoreJ aJapt i'e imrnun0tr.erap•1 c,.ncer ~l inic.11 
tridls. ~hitt.tker Bioproducts (~alkcrsville, ~O), 

Ventrex L.JbO::r.!tvr ies (Portl.tid, ME), ard GIBCG BR'.. 

(Gra,iJ IsljnJ, N'i) h..;ve :;erum-:;i.;pplem.;nteJ .!nJ 
:;er um ttt:e mc...!ta ~or '-·ult ivcJt tnq lym~hok ir.e .J.._·t i·.:.lt--·d 
k i it er l LAI\ l • -., ll s d r.J t U;llQ Jr i r. t i l t l.i ~ ln-J 
t~·mph0cytes ('!'IL). 

Sin..;~ tht?' Alne-.t ican Tj"J .. H~ Ct.:lture Cut lt:"l..~!: ivn 
(P..71_·c, Ro~kvill~, HD) beg.Jn .j1striltutir.'l L"tdl ~ir•es 

f10m its tw0-1e3c ol...1 byte id·)mJ .._·.:-tl bd.r:k, it h..ts 
dlso bee:'"'. m.:e:. .n~ C:.Jstumt:?r"i· t~.:;ut:!'sts tvr ~t::: r.oust 
bra:1..:J ;.)f hybr~.j<>mJ .....:-ultu.tt:: et~Jid. s~r ... r.i-
supplemented, this Hybri-Care meJium ~ili suppurt 
growth uf SO 90 per cent of nybr~dumd ce:I lines. 
Serum-free, the medium will still support most 
hy~riJu$dS tor severdl pds:;dge5. 

Optimal medid tcr hyLri~.Jm~ .:~ll ~ulture h~~e 

t~t..·': investig.;Jted L:i ftilliarr. Lv:.'_j's grou~ d!: Mt?t._·k, 

Shdrp ~ Dohme (west P0ir.t, PA). He n..;s ,jett:rm!r.eJ 
th.;t, d'.llon~ ser:1m-supµle:neut~d rn~di.:t, Du.o.beL·co s 
m, .. :lit ieJ Eagle's 11eJii.;:r. (GMf-"!) b.1seJ fc.rm"'lat.u:.s 
sup;.,wrt gredter numbers ot cells rc.r low~;,r t-•er iods 
ttun do HPMI 16~8-ll.'ls.:J meJid. His -;r.::.u;., is 
cur rent: y compar ~ nq com:ner c ia 11 ·1 d'v'd i l db le 
secum-!ree media cv~c .l C..ing~ of L'~ll 1 ~nes. 
{~xtra~ted from !!l2...'!echnolog1, · ... ·i.:.:. o, M.:1)' lJdd) 

D. APPLICATIONS 

Technvloyy for delivering Jru-Js tu Lhe pr0per 
~1te ir. the b·x!y is r.ipidly adc-dnL·in.;. Qlj metr.ods 
such dS pills and hy.,vdermi.:: net:Jles have serious 
; lrr.~tdt1c.ns. P.1om6:'di<.:ctl en~int:!ers .:sre no• 
rte~el0pi~g b1ode~radatle plasti~s. gl .. s• ~eaJs, 
et~ .• to deliver drugs. Transdermdl ~"tches are now 
.:0mmonpldce c1nci dre t>ein'.) ddd~·ted f0r r:ew 
..:tp;1~ icdt ions. Advdncerl Polymer ~lyst1.,,in5 hds 
1_1t::Vt:.i.<·t--~J ffi.l.Ctv!aC0i i,; i~vlym~t Spor.~t•:.,. fhdt cUt.' 

rut>l>L"J into the sk\1, like tc1lcurr. 1-1owdt.>:- t•.; dlt'L lvt.:r 

drugs such as topi.-d: dn:ib1otics. i:: ... ::i time ,,,. 
~kit1 is rubbed, .1 bit more o~ tne dr:1,i :!J rt:lc.-1~•.!d. 

Tht s11onges cctn a ... s.J be enqin~ercd tc• re!t.i~e dn.H.J~ 

dl ct L·ertain tempe:~it•ut: or h11m1t11t·,·. 

ficst:ct rcher r 

r1 1ve dcveJ.:,,p"d 
111 tht: 1-·edt.·r..li Ht!pab, •.. it r_;•.:rrrd1.·,· 

nt.J•;t !t."n!it?S lhdt del 1. 1;cr 

,:1r1l i:.;1;:.t i1.:~ or drH•JS t1..J tre,:1t qlc1.i~_·umc1 •)r cthur ~·,·t: 

d~:ae1!.es. (Ey1::drd,, ... t1t>J l'Jf.'[ at must ~ -~~per 1_t:T1t 

of .1 drug t:f> the t>)·c.) Uuvd Pn.:1rmdCt!Ul lC,11 an,1 
J(,h11!i Hopk:in~ rcsedr1:hers dr~ d~vcl<1l-Jln<J fl 

b~<H.h:•JI d-ldbl~ ,.id.st i•: W.-tft!I t<> rl~l iv~r c1rU•J!.i I,) 

hr.sin tumour$. Re:iect:chtrs dt MIT dnd du: ~>t.:u~!JLli~s 

Wollturschuny Inst. (Ad.:twn, ~·ederil ""iHobl1c or 
Gerrr .. ny) dre develnp1n•1 l•Ltst 1r· w«f-,rs «<·"' <1111irirJ 
i nsu 1 in an J t1 :lU<Jd r !;~r1s it 1 ve en~ysr1~. '"'h~ri t) ! ()fJj 

SU<Jdr l~ 1Jels r i;,c, tht.• ~t1~yml" i:... J• ~ 1-...1dte,J, 

increasin·J .. 1i:idit'j. Tni3 1ncrl::'<L.>t_·~ :auillhl l ll'j uf 
th4! 1nsul i11, whic:n CJH lht..n dittu:-ie nu: inl<1 the 

t,},,r)<1st ret:1m. NdSdl SJ•rtJy::. culJ!d 1lso de! lVf?r 5CJrre 
druq~ <1irer·r:..·1 ~,...)the tllc.c ·l!itit:.:11T1. Cuntrd~·~pt 1v1:1 
hr1rm1>11t!S micJLl he irr.,1lrt11te,J under ttu: 5kin ln 
m'1tl'h si~ed cdpso.;les, or rt"le<1sed fr<,m Vd•jln"l 

rln<Js. lnJ6'Ctc1hl" mir:ro!lphertts or m1cr<H;ap~•1les 

rr.i..;;ht t;~ lrqe ..... 't.ed int ... ) tr~~ b!vvd~ttc- .. 1.T. t._· [t"~t...t~.: 

drJqs fJr ye.irs. Liyv::>-~tr:~$ .lrt:- ..tn ~SiJt..·~·i.1: tz· 
Jttr~~ti~~ tG!m 0t ~i~:0~J~Sul~ !vr ~r~~ J~:~v~r~. 
Att 11o :t-,1::-} t~H~ 1 :.t.· ... )~~~es t·1 rr....:·h• ... n·l0~:..il -1i.:. it•-..•..:!ie~ 

~i~ht ~ll0w J~ll~ery •J! dr~~s ~!rc~t:~ tJ :~:~~t 

... ~ells. (E~tt .. \1 . ."tt..:·~ t!•J:t· ~i=:;"Er_1.:~ !'~~-s~ .i ..:ur.t." 1966) 

~~~~ ...:~i1.i::.:.:2~·cs_l'Tk..:!.~ _!_~.:_~l_~ ot_·!~~~~·:.t:. t·_.;rr ..... ~..:: 
t::!::~~ ~ i_!_!._ -~~~~_-!n~ ·:~~ ~~ l '=~ 

A t·1rticle t.•Atl..lt.:~..-.j tr0;n tt:.~ l.·1::! ~'·~t r.~·.c it 

~~~-t~~L~__!!-~!_~~~~-ry~, .11:...-i t[.1Jc-m..ic~ed !m .... ·;::t~T"4, 
~1..lS t·t."en ..l~t·r ........ ·eJ t...~: ~he t•..: Fv'--"..i .3.,.d 0: 'J.~ 

AdCl!ni::-;tr.iti0n tur ~-...:p.loJiu-J Ph..s:il!'! I! ~·~i:.i•_.,: 

tri.J!s in :redt1:--1'..J t.>!d.li. ':. J.:!\0L:t:i 

Lril Te.:hr~._·.:.Jt.1"/• !rh..:. ~,:Tl}, Bd .. ~Jtr, _·,·,~.):°.l-i1~, 

o.s n....-:·• wr ::.l'l'J t~'·-tJ.._·_.::.3 t .... · fu.rth~r t::"A.t:'1.J its h;.;rr: .. ::. 

so:udies !'r·,)r. P:-:~s-= r= t~JW.i!.J Pn..:!.St:' l!~ - •a:-:r. 
~e~s~:~s ~;t~~~ ~fti~.:·.·~ 1~ ~td~n ~d~,~~r tt1~rJ~1i-

H,.-1._. s.:;cc;. tt".t..•:,;~ !rl.:! • .:5 ~)O:':J~'·· "j .. ty:i ;1.u·hur.:..·l_,r;.st 

rri•:rct.ic·l ;,~ist Ric-h.t!J t:rL.J:L "ho L .. -un..:t:.: .:--:; u 
1:,3;:, deptnjs .:.::~ow 4u1l.:i-::·z [:.1t lt!'!:ts ._-.:!~. ~-"'. 

'2'l!Olled to ~Ii tr-• .:- ~ . ..:~t~~i~ .. ·e·~·_,tl tre~tr:1er.t. 

Ph.J5e II tti..Ji3 .!t ':!'°1i:- ·..!,11ve:r::ii:..)· ut 1 ;t.1~·. 

:51:ho0l ,:_.t Me .. ii·...:111~ .;J~ 1 .1 ?4~·• 'i.:.rk He·.1i..:dl \.\ . .:..il,·;...:, 
~-'d.lh..ti •. ..s, N. ·•., · .>E··; t .. CL··j ::.r.t" f=-..:A t._• di !..J..,,. ~r.IC." ; • - · 

.. ~ t . ..j : .:.. ,. • 

th~ Un,\.·-::rSl~'; vt C.l~:f..:,!r11~ o.ff!d:c.l~ s .... ·~ ... ~..:. .. s. 
Lnlike iad~v:·~..!Jll·/ dt:t i:-._-t tt-4...;;_,':'".l·1•1.!:1:. ~R~1~. ::.,.~t. 

ir1tt:r:.:roa, :o.torr:c.Jkin ~n.J ._·._.: .. :.-i1z· ~·- _'.""u~.::stins 

fdctors, tJrt...-u: ~: ... pL:t!!.S, LT,J"v''C":t is tn:.:~g:i-_ ~~· t·.it: 
~-i: .l C:i51...".i.1~ .:..t resp .. ;:~s~s v;d t.~~ _rr.-nur:ie S'j:i!.c:-r, .·:~ _ 

Wh0~e, ;,;h~cro c~:uc.'3e.5 "t.t~e seql~t!';11:~, timing ~nj ._:~1 .. 

Sfst~;n~ tur d!.t.t·_-kinl.j .~ ~p~ci~:L dise.is~ i:1 

synch:c~y ~1tt1 ~ts t1Jta~ def~1~~~ strate~;·. Att~r 

cv111ses of I1nuVert ··•1e_:t10n~ .:.,.,~: r.-:ctnj' :n1..>r.t~1s .r 
~7 p3:..ients ct!: \'Ltihdl!a, one hJJ ;.0 tum.:-u:: .J:. d .. , 

an..)ther e;(per it!'ra..:t:·.J d .:. J pl:::'~ J._:r=nc. red1.h~t ic~n ~ ;, 
tumour er.h~ricemer:t, .lf·,j r_•,.;.:, .:i~~!bilizeJ. r~.ve [ :.h-:-

1 7 a r ~ st :. l l di ~ J 2', t j ,, r t 'J : l months d ft e: c 
~rt:.Jtment. 

E.ir:y-t-Jhdst: ~rldls ·Jf tne ~~~~!~ 'i11b~:.l:~·:~ i;~ 

ulht-r hi.tman tum .• urs t-.d.Je ~lsc• ~ho:.-;·, i-r~:; .. ~ l!'l) 
tcsults, t°;ut tht:: FDA i~ auth,;riziug further .5l1hL-=-::; 

:.n br3in ~·d.11't=!, t.r:1..·a .... ·;t.• fur :h15 :~tt .. :tl ..!~:::.~.tse 

tl"".~rc is r.1 c.JtPer kt1ow;• rt.."mc~y, .i~ the • ;~;. ~·t.·1·c~ •• 

tdtio is mo.::e !dVUl.ot..lblt:. Fewer th.111 ~ {J2( ,·l!nt ,:.,~ 

t.rdin-can..:cr · .. 1,_·t1m~ live l0:-1g~t th.~:·~ ~.Vt: ·;~ .. :rs 

Despit.~ ln.· ... 'ler t ':... s~ c iii. :ug .:1 in.• rt:;; ••• t:, 

UrhdU L.:!Uti:,r1S, 
redlly see it". 

''"c.! ~ldV~ '! ~qng Wd'j 1_..J ]•' 'yt-.!t t 1, 

!~~tr~~:..~~ tr0w ~C0!~~-~!~l''i 

St ~•·iit-:.; 011 hulli :.1Jr"'·f... · 1.id:; 1.-t=>~ .1r·~ '1:::. • t"'.o:: 

111T~~t. ines ol r(.)ts h.J\ot.· .~nt'A~t-!.;t_1_.,11y :,t.•J-jt•_;t • ..-cj ~_., ·..;,,·: 

vr :mpr·~•Vi.r.1J th~ •Jt'l i'ltHY (>( dn.;qs tO lrt..0.1:. 1 .:1rH.l': 

A·j d rc~ult, m•.<1.f;,l·rtll•_)Jl5 t.> ct J1U·J •.O~T1tnor.•'i ~1-;c.! 

'1lj,11nst 1:c1n•;er, ~- t lu(1r.Jurdci ~. m~1y m.tl<t::· '~ l)'_,~:,~ ·>;~: 

to 1.~jt dc)Wn s0me of ~ts side-df!c1;r5. 

Rd~S~/ Hruok d1Hi .J.Jt,u UdStt:W~l l, ,tt th~ 

lh~1versity vt York, ffirl•h: their Ch1.t11:_'L' ri1s•··)Vt.·r·1 
•:drlaH ~his yl.:'..-tr when .. audyinq r1ow tL ... ,.,.,r,~r,l.l'1'1s 

tt~.tt tnr1n tr.e t>ui l•::1iur; t1!'>t.kS of f;NA dfi\.1 R~•A t ... ~~.:J. 
rt1_·ro:;~ t tte lJllt i rit_,; th•· I.! •~F13t redn. '!'h~~~· 

,·orri,H,unJ!i dCe <.:di lerJ t>,~se"i. TH1rirl<J ''\r- nid:1~.r' ·: 1.0·•-' 
<.>t r~NA t\n'I J-(N/\, p11zymt.•S ln the ,;f:.!ll ·'l LI .t '.'>d'J.:tr I.<_• 

t~rt ·h hdse, which thcr. r-)l'1J1me-; kn,>wr. oi'> 11 "'•'H~lod<".1::.;idt?. 

1)IH.• l)t fht.> hd:H!S, 'Ji)I• r: ,1pJ~·!:}fS or. firj,\ h1it Jlr,t 

r>HA, ls c·1lled 1.udc1!. Ir: its 1lut:le,.:;i,Jl.?' f·Jrrri. i' 

t,ec;rJmes uridine. Bronk dn11 Hd'it"•ttll •~Xct.n111f:d 1ht-



t.:.. :.::..t'. ~ _,: t.!...t'-·: l J1.J :...r :_~_:.e ..t1..::'-.:>:.i t:~t.: Lt~ 

i:1t~:.;.t:i.t... rt 1 t..·i !· ... ..:·.~r.~ :r~..tt -. c...: •:.r.i. ... ::i ..tr~t'.t:it.·J 

':.h.~ .:..~nt..·t ~:.~'-· ..:.~ tn'-· :11~-::;:':. .!.t.• (t~~ t:-.;~~!·:.~:t:.t ! 

':..~.t_· t.~ . .._.1 :>t:~.Jrr.; Wht. .. :. 1..:r i,1:.:.-:" • ts :.:. ~he" iuct!t:: ..::t: 
t!1t.• -r·t ~Lt:: wt-.~1. UC.J•::.~ .JL:·.~ W.tS t'Cr~·~!l~. 

l'r.i:·~·.:, ~t ::)t:'1t.\n'.:i, j .• C":.; ·• t E.-!...i~ :·.: .. Lil~': t;._·r ..... s_ 

tn•: ·Jt..t w ... •~l. ·.':ii~:! ... ::. .1i:~~tt!'1.t =tt!tc:. Thc:o 

!l .. t.·s~i: • ..i: -~:.:;; Jt.J(.•~.tr t.._, ·'r•t.:t 1t.,-~ l.:C" t!~:s -.·-.·r.it _,~.i.nJ 

:1.· 1 a:.t. 1: .:..ri:.1.; it:,; '.:.1·.:.1; I'. ..i·r .. ~_; '.:It..· ,~~1· 

...-...1 .. l, wit1: tht .csu:t tt:.st •':" .. _,:t.. L;.r.t..._.;!. .ttJtit:-.tC...i ::: 

tht.• L : ... _ .. t~:. I• .t::t:. 

:.LL i 1.' i$ '. _:,_. ~ J: 

! (; , ·.:. __; - t· . .• 1. : ~ ~ t. t" ! ~ ~ '. '} ._' 

::: :.. ... .... t · Is .. : -·· ; 
.:.·~·t.·~t l..j~!l~ th~~ 

-~~ ~~t. lt J1.r:it.: ·. ~ .: j 

~~t.: ... t'.t·: f~liH, ..sct- :;t.···i-. 1, t·-·11.::::!.i~:n •_. t--t.·C~·-~~: ~ 

. t r . v ._ : :; ~ .t .. t:. ;. .. c. • ~ : • · .• t : c -1 ~- • : i i 1 } ~ I.~ .1 j:r. 1 n ~ st L ..s: ~ ... 
·t ._;<>!:c>~~ .J ... t ~ ••. ;:.:.-:_·t•:t,•.: t.l::.- ~ i>t:0E-:.!.~. :t 
t.1:.1~ :i.l .... j, ~t ·-~-~ t·· ~; .. ··-- ·..1:t11_·i.1::,· 
-'··•· • 1 .nc> 1 ':'.' ... · t"": !:~.t:.:t l :1 ·,;r· 1 !~ ~11. .. r..dr. L~: ::,j ~: - ~! t..:J t 1 

• ~.:· ;r.t 1.: .. : • ~ ·:,,_:. t•_·, '. •··l"·1t..:;. .:": I•• . .;,r:.c,~ t ·; !_~.c ~·\ ·-·:. 

.:3:. t:'.·t', .-.• :"'.•. ~:;·.,: t'l I 

: ht. !'~ .t t . '., •: hc.i: t I 

, .l ::. .r_._., ,,. .• : l I _s.;lo' 

... :<:..·:, ~~·t::,;.t··-·~ ;•,r_ 

•• ; • : : ~ I'-, • ' 

·.i.::.: t..:·J. 

. ' . " : .,.,,: : • : ~r: -:.· :. • t· ·'• 

-~ •• ·t~ ~ . .J:':::! t.:•.:...i··, r~~' .. l"; ·t:._.., !:.:: .1.:.•c[ 1~.Jil::·/ 

1:•_• . t'.1-!' 

• 11o;_• t' .: . : 1.t_ ,! • '• :.,,.;: , H·.-·,J<..1 ... ; 

!• • :: ... .:: •, t!."! t :~ .ct.t .;;~~~ 

· .-:..· .i. r • ·: .i ~ t'J 
: •: 

;~. ! t__' : ', .::. 
,: ..... ~ ~ (.' r I . , · • .1 "1 t '. ~ I . I ·-· , , t t : . .. .; .1:r, fr:•: .J ·•• :·j1!'t: ! 

I ' i t\ , : 1 : '. ~ r •. ' .... , . . . -· ; ~- ·: .. 
; .1 · ~ t..•n r 1 ·: , 1: • :. ; } , I , ... t ~\I ~ : 1 ' ' I • • : . o I. o , • 

T:.t.• L • .. •. ,. 1" , I• _,t. IC :' t ~ '. l' .• ; 

1• . •·• ,,,, 1 r ·J .1 r :1°· • .1 i ,·, ·. :.••'•: 

r.': ~ J, t_ • l l ft,, fl" ~. t• : t" t I (_; .. :I J .t:• ; , I< 

t ". ; .r.: ! 'f•' .. t r .t.· r •<1 ~ 1 ,_ ...• :,irt· I j._· 

· :o. 1n . 11 ':i •; ( ,\, rf-. j • 

f:'rdl !•~·.it."··· ,f 
• r I 0

) l': l 1 [I j t tit'! ;..,~ '!• 

,.·1: p.d I t~ll· ~.' llli:T· lllf' ,','..ii ~-1· 

~ 11l <• • ·..: '. L.> f r._,rt. tt1t•1r r ,,•;1.: 

l•t·t ,rt: ttl•: IT ~rlf.•·~ •.>.l.(1t:r 1m':"n' 'iut l :r1•: ! Li 
.. t::.Ler •J ·•il'1 Ar. 1 .. ~r:.; ,r. ar. {,r J•'t•-·d, ~ t mu::.t ht.: 

.q,{.t ,.H.,1 L'/ t ri•: H1,111,:1. : .-.r·•:r 1rne~1t .tr 111ri hri.1rJ rJf t~i•• 

U"l, th·_• ; •. r.t..· £"t1•1: q.-,· ,.,. r~.ll••j ·;r. J(• rJf :tit-

l(t.•···,rt.r ir1.1•1t ;.~.A ,\.J·;15 ,:·,- 1 ··.1r.m1T tct·, dn.S -;,_•'Jt•r ,; 

•,tn•·r 1,.,,11~:.. if tt;. t:.1.per ~menf. 15 t1pprr1ved 
,,, )·n~.; --.u•." 1't•.J,:,ful, tt ••.... 1:"1.l :>lcp ...,c11ld r,e t•1 

t!fllJ,f•t.'•-'r ttH• 1·;m1;h·.1''/t·•'.'; t., t1r•,dd1"f.! Ic1rr1~r 

1111,u~f If l~i nr th·~· iJ'W:. If. £, rt:m<JVlll':I the ( .. ·~-;.::;.1ty 

f,,r t.>~ Jnw \;5. it. ) 1r1 J•···t J( 11~ wih1•·h <'rllJ"iP. 

:;1dt..· tdft:,·t.::;. (~;<J'}r··i·: N.111.rt:, '/1,l • .tis, 

I t .; !Jiit• l 'JftA) 

A...T.t,>: 4,_·.Jn Cj1L ... ·._·: !--..t• :c:.t.; ... Ht" t-:.elpu:"1 !~· tt.:s:. J. 

t~:.: . ...-~· r ~ . .J l n~·• ~ ~ :,.j .J: :. ! c..i t ~t>ti t . C .J. l t ~j 
'"t.:. .... ~~-·...;:. -.t: !L.t;I,1;.1·. i.t i,~-...-.)1• .. ·C'S r~mu\•i:.'-J t: . .,,,·,.j 
..:ell..> ~:._)n, t:~~ b .... d). ·~rt! .. tt i.ri~ tt°'.e!Tt with .t: 1 • .itu.r..;11 

pt1...'tro.1 ·:..tl l-:J .nte-::: :~~k ~:~ ::., ... tnJ' '-ht?n .tt.•pl..ll~iu"l 

t~H::•fT!:. 

~~1~ U1.~·~·-·rs1t·: .,r ·r.i ... t~;·-1 H11:'1...ii• .si S1:•1 i., .:_.r;tt: 

,_if fit.·~ . .:e:::rt:S f.:.: t~1t.• t!' i.ll w~.: ... ·h is ·n-= .Jt rr . .Jn·1 
:11 tr.t...~ ,_·s ~ct l.!t.· .a l .. _):'1\j ..... - .• ~ t!.t.•I..Jt·i· u1.~t t11 

Ft-t r·~_Jt"i· !:.~·:· tr-1~ ._·:; .. !, ~ .11;:.e, tht:rt' ~L._.:t.j f.·t:- t:n.J..i~n 

~i.1t :.c:-n':.:i · •. IC'..it.:il-i;,~~: :-:.:-~ ..-t.>ll tt~t'." t·e.1t:::t'at w ..... rks. 
Thi." ;.h.!::T:.i-_"t.·...:t i-..·.1~~ _ ·!":'t:..!r ·, H t t.::...t~·n t...i n,._ ... ~:t.:. ~hict'. 

l~ !-'r'- ~·i.iir.-.J tr.t: :lt:!.t': : .. 1: ~-! t:C ,t.>.C-t!':t>•.! 

!.r:..t:.:: :t:l..!t<.in .. ~, is ._-_. ·I J:i .1'. .1.·~ u-..: s:.1.o_:i._ 

J, ;1 ~ :l h.!t ... i:.i .1•. 1_·h: .:J·;, , tv·t"="t~·.t::: ,,,;: tt~ h:s 

,,~.t:"l~:it..·.;i, !" . .is ~: ..... _:tt..·: ~: ~..tt:c;:~:.- w:t.t: 
~;.tt-·:t2'.;k~r.::. SiI~·-·t- Sc;ittT":.•~[, !t> .:)t tht:~• ~:i. • ..;~ tht" 

nt:".J l. .•. ~ pt.·.Lt:-d. .-'I.: l ;_,..i· :t...::t5 c-r!:c-r l:~:;, t~•t:- :r ... d 
lt"•:t:~·.~! ..ir. :r.tu.;1 ''" ~.t t~1~ ;.: 't>"!n ..)•:~r f>:c J..1·:~-

._.J'..:i~ ~the:: ....:t"lls ,~!- tt'.t: un.rnl!r.c :i";'Stt"~ th.t:. r:..l:~ 

bt~~ ~! :rr.~j t-:· ..:n dflt i.._Jt.:•l l•) Ji· .. :Je,. ..:11. i tv h1t..·l£; 
11t~:t'"r t·,(.t?-3 ,~f .·~~l:.,. t,) l( .. :l :;.·re '='f~E-·.t~·.:~1·1· . 

. ds·_. ir:itJ ..... -t-:; :;-m,·bJ._·,·tt::s :.1 prvL .. _ . .? :~th~r 

iJ·'7.t;! • .:ki•~~::i. s:J:~ ..!S J,lif'.17•.i ~:.•:r:r~cr._n . 

'.~ ... : i..r·,l .. · l~: .r .:.• .. t.:: .c •. r .: . .:.. ,.,.,.~:;;.t-.::: 

-r-.c: p.t:t ... ir;: .. ':·:. :;Jr:.:.c:r ..Jt :1-.n~1r.~---,~i·:..:: .. 0r:· .. -~ rt-.t:: 

l;:.f,;-: ~ .... r, SL-::p:.. r.t·t" :"i•.Hr.t f;.'r -.f : ..... ,; ~·- ·:.:'tt>S : t.:.~ ,:,l,:~.~s 

t•~ :L~c'..:; [.Jc !":~s:?t:t ~n.11; ~t.·f .. r•.: :nt- ·_:1-=:_1,· 1 t··:•J!: 

At tr.1: r .. -,:.:': . .i .•:t ",:s ':...:i<c- f.·l .•.-.1 ~: rr. c!--.e i·~t :it"i,• 

: r~ : '. I ~ w .1 i . •. !'-. t. •1• • · ~ . , ~. :1 ~ t" S " i l tJ 
.:el l s i .. t hr ~e : .• ~ ..! : :; • 

~.": Li: .. 

:.... ,·_11.'-1 ·r;..,r: ·..:.~.~3.. ..·,·r-.t--h·.:Ki:.e-dL't!Vd':.t:i ,,!::t": 
·--:'"~ ·-· ~.!"· ,f·~ -t· ! ~·i ~i1 J~ .1: '"-j rrc p.1t:€'r-.~ ·; 

··:·r.s,r:J ... :'tt":, •:'.n .~.··.·r~t.: 1 :1<::·. f·r st:.•:;1. d1 1·_ . 

~ r . .-. la: • ... I,,· ,, ,·. 

~1r.,w:1 .:1 l"1~'..:. •. ,·, .1:1 ,.,:.· •,;:;'"" '.r:'.~S ·;, 

~ ,1•J'J t .1: ut ·1 ·.,_: ! \, 

1 ! ... :;•_ '. ·f '.i . ~ J ~ f'! : • ._ • ,t' 

i • .. ; ~ r. · r. 1-' • I : ":' ,J k ~ : , ;.. ~ r .: .1 t ;i .... :, t • 

" ,: r ;1,• 'fH: ~ r.•.!r (1{J~ · 1 .~t· •. :•I·: ";"ri!..dti! .11. 

i"·:i.~:alLl·1 i'l':ft"'J,.1..:> :...~·it." t.·!It.'.'·_t .. , . ,. lt.!::;J ~··• t .• 

ti tr rt· ic>t, !••'.-c!, 

,'no.: ; .. _..,1~m .. ;:1'~ tht:·· '.,r1'.~J\1~~ ... •.t~'. 1:.!~ .... , : .• 

~ .. :,r 1.t..'~ !S 'Jri .; .. :vL"r.tl .-._·1,_;;t.'1 ·;t :•it: ; t'/., ...ir.1 :~t:."':er.1: 

f 11 s:. ;r: :; 
. J:lt...it.' :,,:;•_:_, 1j 1_S'i:1· 

E-'rtt~cnt:... • ... 1i<1:.q ;1.it' ~r1 th~ tr;,,;:;, !.1r ;,,1't.' 

L•.·t..·r1 ~i'()~-= -..1it~1 mt:lr1r,1.1rr.s tt'.rtt t1.:s Jf,ft',111 1rr.•1:.d ttit· 

~q.-~:.1r·i5 ";1'iS f~Lst f~I• til,L I_:" lltTdt.1~,! t· 

th•.'5£..- qrr)up~ f,·,r t'Wt"' CE.•1·.;·,r,';. Or.e 1.:; '.h.1t '.f.l' 

'JCl'Jl'1ril ·~,:>rk 1H. ~rt!r1trn01~1t with 1r1t~rleu:.C:n ;, t •• . , 
:.te•11.;.>n k·,.::;pot,t-r;J <Jt :he U,1r !•1r1,tl 10 dr,1:t-1 :11~t :.ti.tt~ Jr1 

rH.'tr.e~.C:.:1, Mdryldr1ri, ';lJ 1Jr;t;tE:'1 tt1\t tht..•'j,f1 t'wJ(,, 

•ll_,e,1~t·.:> ~l'.::;.,,r_...nr:ft:d -..cl~. !;c.••.'•,r1'11'/• 5.1'f'" rii .• 1;(,r•!.;., 

brfth r)t tr-.ese , ... H\1"t.-rs ,\Cl:.· "11tJt,.Jrt.>11-;l·; r~s1:itdr1t t, 

r·tiemritht·rd[J't' 50 we n~r .. ·"! ,, 1r,r. r1t ~tn11··tl 

~11~.it1f1r:rt:tiun fnr tc11n 1J rt new t1~-1·m~r1t'', 

ro1"' ldl results sh:iw thdt r1fOtu.d -1 ~it.&r1I t~r r,.r 

fui! lt'nts witn mel;inr.m;i h;irl .\ ">fl per r-ent r9'1u".'r ir,n 

in the ctm(.iunt <>f t~Jm<.11r 1;1 ,...,~Jr t>'JrllfJS. 



Ul:.im .. \tt:!'ly, r~st...•..it ... -h~cs w0ulJ llio:.i:: t.) kn.J._. ·•h.tt ::S 

ch.lnginq in th~ _.,...,.r.unc system th.l~ tr.u1sl..lti:'::i into ...1 

thcr~p~~ti~ ~tt~~t. 

Establ ish~.j .. lr~t i~.:..tI!1..._-r.t dr u~s .._•t ~~:i. ~~..t·:.: 

unpl.c-.as~nt si'"1~-t:?fte .... -ts. such ..ls n .. -tu::it:-.J. .!:1J L.J.:i:i ,:.t 

?'\.:iir. Intt!':let:ki11-.:: c .. 1n ~ls; .._·a.J.::>t...~ s~:rre 

..:u:nplic:ations. Th~ p:ot.tt:'"n t:i ~t .. H th~ ~tVUt.· .jf 
s1:mptou1s pt:JJu..;~.j Ly the pr,:;.~ein ..:l ... s~:·1 :~..>e:r-.blt:s 

~~psis - 0vt:rd1: rdmp •. 111t inft:?c~i1....n thluti.jhOut tht: 
b•.>·j;-. 

fi.i_·h.1:-..t:,, ..t:.---1 !11:..i _·....,lt~.J-jU~:;; h..1°.t.: [._,:Jii·1 th.!:, 

;.i.1t .cr:t.::i Ct?Sp·.;.:.J tv ._·~r~L.l: f1dri..Jl in~ ~ t:lt.'S'"=" 

sz·=::t..t.._1tt.~. P!..JIT, the tJ..ttient's p.Jtnt 0[ •.·i..:w, 
t\ 1 ....:h.icJ~ ..iJJ::., •.h<:.~ 'J..)~S~ pr ... ibi~m is p:.JlJ..lL! 1j 

,__1.._,prcssiJ11 ..tnd lt:thar-lJ", but ~r.i$ is t.Je.-tr.\Ole 
t~L.luse it • .. tp.= .. H:t st ...... ps when the tnt:t...ll·i' .... · ..... :;.t:..i t_· 

.111 ~nd. (Su.;ccc-: ~~c:w St..·ient!~~, .:..6 ~··t· 1-35/j l 

lmrr1Ull~A (~t!.llt l~, Wh} h..ts lVt!llt i~ lt.' ... L ...:.i.vi:t.'j, 

dn._1 e:.:presseJ t:>t q""ne t.>r interl.,ukin-1 (!:.--7)," 
nvcr.,onc th.J.t a(Jt-it:?-...r:; t· ... · stimulati:: e.lciz• :,m~h'.liJ 

rcsp•Jnses tv inunuue ...:h.il le:iy:es t;·; t.-r0mot ir1~ ttic 

d~·:elop:n~11t uf T-....:~1 LS duj B-..:~lls tccrr. ur.m.lture 
t>01~t: ~..t::.uw cells. 

~m.11l.-'ne-;,,. ..il;,v r~lt=.JSt=J d~1~.J t:r0m •-l !~11·-·.JL 
studlt!'S shuw!r~g lL...1t It.::i. 91dr1ul·._,cyt~ md_·:0p~ •. 1~t.-' 
t.::tlc.r~t :>t ~mu.lati;~q t .. tctot (G!-! C.5F) rest-J[e·: 
, .. :ir·_·.,l...st i1~') •hite Llv· ..... d c~~ ls in cancer p,a,t ~t=i:.::i. 
P.,;1t ie::t:.:. r.::._e1vir:•J GM ..:s~~ f ..Jl l...JWlOCj b..:..1ne rtl.J!" r.:;.w 

tr .. u1~1-ld~1~ sur-yer·; pr..>du:...:~j nJlmal !•:!vets.): wt-.1'.E: 
Ll ... J ... ! .:~lls !o'.:stcr ":.h·1n c._.ntrvl pdficr1t:.i ~i1 ::>•Ji!ll.." 

...:.tS"::S, in .lS littl~ dS ~.i dd't'5 post trans~.i..t;.t .. 

Ad~·tht.·: .-~:.it~J fo:t',.;r.bln..l:~t .1.mm .x.e trt, ._ r, 

A.:T>.jt'lo'S (Tt\.JUS.:tr:..1 0dK.S, CA) ·Jf..1ll1•lvc·,'tt l.:.-::1. :::,· 

:>t irr:L1l 1tir:J f3.-·t.~r (G 1.'Sf), ~l.5, [·,-.,..:.·stt-,i tht.~ ;,.;~:i!·· 

tJl...JJd ~:~~l 1.:.·0u1~l .•f f.».Jti-:-i.:..; :n test L')i"l.J~1-:t•.::..~ ."1t 
M~m.._rL1l S!..:;..Jr: Ket:~r~n'-) ·.ln_·'==": Lt:.t':"! {N~• i·1:k). 

~ (51-. tl!Vt:';i t.,· bl:i•i,Jt:t c~t11•_0 :::'f ~H,tir_·ritS Li1J~t J 1ii._; 

ir:~~1:'..; :·;r;: • .:.~.•!rfl. tt.2r.1Iii' st.1m. 1 J .. ~1tt:~i thE: prr i ! !er 1t i•_,n 

uf rn .. ·u· r ·td1 ... s. rcdu.:ir1(J lht" 1n....:i.J~n.ce .J~: J !>t-·:~r ~t·,· 

0t L."1. '¥t.:! 1..Jl ir.:t: ... :t10n~ .. 
·~· () 1 . {) • . ! l.t l ., l .,. j d ) 

~~'f.r.:·~~.1.:,·'~'!':J'i, 

A 11~,. .11ot 1 111r.sl -~-.Jeiit tt1 • ..,t t''l ~rr.:~·t \"."•...: ••JJ111....J'. 

h.likUl i.r.tt"1IHJ.h.!ti .. ·.11-:n•.·j \i~[J!' {Hi':) f·;~ l~ m1_;1·:1 ,e...;!". 

L,>AlC, df :l:...JSt ir. cHlim,ii.5, '!i...1f, A~:·~, l:.l t.;;..~1t.•1"f_t.•·I t•J 

~nter c:l11,11_.tl ~Ildi.:;;. l~ter thi·, yi.:.-ir. !'n..: 

\ . ."vmp.;U"HJ, •.".J 11 ~d C;:; 8 ', i S ~ J,J _ l t: ,:; 1·h.: .i ,_; l d j~ ,,f 
c.:)mpuund:> iuc1a~i1nq .;ther dnt 1 Aii.1;;-l d1:.hj::; su.t: '"1s 

A7.T, dide• ... ;,..-y(·1·• 1iir.~ . .u~rl r1t1,1v1r111. 

Un 1"Jt!C~1 t ·, 

,. t ! -111t .t. 
,r Gt..·~·=-~jJ.; (I.C;} t1 .... t r~mury Un1v~r ~: i ~-,. 111 

;..,·1·11r•Jl.i._; t 1."hUWJ , ... ht~ 0f liG, 1Hl 

.if'(·~ 11;,st I •:1 tur ~r.v··:.;t 1g:.tl l•Jlldl Ne·n rHU·J ·~:.--ttu.:. lrl 

t.flt! tJj/. l!.: hl•l!l\J :n.1·J·.' thL.'.i ~umm•_•! 10 ,., 11.it,.-JfcJf I Ill 

with Tr~tor1 H~·>Si'Ot.•n1·t.·~. 

t h,1t 

HI';, 1 .)••H!: 

it is 51m1 LJr 
thdt i.S n<it 
with nnrmdl 

t. '" 11 d y 11:1,jLt Le d11t: '. i the td ·r 

t,, d t1U1i1Jn r1ucleo~1ctc, ur :diri.~. 

It m..t·y tt1~rtd'Jr~ r.~.~t 1r1tp1f,.!rt!' 

n.1.:lu1_,side-; 111··llo1~1."J ~rr th.it · l'•'ittl/ rt:-.-;t;'m~d~ 

(:;:)11rct!: ~.'~t;.rf·_~:.!t ry c:hromo~r)llh1: [1?,A nu ·ll."osidc~. 

~1. fnd1~·;tr·,., 1() .Jun•' 1988) 

Sc1en~~l<it.S .it ittt~er13...,,1 i(",,r'lo Inc., w jrl-; 1n•J 1n 

•:olldlYHiltiCJn With lllH>!ihl (HUI dt 1'0hc1ku 

University, hdve 11.,velopE.>.l ,, n1c1hod fr1r the complet" 

:._·ht.""Jr.l ..... ~1~ :i:·1.t~~Si:j .:...·t :.Lt: A~&_:_; t~lt...·C.li)t...·~-~ 1.,_· A.:'l' 

(.,.s,:i.J..)t_hym:·Jtn~). C'~rrt.. .. ttj. ;.-:.i° i:; S"jL'":~t-S~:.:t:..J 

t[v.r- Ji:: .... )•'i!.t:·~;:?i! '·"'-· i.:::v~..ltL~: tt.Jm [•NA .. 1:\ ...-.·p::c:..~ 

St..lrt :ilt; m.::.t:r ~ t • :n -...:-i.• !.iSt, tht..· n··• :n .. _ .. ,_!J, ·.i 
O~:Jll'~ "•Ith D ,,._.,.~.__,s\?, ~:: ii:t..: .. t-1c::!:S:vt..~ $· .• ~.tr, _·d:.:. .:.:;..; 

t:Lt::" .. :o:::.t 1....'I! A~'!' S:T.tht:.;i~ t.1 ~.; p~r 't_:•.t. {S .. :~;.1....· •• :: 

~~:_'_ i;~~h~..'._~L~~, ~·J.I. ... ::•, ---~l~• ll}tjj} 

.1 i : . :..~ 
:3:...:.lphur, i...:-.-1tl~J ,.!t:Atr.ln s,u!lJ~\d:t.: • ....:....!:~ pt-::'Vt.:;•t Hr· .. : 
:~u:r- Dio .• j:.n-.J t-1 -.;u .. c~p:..:t·~~ ·e~l;.; !~• t~.c :.. .. L·-'~..l· 

:-<i::scar ..... ~ht:-r:i i:1 t·:t! GS 1r.J J1i,tr· sh'-...... t: .... ~ th.it ;.ht. 

~tcug • ...-ti!ch t:-t~ i1.::•t:.i r. : ... ,: ~.Jkt::i t.;:- -r..,.,~t> tt1..ir1 

:!Q j"(:J.rs f._•: ::._ ..!~)it1~, t.; !-1=-···.t::i:. r_~·.~ Ll '.:'d 

'· 1. "; t :.. i J"•".l, , -~t ll "f' Al." t t <.l r '- ':_ C, \ t t. • !: i l' : t '- ! 'i e f t ~ .... · ~- " 

.1,J..llI•::.t H!t:. "!":1t J: i..-t .,.. .. !_, ,:._,it: tJ ~=--evt:•1t ·• :t..ir 
lf .. :!U;"t.11....· !"'o,~t~r :..}~ tr:....1n i:.J<.: ~··:iin-.j 11~1..~ .... rp..J~dt~J it! t.ht: 

(::,.• .~IdW' t .s._·k, how~v~.:.t, is tl'"1Jt ~lit1il.Jr 

<v:i-..:c,1:rJt. lLt;~ ._•t d~A:?..~.J.t :s~lE--·~..!lt? .l~S--- 3..lf--'~lc..::"i.it: t 

:nc o.l.'-.~t ivit;· Jr m ... 1mma1 i..i•1 '."~ •. .:.. ~,._ lym'"?: .:sst1 .lC o::r1':l·,·. ~ 

i;np,,·r~_..-:tI.t in n.;!~t..i~ 1.·c•::.: i· :.::"?1the~i:.:1n-:J ..ir:J 
--~p.1iri1·,<1 [>~A.. In .iJ .... i~t~_:1, wl"'.L!"I tht> rt-:..~.;lr•:ht::: 

rt.j.je.::1 a ~rc:~1n tn,st l5 JI• e1~:.:yn•c, .... ..t~l~.J (;:,;.·:·.£ 

seru:., :tl~,a:uin, t:-,.s -::l 1.n~aatl•1 ~=--1~ ,![.~.;·s .·d;._'d•:it·/ 

ir1.1 ..... ·t tV.ltE::' th~ t.':r-.1i •:nZj'I"'·~ i.t.·-·-~r:;~ l:.:1 .:;,·~:~.it lSt..·. 

\S__,ur .-~~ ~t"' -~~·=-~·~~~~~=· 1 
•• ~.i·?· ~·1&e 1 

.r.,, d~uy ... n.!t r-. .:Sy Lt· ti•..:l:.t..t! ,~; t::·· t:-t.: :t1:.e!:t 

t)-::0tJlt.> in:t:cte,j .,.•i:..h t:[·., u~AtI JE S.;!i:_•: •. Jto?. WJ.:. 
s:_:"\ tntt.~r wi,jt:"t ~c:....·t:. .:. th~ ! ~·. T!.L' .':< .r~1 r1'f\c. .. 1: 

f',v,j .:}::j l1r,'J :\.Jrr . .1.r •• ~t:.tt1, .. ·. i~·-l.1.-1.} t· •. ,~ .ttl;:"" .. 'J<t;:,! 

r...·li.·:·:~l :c • ..1~~ :,:z •h, :°'t.i: .. l Li11.-.dl <T~ •• ~!....., :·r~1~~ 

1· e ! l·, • !1e ~i.1t l, 11 . .:.i Ir.:-::~~ ~t t:S }t ht :t' 'h 

>t.· ·.• l r '1 r. 
ur,der-Jtv'J.:J r:1dLkt...t i!l tLe=-.tt--i~:,, ~.:..·r ~-..:u.;. -..t:: .....1 

du:.!i.:· •-"vtnt'-t!· .. e_ l: ..i.1t;.l" ;!°1.'rtf' ~L~ ·it~I'} ,lf1,!~!; l :•·11.·_. 
t >:·cl•\ i-·lnt: ~:herr .. l~<!'.S 1 .. s.1~ :. Ir ld~:-!;r .. a·A~r-. 

si:l(.t~~te. :>rd,1 :-~if tw ... '.:·.".t~·~5 1!: .:J;~ .~r.r 1• 1L'l1:·t 

.. HL.! f., =- : t ~ -~ tJL ! i ". ·, t,. l ~ •. t r J I i, L. l ! • ' h ~. . , 1 ., , 1 . 

d\:~ii.i~.lt: ·,"1th_·u~ .i ~;r··;.:: q·~ l,i" 

"H"·"''"J ... t''" LJ,. 

j :. l J 

t{( :ipl~-11 .:.~!: ~': l .• 1.t lt:;;'.!3 t .. J ~::,tdt l L.t~ l~; .... :.r:....:1~. 

ot ,h~ .. tru1 j· .. ..i:t·df..." 1t r!-:n .... ·~ !'"'.:•l•·L::..'. 1r~.··'i 

~.;t ~t..· •• t:.. ,q'.._r, ..:'lr;t:'r ·: ·J_•:t: -1~-··.t~t·, 1.1_•:.! .. ·, H~ 

i I It t! • . t l V,: J [ •\ i 1 IS ~ •) _, !·: t ht. : , ( lHJ • j t :., \.: f' ii 

:;;,mt• .ti.: :•;;r 11 i ·l .\i1t·, 1~ or.·~i:-- ~:Lt ·1 .: 

t_ . .; ht: :1 t:. J•.:C(:U:,. 

.,t • •• : 

~J • .,., ·'' :~1!;c :it..:·: •. •r1 ,,:.,,r i•11:. ·.,.;r:·-, .1~•· 1~. 1 ~·, :1 j 

i : I t o:.' ~ •: J 

'tis·~ .J..it 

Wltfl th~ .. /~(II:.., ..,...i,\ 

,>r '""h() h,1··e ;.. r· .... 
t.1·;..· '~ t:' ·., .:· t l' . ! : , ! ·-· : : •• 

7ht.' j,t· 

')t .. ·.,~ it .. ·11i:i d'" .)~r· r·r.~· .. ~:;1_'(. ,,,,.t ,\ 1_ !.•)=• ·\llj~:t!3, 

!:t,itE: 1.11~1•cc~1t~· •.i~ N,_ .. ., .,,-,r1o. .• r Stu1.y Hr. Ir:, r',·.:t.> 

\riltt'·:~t.!Cr1 Hest.o:'"Vt: 'L~ .... tr~lf',' 1 "1t!rrc.ri.i~ :li. 11 ......... · t,•r:n, 
: lll·'CI 1·.:11t•:r. lht.: lllll')l_•r~,it·; .,: Mi!~' ... i t1·.~··:t .. , ·1 .. ·I 

St. 

Tne fir·,• ri;~1r1··i ,t tr;,,;~,.!·> J•_.t,.!:;·.1;,,_, ~r ••. 

tr},dl'd"f<i1.,i~ff1 .. J•j 1! ~hp.·1!.i(J• ._~11 111 ,,Jc 

60 V••~Ur.tt.•pJ',. 'l':1•:°J \iiil1 fl.'•"t..'l"Jld thlt't_• IJ,;"t 'L_i,•·. 

r•Jtdll1·1tJ 1:1~t:.!1 2,1r1r, rr11~11,1r-t:-ns ,, .1.-:t·; 
'">,•trlo 11t1.Lir1rr1m:. ".t.1y r_";~ .1.n w...-fJk:>. 1:. t~1 .. 
tr1.1I I 1 ~,111 !"r,tfl("l~J'"(_-. '.1\~bJ•.'' ts .'.'"ih••W..,,~ ,, : l .r~ht 
1ncrt!.J"ie in tht• rP1m~,~r . .,t :-)(,f'l"i•! :ymph•11· 1·~t::-; .1ftt·r 

e 1 .Jht "'"'-'kc;. 

:Jr;(ile ~UbJt?r' 1 ~ '.i\Jfff:!fl.'d ~,1-Jt efft•1.t5, ~,-,\#-!"1+·T, 

au ·ti ,p; ,, ·1r<)i• 1n trw 111unb1~r~ 11( •'"1th•?r Wtllt l~ td,, ··! 



Lt2~1S, .Ji_tt :~:Ut!.l, [ .... L.ihc-s, lI1$.Jr.1r.:.J. kl:h:! t.:...;tlt~:- i..C'Vt:::~S 

L•f sv1!te l ivr:. t:!1Z'im~s t~1.J.t L·.:tu!J l:;(!i._'.!t':! t ..... -i_.,~l..'."ity. 

H .. ,wt:· ... ·t-r, tht:> ... H1..;in..Jl J.lp.l::t:s-= r~u-.... :t SU~·JO::Stir11..1 

t~1~t J~xtr.lrl sulph.lte m~riteJ r~rther ir1vesti~~t1~,!1 

!:: tnt: t rt.."'-~t~•t:1:t .. Jt :\!r:S ::i.li...:i th..l~ th~rt:" ~$ 

t::..:t~11s1·.;~ ..:·::._~ir:n ... :;2' th..:tt the ... iru9 h..-ts lvw t.1:-..1 .... ·.t·j. 

($,):.1!'1..:t:?': N.~~ ;i~!-~•!~i~, 21 .!uly :988) 

Imrt:..J h..is ..srirh..)U1h.·cJ the ~it:-..'t: 1.0pmt.·~1t vt .l J:iltJ 
~f~~t re~uces th~ risk Jf d~v~l0ping AI0S wt1er1 

~h!r-~·.1ster.....-! ~,J ~.ltients wit~ A!DS-r~l.iteJ syn-.~toms. 

LT'.~~'-j-1 Sd)"S the f!aJinqs art· !Jrelimirurj Lut 
Cd..: ..... -.ur'"1qin<.j. Tht- jru•:! is s..ii·~ t.u t."..:·l$l~r t~1e !iTitnu.r.i;: 
~15tem. Obs~r~~rs s~y t!1~ rep0rts sh0uld b~ ·;:.~w~d 

with ..:..tut i..;.n, sine~ tei.; eAp~rts 1...luts:de tht:? f ~un 
r .. 1· •• .-e Si"t>: • .J:lz· ~-lt t, .ti1..:! lit tie is k1:...:·w:1 ..tbuut '.he 
:t.itu:::t;!' vr tht: dr..i':J. !mrty wili S.v\.':'.' tJr..Jvidc d.lt..i. ·.0 
~~~ dI~d s~~k ~er~1ssi0n t0 m.Jrket t?1e: dru~.. 1he 
p~ei imir:..try !..r i.t~s .Jt ei~~1:. rr.e,jic.:tl Ct:::'n~res in•.:ul\.·,_:-j 

~4, p .. t i.ents with .".HC ,rnd 17 '"'ith Kaposi's sdrcom.!. 
·>-~·r t _•ur ,Jf the 93 Al\.(." ~.htt 1~nts w~10 rt:Lcivt!'.t 
~mrt:--:;-~ prv·:;ress•_->J t~ -~~ns 1n ..t stx-r.lvath fuliow·u~1, 

,!-jdinst 12 0f ~n.: -<o vi• pJa..:,;tJ,.;. tj,) tO>dcity WdS 
:::ep.;rtt:J t..Jr ~.n.~ dr:....J. 

S0r:1e r.::se..i1 .... .-he:rs in six ...:v.Jutri~s nuw r~p .. .Ht 

-~:.:tt 1ndiv;.Ju3l ::il.>S1:e~tibili:y may L~ m1Jcc importd11t 
:~i.!:: tr.12 t ::t:~v~th.""J· ..:t ;:,e:,ud.l. •.::...:-ntd...:ts in the 

~·.::-tt::!CJt->:u.:!l tr.i:1s!": i..:ision 0f A:LDS.. (Extractej f:-0m 

N~• ~:~~~i0c:?. tot Jufle 19Be) 

~nttrtt'r~·r! .. :~pt...i (_·3n st irnnl.Jt~ i.sul..ited 
ly11pho~yt.;' t,~ k i _: HT'; dr.d i:ife :tej ,;.,, :s i:i tr.e 
'.'"~).-..y, 3._._,_,r !~r.g :...: . ..J .. St1:trp of re:;)e.tr.:.:h !irm 

;i: .. • ~r.·~i. T~~ t::.. 0 

.. :.1,_·:;.rE_vCt:::'.il :rt.~t.1\.·:.t of 
:1;T·[.r..•·-r'~t;.'~ .!~-~..:tr~i:t_:·1 ,.;~imuldtt!s kilier cel~s. 

.:i,h .. ·:dd~1.r· ..... 1:. .11·,,j :. ::-.~ lJ'.nt:h"L·:·t-=~ beir . ...; 
:re 1teJ ~="..> (•t t.'\"t_.-nt .:in)' Hl\.' ~:e:;i.e:.t f r···m re~l i...: i':.. .r. J· 
i·r·.c:.." ~;:-c1t1·:-.:•·t !--.1 ~·.!t'I~ tcst~.j ~1· r. 1.°l . .-l1~r.tf:'f~r_;, YJh,_, 
·.;.:: t.! .jt t-.i: ! i ~'.....i-:fe"S. ._,f :::·;·mpto!!'dt ic J .;t~ .. ·L .1.1..1n. H~t ", 

~:,1\:t:' !t:1...·0v'"'"lt:,i tr. .. 11 ':e·;.:r :uid e•11..:t1~t..:.~ :·z'm;_Jt:. n.·.!t-.·::i. 
.1·.j b ... >~h rt•r.,..!.;. t'·t-tatn,- 5~A ;Th•:1th:> c:f'er i thre1· ·,,.;c-o;.•;..-

... ll!~c 1•t t:t.··J~11:-:- •. Intcrreron htiv.tt•.!S T·l-..illt-r 

• :~l l!. uut r. it ·:- t:t:~pt.•£ • ..:el ls, •hi 1 ·n f'1.1i· tit: inft"C~ •.:1.l 

., I ~i T_ '/ • 

H.~ 11."1 i.! l ..J·j. ·- ~ t'..L .. 

[ .•. •.it (;.111•_ rt: JI':. i ·.: ~ :..i: vt 

. .1: .1 h•:t ~ { ·:.. . T .11~ ['! t: _; s 
::1.1r:r tr~Jjt.'r .u• ,·-ln'111e 

T ~. l • ~ f . t.• • '. ~ t : t.:'.;. t L"" ) • 

~ ;:, . t' t ;-·l :·.: 

,1t:\"t.•l.Jpcd .i ,,~.,r t!~5 t•) ~ r .... ·.1~ 

1·t'"l ls for t I .jn~'-'lJnt 1:.tu 
r t!rH•.J"Jt.->S :;.lJb.5: .t;1-.·t·~ t b.t ~ 

r~'.i~ .. hJ;i::>~· i.i the lt!•,l[ ... il'."'r't. 
t 11 I :.:, '".I ·~· I 1 l ~· •: , 1• 1Vt/ t. ..:' l~ fl 

i'!t.:l l:-:-;111a1y Ct.?SUllS 

.•J11.r; • .. •.J H,1nd'5 fo'. '·l.J!>S. t'lthl>!f 

d'.tt! 1p's d~ f •t!' .. 1 1 c;r 1: .. 1•1.1· ... ·~r iJ.i·_.~ 1."·:l! 1,11:1p1.1nt~ 

h 1'.1• b~t...!f. di:~dpp•_1int lr.•J. 'l'r...sn:;pl.dnt..H 1u1. ut """t'Jle 
'.in ·r .. :~'i.'"'• .. 1:1~ c11·hlcv,~.1 hl\Jh ..:.ur:•.t•!i"; r.1te·.i r~ '?nt lj', 
'11?,. r.-1.~ 1 r,l.' l ~,. ~dt>~-.! v(it 1u.1 t·.•r '.>f!'Jt:rt: _d.Jf::' .. • 1f 
r1i-·; d1.:.··tc'i. Put th.:s" t;.111.;pl1r.t-:; .~p11rc 

! .tt. :1··:1:J ~~L.Hdh•.at1p~r·..:-~:-,1r111. The 11P.Wly .-:h.! 1.clc.pt. 
trecttml'nt !1it f.-..... f! 1 ,1. l-;jl,!t t_t..·lls u:a~s u;qfhlLL<in..ll:J tu 

rt-rfo.ve <1rl'j 1'ell~ i:dprtt.I~ r';f pri>dUClTl'J lymph1k111es. 

Tta~ trcd't:.J ·~11;:; d'"C ther1 (JC\.JWn in 1;ultur• -1n.j 

1rr.:drH1 tt••1 11. ctn t;·:-s 1nder the kidney .. 

J• . .1 : ,,, r -1~1~1 •J., _·r t •; pr evt:>nt. 1 ng d'. 1mJnun•: 
r'!'-if'''• ,,• 1-, cnr·,1f•Sl'.1.c-• 1011 of the ce:is in dlr1ir.r1te 
,1n.1 p•Jl'J'1 ,.:..:···-:- ,... 1_"Jr<1-n1J tll v. ~l!;enhdrth (Jt .ro:;l 111 

1n,1r,r~rt:>~ ('"-'nter (Bo:;toa). (EAtrd•:ted trom ~~·Ji.::.:-.!}_ 

"'~' l:J, .", Apr i I l 'Jtl8) 

: 3 

Ant!'• Jru~ ~....;r th~ trt!'..tl:n.:nt ut Jrh.:hvt..·t::\..-~.tst!i, 

th~ trvpi~.il dise.l:s~ ..ll:sv kn..;iwn ..is riv~:: liliraJ!;t;;ss, 

.J.PP~..lrs tv be s..ife. Pr~L1m1n..lry ~~sults tr·Jrr: ·ht? 
f~rst l3tqe-sL..lle tri3is 0t th~ J!u~, ~~ilt!'d 

i·Jermeo:....·t:.1~. si.Jqg~st thdt \..-0~ntr1es c._,i.JlJ us~ 1t tv 

tr.e3t ~hole populati0ns 3t :isk of the dise3se. 

H.lus t-i.~msne, a st .. H1sli..:l..tn with tht 
O:i1..-h .. _,.,_-er·. i..-ls1s C0ntrvl Pro4r.Jnun~ in Wries~ Afr 1 :.1. 

anrh)Ull·.'~d the results ...:t tt~c tr i.!ls .Jl ..i. n1t!'~t ir•...: in 
G~nev.J \..~t th-: TrupiL...:i Dis.·~..ts~ Rc-sedrch ?r .... ·~rJ:;.mc. 
which is rui; L;y the Wcirld H.,dth Drg3ni<:.!ti0:,. Tne 
tridls, L~Itt!'Iltly urtdt!'r ~~i i11 l~ tr0ri~~l 

cvuntries, inv0lvt? 6~,oou pe,~plt.~. 

~H0 ii:=st im..lt~s th.:tt .J.t°',J::t ~: T..l: 1 t·~in ~,2vEJlt: 

sutft!t frvm trie dis~dse, m...tinly i:1 At: ic..l tut .1LS\.· 
in p.Jr~s u! Cer:tr.Jl .3:nJ :Sovtn Arnet iL·...l. 0ver..li i, 
80 million peuple ~•eat 1isk fr0m the dis.,ds.;_ 

Only two drugs, dic-th·1~.:..irt.>.1ma·~ir..e ..i:~d s,..:.r ... -:rniri, 
hdve su fdr been dVdil<able tcir the treatment ot 
oncho~~rcidsis. Both i..:dus~ sevete side-ett~l....'ts sv 
th.,y cannot b.e us.ed safely t~ tre.Jt whol.e 
pvpu:aticns. 

Iv~rm~ctin, ~hi~h w~s JL~C~~~rej l~ iears .J.~0, 

~.e.e~s to be much sa!er. Vets have us.eJ it 
s<;c.~essfull1 tor sever.:.l years t,, rid h.:,r;es, sr . .,.,,_, 
ai:J cattle cf worms. In humans, it pr0.:!uces ,_,nly 
oil.J itchino..J. swotlen lymph no<les and, OL""Ldsiouall·i· 
dizziness f0r a few ddys. A sinqie tablet kills 
·.·irtually i!L tne ldrva.e in the Dcu:i· within :.ic t·:.
~hre•? idJ'S. ?ecple need to t.:tk~ ~ne druy ~r..i.J' \y,c~ 

.:\ :: C'df. 

lve:rf'1e,_:t :n pr~vent!:t the: :..:: i1h.in2s.:1 C..:SL;S~J L'i tl.t 

ov:ll..1-~p ot mic:rutildfide in the ~'je. :r_ wi:~ •1ut, 

h.: 1•e\.'t!f, rc·J~rse St:!'Vere eye ji,:;e.1s~ .. .u,j su wi:i O(:·t 
:estCHoe ~;qht to th., 340,C:OO pec;..le alr<>.s.:!;· bi:.;d~J 

Ar.,Jtr.~r ~r..J.-L,,.....:k is ttu.~ tht! J:i.;,J Ju'2s i:\)• se~: 

:i!ft:ct tt-.t" drlt;!.t wcrr:i;:;, which ~;.·Je in _..-:-pl1lJ.ti1~y 

l)dlrs w)th1n rut>Lery uoJ,j:~.:.; undt>r tht: :;>ki:1 \..·r :r1 

,iet.'[;er t issu~s C)f the b(>dl" . 

O:,e :...Jf th~ ffi•):...t e;.;,_:it::1;..; fin.j:r.J$ t~;.i,Jtte..J b 1
1 

kC':TJT1e ... i~t •~c" •:dm~ from ,1 s:uJy 1n i~h.Jt:.-t. The:t'. 
the [:!,Jpvrt .. 1ur1 of hi..1...:kfl1ts cdrrying ml.....:r.-.. til:uiat: 
t'...?li b'j ~~·rt.•e qudrlP.t!i ·•!tt;ir: t.hre1..: m-_:nth$ of ~:~a:r~ 

~ork'2'f""i ll'.Hr~but1nq dn i.'tiI1Tlf!""'_in r:-1n:et t··) ~~1-:h • 

l'l,nru ~~t.!uple in the dI!..! t. suJ:jt...:S.~ l:i·J t:1,l :ht! J"."".J•_, 
might lJe atJle t) :outrol t;.1ns.ni~si.,:1 w:tn(J.Jt 

otternp~s ~u 1..;untrol th~ :,ld..:kfl;·. 

Thi·~ ,,~pt.:ir11_.t1 hd;, l'»,_aen _;·1 1 'L'.tLi ... td~ !r1 the p-1~t. 

':ht: r;n,:a~c,. ~r·..:1as1:> 1-:'('flt r-...>1 l'!•JqCd:TUr.c h.1..:. ..... fH.i·1e-1 
tr.Jm f1el1 . ..:-u{;tt?1S cheff,1;..":115 thst kill !.H\•,\l.' ~r: 

ctt"fe ... :tcd ctie'dS. 

!'Jt!rmet.t u. 1'oul<f ,·,r t""!r J fd!:it •!;, ··ne,1pt::- mt~th 

. .,t co11t:l;liir. 1::i the "."Jlse..is~. The :T·dt:1:fd,_t1.1rt!r, 
:)h,irrr..1,·1::ut i1..:..tl:> L'oir.pany Mc,t:k Shdrp & !°"J\)l~fT·t-, 

~r.ric\.1 .. ~.,.1 :dst ::iei;t.ember th.•t ;t 'J.)ul·J pr:,, . .-J., tht' 
Jrurj frc~ <)! 1;h~1rge, in 1et i1.i'.ely. Tr~ r1t.'A'. tJrCJl>ler 
1s m.1kin·J sure it ted•:hes th<.' pe0p1., wh,, nl·e'l i~ 

1n.;:;t (~>nur'.·,._.; ~~~-Scl~1~~.l~~, J Jul'I 1·°JrlA) 

The most succes5tul t reitm .. nt 1et t•,1 
h•:O(•dt it i~ !l infect Ion h,1s t>tien rep'lrted ti/ d 
rf!:;.,dr.·n • edm he,tde.l t>y tl"t>•Ht P. Perri 11·., dt 
·~dsf"r:,Jt ... 11 ffnive1·sit·; i11 :..it. fJ)Ui.5. Th~ W·Jrk 1:0111 i 



h.n·e .l m.i)u imp.i..:t. l>e..:.iuSe c1thlut 20') mlil:vz• l'J"v~!e 

W0[ 1Jw1Je ..:hronic.tll·i c-.Hr'; the virus; the \'llUS 

.... ·.in lt:!'.J.j tu cit rhvs1s ut tht! l !v.:r .Jn..1 liver c.J11o..:~: # 

with ~.ulJO deaths ;·e.Ht;· 1n ~r.e united St.H.e .ilone 
a.ttri~uted tv thest.- cum~li'-·..tti1...H1s. Nv ...:0 .. s1st~?1tl·z 

ett~i.:tiv~ treutmt:r:t fur the infe.;ticn now e:.-:ists. 

Although .3 ·;3,:,.::ne t..:1 nep.it it is B bec.lm...
a\'.liLtt:.le in !91l2. the inciJence of inf.,..:ti<.:·il h.1s 
in..:re.is.,•I n.it i.:inwiJe ::: the (.:'1Sl Je~-.1J.,_ Put..!:..: 

he.;dth experts ~·l.tme 1n p.Ht a ·Je:ieral .rnaw.ir.,r;ess 
0! whu is ..it hiqh risk ut 11.t~~:t1on _1nJ thus sh·.Ju.~j 

r~..:~i\.·~ tht:: 1Jjt..:cin~. !n .Jd.t?t i.'lr., lhc t::ftect i.Vt:~1e:;:s 
ot the \"ac..:ine ap~·.,.1CS t~· b., l i!T.tte·L 

Tt:e ne-w tle.ltrr.rnt 1.._··~:..,tl:.~s two ai-ipr.;.s_·hrs trit:·J 

~1~ 1.- iuu.~ly. Out:: is thi=- use 1..-•t .rr.mune s~1~~t:,re::;s1n1J 

ster0ids. A..:imin.i:>tt"r~J lo:hJ tt-rm, these ... hu-:1~ 

u!tim~t~l~ result i:1 ir1~t~~~~~ vir2l repiicJtiu[l, 
but wh~n ~ivcn ov~r .l r~ldt ivt..·l·; ::>hL,rt t im~- i1: L•·jh 

d1.~S.rJ~S thty cJn leJd tv • immunol0q1~ rcLuunJ'" -

enh..i:IH.:eJ iaunun~ dt..:'l iv it J' shur l l y· .:tf t ~: th~ Jr v.-l is 
w1thdr..lw11 dnJ remissi1.:..n vt the 0 1i.it..;::i.e. This 
m~thod alvn~ doe:; not ~l lmla.:ttt: tht:::' '¥·1r~~~ ..ii~J i:i 

svme •'d:i~S ~.Jn '-·.:tuse iift: th1~..it..;ni11·J .;0rr.iJiii.:..!t101·s ... 

In th~ ·Jth€r ..ipt,:r·J ... .,c·t:, l>.J:S~d Jn ~r1.Jwtn4 

evide;h ... ·~ :.h~t tt-.e de·;e~cpm~nt J.nJ ~~1s1stt!nct! >t 

..:hruni,; hC!JJtltis El i1.I'ec·ti0n md~' be ,·3:;5.,d by 
insut!ico.ent ~I()·juct t'...·r~ cf .ll(.>hd 1nte1!c-run by white 

b1·'vd c.-lls called lyrr,!Jhoc:yt.,s, resear..:hers us" the 
int.,rf.,r·.l" :tself "Sf'l.Jll ~rvtein ma.j.- t..·1 cells as 
il j~f~~v:c- ..1'J,li.:s!.. ·;ir..11 infcL·t ior-. and ~,rcduce.J 1:1 

g~3ntity ~~laboratory recvmbinant techniques. 

The i~v~~tiydtors rdr1J0ml~ dSSign~d ~at1er1ts 

;nth ~r0ver. chru!li•: hepdtitis !.1 t•.> two 91our.~: 
18 r~ceiv~d tne c ...... mtJir • ..it i.:in tr~..itment dnd 2i · ... ere 

u~trtated. All pati.,nts were generalli 
as:.·:nptomat •c:. Among those tredted, rt!pl icdt i r:<J 
forms ·Jf lh<? •JI t•:S d1sappedred in nine. But the 
•m0st e;.:cit inq" :tspect ot the work was di1 t·•.ren 

greater t~!ip•,!1:.ie tu tI~dllT1~nl by' fc,ut in tht: .Jruut·, 

acL·ording le· Ri·:hard u. Aa,:h of Johns Ho(,kin:,; 
Unioersil'l in Halt imc.)rep In the5t: pdti~nts, whd l.dd 
been i;ife·:te<l tur ~ shorter time th;rn th" others ir, 
tho:- treated qro~lp, the ren.di11i1HJ ~vide1,c~ of 
inf~ction th" hepdtit1s D antig"" HE!sAg d&Su 

dis~ppeared. These pdtlt!nts dlso developed 
hcp.lti.ti.s B J~.t1t".1odie~, ,.h1L·h Lhe ether iJdli'-·r.t~ ~ri 

th.:: stud'; lo•·k .. cl. 

1'ht "JiJ[k d<...·t.·:. ;1<,t p10·1t ctb~.;ulut~l ·t ~hd! the 

cr>mhinat 1011 lre,JlrTit.-iit 1:an cure chronic ht:(1.Jl1tis fi, 
Lut 1t. hdS spu11~J d lr1ry~- s,;.:1le inv~st iqat. iou ot 

18~ pJt1ents, nu1iii1 1111dt>r Wd/, Ct.;m(Jarinq pcit1ents 

cr., .. 1.,,l with dlpha interferon dlvnc t(J those 
rt!':e1vin<J lht:' <:<Jmbi.r1dti\m anti to unt[e~•red 
<'<:·ntr1>l:..;. He!:a.·nrcht:[!> e:..press h,-,(Je tor the oqtL·~>rrw 

of th~!,e tr H.sl!> neAt JP' lJJ~. (S<JUr1;c: :.::t.."l..!:..!.!_.-:_~ 

~!~~· Vol. 1]4, ~ A~qust 1~88) 

A ncJvel µol /(Jt>,Jl id~ dot ilJl1..1t 11_· thllt .ls 
.,rtective rtq,sin:;t .1 wide v<1riety ot fun<J• h<1s t,.,en 
d1sco• .. •pred f"lt the Riolr:Jqical Sciencir:s Hesear.:h 
LdlJOrdtor ic· ... c1f Ll<.Jti i"'.1~r1i. (Tukyo). Li<Jll Colp., .i 

m-:t)ur dett:r~JentJ ...tnd t.;1 lt:lr ies mdnufdctur~r, hds 
recently diverc;it1ec1 into phdCmdc'~utl<..:dlS. f°!,; 1>lrirL'd 

tr•1m .-t ~trctin r,r ~!t' .!.!_~~ iu.2..!Y.~Y~~, the new 
dnt 1t ... 1ot 1c is bc1nq ~tudied by I.iun resedr<:her~ 111 

ccd labordt ;on with T<td.ishi Ardl "t the !Oukdryotic 
Mi<.'f<>hioloqy Hese<1rct·. Cer,tre at ChltJd University. 
It has heen 5hown to be effective <1<J<1inst " wi~e 
rrt11(Je (1( funcJi, inc•l11riin<J those that (·du5e r irHJWr1rin 

,1nd <1thl.,te's fu•>t., dS well as species ,,r Cdndidd 
c111<1 Tr1chomo11dS. TtH." (>r<1<iuc:t, desi'Jfldted LI ft', 

'~ 

lt:i eA .. h".'t rr:..; .. :h..tI:lSrt' is lh.)t Jil:.t:0WU • 

~~-?-.T~~~;_~~~~'li"• ,~'.. . .il. ~ .• Jun.: i.".f88} 

t-'il.:tmit?nt.;u$ iuihf~ (:!..._·v1j~ .i ·:t·:.·r ~t!:t!·-·~ !.'/~ 

sy-stem to pt•Jd>.h .. -e pr..:·t~in prvdu..:ts t"i -;t::tt. i .. : 
~lh~~rH~e-:inq. i"'i.Jn':!'t?t lrttoJ we.cl< t....> J~·-·e~. tr ~htS s;·stt::r: 
h .. ts tt!'t!'n ...l0nt: lu -: .. l.n..i .... i..i. w~1rk ts r:.c·• ur<h:: •..:; : 

tr..sn.sf,__;rr.1 ':.he !Blt :.ti pr·.·t•Jtj·pt:S i•-:.t_· t111 ~ ·s1.:1i~ 

pr..Jttu~·ti.,·.r~ sy:;.tefTl:S.. tr. Vw..:.: W..itj .11.1 :~!$ 

·:1...• • .:k~:s -"~ th .. _· 'j:.>.-t?-t:i-lti· \Jt W..:.:.'-·: l . .._ h.1-.:e 
~mt·J.:tit.c,J .r .. \ i-'fl_· ... _:[.t:r .. .,.,._: tu C.t;tlrr.!Z~ tn~ c!t~....:ilf..'"l1..:·i 

;t j:• .t .. ..;:.J wio:i~ •-1 :.j:"J-.d 'i"JSle:Tl J._.·.·,-:.,t·t.··'! ~J· 

Ailt:?-:::• t-!l·t:r-:..:1r~...t1..·t..~ut1,·~t.~ .... 1 .1~·J1s,:..._,., ·t M.lleliA 

i!:,·. Th~ 'Wu~k i..i 1--·.J::t:·:· ::.Lt;p·u!tt?d L>'l ..1 t:·r~t. i.t!'j[ 

-Jr ... t.:t :cqlT' tL•_· N.it i,__,;1..:: ~t':i~.tr.._!: l...-~ •• Hh'"i.~ ... 

?.~_cl :A h..i"S _;~·t":.t :..it.· .. ·t.·1.1 .. 'zt..-tI~ Jt.:·.t:-!,,1-:~.i':J 

t 11...smt:::!r.t;. ·l:..i t..i. q~ ,ls ..J :'.j·1stem tu pt<....'dul:t: i-·r·.Jt~ :ns 
'!'ti~ PL•.frit"t:::'l ~a-f w. :If. '. .... · Je.e~w~ .l ptu\. 1 >t·:·i .. t:'" •.J5 

It"-·1.....·~nl~t!d in : .. oc. t•r ... t i..... .. <.1, .... t.!..i .r\•..tr...1 f...::: E-~~ ... :t!l !.~;.1_·t;' 

in ~1!· . .-~ot i .... u. Tt"~e: ::;;yst~lT· l:i 1:.._.'J Leir~4-.J ._.,~· 1it:l•.·p~d ~.J 

pt·_;...'.!l·_·e ..l. ri~1mt·'-'c vt ~h.1rm.1 ... c..•ut i;._·Jl t-''·-·tt;".: . ..; 'wh.Ll.'ll 
"-·-tr. L~ m.J.Je eftt·-·t ivt~·i ll: tr:.t:' s·,stt"rT ?::. ;•..s: t ....... ! 
tht t1r1..;)e .... t, A:lt>it:. will be ("".Jk:uq ..t 1;u;i,te! ..:.t 
!;r~.1:md·:t"util.:.ll ptJt~·tas, ~S(a:~~i.J:ll;· £ 1;f \t.·tJ~·~t:::!=·'~:· 

·Jr:··•".b :J--.·tc•r}, ·•hi.·!i c1.111 s~-~~d ht!..t~in 1j ._t ;.,_ . ..1:,,..is. 
iw·:~.d111'=* ulc~r~p 

t•J '--'!'.J ... '!..1 ·e SOIJ (S'J(J~r .... ,,:. i le 
':.rt!Jtml."l:t vt .i(~t"'.riti.;; ..JJ1J 

•."! .. ::i.:'"Ut.i:,~), t~•t" 

ht.:Jrt .:ill~·-~~ • ..s~ .Jc~i JS 

tur I~=e~er·;ir.-.j P:.ij11t'J'..J. icf,_1 :~ tr:1JO~t-i·.J•;~~1t :._.I .• I;: 

a<i·11• iur:, wvri< i::; 1.:ndt:t "-'-t) •1tt1 Jr.::tt",er ·-• m;•dt•'i t ...... 

j~-:~l -'~' d vac1_·ir1~ prvduL·' .... 

A: lc:l l;. Hiu()hdlrild1.....·t.-.1t i._·...sl~ !.:5 d j~1.,.:i·..1~vi1 -'! 

Al ltd l;.: In~:., ('..1tl:id 1. s. l ifqt>""";t bi,>tE:-ch:I .•l.:1.ri ._-. "~i u~1·, 

whictl h~s d !>l.:1ft uf J'wt[ ::'.JJ. The ~l\il'..ll•Jn i~; 

dcvelvpiny: 11~w ph.urr.dc~ut1,_.1ls th.:it • .. H1 Le" ;·rvd1:t"· .. ~ 

tJY genetic ~n·Jia~t::!'I inq dnJ whi\..:'.h i.;a:: ~J~ ... ie.s i ..;n..:-.i 
1lSl11(J intorn1Jt ion 0n ~ht- ~~-r~. tuie ,_:_ kt:·,· 1:k·lc.__· • .:!1:!_. 

in the b0d1. 

Th~ Univers1t·,- .;t W,ttt..>rl·•· L.is :;;':.r"n•J t.i •• s1 ·1111 

dp~l 1~d reSt"dfl.'h drh.i r1~velop:n~r1t l'd,Jdt°">i l i:.. l~'j lr: 
!errr.t..·nt.-1.t l<Jfl dnd iJ((i· ... ~:n :t_.~_·t-.nol·~•Jy, m\.)~·-·~.d~,,t 

bioluqJ·, Dioc...:he:td·.·.11 t·ri:j;.rit=t.:t lrl'l •lfl·l 1. .. th• ... r .Hf:.·.~~ 

mi,.:r1,r;idl and 111du:,tr1.,tl ~·L·•ft"l"t°:11<~..i.0yy. {t:;.tt.ti_t,:·.1 

tr,·,m ~ .... --..!"~_RPlt_;:-:!_~~, 2~ AlifjJ:'..l ir,H8) 

kt:Sit.~.trchers ..:tt tht:." !I111vc1s1t·1 )1 P.~i;tl~q..sn 

(Af,i; A[Lur) hd'lt: devel<Jpt·d 1 r11.>Vt!l ft·eth•hl of r•1m•,,~·;r,,1 

1;1r.ls~s .ind virus infcL·tt.:"i Ct."ll::i !rc);n 1d.iurl, '!:.:io:n.J 

~~r.(JblllZf:'1.i L.Jryet 1.:ell:.1.. 1-i-';..l T::..do, J 1JI<tlll1cite 

Stildent ·,.~_.rk1n~J with tt~nry Y. ·..-dr•<J iu tht- ch~1111•·.1i 

enq1rH:!·f:'rir11J <1eIJ•trtment, f(,und th,tt cu~tured hum..,,n 
fores1i<.1n flt,r,,bl.tSt!J <ilt.u:htd to polymer tn!dds or 
m~mbrdne5 Wt!'rc <tl,,le tr> ll"m•J"Jt..· humdu 1:yt1>ffif:'SJ<1l11•1i[ll5 

dnd herpes sim1Jlt>i< t;11u:;...t!::., h•Jth s1r11Jly cu1d in c<_.1m 
b1n,tl ion with oue dn0th .... r, f tom blo<io1 :;er um wit h<..i1r 
lnss of 101~,ortdnt t)l\J<Jd pr11te1ns. Thl> ke·;, 11ccord1n•J 
t•J T:;,10, Wd~.i •:r'>::05 I iukin<J LhP t,111Jl'l ,_.l•ll~ to <Hit.• 

,111•,ther with <Jllltdr<ildehyd.,, which stdt>il iz"s the 
,·t·l ls w1ttH1ul ~mpt..'riinq virus b1nd1nq. Ht..'SJ·.les 

p11r1t1iniJ tJl•),,d t1JC t rdnsfuSJfjJI~, the method mtt'I 
.113(J bl' U~t:ri t\I ff!rT\f)Vf! VICllSE:S fr',m pr•~ lent.5 wit fl 

1nfe1:tl'>r1s. (Sour,·e: r~~~'!'l.c;.~!-~~~~, l', June l<JOU) 

A promis111'J f<1mily of ,intivirdl <1<Je11t5 ~ev"l''ped 
t1y ~tv1linq 1Ainthrr1p IHc11s5eld~r, N.Y.) k:1lls v1r115e:; 
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J~r~l~ SJ;J~r! ~1~.i ~ ii~J~ues ~t tht?' w~:te: ~~~J At~i 
Institute vi Ht-s~ ... tr1....·h. w.·dshic.;tvn l..._·. h·ip .. ::tht:!si~~ 
that th~ e:fte~ti·.e1:es~ vt th~ VdL·...:in~ ~~i,Jht h.!\"t?' 
bet?n dl.!~ to th~ E-lr\1pt?t p!'est?-nt.tt io·~ 'l!° th~ dnt igi'•~s 
tu t-ht?- hvst 's immune Si'St~m: it l :\.'t:C 'T:d .... ·ruph.tgt..>:.i 
ing~ste.J tht:" b.11..'tt:! lJ; and dtsp~..ti't?-J .. :1rr_·:.imsp..·,r0:.:J1~e 
antig~n:s on th~ir Slut .. :h:es ir: th.co eight 1...·unt~\'.t {i:~ 
.. ;ssocid.tion w:th histvL·ump.!til:.iilil';' :u~:.iqerl_;), 

~tte..:tivt: c~llul..it ~truN.1Il~ rCSEJ(.>it~es n.iqht th~n t.t?
ir1duced. The success Jt the ~11imdl VdC~ir1~ sug·;~s!s 
th.it it ma.y be p,_JSSib!t?' tU 1..Jit.",:Cl. )p uI.il V.h.:1...."lrh . ."S l;_ 

t1uma11 m3lari3 anJ tJr VJ!iJuS dis~Jscs i~prosy, 

lc>tshmdnidsl::.. ~cn~st._s ... ::ni3s1s •. :...l:J~, ..1Ih..1 oth~r::i 

1r1 which cellu~.tr 
SOI'!\~ pr .Jt .C-·-·t :1..•i:. 

: S .'-.p < i' : 'le H) 

inUTtu;1~ r ..:sp.:;!'.-jt":::> ..iI-~.t•t>..-::tr 9:...._1 1:c:1to::-r 

( .S .1l. c, ·t>: Sl..· l_ erll.·t.·, ·~·v. . 2 ·L .. ~, 

·T~it~ .J:rt.et!th~: "We~j ITd:J· .... ·.:1:' ... d:1 •. E·~"tt:!;:t 

Jnt l!!l...tlar!,;t.l dru-:1, .J..:...:"'-·,rdin-:; t.J ltfH.J_ Tht! .Jru<j lS 

t:ttect1ve in killing t~e me•o:01te stJ1e 0f the 
~lr.,sice !_~--~~l.1..£~ drn.l ln anur1dl C:"Aperimt:.·?~ts. 7t"'.~ 
dr:llJ ts 1l0t t-'r~\tt::>rit .. 1t i1..:i!, and wuuld t~.i'.'t:.> :....> b~ t_ ... il-'.t*:• 

5C'l~[al t llTl~Z -!: u .. 1y .:itttlr inft..•1..·r ion. Tn--· ct ...... y lS 

eAiJt?:isi\·-.;:, btit ~-.;i,r:. (:5•it~eriar . .J) is hc.pt•1~ t"'

de·:t:lup d _·he.ip~r ·..;t!L>i1..)t: .. (EAtr.i...:te.i tr\.)rr. ~~~ 

5,~~~~-0~· 3l Mdrcr. 1'186) 

ti~::!.~l!_l~ ~rt:JK~~ro~_ Ch!on.i''.!~~:;_ l_,l 

2QS5 i!.:_!~-y~~~ 

A dia:.;n::ist i te;:;t L:ir nvri A. n011- ~ he~..it1~ is 
and lJ~th.!ps ev~r1t~~tly d V.J.:~in~ tJr t~i~ dised~~, 
dre being devel0pt:d b~ Chiron, the U~ b~ote~hnolugy 
0..:(.•ITIE;..:illi'· :i.:-iw that rt:St!..i[Checs h3VC sui..:Cic"SSf~11·i 
ider~tified the virus responsible, anri .:an pcodut..:t 
the · .... ·1rdi pr0t~islS using gen~tii.: c-ngih~eri11g 

te1.:hn iques. 

The discuvery ·Jf th~ elus1v~ ·:ir~~. r~sp.)ns1b!e 

t•:>r some l'iO,uOO c.•iieoi 0f th<: ,iiscdSt? ill tht USA 
in1;luding 30,QUtJ ...:hrunic :i·.,..er '3iSf:!:lje c..:.tSt!S 
thrr)U~Jh bl;,ud tr.1n.~tus1r>u, w.t:.J made L:,.· S•:ient1st5 ctt 
<~hiron's jcJint v~nture wit~ :~iba Geiq)·, Bil:,..:ine. 

:.:tll[l>ll is ~ ik~l·t to .ssk tvr cl inil.; .. il tr i;1l 
d!J(HOV.ll tor d didgn<:,stlc te~t in tne .lutum1.. The 
test W<)ul,i h!C' mdrk.eted thr )U,:;Jh its joint v~ntu.re 

wit!1 Orth·~ Did1nost1,; Syst~ms. If d VdG~ir1~ 1s ~v~r 
mddc, tni:.. w111 t.>~ s0ld thr•Hl-.Jh 3iol·ine. (:.Juu,ce: 

<;'._ht;!lll_lJ,~!.'.i '!'~i !!•Q,~',_!_l'., f. June 1988) 

~-"J:!*::.!.lmc!_!L!l_.~lLJ~_ 'i:~~·_!!.l~ ~~!.~:~~! ·-·~ric.:!:-> 
Q!:Qlu~t:<J 

The t:"ttcct iv~ne::;s 11!" ~111 eAtJer i'11e11l..tl AitJS 

vaccine hds been lJCOltJrlCJcd by tuur l><Jo.3ter shut:; 
adminlstcri:o.J 'Jvcr d ptH l•)d ut vnt ye.Jr, a .. ·t.:(JldlrhJ tu 

reso:dr<~hcrs lt:J by l. Zd9""1 uf the Pit:rt" !o MJrio: 
Curie Univer'>llY (l'dris, frdl•tc). In Mdrd> 1981 
Zil<Jtiry sdid he hdd irn,c•d"ted hirnselt dnd some 
Atr1 • ..:dn volunteers with .:sn l\IC.1S v.:1ccine tt1Jt 

1;c.H\:.J.i:..t~J 1Jf d v..iccinid. v1ru~ m0d1fi~d to m,sk~ 

gp lb•l, "" AIDS virus pr<,leln. Zd<Jury hd:; nuw 
cont 1rn.~d e"rl it!r r~purts ttitSt the VdCcine 1.:dust:d 
his body':;; immune sys tom to prudu(:e antibodies in 
dddition to d spe~idi tyµe 0! blood cell. Some 
170 ddys dfter tht: in1tidl Vd• L·irodt ion sir.Jfl5 of 
immune defence:; were st i l 1 dppedr ing, thdnks t,, the 
fuur tJvoster sh()l::i. The idttd lJehind the test w~.5 tu 
:;et.• if th& Vct·..:·~ine Wd~• ::;Jfe dnd determine whethPr it 
-"uld (JL)dUCt} the d~sircd 11ruN1ne res'-->unse. z,jrJUC'('

1

:3 

rel1ort dd~i~ th-it 1n tt~::>t s ccJ11<1uct.ed •ith cf!! ls ln 
l,tb1JrtJf(1ry dis1,~~, irrunu11t!' fd1:t(Jf5 in his bl<J1)d 
.1··tlJrtlly l>rt!Vcntcd two st_rc11n.> ,Jf the Alt>~ virus 
trc1m c:duai11(1 i11te1_:ti'Jll under r:·~rt~in cundit1(J1..J. 
(E•tr.icted fr,,ni The New '>'.<>rk Times, 22 April J'l88) 

It w,)ul.J L.t\'~ lit::L"L t."Alr.J_lrJ111..:lr:· :t t!. ..... r~I:i"... 

snc.ts .-\t m .. 1:..::::.; ..1:· A!fS ·: ... h-..:ir;c h.1J rt..·tn t:.>tt·.·•.t :·.:1..\. 
so ~ht-rt..· I1t"t"'! 1:·.lt :Jt:.> t .... ~. nai. ... ·n ..:!~sp0r:jt..·::1...1· •··...,. t~'.t':. 

tht:.>y St:.>~:!l li'<.c:!j' :...:.· tJil. ~~t ~h .. -tt t~:t"J. L.tVt! t.!~ .. t..·! 

ic>'- in t--u:r.cri u_·.!'.t.tS; inJct..•d, tn..- :..ri.~~:i h .. l:i.'~ •lll~': 

}U:it ":J.Jt lanji:r • 'i· But th~ 1 ... 1:_·,.: .. jt :;~i;_:-._·e~~ _it 

~1;it:.:!l tri.ils :n ch1m~_dr>2t!t?5 .Hh.! rht:>~.1.s rr.ct~kt:,·~ 

C"3St a d.:itk sh .. 1J .. J• .. :·.:er tnt? :~:·.h I11te::.Llti· ..... o11.1l 

1..'v:1t~rt""111._-~ c.·:~ ;,.n-..s, h •. d J tn ::.it .·kh~ .. rr: -:·h'-' i t . ...1t·t~: 

Jt ~1rl-. .. :h~ciinJ ..-s ·>1.11_ .. ~ir'.e Jt}.lt!1:5t the t":urr..ic 

~1run.,..:1_).1~t ~ ... ·ten .. :;· vtr.Js (~il\!) .t~t" ... ~t~.1t~r th.1:· ?,,r 
.tnj' ctht=r ·~·irus. One is :t-.. .it h:~' .::ii l-·~,)ri»t.st·1 
·;3:- :.:tblt.". Nv t·.;J Ls .... -·l.:ites ,itt:' :..t._:•: :.·:tl. r:.1.:h 
lSGlat~ ._·,:.nt.1ir.s rr .. li~i' v·.lr l.J:1~·-.. \:.J: :.Jt 1.:r~ n: .. -i'j ti~ 

H:v·s w.t.y •)t t:s1:Ji-.ir.y: .:1cst r .J :~ i _':i t:· th€' imm H•e 

:;;·st~m. ~ind :t.a}· "ile~d ·;3r l..!nts .::~ ~1::r;.:.l~1n,J 

~J.3.th\•-::J€!ll··ir·,- .Jnd t)rt:!t~:c:;ces t~..,: ·'· t! r_t~;.3\lt_> _l"Jt;!! 

...i~iUtht:r i~1 t.ht: 1._·v..,;rSt" ut ._i~sc .. l$t: •• rJ. juc·e:.:sr..i~ 

1:.J·_·c·nt" Jc.uld hJ;~ •_c ~·t: ..:t;lL· :c L.h:.l1 wit:-: i . .,,:de 
cl i td S t1 i t ~ l I~ g V .i I i et j' . .:; t "S t r .1 i . ! S .. 

A se•:·-::r.·i s~r iwus ~ rublerr !S th;1t the -... : ':•.1:.... 

1u....:ks r.._,r cove: sho1tlJ.- a!"t~: ;.c:~:-:t i._.::. Tri;..]t :.; t. 

:.i..l)·· ut::t- HI'! !l.iS i11fc\:tel a i:..-t!ll, it~ fi~;.; ·;e:-1.Jr. 
trar:sc:·'>•J int..:· DNA b·. c-=·b.:rst trdr~scr.rt1on, WT.1·-~: 

i...h~r1 be....:.-:·rn.t!s int.?qI...t.te.J ~r.t·~' ~t'2' 1~·t.ro~··s-::--rntl C~•A. .,. 

th~ infecte'~ l.."o.;!°l l. An t:ftt*·:t ~Vt.: va,-.:1:;~ .._._:~id !-, :.'..: 

tc· prevent th~ 1.riru~ !rvm inf2~:ting .J.n'j •.:t:l::.;, f-:-)r 
n.:i v .. h_·,_·in~ ... -.-i;. dttack tnt;" :~·.c.eyr.Jti" ... ~ L1NA.. .r: t iSE!'.3 

subst?qu:?nt l i' m_-tJt: u:1.1~·r the instruct l ··n5 ''t t t1.:1t Ll?.f.:. 
will be susce~tible tc atta~k if the; le~~e t~e 

she1t.;:r ot the -~~l. b 1,;t tt.~~re i::. -j:.'M!t~9 t_''.'l .... ~~;1,.:t: 

th.:lt some i;cl!.~ may tr.J.lSm~t t~1eir HIVs .J1;t-.:tl·z' t

uther cells, witt"'.out rele~sir:g them. ?o ~a·<~ 

mdtters worse, it m..iy r.e tt"'.:lt r~1e oriy~ndl in!'="...::'.ing 
viri.Js is L1rgely with1;"! l·~lls ir. the blo0d, .;~-:.t:r1 ··r 
•;a11in..1l t'.luid::>, ratnt?r t~.J:i tree, .. n\.J !:J a:~._, 

transmittt?J fro~ cell t~ cell. Ir· ttiat l-dse 1 
VdC~inc w0uld r1~~~r .Jet s;~hl of HIV ir1 th~ first 
[Jl .. i....:~. 

H1j dll th1::; bt.•t:li "''".wr. three y._.,tr.; .l·JU, whc;' 

the tirst Cdn~iidate 1.13,:1·ine~ were 0,1 th~: 1!r ... s·•iu':.J 
bo.ud, it might hd·Jc iatluenct:d tt.e;r ,!-e_:.,n . . r..~ "
WJS the·: were hurr it..:dly dtsiqned !~om wi, at ._w..;1s mu:,t 
3V.:ti laLie .Jt the time. In esse:-v:e, tt:it rt1t-Jnt ~h.r.: 

Cll'Jclope protein uf the "JlfU~j. This f.:..ir.t._; ct-.e 
eAlt!rn1l surfact:" uf the vLrus and there!.,,~ is m(J~t 

ed:ii!y Sl.:'t:>rl ~'Y th~ imsriun~ s1stem. It. i:; ~d:;,o the 

~tott..•1n th.Jt Vdr,es mnst t 1 t:"tween :•tr .. tir..;. 

At the LtteJ' t:Gd11t 11r chim,1'.HIZt:•: ·;1,;c1r1.s~c1..: 

with the- c-nv~lvpt: lJ!Otein hJ~ b~e~· {HVlt..':'.c"i. ,!J"i11~:.. 
i11ft:"ct i:Jr1 b'J Hl'J. This ~s trUf.! whet ht::: t:it: ·;,,,_:1·!r1t: 

is m.-tde frum the prvt~1r~ itself, <H 'iJht"ther it 

,·orisist.3 of Vdc<:inid viru~ -.Jt-cet11_'dlly .. .?ll<Jlnt..•t.>tcJ t" 
1;·~J:1t.11n thf! 1..Jt?nl' tor HIV'::. t:"nvclupt: prute~n. 1'h,

p..:Jtt:"I,tldl c1dv.intdgE:: lJ~ ·.,.1·:•.:i11~s u( this t·i'JJ•.! 1s th1l 

live ·1iruse5 dCllVdte ~Jdrt'.3 "t tlh.: lfl\JT1tlat: ·:.»/J't!rri 
th.Jt {>rotein3 dlvne ,.dr1n\··t rertt·h. In ,j,,~1:·.J :. ...1, tt.t.·'j 

st 1m.Jldtt? the prod~1·_·t i\Jfl ot immaric- .~r!.::!'i l~ • tl.!t ··riri 

tt:1..:..: .. q111~c aDd kill vi1u:.... lr1fe...::lt:d 1_·clls, •h11.h Ill~/ 

w~l l t)e d more importr1rit :ietcn1;t.• '.it1 $t~.n th.Jn tr.e 
~~ r.)fill..;t 11 >II dt dUl i bo .. i i e.;. 

B~·:duse ut the sh1H t.1g1C" uf ~-:himµc:1n·1.~eJ. 

riot becr1 {,C155ibh .. • trJ r 111.J lhE' v...s:- ious 1_:L.u1·J•.·.:t 

miqht tllrll th" 111ilidl !.Jilur.,,i lnto Sll•:··.,:;·;. 

It hdC> 
'h.Jt 

·,;Lcl\ 

mdkt=S it que-1t l·JlldLlt? ..-tiether dn't t!d:i'i 1.:h.111cp: lr. lht:' 
vac1·ine will mdke "d1ftere111_·e is tht.• t,111:1 t> ··' ,, 

tri~l of in1Sl11Jt! lllU'IUfliZdlio11 r1es(:r1t,••d '.....>/ 

.Jorq f'.:i,:hber<j tJf : h•.' ~r)ut.h Wt:":.l i-'uu1od.1! I 111 (,Jr 

kedicttl fie::iedr,·h i11 Tt~:.c.1:;. 

1.Jesp1te, i.~r '-'crhq1:.; ricL·111:;e )t, UP!:Ot-' fdil1.rl:'.>, 

f,_n1r starts on Vilcr:iniltinq hum.rn be1n43 ri.ive beq1111. 



('Lt..' lJ::!t':.) --·1:\.rt.:lutt:: ptutt::n .u.·,·:u.:. M. .• !c 1·:· 

M:~·rv:;tra:-:.:·1s. the , .. rctt:'.ia t:JS !Jt:">er· :tL .. :t.·'· tu t ... ~~ 

·liftrtt:r•t d...._:::,t.·=s t0 hvir • .._J:it:i<l.Udl ; .... -..l~.ult:t!'t$, _i,_,n,o::-- _.t 
•~:vr.i re...:ei;.·t' .. ~ _t t._>'-)!it.t!t sh0t Lilt' m ........ ::':.i1 l.jr_t:: ... T:lt' 

i1 i -Jh·~!" JllSt'S ;Sc_·ll!t.:l ilf'C'.":i, Lul •1,._,t I t.•1!.Jt'ty 1 ! 1:J1.:•_"t:..1 

.Jnt ibl-·-!:· (,ru.J:uL·t i..:.r, .H .. J d pvs it 1\·t' ~z·mph,1: 'z'lt:\ L1~:::;;t 

'I.J:tSi1..•tm.tt i.ir. test. A it.·: t11yh,-: ,LJ!it:. 

~80 micr1..·t,,J~d.:1s, wi: l ::1..·w· l 1 t: lt-:_~t,~.J. 

A.n.._•tb: ... •: ··:~t1..·cine U.::it.•S r. .. , th ... !ll e:-r.4i ... >t-t.""[.::-..! 

.'.t_·..._·iu!..t 1J!rus .~11d i.:clis t.:tkt.•! tr ... r:i tt~t:\ ·1,11..·,-~n.ttt·d 

Sl!t.1:c·::. tuft.·.:tt:.i w1tt·. •:i.:~·~. ;..._;l!~d ttn .. ~ yivt>r~ L .. 1 ~ 

L~· ::::ll-,_. lritu~iur:. Od:.iel :.. .. 14~1t"j, Wh1J h .. ::$ U:;.t"d hi1n 
s..:lt .. ts d ·.}~~!:t::~ ,piy- ! 1J: thi~ l_·1i:n; ... dex pru\..·edurL", ts 

:i."w" ~~e\it1J .1 :.,i~r~·lit ~~d Vt'LSL":· lo .1 th~rd ti ... ii, 

Wt th v~r·1 .. c .. t ... 1t !v~ ht:~i.•1raint.1s, twv !J..it i~nts i•~ 

Ll">ll•iu•1 h •• · ... ~ t•t..'C"":: lp\···•1 .t:l (..tilt i Li;.._.~ z·µi..:) .:tnt iL.,__;i· 
de~iy-r:t::.! to f1 .. t.~·:t"nt t••tt!• .. ·tiun tiy H!'•'· Thi.! f·Jlltti. 
: l L .J l i 11 -·u l · .. t.. ~ ':.11 v i n J k : : i ~·d r-!f ,_. :.. u t--ii::c ~ j L-: d : r e .. !d i 
l1.tt!·tcd wltb t:;.t!' \,l!L-5 ir! .ll1 :t'l"M;.t t1... l,0 ....... -:_t t~n:i! 

:.::t.tlUll':...' [•_-..1,_:t '..!II .. hjr.ir:..)t it. T~:c> ·11r 1 
• .:i, W:-tlL"h ~5. 

lrill•:,i l·Y 1Jd:·11kt irt .. tdidt i:i·1 twJ t~1t::n i·u: .i.t.i.t:'.'·t •·1~h 

:t~:: ~ >.::-5 ...._,t t-:1· .. ·l·i.•)P~ r:-·.,: ..:i :i. W~'S r ~J. ·..it. q1·-1t=:·, t•::. llli.t.• 

E,e1 ... 1pl...: witt1 i\~ .. rt:l.Jlcd :;1qi:t...,·..: ~nc c1...r.:J1ti.· ... 1I1 t.r~:~ 

p:t·-~J~.; !\~~ L _,\;ii ;.r:):~ l.1_t ~..., .... e;.t1~;.. A se(_».1.·1 

. ;:;,__-.~p of 1..1:t;_• 1-t.:t)~_,'.e ; .... 'it1•_-.t :~,t.: trl.~! Ul M .. tr•:t· ,ir-.d 

'-.-1 m •. t.·t:,·J t•tir.; ·• ,;,:• ... ·._··t..·1 :::t ·:ymptJ:.,.Jt.ic 
·/.·,,.ntt:.•1-:'.r:; =--~1·J1_~ LC-t''; !•..: 1 -:LI:~t_'(~ t.,r ~ .. ht> th:[d St..1·Jc:. 

·: ~ •. L' I \ ·~!; •.! 

' · r. ~ :-:-·; · ~ :1 :..: •• t.•::.. , 

:- -. :.- 1...:. ~ i. 2 r 

.;: .. -; ;.r..:E.1:.:t •. __ :; :1,t:... .lis1' tt-:E.·r1 

IJ".10ilt.1:" .. •-·.~ .<I·°! i_...,;(; fi'.',• l i.Jl!t:L"tt:d 

~ t ·-, · · •. ·.,. ) r r'"' l r. t .;:, · t 1 · 

n '-"·•:.: _;.: 

t•t i.:iiSC'. 

·,r;:se-; tS!.,) ..,.,i~ t:r,,,ft.~·":: :\:~ 

~ t1 1 5 ;. $. ...t : . r .. . . , ., ; f i 11'. .. ·:.: • :.: •' 

!J,,t,.~!1~·.-ttt·, 1 , !!:· t1rst_ ,1t_t•·:r 1_ .. :.: ·:: .1:. 

·' . .. : i'. r ... 1 · 1 : · 1 , • s l r: 1; ~: ~ 1 

: •: I' •: 1 \. ! ._ · ... , ::,. '. t t JH~ : •• _ • ..,. j I Ji. ~ } 'f ~ 11\, It I:.' 

. ' ; t' r , ~I.~., t ~~ .1 ! H r ·: .: , 1 : .• _ . 

~ r ~ t. ,rr • :. 1 :, t 1\ •. ."·.t: 

:t.1 t_ • ', \. J t. i ~ ; \' ! 

1;.·. if. :--. 1t1 "c,: " J L i , ~l : '.' · 

t · ._. J 1 : ; r " , t ( • ·-.. : · h , ·; [" , - ~~ : t • I • · ;.' '1 : ~ 

,.., . ; ! ·w··,: I-'. , 11: ~ ! .f • ! , 1 .... , , f f.'<1 i · / :.. • , ; . .r !, : ,· 

•' r ·: 1 :_, 1 t.. rd • .. ,;• · ... •'l 1 :- . 1 1 l' : 1! .. d : f I ' ~ f ' 

. • ·.• 1 ~t Jt •_ ... 1: J ' : 1 1 r t •. !t r .1c,:,:: , 111 t,._ ... 't· 
.iJ 

: r, 1· .1. t =•· I •.• J· 

I•· 

.'I 

,r "··-r• ... t: 'i 
lip·'"; :1 .It Ii'"', 

. ,J • ~. 1 r 1 I ...1 ._. ; 
1 

• r,. ·• 

I '. I t ' l t. ~ ' I • t•,; ' .• -

: .. : ::. ( l r. ~ : I ' • 

: ... •. t, I• 

. ~ . ; t 

1 I ; , : , , 1 , 1 11 ! i 1 • ~ , l r ~ r!. ~ 1 "' • • 1 1 t • • J ·.., ; 1 r , . • 1 1 , : • J 
1nf,,:;·11;l 1: .. 11,1·1;I lt11-· 1 .tCe :t.,t "'1tt,<n. ,;1.,11p1.,tLI" 

; 1~,t-.. fq1r t ti._.,,. 1 .• I :tt :~_. "(;t 1 >f\ 1, Ll·~ l · 111 ' 

1!l,.·4 1r:1 ... • t•t.:~I qf lfp·in I; ii'>'.t"•·!. (.:,,:,;r·+·: 

ft.It 11: ' ... ', \J, Ii JI l. : .; flt. I 'Id I~ ) 

h ~ '/ 'J ,' : r1t• 1 r : .1 ; r ,._.,J: 11 -~ 

<.+!111·v.1 11 11 1 • • .-,. r :, 1 t ,· H ,:.;Ii:! •: , .:w 1 I"/.•_ r l 11:,!, t. :·, 

:_;! l!tt.'i tJt:d:Jt.' 'Jf1\_• 1·\Jf1/1"1tl 1 (.,il', 'Ji ,J ",I< 'jj,I' 

d I I l li'1 t 
( iJ:_;) cc, 

th .. h10,r1.i; in.m11r,r,ol-:t ;, 1•·1 .. 'I 1J1'L:. 

;•.11 r.t: i ,j,_,,,,.J,1rJ1t1q t ht.· H: 1; "J.1 i :.t.1 

, "I\ 1 r ')11 1·,,,1 ,, . { 1J ;; ) • Tt)t.• ·; ,1, ·, 1 ill.' :1 :.i• ... ·.; 1 <;t.· 11,_· t 1 • :u l l i' 
f ... 'll'Jllit:~rl•'S .111ti'J~·n d1 ..... Jl•l,,, •. .J 1,'i c·hir•,n rtr.d di\ 

,1dj1;·J,1rit fr r t•nhi1rir·f·m1:r1l 1 ! 1n1n1\JIH! r1•:;pun:ill/P;1t!~;~; 

devl."l''(·•.'·I ~Y ll:r1 1 ·1rJ1: Jr;1111 ,.,11t•nt (Jh.i <;l'lrJ't' 

(SwilZf.'f 1.111·!). [ri ,1111m{1I tr J,tl::i l •lf.! V,tf."t."IUt.• ~.t 1m11 

lo1f '-'I .11d 1 HI,/ .111t 1tJ•)diP::. rtnd 1· .. 1 ~ inedic1t cd immu111t y, 
wh1r:h el 1r:1ted dr• effl!CllVI! 1mmunl! r1!9p0nse in 

s-=:V~[J.l ~~e ... :it'S. Tht> t•h.J::it:- v1~'- tti~ti::i w1il tt:-.:.;t th~ 

\"..t...:L·1:.c's ::i~ttt't~· i.11 hum .. 111s ~1:h'i rr ... .!.JSl!ft> :ts $lin~ut.l 

t !._ii: \.,t .. u1til·vd:t2's t<...· 1:t:"..Jtr.:tl i.!t1 Hl,.t ...tnJ T Ct!lls. 
HI'; IS ~ht:: \._._HJSe ot . .\Il·.:i .:.11\j AlUS-:ei..att:-J ~dlt.~ it?A. 

(t: . ..:tr.1.:t~.j frvrn ~~;1:~11~-_!~l _-__ "~~· 28 Ju1a: 198~) 

t"'!! ~~-!_!____!_:!..~ •)t lol.J··"· !...:::! ':!·~~_l_~~)~~~i ~l==i:~·l_~· ~~~..!-'..!i" 
t t .. U S 

kt> St.tr ch tu'Jdrds ~111 ~r:t t - id ivt ype ;,,.· 1.l_-..._· .. nt:'.' h.\S 
p:1..;-:1r~.s:-:~J c.r:t:"> stc~· fartht:! ·.-i~h tnt? f1r:;t ~~::its in 

hurr • .J11S '-'t .. 111 ,!r1t ihudy whi1.·b rt:>c-..qnizes pdr t . ..)f the 
Ci.14 !t:"""''le·:~llt:o, t~~ prut~u~ .... ..\1. hwr •. H~ c~·li~ t,~, wbtt..~h 

HIV bi11us. Twu ~dtit:nts 1nt~ctei •id1 Hr· .. : Pd,-'t' 

[t?'•.:'-i· ... -t..·d l\,W .._f,)St.."S .~! t~lt: ...!i!t !~'l)•jl' wi.tt· thtl ,tin1 dt 

testir!q .ts ~~~e~~-

i:hJth (,a.t ie11ts, svml.·wh,:t u::e;.::per_·tedl·1· ir, 'ilt:W vt 

t bt" "100r stdtt- c..r t!.t;!~r immune S)'..ittms, r~sp...Jlldt.:~1 t.•f 
mdk in-J ant iboditls tv th~ t· ... 1rei:..Jn ant i~)•J•ii·- M1)!.:t 

su1E.ri~ir1gl~ ,~f rlll. 1;;1e ~ve11 m~de anti 1jic1tyre 
.:.tr:t it-1,A.li.~s: dnt !lJC . .J1es 1:1 tht< ~·._,rm l.1t ..i mir r.-;r 

l:i ther•r i• the~" 
~;:ti idi.-_it;·pt-S IM·:.~d . ._! , .. _,_-,•JTLZe the ~·d[~ <)( tLt:: :.:1rus 

•hi.·h Lind:; to the" s~t...: t_.i'l r_-:Pt ft!CC·~n.zr.:.1 Li :~l:" 

l~je:t~d a:i:iL0dy . 

1:-entr~ in H.1r !.O•, Mi,.i·ile:.~:.:, S::ii•i t_h...t~ svr.-1~ 

~· it:nt i-:;t- s h .. 1r1 te ... t:e~i ~h.tt tht> .'t:1t ihJdj', ~ctl !e.~ 

d:1• ... 1 !t-~1 3 t, •G·•l·i _-.H:::t tne ::tu-r1~~11~ ~;-stt:."m t~.; J:t: . .l··~: 
!i:-·~ 1-::1~ ' .. r10:. l-1~~ :~1,o, [' 1.._·ell.:> lttt ::1 tt1~ r-.1t~e:.··:;. 

rne ~1.ilt l .e:; 3.i h'td l•Ct;r;;i t. 
t'1t: p.itit::n.s' T -h!lpe:- ..:t:lls, .:nd r.,11~;1 '.)tt w1'.t°';1. 

•'1 :;~.t.;_j (.t 1t1.i1::sttat~u:l. 

:,1.~:~Jl·.:~~t1 o.:;1:.t :t-•. 1t. :l~? !""lj !:.Jr >'!'.··t,~·.:tt:'I :llL· 

{· 1: i':;'nt.5 ... ) r..,1f'.~ .. StJ,-~- ·! ·;·i·)•1 ~esp' ;1sr: t•.J '"~H:· 

;"',j ;. -~LL~'.! !llt l~- ..... t'/. '"l!•l :1(· ... f ~,~!'-:;, ·..;·;,dlt! Lt• .;1'.•: 

.II:' 1 t•'. it LJil-J "":t:: .1' .i·!j::·1•-:t, .i ,;uL~~-t·.,·f.· '.L1':.. 

i" : 1\:: l.l! t_··; t ~-.e ;1~.1'!'1.l!tt.~ !"t·: t :..n~e t·· fr .•. ,l;.':. ... (j.;.: 

, · . ! i"' 1 : , ~ :~ t t.: I '· .1 -~· l I ! ; : t_ • 

:~7_:;.1r.:)·,·. ·~.~s ~.i:-< 1: •. ,,;i.1 it:1~ r_,_ ~·:· 

!· 1!._.t,·i,.T•_··t ! • ·r'T"~"~nt ~r ··.1,··:r.••, 

, i:.d 1,f ~'Tl:T HP! ;,,·r,q·i' t .. r ~tlff_••:t · ... ·\! t·":", ! I~ 
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• 1 • : l. l t.. '{. 

r-0: th l;;. 

. . .. :- ;.. ~· 

Y.•.:nl: J .: i. S ,_:~. ~: t:·1t l 'j d·i·.J;,t i O·? d t WC; r:-c.Jr.gt.:.i 

=~~r ,.~ ·h :.._.~ts d~· .. ·E::l ·r.:nt.:11t. Ti~t.· fit.':" pl.l."l:s ~:=.. j: 

,_-,;.r;.:.:t r~·.it:!Jr•:h fJr Jt~".er _:._Jn.p.J.l~es d:.~ 1.:vclvp 
1t.<., .... :1 i'C·:L!L1::1 inac~~i.de:::.t..~·i-

11··-·L:,,.,,j •_._, Jt.:~f;._'(·!_ .'1!1t.1y-... ... 11i.s~.; .t ,;,•.ct !t.::.V. :.i: l {I!.. l) 

.Ji•~~~:; 'J~~''·~ lt ~--. :•;[t::'';;tl i.ti m1.::0~;Jr.i: C•..ilie . ...:tt.Jn. 

'!'f·t.· ·.t.·.)tln·~ ;[ t.l\.".J\1 t·~: lr1fectl(J.1 wil"'". tLt: 

1111m,t11 1rr~1.1J·.,,jt.·f:l.:ioc.·~1···1 \'lr.J$ lJ I!ut .Jl·•.J"l.,,) J p·_·rf, .... { 
"..> ·~t.·11;.f..· .• -:':•.·1: • . .u:h.·r th·.- r. ,$' >c';1hi;j.t 1. Jt~.j 

t J.j_ 

i•··~:ti: .. .:.~.- ~; fJl:;.e f1·"~1t!·:,.·_ 

">'..':.Ji •. 1:1! l",' r,;r_vr. '.'L':; ~::. • ..Jrl'r' ·_h._. :i•Ji.r»! ;<,( 

tt."-;tir1':.J ~>.·,,,! J1·;11r.•u:.:.. lf, J•_ ~l..1pt.·J ,_·_;u11~ri¥..·:. :;:;._~1 

1..,;. ¥-Hlt-ill• .:1.:l;,;.Jl.:i t' l•:L.d f.,,;, t·,.p~:·, ·~: tt:::;~, 

t,.1 ... ~1;;1; Wl'.r. 1 !;!tr •• rt.tt ,~I t~ -·- ..... ,\..;I~ i·:~ .... 111~1 ,,_._,. 

"'· : t.' J : ,!·.. _ ; h ,1. I I l 1 __, , -'' , '- ft '• II~ 1 •. 1 r( t.' :i ;o .'•~ ' 

l·1 1 -_, ·; ; _,· .11 ... ·S/, ~)·.-S..>~LI. .. _. ~II tht: •Jt;•'.l~l ·~.1r.q 

!!11..·!11_~ •. ·, l'··rr.-., ":1,_ .. ·s·.; l ;"dt•lt ~::,, thJ.'. r:• .. 1.iI•" .t 

r•.·1t1:.~t.· J . .r·.•.: ,·,f t·l1.·1:tr ,.·1~'j. Ar nth·:l i~r._..c ..... rr. 
l:;,, ~:1tt l 1;1o1:.f pt!•_,,JI~ rUf:' I10-~t:de.i l'J inlt.![(1rel U.~ 

'·"'_ .. il. J I: ~: jLl/ J' •_Id it l.!' t1Ul 1; .• :l-fJl 11 -Jlc:.-t 

", ,~,' ! r :'" d ,. :. • , .. i l l ... .J t t:.! ""t' .. •. e 1 11 t> l ,• . 

A f.1~r. ;:rf .i:t"i l:... f!.,1t t,1r,r,! f;_,rr, i'' tll:' 

,1;11·J 11. ldrl.-1 1l•·i 11th"' trotJ;.1...:dl dl(..'11J ·•Lf-.c 

.r,f1•. r 1•1lJ~ ll'.t:'ri,)('":J r1fC :.,mmrJr1 IS l<,,c1lcd wi.h 
tr1'1~ .. il~t:S •t,,1 .,u. "c'C•i::i::t led!~t" wit~1 thl! •!!.J ft-·;.;! 

•, .p·11· ' ·; .~:' l'.f;':_;.. The te·_;t kit::.r t •. l·rc.d 1'.1.:, 

·.,. •:-.' t•.·:•.t· ~;,•··:1f11: f<,r dllt Jhud~t.·:;;' 11; ., 

r~I?•! "1 • I ··'' ·!;, J, l r° :,•:11~~.t ,Vt.' !;» 1 th,1! the k lt, 1
!. :I ,t 

t , • l t , •, • 1 • • t ' : 1. _. pr e 'J. ·~ 11: P. • , t ,1'1 ~ i l , .. >' J : ~ s l q H ! \,· . 

I\, ,r.t1ri·; ~-r •. •J Mn1l11, tr(>fT th~_. "'1uh1"1:11l1 
M-.:'dl".tl >~ •• tr .. 10 IHr f.!J ~;11.1.u·1 111 Tril1i.'1Hi.fl, 

s~-i~::..t !s::s h t•:t- m .. 1~ie -s~..;1.i r : ... :.11.t ad-:.:t:•.:e:;:'" tr: 

t tnd1:1':_l rel 1abi11? b:01.. .. :t t~!its th..tt r .~q:Jirt: rt..) 

~iec-~:i:~1~1·, an.! ~itti~ .. ~A~t_·It:~~. H~ iJ.t!ut;.t1e'.i ~1 

numbttr .Jt nl:?w tests t!:..lt s~i~[;t1s~~, J:re t=yir~._i ·ut 
•.'n t.;l •. vd t.J.k<1?1~ tr.)[TI p~ .. 1p!~ !.1·:in:.J i11 A.tri'2" .. H. 
·{.,,ur~t r :.t.~s. 

One su .. :h t .. !St is trl~t-it:!' tJi' t)•r 1" >nt. drl M.mt:r ll:.,;! 

ch~mi1.._·.'\l :i C•)ll.[J..1!1).". The t~.;~. t..."~1! lo?d Hi·.:chek, t.31-:t-~ 

minutest~) r:.1rr·1 uat. !t con::;ists ot d porous 
m~mbrane stl!-"k trj the in5i.it" .._.t a well in. .3 pl..tst i~· 
,fish. The rr.er.1t_..r.i11~ i~ t1v~:11J t~· proteins t.l.k~.: tr•)m 

the ct:vel··P" er HI'/ . 

A. ~.1vs.111.t.J.l. w-.;·.c:ker ..td,1s .. l ~it .J[-' •J: ~l·~>J to tbe 
itsh dr1-i, atter ~ tew minu~~s, WdS~~s it d~dy. Onl~ 

.it:ttb-:>dies t_, H!V's ,,,:•:elc·pe. :'. presei;t i" tt.e 
Ll.Ju.i. sdmrit', ·,.·ill stl..:k t.' :..h~ n:it:'r·brar.t!' an.j [O:na...:ir 

..1tter w.tshin.-;. 

The r.ext st3•::ie is tv .. 1J,j d ..i[J~·.:i..tl lt..?.J.qe:~t t~ . .J'" 

ust:'~ a gvl<l pL<.:JW~nt •t-.ich ~u:ns red whe1; HIV 
dLt ll1·.Jdies are ~resent. i.Ju Pont S.l)'3 thd':. th~ :.es~ 

t..tke:; ti.ve minutes frorr. stdrt t'; fini5h d~·i n~t:ds nv 
tcfri~~rdtion. 

Cte~t L::luwe:~ys rr...:rn :11~ 4!1Sttt1;.t~ •.;! T:vp!.:.i: 
~ej;.c1ne 1n A~twe:1~ hAS wcrked with ar.,)~~er sin~i:e 

~est tor dett::•:tir.l.J .J:1t :r :,ji(!!i to u1;.·. She h.lS 

tC~~-~j tt-.c tt:Ct":ll!~J"J~ ull :..:.,_..r..:d b!.)Q(! S..alT'.p1€S tJkt:~I 

tt<Jm .. :,uco peo~;!e 11· ... ·1rHJ 111 Central. .r..tr1•.:.1 • 

'?r.is ~echni:r..!e is thi.- haem3'j·Jlut~r:.dli·~--r. ass.3:J·. 
~h~ m~~u!~~ture:, ~bb0tt i:1 the USr Jt~3ch~s 

l-•rulelr:$ -..f :11·..,· to th~ mcmbrdr.t= uf rt-j t,l·Jod ~~~ls . 
'r\hc:-l ir.te.:t~J blo:>d is cid;ic·~, ~h~:::c :r.t:mbranes b~!1ct 

t.') .i1lt ibo.jics in the bl::h:d sarr;plc. Tt-:i.s ~ed.js t.-:; 

the m~mtJ:Jn~s .·luO?:.pir-i.j tug~tt·".•.:.r, -~.~ .h . ..:o.la b~ jeer. 

w:th t~~ nJkad ~v~-

i.~tUWi#.."!" e j _, 

u::;t-J .c:r_iut1nelJ' 

st 1r•.t1rj tt.-1.hr.i-1 . .: kr•..JWn .t_j E::.LISA, ~nz;·rrie . !1:0<.t.• i 
i:nrnur<·..i::i·JfLt: .t ..;::::~a1·. ~~i~ lvur.d t~~.:~. ~':'·_11.i~-it:d tt:e 
t: "'-:i w.J.> i~v• r1-.:i·edr.e'-tl:,· !:.::.i-;:en d!~rJ ·_n.?·.,;~; (1i.1h1 •• :n 
,: l(!ll 

:.tr!' ~.i:.~f,~t: tt::J.t pr• ·ej lll r ... e .. ~Atrc:r.~l·; St;>T151! t•.1e. 

HJ'••:.rt:r, ...ihc :;tli! dJ\'l:.>~.:5 t~1.Jl ~.J\'J::~i·1 .... rE!s~~t.> 

sh·;IJ~ 1 t>'? 1_;':)nt irm~d .:it d ::~n·.r_1l l.:tt»f.:'°.JL~)l).' tri..i· ,_:i;r. 

L!f~'"i r,ut d rnufC J•Jphi.J~ j1"Jtii!•! t~s:.._. 

TLt:: l..' l;, dl1u~nt::r tj(.t: uf .Jr..j1.jlu:.. ~ti.tr. Jr.r: tcs~ 

tr:Jl i.: •• _ • ..., ~: n·,· l.Jt'"•:.: Lic,Jds r ·tt h.__·r thd1. the nt•:mt.r.'l:.t!::. 

J! ::1:·~ ~.;·.v .. ! ,:~li~. 

'•.:!ii [.It ht: E ·• :·. • 1. r, ,,, r ~ J ,_· 1, r ·t t t: r t• ·,; u ~ t J 

;1•_!· ·:::i-·.t r ·1 i 11 t .. :..n.t 
.. t .1.:t J-Jt:: ' , rr.c Letw 

11 •• u1 tri•:~ :~e· 1;.~..>e '.!1t.: 

j.it ~r.t .t:·.~:v.r:cj .l ~~ 10 ;n:,,11t•::.:. ?t'.~.if1_h L 1 

._'l-t~r·~ lo\.tLt'"y..t 0t ~·rc)1·-~i.' ~I.Jl., ;.r~ Y.11 _-r., ,,J, .:u:r..:; 

A[: .tJ pr . .>'Jit:"rr' re:-: .. ,i.1.:;. h·1'-'~-"Je• /;1 1;; ·!~' tc:· .. • 
n .. :.;~ '1t· \Li~· t, d1:t1:··t t><)tt·1 I ., .•. ,.5 ' tt:'/ ,11 ··':J~ I 

t"!lt..1dff'..' I~·•-· $_!f~lj1 <.f ! ,1,Jt•; J 'Jl •<1J. ! -· 1d{ t!: 
~j' l ~ d J .j t , :: i .Ju II f.: J 9 B 8 ) 

1;er1•_-...: ···d ,, • .r rtl l Hi ..-t.iJ ~- h t;; ,1._t• •• ;. :. .. 1 .. 't. 

J.-t·;11 ·h ... i1 '1 J1t .qrrtmfl'lt.' t·> Jt.·•;e, ,j1 rHl'l mr11i<"t ;,I,• •1:, 

t-i~·-··1 ,iclhf:").'/~::.. f· r ::i~·J:1fli ctn•1 dt:n'.d 11~.t~. ·::11• 
t1r:n'". :;1',' 1~1f·'/ .lfl' Wr.1~J1.rJ ! •·l·!~iH'f I, .:1:'/t•l 1 ·~1 

bl <i.Jht·Jl'J•.:~ hL.tt!rJ ,;fl Tl_:i' 111bll1d,,I r;(fJTt.'ll.'~ Jlillt!.1r 

1 > lh.,~•- 1ir1 .... tw·1· I ti'/ t f't..• .mn••dl ;,t:J rt••1:.t:..cl l'.11' 



t 1Cm3 t..'<,tJc._·t th~ J.Jhit:siVt=::i tu tic L'01'ltlh!!''-·i..ili•1 
..iv..1il..iblc t.J·j th~ mi..:J 19')0$ J.nJ hd"./~ wide mcJi..:.Jl .;1n.J 

d~nt..ll .ltJtJl i.._·dt l0nS iw.:luJ~ng suture t=uhan1....·e:nt:?nt ..ind 
lepl.1c~rr1t1~t, bcne and wvu.nJ r~p.l!C, .Jnd th~ l:GndiPg 

vf c.lps J.Ihi ~rowr~s _ 

Curt~nt r{:S~.Jt'---·h b..!s t ... ~·(.:li'.jt.·J 0n u.:;1w1 L1c. 

engtneerinq to isolate the DNA used by the mussels 
anJ transfer it to ye:lst, 1Jhl<.:h is used t0 mass-
pr ·.),ju..:e the r.recursc-r .,,~.tein ust:d in tr.e suture 
ajhesivcs. ·~e are nvlJ able to des•qn these 
proteins .i:.J e><press them effi-:tei:tly t~rough 
mi<.:rubidl !ermcntait lGol, .. ..t :;p ...... kt":::;m . .:u1 tur Gene:.: 
reports. "We have s..:aleJ up tv d 2~0-l;tre 

terment..itiui~ .. tnd hav~ t!1~ '-~.::ip..11.:it'i tv mar1uf.:.1•.:tt~ct- .. L.: 

much ot th~ proteins JS WE w .. u1t - Our em'-'h..lsis has 
~h311qeJ t ... J h~w t0 mdk~ ddnesive3 out of these 
proteius.• (Suutl.;'e: ~_h..:tr.!L~J~ -~~_!_~~~in:i_ttepo~!_~!, 
29 l'.U<jU:5t 1.988) 

Tht Wi:;t.tt !Il..'ititutt (Ph1lJJl."~5J~1i..i} hdS ..ii'l-·li~j 
fer 3ppro·:,il t r<);r. tne US G"p..artmt:11'. vt i'.yt icult.1ct: 
to condui..:t titl·.l tr1..ils ot .1 11~•, qen~t~..::.illJ' 
e-nq1n~e.ce-:1 r~tt>it>S :i41_·1.:ir1e dtsiqr~~-,j tu immuni:.::c 

wild: it~- UrJ! lke t.r.sd1tir)ndl rdt.~~:-.i va:_·cine~, tt'"1t" 

F.;:e-n ... h t.J10te1:hr1 ..... lo9;· -.;i)mp:u.y - i.S nut rr.a~~ frcrr. tht: 
wt-...:,;:c r.~t:..i~:.l VlC'•:J. It~~ 11.!•Jt", :1 • .;;t .. _.t...!. '-'i t..1klfl,J 

~ ~ent: f:um t.hP r...?ties '.,;1r:Js that 1..:0.:h •. ~ :•..it d pr· ... ':.':.".1• 

.:.:,.~1 i~s v1r3l ~Gdt dl~d inst"rtll:q that g~ne 11.:.:... the 

·.;J.:'-·intd :.;1r1.iS, th~ \.·iru:> use-.:! ~c eta•i~c.Jte S:T . ..il~t-··i 

i1: pt..·.·[Jlt>. Tht:: 4t:1t-".!~dll·:· t?nljllltt:-re.J '.;irus - twhi 1_h 

Lc;r. lie .;t·11T1ia1stcrt"::i ur.3.:.ly ijen~rdtts .. L1libu.J1t~ tv 
r..lties in •_ht;' ·1a,.:.:inc:.it•:d tnimdl C..~!t .:d••n,_,t '~-..J.'.15~ t.nt

distase, Lec~u~e tr1~ di~eds~ ~du~i:1~ p~rts 0: the 
::dbiE::> 1,·irJs dre r.ut .t,.rc.:sent. T?h: •jt:=:~£:ti\..'.'d!l'1 
i=r~y~1h:trt:.J 'icl·-l·~roc '#uUi-i h.::s')e ~1.1..:,j~.Si,j,idted a~terc:l 
=~'lt1ies ·,.·Jt...:L·it.o.::" t.idJe:1 ir. t.dit. '!'he ·1 •. u: 0:ine W•)<ll.-1 

~l 1·:1l .-:1a irrJn,11~= rt-~t: >ILit: :n sr.u; It~. r.J_··..:·.J·-.. r.s, r.dts. 

etc., 'JL:.; ;;=d~ t~c- L.t~·-· pre·.:c1HL.·~ ':.ht::Tl tr·.)rT1 
lJt.·i:::1;T1l~.q L-:ii r lt:=r::i rJf rt:~ dl ,;t'.:s..ie. '[Lt:· tt.~•;h:1l•.p.t;

WO!kC-d :.:1 ir,,1 . .i·:.,r t:1.,~s, rt;d i:-; alrt.J!·,· ir; f~..:1.-; 

t!idi~ J.T: fo:HrVpt:. -.. ~iSt,II l~ ..,.11.'.,;·1~r1:.1 ~t'-it:L:t! 

·,;I : 'J : II 1 ~1 ( -

5.-.111th C'drul ir1 ... 1 rt:3 t'H•tt .. t ldl sitt-s ~~JI : .~.d t~ ia. _, 

wr1lL'h dP~ 11r.!t:! WJ"t' if. l·.:l~iidT .. :ir.,J ,l!t.-" t.• .. ;.t:t..•~l.'·1 
( ~: f \ 1 ' ,_. '.' : ," f , t' ;Jo I • , l II l:' _•:_ fli ' 

"":St::-..1[1t\t:r;.,; L .. 1·/~ ,h:'Jl~t:rJ tr.:et: ;n._.~: J•!. ,r 

t ; 1 t L' r , : 111; ql"r L"..., ~ r1 rT· l ··1:.·, 1i1i! ":j. ·r .J .1. : : •:t.: !t:: :" ... 

\; , ., . 

"··>:..t • :1 11. JI, I t'i r • 1J ·t. ·:·1,. 
'l:: ... ' l '/ ii1t t t." t ·~Ii ·.~t:d ~~J-~:... c~ t' t 1 • : ._. r. . . .:1: .' •·' 

.111!1:.1. :_;. ·rn~!i .·.,11·t.··,.; tl1L•1n tri ,·,.i:,1~t" ;._.: d l t.'"J: J 

lit ,., 'df..'dl•~' 1L.t: t 1rr1: _;r. •tJ.1t !•:~:e-dr··~i•::-~ t i:1 'j!Tr• 

r:.,t !1.(J!.• c1:.J rt·1· ... 1•;t!l 111 .. t•~r~; l l:!.t.·d t''J F· .1 ~1-;.·".J L 1.r, 

~ ,1t •.·r. ...,:1,e11 th~ e J'I 111d ~ti•.~rm ml·•_·!, •.'.11 t-i ·,1t l lf'" 

,: 1 ·, 1.1•' n1t.>mtit!!' ;,f l.'rl•'n [ (' J. r 1)t !'hr,,n,.,-; Jfr.t::. ~H ,_.:;p.1t 

i o ~ t .•· r1r t,J i t 1t1 11. . .1 l , (', r": t. t ,,. ·t. r r ,r..< >'.>'Jr ._.:.. .1r1.• ' ! , jL t • ·, 

c:r1r1dt-OSl'd. ~'J·1fl rtftr~r 1 1.f_• '..~if"f;J, 'if;'llt.•t!-1'.•-S th·· C'J'j' 

tL•: 'h;riln•_:(,rl1L'.~ J1·~pf.·r·.t: ,t.id ,Sft! .;,r.: 1.1 '" ... 1~t~ir. 

-;rh1i I 

SWt..' ~ l 

L(>dlt') kn1.1!#ri d'; fd(JC:";,·11;.· 1. 1'h•.~ f·; , .. i.. 
,srd nd<Jr..ltl• !.,.,.,,ird·; t_t1t• r:f..'J1trt.· •Jt th(· f>iJCJ· 

[,tu\ 1r1tr> ,1 ,,rr,nu1:lt·H~. Tr; ct1_·,·t,ffii1l 1: .. 1. t.t.1', 

d .. i 11·1.1r_e ld~.k, d re!H~drr:hl·r hr.lr1~ lhP C•J'j ur~ ••Ht! 

,11,t•lte h'/ CJCUtli:.• SUCtlorl, rtnd With rtf,f1thf:"r VPr'j 

tine pipl'tte pldc .. s <::<•pies ot the qene in On<! 

iJCv1.: . .11. ... ·i.t::.1:i. A~~t .... xim .. ttt.·l·, J;J per ..:~nt \...t ::ljt:'L-tt:J 
~ml1t'j_:; ... !-:: 1~c.1cr..it~ 'WLth::. 1 few :~•.Alts. H~sc.ltchc::3 

t C,J,r.Sft:C :iur•11vin-l t.•-i..;"'S lr1t~J the- cvidu• ... :t ... t 

rc...:it.-1~:1t ft:m.Jl~s. Ttiis is t~1~ 0r"iLi· ~r"-''-'t-11 I...:•'..ltt:' 

fc[ \ie:1t.~ :.::.J.:;:;f-:-r in l i•:-.:::::tu...:k. 

l-~t v~!1c~ tt.)t"bJdi..i\.l~S ... :uJ.iJ wurP.. Lil t _.c~ 
.:tuim..:iis. c~rt.ltr. ·"·iru.s~s kr..:.wr~ \5 r~t::~_.·:1rd . .;~$ ..:.1!1 

fe!"['j Qtnes :nt-.· cells. '!'hr~· infe,_:t ... :~ll:i .. u:J 
inst.":::. lt"itt! t r 1NA lnt'--· tht ...:hrvm-.).,;. •ft\'2-:. TheJ' 

~~t:l i'-·-tte 111 l'lt i:!ft.'...:tL•.j •:t>l: .:tr.._i ":.t ct. ::i~r~.td l'~' 
oth..!~ 1..t:.·l ls it1 tLt> :1?~lm..J.~. Gcr.t": :c t-.:1:. •• p.llt"t:! ~ ._ .. .10:. 

d~::i.J.L~t" .a rctr .. ·1· • .-i!-.JJ s .. ..i th,1!. i•_ l,_"a.n slli~ 

in,_- ... ·,cp<.r.s:..: !lltL. t~lt' 1:rlCui!'.\,,SJt:'.t!' l.Ju~ ._".J·1;:..:t rt:;..i 41_·.~·-t: 

,,Hi~~ St}l -=:..tJ. 

l~sin~ rt:t.rv·~·i::.:1t .;t. -•_._,r::i i11 l ivcstv•.'' ~us 

Jis,1d1J.lt.td1j~S. Tt~t....,, tt:• Li.! JUt.> crt-.ltt-~ (..tf~iJ~ :r .... , tL..tt 

~tre t..:>U .. -tllj· "m0Sdi·."" wht":t: Sun~(· t."t!!is ,;:,_,n.t..tin the 
tr...t11S·:fCnt" -..L.iie utht!t:i .t..J n·.H- Sc~u~1dl,·~ t!·h.:t\.: i.~ 

~l:T.lt t .. _,. tt1~ s1::~ -::-t the r...:..1~1l.Jr: DNA :..h .. 1t .. t 

rt...,,trv•Jiru.::; .~.t;; ·..tr.·r· 
t:--.3t lr~e m·.HJ1!:1t:'.i V!r.i::ic:- ._.JTini.:t. 1.e.--·.it" tL~ 

trdns-gcn11: ar.irr . ._ils, ~r:!•.1( .. ~ !'t':J.Jl!.it.·J ti.t· Jl·l: it·,· 
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..... t tl~0:~~l ... ::y wt:er~ p~t.Jsitts a::.i i~t~Jiturs ~r~ 

._·1....lt drt.·· .. ~ with SL·i~rit it i1_· t!'Ape! t i:>t·. r..4~s-pr.·,L..:,·t."J. 

and t.) t t ~ r t-.i tu' s ..! l t! . 

11:. .:>e-v~r~t ,~~:·uut r it:":i .. -1r· ... ~11·i :.ht' w,)r :.!. Jd1_·h 

111:.:;t:_·t..tr ,·~:: hdv...: r.•J.J'-!' s1-;r.1~ i._·,1: t 1...:u1it! tlut 1 ..... 1.~ t ...... 

c;.1rbtny pest d~µred..tt ~1Jt:S :n .!,p· i'.::..:ltu~t.· in -~dI:dd.i 

.JrJ<.:1 tt°':t" 1:!dte1..~ Sl.itt."~ .i~_,::.,.~ At~·u".. '.JG '-· . ._,1nrn~rl·1.:.tl 
in::>t:•"t.tt lt'~ .:tr~ 110 1-·p.·! tt :,_1 •• .:il..'!.S·i t-:r·~·,!u..._·1;.; .t 

:1...imt~r ...._,r s~;e.:1t:c ~i:t>t_1-tt...J::s t._,r .l ·;,irietj ... r 
t· t[CT,t U .. i·t.::..-.t :5. 

Ir.~t1..i t::i:t!C"rl this ~ i<:::"l.-! !.r. ~991 with t~t'. 

Pl1)._·c•r4tr .. : fiejt",tr•·t1 L .. tt .. c•l_t'::•">C'i {.bCH.L) l.!t I.~ .. t:if_J.ll•.r•~.:. 

PCHL is tht"' ti!"jt 1:•~mrr.~rL·1 .. tl inseL·t.iri· ...... t ~ts tt.i1 .. ± 
in the L··~·untr·1 , -..;el.:1u1:1 ben~ti1_i.dl ir~:..t:1_·t~ t0 
f.:irmt"rS dr:.i :\...lli\.,'\t•~Is. HC'fit.. tCe;1t1~i~:-; t•_·;.n.-)mi • .-

[J~s~s amen<lt.ile tc bic - ..... ·,·:1tr:)l, 5~~e.·ts pr1:mis iu·~ 
n.~turd! t.rh:~CTll..!S .u.;1 de· .. ·t."i-..'IJ!:. SlJitabtt:" lt:-··t:~:r i•h.5 r ,: 

t::e1r rectr:ng dllj 1t.1:3:l ~rudu.:ti·...:.r,. 

(·~ ··ritit_-.11 :mE·•:t.•n·:t" i.3: tht! m.-i1~.t~•Lt1i."t" ': 

[.ULt' d!11i heai.th;· c:_!lt.1:!"t'S ~C th.\t tht-Se [Jt:·:,('[ J.:~...t • 

~r1st:1"[S ·.-i~~ ..i"iUlt therr.=t-'i·;._.s ••.:li. ir1 tht> ~lt:>~,~5 

O!.C•.: t~lt"l .. .ar~ rele.tse.-1. '!'hus rn:, E•.'H.L. 'l.!:i 

~dt!'l1~ltlt.'"1 te'.?.'_S ·"!.-_·'.,',)U! 1il--1 s~:1_·h ,_.~.-.)~JS dS 5•,.J.....lt ,_·u.0::, 

c~tt~f2'. 1·1t:l~~. '~0:9:. j!".':[h: .. •s. 1--.. i r ... -.t~:r; .=-t.5 
Sl.l!.iC~iJt i~_·i.t" l• l'·ii"'..i. ');1· !i. \:,)r:t t· .. ~ • 

EJe:;;e .. :u.·!1 t : 1 ·!~:-.; t:.-!s ...tSiit .. i tt":t: ~.'!; j.llr_r1: StJt i..:.n 

li~f: 1_· 1"T11. :.wr-.-t.tb Ir.~t irut'=-': ~ E~·.l·>:;i.-.tl t'r::1trcd 

( 1 ·:2<; t · t:ir':.•r,.1r~ d f€'~s1t·i'1t·,· st.l;di- ,-..1r· [l(.1 t..·);:tr.'i 
.. t pe:;t-;. .:St r~ ·1 .. lthJ :11,=-tn·r •_;f ~ t:tJ:>e ·u)ps .~cit vtL~r..,. 

A·:.<.."·J:. .j: tog r ._. ~-

.·h.-11. i;t- ':nt>Ct!, t ht.> ~,ir,.._;.-t:•.ft..-.. 5t .:tt l-">t: h.-ts .~l r:_~~ii'r 

! nt t1J..JU1..:t>d ,.,.,{rt' ~hdi1 ; OU n~1t,1r,1: i:::-r!t:'ffii.t...:-5 ! r._"1tr. 

.t;ttt:rt.'r.t i·.irts ,·,t ; lit· ... ~ l ! !er '~.t' '."·J· ~ r~··i 

I·t..~Cs .tr.r~ Wt.."t-~s ~n ~r.\1~.-1. 

,;t Hr'id., d~::~·:.i! E,f,J.Jd,_t ](Jill t r .T.S.Si~L-~ :!... 

t'~tlmdte•1 ·~}. r i::i~111, 1;(>'Jt:.r' .... ,f ~c·:t·ri .~_[ft·r•:ll' 

·t ·L'I.'; t_.•5 • 

:. f:•,; ~ • : H. f, i 
t·: ··~.·.-•th tt~1.-:. rr.11·:t·· !Jf.J,f\; . .-: .- :1~ • :~.,·z:. 

tr .1·:.1!, '"*f' ·,.iru~.! .. ;i. 1 ! t· ,_-.~•.;c! iri'; 

t.i mt...-'it-•. the •JL':1:u1-·! ut •J= _:.,-.,.,._.rs ~ ·r thL· Sli::p:·i •.it 
fl ,t l ,J t .-i ~ elit:li: I I':; . 

Ht.-' ~:;t irr..tlt•d iri·L .. t'5 1__·.-,tt1.r1 ,_·r.-,p i.·_:-;st::.. i1J1: 

1;; 

,11_·:;t!.i, •'lt:!l Iil.ttit1IHJ3 _.,_,i,·;;~.itt::.! 't l.8 :-i:q~ll1>f~ ti.-_. ... 
t.1rt:5, .tt .t 5l,l·Ji"Jt"ri11q ·tO.~ (ier r:ent. I·est lr:;:·~c·· .. 
,'/L·r i..4 :nil! liin hectdr•_•:..;. .:t :..;11(1~1r "~1r1v :r•-.l 1_.J!'f',~.1.l···l 

tu t_•t: c1t>1J11t ::.n 'Jt.'r ,·eqt. Ir; '~·>ft c·e, dn•_J~_h•_·: 

1;nlJOCt.Jnt ·r··1p, the l<J:..>J is ,,.i;.")Ul 10 pt!r •.t"nt 

The ~Jenpfic..:~..tl 1n~e1·t.~ d:~ rlistr1tuted thr(;L .. Jh 
'.jl·l~(."tc.J !~rt1!i:lf!r c.1nd (H'::Jticide rlcJJe_r:~ WhU ~€!1 

dJr~,_·tl'j to fd.rrr.t!r!i "tri·:ho" •:drrls, t.•ctch conta1nirHJ 
40,000 p.1ra,;ites. A single tricho CcHd •:o5t5 Just 
lA ri1i,t.1 ~s. (Source: A'J!i_E~t~l-~t_!_~cil 

[_J~>:_<;_~'_!Q.m!:!!!:_ll.u _ _!_!~~i!!• Vol. 10, No, 

lr1f··)fffiitt i(1n - .. -- . - ~ 

l, ",irch l 98&) 

'l'hl• rJrJriudI but r1till'ril le:;:; tr.tn~1t i(ifl fr1>m 

1..:ht:m11.:.Jl to bi()loqi.....:dl pc:;t c·onlrfil "i!"i dfJ't iriitE.!'l'/ 
1..:om111q,•• SdY:i W1,liJm MdrshcJll, preaiderit_ r.)f lhe 

m1.·rr,;,idl (Jcnet 1cs d1vis,un CJt l-'irH1~"'Jr H1 Brerl 

Intcrri.1tinn<tl, one of the US'5 ldrqe!lt ,_,rop set-ti 

cc,mp..:tl\1~5. A recent ~turl·1 t,y l''f(>Sl ,.. :~ul l i'Jrtn 

(~'~G), New York City, 1->red1c::ts thdt d1cm1•:cJl 



11~sti .... ·1dc ust! J:_ ~ ri:-..:.:;Je !~l impcrt.in ... ·t: i:. ,: ... m.1;:·-J 

dt!1 .. :..sdcs, with .l ..:Jr rt:sp0ndin9 gr..Jwth ir: the :n...a~ k~t 

fJr mi.~rot>iul0~i..:..il ..-tnd bio~h-.!mi .... ·.:il pc:st t..."'Jntrvl 
products. By the enJ of the century the ye.irly 
~estern world market tor microbial pe:ilicides Shwucd 
,it0w from the curr.,ut $)j·ol~ million to betwe,·n 
s~ ti o; 11 • .: •• ; us :i.lle:i :;hou!J am0unl tu 
~ l ,;:_ bi l i i VIL z·~.,s ': . 

l:li0pe:it ici·Je:i' 111cr.,.l:illHJ .:1ttract ivo<uess i:; 
kt?-y~J tu s~vcr..i.1. trt:nds: quvernm~nt re.::trictions 1..Jl 

bans on mvrc cht:>miL".Jl pe:il i..;idcs; in~reas~d insect 

resi:st.:u~ct: tu ..:hc:tiic..sl lJ~Sti.;i.des; dnJ tht!' time it 
tdi<t:s to br t.nq nt!• ..__·hemiL·.J.l p~st icides t·J n,Jrk~t. 
Siu-..:t::" 1964, when tr.c te,j~ral Gvvernment ~ .. tnned thc
tiSt::" dt DDT .. tu-1 1"1 ..:.ther pt>-st i'-·idt:s on !ntt:r i ... H 

Dep..irtrr.cnt l •. u1Js, sever.Ji du.:en oth.:r ch-=mic..ll 
pe:it iciJ~s h.:t·:~ L~t:n b.d.ur-ed wr res tr ictect lhJt iui1wiJt-. 

Gi:?tt i11q d 11ew prod~ct vn th~ m~\rk.:t is 

irh.·le..lSi1hJl:i time cvnsumin':J ..ind t:..:pen!:.iVc. I!1 ltS 

report, F&S o<stimates thH 1t takes 8· 12 yedrs dnd 
costs $J'.l .jQ rr.illivr: tu br1u~ ct n~w c~1e111..:..ll 

pesticide t,um the res'?.ud1 ai.J develvpment (R>C) 

stdg" t0 1eqistrati0~. Du<1n~ th0se yeais the 
(Jdt~nt dlld th~ cumrr1t:rcial lit~ of the pru.Ju'-·t 1s 

ru"roii:y 0'"t. A.;,;ordinq L> J<!rry Cduld.:r, presijei;t 
and chi.,r el<e:.:ut ive oft i..:.:r vf Hy-:ogen (Sdn Dle,Jo), 
an dgricuiturdl biotechnulcqJi ...:om[i..lny, the 

equiv.':11<.!nt time dnd cost for d b1opest i•:1de l:i thro<e 
years dnd less lhdn $5 mi' l i,•n. 

Alsu, inse-.:t resistdni.:c t J cht!"mi...:ctl t>e:>t l<- iJ~s 

is steadi L"f r is!ng. In 1'1'.;~ unly 25 species '"""' 
k.nwwn tv bt: es istant tv cht:mic3l pest i..;ides thc-u •Jn 
the m"rket. 'T0day -147 species dre rt<SIStdnt. And 
whereas insects took i>O years to develop resistaac:e 
to arsenicals, it too~ onli 7 yedrS from DDT 
approval to th" appearance 0f DDT resistance. 
Resistance tc. some products b.,gan showing up io t.h" 
year thet ~ere introduced. 

Spurrtd t..y those fdctor~ dlld otht:rs to f inJ 
d~ternative methods ot pest cuntrol, more thdn a 
dozen chemi~ctl pesticide mdnufctcturers have eithei 
L~qun to lvok into biupestit.:id~s with iut.:reasinq 
interest or hdve alreddy tdken the plunge into the 
nascent mdrktt. Biotechnology c:ompdnies dr'-' dlso 
credling t..i0pesl1•:••Jes, an<l firms spec.iali2inq iP 
biopesticides have sprung up dS •ell. 

(,;coqt:n (L..inqhorne, Pa.), founded 111 1983, 
which, i11 dd.Jitlon tu Wl)rking wi-.1 American Cy~u:e1m1d 

to dt!'Velop ..l r:otton uioinsei:~11:1de tor the worldw~de 
mdtket, has dlready comm.,r•::.~i 1zed its tir~t t•o 
biopesticidcs <;ll its ,_,wn. lr1 MdIL:t1, t:: .... ·09en rei....:t!IVt:d 
reqistrdtion trom EPA t<)r lJ,1'-}iJer G, ..:Scotton 
b1r:.fu11gicide thrtt u~~:.i tht=- natur .. 11 ly oct.:urr ing 
m1.:r,J-orgdnisrn ~~~·~1.J_(!_mo11~.!l!!_!!.~~cen~ t<J c1_)1,tr»l 
ddmvinq off, d fllll•Jdl dis'.!.1:>c. of cotton seedl1n.;s. 
1'·J'•.-trd::i th~ ~nn 1_it Mctll,.;h, Er.:v9en d<.:q,uireJ from 
NOH·AH-r."hemi•:.il (W1lm111<Jton, uel.) its r'o!ll..'<JO 
bic)µesticide, t\ ... r 1l";t-- rni ]ointvetch in ri1~t: dn 1j 

Joybt!dn::t. t:cog•1r; J!:i luc,kin<J tor other jo1nt·ventL.rt.-' 

pdrtners to help mdrket its products, ~speCldlly f~r 

produ•:ts 1n bl<J mdrket se•:tors. 

Also in Hdr1_·h 1,,4Jftl\.!r ~;1ute1:h11r.>lo 1J, firm, l<Jer:~ 

l::\1olechnology (C(1!urr.t>i'1, HJ.), wr:io r;5 1 A ·'t>Pr·JVdl t(, 

mctke and markvt Clclr1d1,~.!n, d n.iem..tt(h~ir1t! mdde from 
crdh, shrimp i10l1 1·r.111if1:'.J.h Jh~1l::;, dnd othe1 

~hF.'llfish, lo kill the w<,rm Lik._. micr<'~'cs th.1t fe.,.t 
c,n roots c111cl •:d11~" more than $'> L; I l 1<Jr1/j1edr 1n crn1• 
dr.unil9e. [rje11~ c'hrt1rmd11 Hobert A. Milr~h per};;; 

t'.'l-.111<10SM1'~ ,,01ent1,11 1n,uki.t dt $100 m1ilion;y..,,11. 

Cr11T11r1q up ._Ith d t. l•.>tJt:tSt i1·ide prr,,Ju.;t doec>"i n()t 

<ilWdYS q11c1rc111teP ri11irk !!:PA approvc11. A •:,1se in 

IJui:lt is H_)ll:i.Jlltu':.; t::A~CI it!ll..:~ with l~S gt::.'-=ti·_·..t: 1 1· 

en~iae~rt"'.j stt..!in uf r~ _ __!ll!~re~~i?!.!~ t-J:t.cr i.!, •ni1:h 
ir•..: ..... Hpvr..ltes the ins~ct tuA in gei:e i!Gf9'. tht~ .;vr:.m ..... 1: 

mic...:roLi.st pesticide B .. tci t lt_:_~ -~t1__!!_Il!~l~:::?J~ (~T) -

In 1980. H1.::r~S.Hi.t._. u1.:s~1L·,_:es:stu1l1· 3.t.tl.':T.µtt!d t•' 
.;ct IOPA to "~'iJLJVl! .• Lt<l·i trial o! its ET !Jr<->dl!cin.J 
PseuJomvri.;:lS. ·rhe ur--lani~m::i were eAiJt..·1_-tt~.J t·.J -...·ui..):.!=-=: 
pl.int roots .. rnd ki!l s.)il-dwclliny il!secL< $U•:h ,ls 
curn cutworms. EPA's s:itntiti·_· J. ... 1v,s•.1 ry h .. .idrd 
rec0mm~nded all.Jwing the tielJ tri..ds, t:l!t .. Hjen._:j 

0ff icial:; delayed appto•:.ii dnJ c•;n~ :i:.ieJ tc. dem.inJ 
.hlditional s.ifety .li.J rr,i,Jr.itiJn d"t.i, Je:;pi~e lht-
fdC!.. thdt n.J.tu1dl stc.Jins uf B'!' h.J'Jt. _, tHOVcn ~ra1.-·~ 

!ec•irJ of sdfety. 

Ev~n with tt:.1t :..Jil~ ~)i~t..:·r1· t..»f s.1tt> HT us.'1g~, 

EPA 0fticidls sJy tt:..t.t tr~~i Wt"re t01~~J tJ ~ct with 
extl~m~ 1.-'.3ut~o11 i1: !98CJ wn1!ll the'J· :-t:·:~~-~j M•)nSJ.t1~c·'s 

cit-Jp~i~dti0r1 t .. H te~ticg ..t PT pr0d~ci?.-J ~~t-u.c!".2.~!!.:i:i 
tJc,.:..t1~sc- little WJS vr i$ ~r~.::iwr:. dbu.Jt tr.t' :n:-Jrdt.i0r1 

uf l:!T er .Jny other S!=·"C :es . .:.f bdcter i '. llLe:11 
!'4·:.Jr1:..i...t.nlj's b'f orqanism c...:,:m~ 1.1~ tvr tc'J!.t"Yi, 

~lus~!·1· tullcvw~,j thP d~t?Io•."'1·'~ C..'.l.n . ..:ell..H.lw~i .. !. .1 

pr~.;ivus:y approved t iL-1!..! tt:~t vt ..1i10thcr 

gcnc>ti'-·ally engin~er.ed llctcti:rium kr.vwri ..-ts :.nt. .:.·:t: 
mirn1:: s:!'.::lin uf i_>~~.Jd"!f!~·~!·!!~_2Y!_J_!_i~~~, .:tr.d ,_-~t=8·d 
r~rostL.d.~ b)' Aa.'-.'ance•i Gen~t i .... - S~ienc.es t~l-~S~, Udk: .. ·u .. !. 
Cdlif. t-:PA Cdn•:t:?:lied the f"rvstb .. H? te:j~:-j O:!: :~3.:·111.J 

th..lt A.G!j hdj ... ·und\Jcled ur1duth(iri2~d c..111t,_10.::.r tt.:~ls. 

'!'ht: resu~ting I1t'lJdt1 1,·e [HJb.1.icit:,.· 1l,,~u· C-"!u~t:.1.-ir. 

h.J.d d c...:hilii1~q ettei...:l un Hunscnt~.i's I-IUpvse<J tt:st. 
CPI. 1,:;.!ti._·idl:i, ·-·onceri.cd db•.J:it ~•h..it w._ .. ~l1.i t;...st·i-'er; t_._. 

U1 ~1: tht: t1:.viro1.1t.~nt, ~t.illt-J .3f-.pI1Y,.dl. 

Mvr1.i.1r.to then devist:J .1 ditterer:t t";q:,t"r irne:it to 

:it't ·""ticth~r the micr1)· :_)rqan1sm!, •·0ulj n.iqrdtc- trr.:.·11 
the site of dpplic.:ttion .. Sr:i~nt isl:> en~Ji?1~t!:t!i 

erit 1 rely new ldct.ose-d1.;._.sr. iny !'..~ .!l!J<,<e~.:ci:5 

b.:H:terLi that left ou" ti»~ bT t(,Air1 gen~ L.i: 

in...:vrpordted d ;e..-td~!y ol1st-r•Jaole ger.IC!'t ic· :T1.-ukc>r 

thdt. turr:s Lir iq:ht t.dut: iu cultur~ dnd wuu.:. 1::1 r,c t"a:::.y 
to sp-:•t if the bacteCLi !"'lhJCrltt!~1 qtf th~ ,~:)rr. ruws 
on whi<:h they w0uld Le 1 ... 1.;ed. EPA dpprG~ed •.h·~ 

t?::<pct imt!11t in four month~. 

Geriet ;c.il ly t'nyinct"rer1 i...s·.·tt"r ia ~n_1'/ 110t l>t' th·~ 

w.-iy to g . .J, however, ;.i'j son,e industry ..-!A.t: 1;~ l\.e::;.. 

There is "more oppl..1ttunity in fHnrJi dnd vir1J:,t~S tt· . ..:tr. 
in BT, .. s,~'JS <;t"uffrey Bdtnt>s, 

protect ion and improvement ~t 

c.;mpdny's microbi,1~ pest i1·1de 
fOt."U:ieS r_;n funcJi ~r1°J 1;1r11:H."'S. 

Al te!!~_!lA.~~-~~~, wh lr·h cdn 

ditecr::1.r t..Jt t:r<J(I 

M(;f1Sant·.J. ~,J;;t_ Jt r.h'=' 

W<:)fk, ~ .. 1'/'":. i"rirn'_·r:;, 

011t! 5\J•."t". ~ 1 'h<JllS ~ 'j 

kill the Jc.>ir.t•.t!t•:h 
wt:ed that coml"lur~ly 1ntt:::..;ts ~'-)yt>edn t1e: .. 1-:;, h.tr'1t·~ 

SdJS. MunSdntr.J is worKlOlJ with H·11·qr_p:.n, ,_,h~ h ~1-)!"-

tu rndrkt--t t:he fur1(311s under the ndM~ r~t')st 1r. l 1J}(·. 

[l~S(;Jte M'Jf\Sd11td':.;i 1ntere.:~t, t!a1!'t! i:. l .:..r 1$• 
C{Jll\ffierr;i..sl !UIHJ.:tl pt'Stl:..:ldt: U'.J•· tll the r1~. 

'!1emper(1t ure dnrl hlim1d; r. ·.; re•}:J i 't-rr.t..'flts. 5,1·/s E· "-:~ d ~ •.! 
l 1rrit i1q f111_:tor~ in ll'..>II1'J fu1.qu~ ~ia::;ed pest :r l•Jt_•:i. 

V1rril IJC:it11·1de~.;, !~rst :;1j1'i_:t:;;Jfully 11.se·! 11 

'J.Ji~,, preSL'r,t ·filfercnt ~rr)blern:; ::tnd (JPI,'·r~l;nit ~· 

AlthnurJh Jt le.t!it 10 riitterent v1ru.:; frtr-1il1 .... .; ,t!'f_• 

knuwn to be pdthor3enic to in~ei:ts, 0~1e of tt·,._•m. 
fJr..1··uivviru;,~5, 1~ •.:<Jn:;1ch:rf'd 11n1qutoi·; :idft• './;fU':.•:.. 

lfl this t'rimily, SllCh rtS r •. 1r lt__.:op0l·yhedr0s::. \. ,r 1 .... •!, 

(NPV! "~l'~•.H t 1 t"irive r.1_, •!tt~<'t or~ Vt:"rt.~brdtt.•S, 

111 ·1u.11111J p~uple. H.-tclll•>'Jirus pest i.:1dc~: di ~·'i .:ir .... 
C<Jffi,Jdf. lt>le w1ttl 1't)t:tilllCtil pe~t i, 1d,15, de, fl(d_ hu1 lr! 1.~: 

1nst..···t rCSl'.'.>t,111r'e, anr1 f.c\n l·U•Jf1~ fi'H!<"lfir; P"-·Jt.J. 
r·()ur st rttin:; ')f UP 1/ nrtvt? t-,.pon r~qisttJr~d with &::'-'A 

A mc-tjr1r d1~,-st1Vrtlll.IJt? r,f 1r1·.p1·t ·;1r,J':l!~ I'; th,t! 

like f)t11:terlci, they rt() r,ot hrtvt: the rc:tp1d "knorl<dow11'' 



-.•ttt: ... :t th.st t.tt'n"-•rs L.•·~·.._, ,··.lit...' r .. e,~·-·· t. !-'-1:rric:r:i 

.u1,j t:vmt.• q.\!.._~rt.t:"CS .tr~ L.:>t.:J t. ;t_t lll•J .1 s~:.t·.; '-ir. 

... 1:·1.1 ::.~e~u.1; tLt..• t•U,J';l. ·L.J ?•t.•l>: •1; :.i.t',":i ,;t.. .. irqt.: r;~Ji. 

vt tt":.c Tt.·•l~s :..~ ..... _._i ;..:'-'P'- rt (l'ni,·.t,l··). V1c.tl 

('t.'!.l i.·1,!'-·:; •. ts J" L.t.·tt_': Lt. •.·rk ·r:i•1 .. 1t:.c1 

tn·Jt..'!.;tL1n. t.>su.1:~·,· ·iurir:-J th~ l.JtVtl c;t.tiJt..', ..tr1d thu:; 

t .. 111 t'-1 kill m.t!'i 11.1! t..· ... tti1i.; .tdult i11$~l:ts. Thu!:i, 

~ .. tys t-:lJJ, •it I:.> .1 i't 1li~~m to ,·1.-.n'.'l.1•:~ IH:•'-.,I~le thd:t 

the"/ .tre e~t.:-ct~Vt..".• i'l1r:h'-·r. ·Jiru::~.; .. ue t:dsilt' 
k1i..1.t."! t,.,. uttr.tvi.-ilt"t r .. iJ1 .. 1t11.~n, ::i\~ tht>'i lest.' their 

bt,)l·hJI1.·,1l ,,h'ti\.'lt;,r Ll[.l,ilJ· \iiht.:i.f, S(·Lt'iL'd O?l lt'.:"j\.'t:S. 

'"The l•l,I thit:•J .. ,·,.a,11ilJ 111 t•l•.•(lt!:il L•·ij~:.;, :3.tJ'S 

r·1,i.t. 00 1$ buildlll•J ! 1~.pt..·St1.:1dc:; lilt,) Sc.>t:·.f"' 

11.1.-.11(..lur..tti:i·J tic:it ,,._.·.;!~tltl·j ~t.'.ilurt.•s dire1....·~l·1 tr.tu 

tht_. t_Jen~s ,.t tr~ pl n1~S- !n ._.ftt.i·t. t?it.· pl..tnt:; 

t·c'._·umt• pt.:'~~1._·1,1t•:_,_ ••Th.lt -~ wh~rt.~ ,y:er'it.Jddy ts 
ht.•.tde.J,• Sd')-.:; fo"iJ.f. 

lrllh_•t-.f, :..t...·\·t.·:,tl ,»1mi-.1nll."S. 1r~::l 1 1dt11•J Hvt~1~ .. tn·l 
H .. l.tS. f'•.fl'.i tnt1..• .u1·1 .S.u1.t.,L. h~i·..;e t !eld lt•:;;tcd l1.Jt•._1,·1: •. · 

!i":.tt ;1r1.h.1Ut:t.:; cn ... H;qh HT t1.:.:iu tv lt1ll h ... ·rnwvim::;. 

l'.tl1'. .J. i':tt!'tt:r, m.truqer ut Uusinc~.; dcVt: . .'lupm~ut t\:c 

M .. r~:.> .. 1::to's cHJri1.l!!tur.tl prudllc_·t:;. !..i.ty:.:; Ur t_Jt:llt.'::i hd t.• 

t·~·t:t1 :.;L11..· • .:~s:::ltul ly SE 11.:._·d lu~v t\_.n .. tl•)t.'5. 1Jh11:h 

i• 111w.,r1ti:. ..tis •• r.tt.t~1.·k. 1\·1d WUlk ._-<.Hlt i:H't.:>.S on the 

m ·r .. _. .11t! ii:l;.lt rn.)n ~.·.Jt l·:1:ps th.1t 1..'t.'ln(.t is~ the bulk 
~ ;._11.t..•r !1:~.t11 .,._;r i._·11!t•1ft_· .111·! ti"'trct(Jtt"" thi;: re.ll 

·1.n;..1•t tLr 'j1·:h [i!,tl!CS. 
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w ti I r h I I :.. ._. > d t "'' ! ,_. r I " t ' J 'it' I 1 l' . •I) : l ' I' .. 'I I • f1 

tt: 

t lllt"lj' turitd t.•lcL·tr 11' .11sl·t·.1r·Jt.' t~ l:St:ti t'.' s~· .. ·,..t 
vet'i t ii!~ l.!1..1i.d ~·.1rt l1...'it.1 s •.. ·L:i.te.J in --Jt:llt::i ii.tu ~ht:> 

(>l..lut. 't'hc t .. tr~Jet :s th'==' :;i. r isr•_·ni.tt i,_. ~t,,•Jl~,n whlL~t-. 

,_-, __ •nt,tl!l::.> the:> q~rm ut lht'.' ~-.·e,1. lln1-t;; thi_~ gt!lh:S etilt-1 

tht.> see.J lhtt l'~.u:t ,_·..tn l·e ~;r._1w11 •t.~h.1ut tht.· t 1:.;sut:> 

''ultut~ ne~Jed 111 Mvnstnl·i·~ mt.•tth 1·L 

Al)Iut.·etus ::idJ'S th~tl. u;ll ik._- the Mdns.tnlL) 

mt:1'tth)d, n•_)t 011ly is th~ t~ctu;iqu~ .i(•(ll ir.-.\tilt.· tJ dl t 
V.J: 1~t it-:s u:. S~·Y·i Le . .u:. it L·uuioi .JlS•) bP :.!sed to 

.-h.u.9e '-)~ut.•t ll" ti I y .tr•'.i t r·p~ uf pl ~lilt. Th~ c.."Olt"lp.1.n1· 

'--·taims it h.is h.1d somt- success with cc·rn 1tr:.d h.id 

.ille.t·j;· llll"<It'• • .'Litt.•d l]t.'!1l'$ t .. 1 iEst.~··t r~:ilSt .. uK·~ 

1ut1.) tht:1' :;. .. .1y.J. Hese..1r ·hers .tit- n1)w· wvrkinq l)IJ. 

ln1.:rt-.lsiuy IJLJnt tt.~sl::.;t~uh:•.:" r_.} tar~y.tl dist:"d~es .u~·1 

•HI ;.m;1rO\i'iW:l ..... 1: <JU·t. :t·; .tnd 'ileld. 

A.Jrn1·et us s.1;,..~ it h~t:.;; tH.::·t~n ~tript ,•d•:ht:J by 

~-t.--.1e1L1l !it:t.•d ..-tnd ct1emi"-·Jl t."(.1mp..tnic.s ~11tt.•rested in 
tht• new [jC•K"t!'SS. (Suurce: E-;L:r~1~c~t~.'=tu:micdl Nt!,_-~, 
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~~ _t~·-;~lj_I.!_~ ~~·_£~~<! t\_1 •.'1•11-~~~-_____!.~__u_~~ kJl_~U_l__~ 
eel l~-~~-_!ibr_£... eel~ 

A tech11iqJ~ tol cor1verti11q ~~vldted cutt011 
(1l.1nt cells int:J fibre 1:e-l~s and qrLW'ing cotton 
tit res in sulut ic.n h.ts l>t.:-en developed by TE!Ad.s 

T .. _-hfl•)logic;il Un.versity biulc'·;ists. The produc·t 
•.uuld be used ._01r.n1Ptt.:i~1l !.y .JS d m1~lubt:: tree t iLre 

wh•)it: lenqth. thlckr:ess ..tr.d ljUdiity cdn l·e 
,·,n;t r 0 ,l 1~·1. t\ t1.ltt"ri" f..:..\r tt~e pr•:--ices.s i5 (J~ndirhJ. 

1~ ~mmL-r1.:1..1l iz .. .-tt i.-,n ~~ !:Xpt'1:ted t0 be ~W.J tG lhrt.>t 

'j•!.i!S d~ .. 1y. Ht:se~1rch l.'•1rp. Te.:h:1•Jl·--'~ie:'.i is hdr1.J!.1t1·j 

l 11_.t>U'iltllJ ..;rr ifl·~t:mt!:lt:.. ::1 eA•:h~11:·Jt:!' t<Jr ~O (.•et c~r.t 

\,t th~ roydlt1e:.;. :~(··1!.,qre...: (Fr<.1111.:e), J tt-:.<l!lt.~ 

1-l·r'·1l1,tn}:, md·, Le iritt.•rt.·~tt·j !O l i1.:en~;in'J the 
t L .. ·hoo! O•J'i. 
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,,, 'i'J•_·rl ,. fr 11 i (!Ill 111 '•, 111 I r. 'I I \ flfJ h· •'I '.I' ,, •••• f :. '.1111 t. ·I:, 

•. ,1,·kr1>ct1·hp:;, 1'hrirrl•Jl1'~, dt1l rlrl't .,,t flt·-1~., lhl•rc 1lfl' 
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~~·.'t.'1.lit.' h-..1t:!' . .__•:a•s t\..··j--~ ~te ri,,_·~.lln. =t/i-· 
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:r:tc.._t .):.:i~r ~)lJ.:1:.::> ... ~L;ts:Jc thti test sit~. 1...·_;: 
b:.;·~~ t0 :r .. 1:0 • ..:- ::: .. .'1.J~ !"!\-_::t• ~-"'~.:. 

tLt.: ci1..J .... p~l':"t._:i. $:lut i..)n int t.~ ~~1i:. ::it.:tli.cs. 

!:::·;t!'r.t11..-illy, :.ht:- t::1i...;int>t.>rt.1 d lJ.h"tt:-: i:im •nl: b~ 

1:'!ic '-}! ,_.:1:j p~3·1~ ·.·:. 

:.~~t:"=~ Le pr0te._·tt::'1.! th~~'"l:J,Jf\1..11..;t :ts l :!'•'".mt"', ;·rt•1._'it•:t 
•:1-;!"s scientists. (:::~uur.._·~: ~J~1..· ~.::-:_1:.!:__l~~, 

Jt. l :i l 'lll8) 

i•-Jt?Ut? E11...1t~1...·~n.)l'-)JJ' wil: rir-i--i tt?st a 

re1:-i.lt.i:1.. .. i,..1~ b.-iSr.:>'-1 · ... H1 pldnt :n~.i: '!'!'"le ;,r._·1..~u~t, 

:r:tt;?-1!dt2-d ~·.:r t•.3£>- vn ..;orn, 1..."•)tt~·I~ jit.•..!:1uts1 ~t.:., 

.·ul.i.J C.1€- :c-.1J;· fvt :e1!stz J:ti 'L ~ .. !•)t:J-.,. Nt!m.Jt•_~dt.•::: 

,"·F..:.--;~.1 .3.ll C'St ir.".H.t:-.l .$3. 7 bi 11 i._ii: l l ,·:· .. -r n·SSt::S in 
. l9., ..:t,·._-.,:.H~1int.J t1. t:1t> S-~-!~t·z7 C•t ~~.r.dtOlv')iStS. 

:.,~r:e rt:Cc.'•:.tl·; i11tr._ .. ltt....:t>.J .:s :1e:t•..if..t•:1,je b.i~t.·..i n:: 

'-~; t !11 tr~-..m Shel tr i:::h. Tht" r:····.it.-'-·t i::; in ~ :1~1~.~·.i 

..:t..;.~ ... :·.,·, _1Ih:! sv is m.=trketed re,:- h1•;n-·1-.'!sh '..-·aiut..• .-r·Jt)S 

.... ~·-·r .. ~·; rr~!~~s ~"lnt~ \t.'"'Jt::t~bl'::"!. (E ... trJ::·tt>,i tr .. ~:r. 

~!·~-=:;_1 ~~:1_~~~~~tJ_~:2 .. fit:"i!~:.ter, 2 ~::z· 1988) 

J.·j •:l ; e..:it:.:.irc:1 -'~1j .je·,:elc~.r-:t::;'~ .~nd .1 -..-_·11 l i ;..~,fc

: .,.:t.:•i-::;.:n.J p.ti:t ,_..._-.1r:..~r1n.J i:1se.:t r•~:.>~-•~tnt L•.:•r:•. 5cn-
r ~··w~r~: .L.--1 po~ . .Jt •c5 -S tht2' St.Cji:!.._-t .Jt 11'."! ...tgrct:;:-ier1t 

tt:tWe·-·i; r:n1 1~'hcm ... lr.j E·"O'-J~r. {L.1n')!":,:irnt.•, L.:1. l- tJnjt:r 

·~1- ~~._t.::i.s:i"y p .. tct. Z.:C•)g-e-n ··~1~ suprly t«•·-' pr····l-r:e 
~ •. d ,· jt.!!1~:.: Jer: 1,, ~-~ f r·)CT: ~:~.·~. ::.___;__·~~ ~ t~~~~: ::3; ~£~~-_i_~ :. h.:st 

! : ,j.i 't" tii._;~t"..:it i,;i.·id' ;n1·t1-.·1r1s e!"ft~·t lVt> 3qL.Sir.:st_ 

t:"· .._·1L:-'1 .... 1l~?' :mp·.:..rt:lul i..:.::.t.=.i..:=t.1LLu .in~i bt::t>ti~ ~est:>. 

r.:il._""t··~i7: wil: •. .1:--;c the tJt.?n~s t..::.i pr.-,._iu;>~ t-;.:tn~s th"1t art 
:-c.=:t~L-n~~ t ... ;, .n·,:;e.··~s~ 'Ihe H.-.i: 1 dyrt:t!tr.t!';1t ..:alls fol 
~~- .J:!~-: .. l·> ir;.L·rt!.J::i-2 ~·'='rf ... rm~tn·_·e ~:t ·.!ae .. _,,,.·0 I ict!'n:;ed 

~·~~.l!!J ,1n.j ~u iJc-nt~fy d.ij1:~_·r:3~ L:~·~h.:stt._·ide qe:••.;1s 
t: .1r.-. i:; : irr,1r~· ,): iW:.rt' tri-u-. ),O(JU ~trtl:n$ ,)f 

>_!. ~:~~!-~!!·(JI tr::~-~:. 
! t' ~d 1· i \1JM \ 

r·re t1:; Cr.·:ir•.·1i:T·i.·;;lJi I•r...:tci,t l:-,n A.J~n, -
1
· hil.3 

;;,1;.t:.:J t,.:: ~':'·Ji_tr~'-~~;•i tC' d 11•.:W' bic)t.t'~~!,::-idt? tr._1t 

.... ·i•t.it_ '.i1~ :\.)!.Jj._~ tk1t,1t._, Lc~tltt. Trd.-1•.:r.-.tr~t.:<i 

M ',: t.:, lh(· :1L·;..· :r1:,•.·._t i.~i;Je W'J.3' .ieo;..'Ll<.>~td tJ:r M'jt.:-:.Yjt!n 

(:'~u1 :)it;:\ju) .J1 .. ! It:•.·t·ivc.J d~J.1:·_.iv,tl l~1:t~ 'lt:ar5 after 

l. t ',.;(\~ di ~I-- ,,Vt'! e'"J# ; -llnt?r tll H1 tht: C_'UJL·~mdry ~j,t:!VL"i. 
t0 10 :·c.1::; f._.: n ,.:~a~m.c ,: pe_;,t icide. M Une i~ 

1)~ -· .• '.11 <• 1.·.!r j~~·, '" P.~·· t 1_~_1._,~ t__r~~!.1.r~J~t:'..!.!.~i~, i,..hi ... :r1 

t,i: t.~:I'. tld'.'•· . .i'.j•_•d t.Jr •h.!'r"hlt.:S tu .::onr_rol 
1 

• t ·. · j1 i 1 l rl t :. • I:• l I ~ t I l i, l ht: i' l J\!U·: t w i • l btt 
r:'t.~?~··l_e~l f',I ·z,;1tr .. , ,, ltio.! '~r,lrJr..ld·-i 1;·Jtdf ... > l-~.!L•tl•.: 

1:. ~tu> o_·,t~tt.:~:. l1~ (•,1 ', 11 ·h 1.:ru~i:: r1:;i ~''~~~tr..Jt.·:>, 

( ~. ,u r ··~: 

M1 

~"":. 1:1t.i . . . 

M .' r1 , : . 1 I 1 • J ;1 11 ! 1 .I :11.J l·. l tit.' c t .I I'< J<' i , ' t..'i• r ... • ~ •• 11 f 1 r11J 

.:,1~',it ~·~-'.11 •.. ·1 1 1 M,1•11t,·t.ci po 1 1l 1'() •.>(J~r.1t l\iC'>• !1.tVt:" 

t·,·n.; -'~t'. .,, r,._,1.! tE:~.;t~- <t ylot,t.'t'.t·~1lly 

1·11.; :1 •. •. ··:· 1 ·>I 1, <wh:. h h,t:.; ~1t,•1.•r1 irrr1t<1.J,_·d to 

t d•!r,1t_t ·•,..,,.;,;r!11p" ht"rh11.. 11·. Simi lcS: t t•:ld 't!'~,t~ 

w1u1 qt_.nl't .11.»11 :'I •!n 1irH..'l!1t."t ~·._.11T1.1tn pldnls wi.:or•: 

t\): •• 1.;·tP1! l..t'. .. l yf!,1r 1r1 Illlrh,l:.. c1ud Jft! hc1r1q 
11d·.1r·tc1: 1· 11rrt:1it.ly 1;, t.il•.~ lln1tud ~tdlt:s h'/ ~ .. >r,;,,~nt. >. 

t-:n• 1i1 · 1 • 1 1: J 11 i.1 ·. J.1 .. r ',I l "'.!d ( 11,,n t:.!fHJ l lle'ei r t•d) 
. .,. •. r •. r · t J1it L'' I d 1 .. I t ht• , · r op~ ..... 1 l i ;.,e 

..• r ~•i J 1 1:· l l > r • •)mr, , •• :..;' Jfl. 

M1r1;.,qf(J to.l ,".lt,i.!rtrl '''1''• w··rt· '!i'Jt'."r. ')l•rmi:...:..11ir1 
t •.> r·<,11,·,q1 t 'tit2 f )tjl.J t c::;1_ ''I Lia~ f'_1•.1d prt1du1·t 1nr1 .tn'1 

Lr·;~,t'' t l<.11 r,1,1111..:litJ.; ,,f A(Jr 11 1Jt1Jlf.! C...tnddd. 

:"1:~ .tJ.jc...:f t!..t1t t0r .. h:<unJu~ .. h~ct..i .. ·:'-it> 
t•Jltt!.ln._·t t':.dS tn~ t-J..:·t~ntl.i! t·-' s1 •. p.~t:..._·:int.l.y ~c- .... ~u.-~ 

the t.»::.st ~--.!'. ;r.:.•in--J .._ .. _\r;.):i.t, o·:· .l~ ~·1•u1~ ...-t'._- .. !::i s~1.:~'!. 

..ts wil.j ml!5t.!rd dnd ::itinki.·e~d tv L·t? tTh.."':'"e et!: ..... ~e::~~1· 

.::-.H! ':. r ..:> l l t."' -~ _ 

1...·.1nul.l, spe ..... 1r11...· st1.1111s c: r.:it--i~.sit::tid, '-'~-i:i 

j~\.·.:iL•pt:,! t.\·! t'"'J;!1.::i,il.H! r~se.1:'-·r.tirs .~t1.J ts. us~,: 

prim.lrily t,;r ,:-'-\'-1kir.q .:J..1j sdl.:td 011, ~in~j !1! 

margar in~ ,1nd sh.:-[ ten1ngs. 

MOll:l.JJ:t_• re:>e.ir...:ht.:r:5 [:i_!\.'t:.j d ..;t!'n~ t:-i...m d: • ._,~=:c-r 

pl:tnt spe1...·lt?;i into c·,t1;0l..t. !:\Str~1. . .'t ing ~t tu in~tkt" 

~xt [ d ·-I~.lnt it i ,.._..s 0t dn esslf!·,: = .! ! e:L.i:·1·cn~ it .i ~ r e.1.i1 

f.H1...· .• juces - tP~~P synthdse-. !.n 1 .. ;.~~-en .. 11necreJ pta1.t:i, 

this esse!~t Ltl erizyme is .n ... 1ct :\".J~e.J ty '"h-."'lH:dll[J" 

hc-rb1ciJ...:.-, ·,.·ni .... :h c.luse ~ht? pi..tr.t::> :._,_) jit. 

:;1 :~~'.! ·;<:?·:~t i .. :.t~ !z·-e:i':Jir.•..:t1'r~-1 c ... ti1-_•ld, ·.~'.t? e:.:~r~t 

qu.-'u:t ~t .... ·.;:; ;.Jt !.!1(" t.:ri::;·mt: .!:1j i·~s .:i-.!cre.is2.:! 

S·..":~s1t1v 1 t1 .t.i~ow ~.~-:..: pLH1ts tv grow n0rm ... 1llJ 
desr.1te tht .. : pr ta-sen'--~ 0f ·l"ui.;:; .... LJp· . 

·rht:- i:r.;_"":[,)'Jt:d :an~l .. t ·~·1·::; enJitu:~r .. ~d u~i.r.q..: 

n.:tt·:r jt !y •.ic: ... ·urr i11~ L~1·:tc:- .·•r!" '-.nowr! .. \S ~'l.~~t:.:.·'~:;:~~ 

';__~~~f~~-l~:.!.~· I:1 a~tli.rc, ~:l~~!.'~_ti!r~ a::t- .l'rt.:.tdy 
c.1p..1lJle Gf ir•sert in'} J-=nt?t i-~- : r~ro:-rr:.lt !On i:it ...• t!l Jn': s 
but the r~sd l t is d l't'~·c .;,f 1:: )U1 'i tc· the (."t.•n: 
ki>Yflln as ,:r .. ·\Ji1 J .. tl!. ~'-"':~ ... i;:.t_:) s::itintists :::h.?\.'t'i1,.. ... t-1.."i 
.J 'WdJ' t_o stvp ~J!.:'.::.'~:~~t:rl_:~ !I.Jlf, ....:.iu!>ill"J cr.iwn J.:Si~, 

•htlc r. .. 1int,::r.i:1.; thl:!"ir .:ib1~1:·1 · t·) ... r.s~r~. UN!>. int.o 
i !.P.: c~l ls. E:.:1!-:Jl:lt-ert:'-1 .·,JuoL1 l.'.t:! !s .J.r"=' tnt:-!. 
·it·· ... t:l -·t·~i t.J pLtnt ~noc•t Sl.3'J~ ..tr.ti gr~v_,n 111td 

~.t.-.:tlthy p!.Jnts. 

1-'~c<C t(':il :~:g ct the ,Jt:net ic:1! !:r· er.Jineere-.. ! 
-:.in,:,~a will ..:.:..!it inut? ov~r t.ne su:r-.-r.tr ~ .l..i .. 1~se::1r'-·t1 

•. t. .. ·•.iv~t1es .Jt th~ site i.1i~ ht" ·:..trried 1...'1.r- -,, 

d,::Jr.ja1 . .._·c witn p:.:..·t )._"vls CLl'Vir\.e 1 i t))' r..:;~ .. ;1,..l":.·..i:c 

.:'dn..sj:.t. 

If sa·:..:12ssh.l, tnc l"·~,: ·;._•.J cano~~ t.-1 Jr·tj ._-l.,~! c 
c 1.;ent• . .o.1l l'j ::i..1•:c l·d:i,j~ii..ti: ·)!· ·..;'"'·r :s ~1"":1! l 1•)"1..i .,t .l ,l l.st:: 

in w~ej 1..·_,.11tr_,l ;·1. ... st:5. \E:.:tr1 .. :tc .. 1 ! ·._,m :;r .. _.._.~.i.:::._1j 
f!~;_k~~ i_r~·J. !'-~~rt~·:, lb M.i; i')88) 

Etu:Ssel;; t>.1-;~:·j L1(,~.i:=._n1 •. -Ji,· .. j)' ._:u1ai,.J:;y Pl.1nt. 
...;t.!:llt:ti1_; ::>;·stert . .; (P':;:..;) :i...iYS il t:.JS dcV•.!l<Jt:.'t:d 

herL1cide re!)ist.H1.·e i11 5U•J..:ir l·t:~t pldnts. The 
•.:t"Jn1p3r./' SdY5 th•_ ... [11..int~ S~irv1vcd treatincr1t •1th 
B.tst...i f1h1):qJh:r1 ...... ,trir:1r1 btd.id 5~t:ctrum l".t:rhi ·1.J~ fI·.J~• 

Ft?d~r.J.l He~;ul>li.: (1f Gt:rm.-l11·;'s HJc1.:hst. Ht-..ilS"Jr1 1 ."·~ 

h.J.::> t.Jt.:cr ... 1._ hi•.! . .Jt-' t, PG.:; d,!,t::;, L·/ '1.11.:;t•:;t1 :1'~ , >J tht: 
pldnts ~; (Jt!r1e f:,·Jm ~ui•.'t~r O.J ut tht: qt .. •n11~> 

S~~~l_!l_~~.J:·~~' WhlC~I prl)ciu·t.'J JU enz·,1 mt: t!\,1t lCllJ-o:[.:. 

p~1vsphin:llf i·::11 111_!1.'t ivt..·. h~:-; ~jJJ· .• t h.1' d~vcl H m•.::.: 

,,( hcrti:,_·:dc rc~1~t.s;lt J1~.u1t:. ... 11! tJti••·J '>J'Jl11'jS t( 

L,11,.,·.1.'':"::i, Jilu "'"~ l l ~>t: .111! L' t• 1.• .. t.: l(1Wt:[ ,_;,_;:.,.t_ 

br•J.1ct ::.pe..:trum hc:h1.:1d .. _.~. t.1 j1f(Jtt_•·t 1·z,Jp:... 

(~'-'uc.;c; rt~c·mi(·~1t ~~·~~~. 18 Md·/ ! 1)RH. 

/d!.1:1~i·.· l11:.~1t.it~· ,( H:,)~t~•!Ht< .. '.'J .. •)IJ..1' _tr,._I ~1 .. 1~J~~~· 

';l'.JI~ !~'_j~~!_!•'t~ c!~.~··~•1rtf_.>1~~ 

l'ht..' At.lJ11l.!1· Ir._,t 1'.Lllt! ,f H1.:~1._-t.111l•_)'l'I h1J 

.tt."•jUlr~d ltl p~.:r c·t.·11L ·~t ll\t: ,·,~inmu11 .... l.•1· )I" 1_,t r-.r .. lr• 1~ 

Systems [111:., f'! •'HJ\,,',·t J,•,,t 1.J lJdJ'.!d b:·;tf:.-'c."hr1r)l,,yy 

•.«>mprtny. 

!11 rt..•tLrl. f,~r tla. ,!q,·t;,, /dh 1-_,; \H~iv1,1J,111J 

!i1;11,_;c t:J \!rutdt!' r:11d(1•j1•• ,_) •,tr[/ (\ll~ ;t,i i: .. r, 
;.1rr;-~Cdf11Ji\t: .11med .it 1l•''/1_•Jr;p11HJ d C•.1mrnt!'rcial 
pr.1']11r·Liu11 J\/:~t•_•m f 1r e11·1()rnyt 0(Jrrhi,dl 1n1l·J··u:vm. 

r-:11·l11rn-.,r.:<Jffh~'/.d3 rtfl! f1.Jl111r1ll·; 1Jl."(\lrr111·1 fu1. 1 Jl 
wt.1 n li.Je ~ymh1.,t1ct..1lly .._,·itL, ,,11:1 im~·-ttt t>t.11ct1•:. 



tu, hiqht:[ iJLtut:>. rht'Se tun~i iut~..;t th~ t0 .. •t:S ut 
must L·tv(J ~L.tnts j:tJ ~1t:\.'~l0p stru...:tllrt:s which t"l!.JL:~ 

tht:" pl.tr.t tw mlh .. -h t!~r~ t:t'r i..:it:"nt l}· t:oxvi.~'ri: l.lrl.Je 
vulum~s ut su1l.; L-. . .1nse .. 1u.:ntly, the pla:~t's nutrLet:..t 
upt..ike is i111._·r~..tse...! ~spc-1...·i~t! :y fvr l.;'~rt .. tin imm...~b• l'=-" 
el~m~nts su..:h .i:S phusph0rus. 'l"he- irtt..~re..:tsed r • .Jtrit?nt 
upl..tk~ c.l1., uri...i~r. m .. -t.nt· ..:lr...:umst.:t?h:es, tr..insl.:ttc- t:1t0 

in~reased ~10p ~1elJ c0u~·led with low~r tertil1i~r 

te'}uiro?ments. ':'hrough mt!..:h<11asms th.it art! st1:, u,1t 

c01npletc.>l')' un.-:!-=-rstc'--°"i, !.~~ my .... ~ur rhizas dlS'-) t!'nhJnce 

tht:" pl3nt•3 dis~ds~ I~S!Stdnce, t~ansplant 

surviv..tb1l1ty ar,J dr..)ught tvi.c-r..tni..:t!. 

The-re- ~s c,,•:sidt-r.tt.~e intt:•est world-wide in 
th~ pvssibil !.ty c..t l:S~rlg s1.•1:h innoct:ld td enhd.1h.·c

thl::' growth ut ..:r .... -:'lps ..tnd r~dut.:~ ferlil.izer use Jnd 
~ost. All:: l.:lt!l ieves th.it .,.,.,., l.tt'lli.' markets m.t:r· 

d~v~lup •:th1:: the ne-xt tiv~ t~"" 10 years. Endo9r·:> 
is d~velupllHJ unl•]U~ techn0lcg;· which, it :s hored, 
will posilh)!l th~ '-·vm{-.ln} ~ts vnt? vt the leaders in 
this fielJ. 

The resedrch is dls0 being tinan~13:ty assist-=-rl 
by a $55,0JG gr.mt 1;r•rler the IRAP-M progr.unme ._,! the 

~..ttt0n..il R~s~..-tr ... :h C•)U~1:ii ·J! 1:.:n.ld.t .l.n.J :-und1ng 
~r1der the NOVd S~oti3 Techr~Oi~qy Assistanc~ 

programm~ h.ts bt.::"en .:tp~i.. :c-d fer. (S0ur...:t?: News 
ReledSo!. 13 M.l~' !998) 

T3k,1s.J;.~ i Ch~rn.i 1;~l~ Cvr;:h.)Idt i.:n1 has cvmt: ..... ul with 
a new type ut s01l ::nprrv1ement aue:1t t?'\~t is .:i 

~:~ture o! organi.: slu~ye dischdrg~d !r0m pdper 
m ... 1.n~fa~turing ..tnd tvod pr0.:t!SSing fa ... :tcr1es j:h! ~•hy.1 

stone powder. Ohza-st~n~ 1s p._ .... r0us, features .J high 
cd:~c~ c0n~~rsi011 Cdpd~lt? dnd makes orqar1ic sl~iJ]e 
odourlt!ss wht!'r. it is ~1xe~ intc• the slud'1e. Th:~ 
rr.i:..:ture er.ab!.es the slud--.Jt: t.j tJt:~ h.tn .... iled with ed5e 
j::,j 1..:c.ns':.l•Jte.:.. aro t:~~ei:t.•llt S<..>il imptO\."t:me!lt .:tg1;.•r.t. 

Curr.:1::. .. ·z, :Th):i!. 

(1!·-YCE-SSlWj !.t--:~.ric:i 

~v~pl.1i1;t~ r~~J:.!.:1~ 

Pdl'~r ;1:~r1~1tJL"tUtln~ dnd 
,1:t: tlt' .11J .!t:"lU~•-•J Wlt h 

tt-.~ ·i ~s~i·JS.al uf .:-r.:JJni .. : 
w~i .:h has -~ !"-.~.:]~l~J' vt :e:-;,:;1\:c .... hJuur - M~.J:1'wni ~c. hll•:f'-" 

• ;-.~.Jr.:: ·it:~ ... ~= ~ ·w.1t!r ..trc q.._.r.er.ited 111 ~ht r:r1.,,_. .. _~ss ir;y: 
\~t Jf'.~'..! st0n·_· w!"i.1··~1 ~~ .1 ~~Je • ..:i..tl it; (Ht..h.lu,·: -'~ 

1"..: .... ·hlq~ Ptt:tL, t •• •t...'. ~ .. : !lL~t '-~1~~ L.i._·k .... lr.::··;), ~ht: 

;;,j:q .• "·'i S~h.:~t~c,~l.'"-"°! .n .:rt:dt. ~n~; .J ;nvJer.itel'f tJr l ... .-~ I 
Jut l :r\,1[(">'Jt-::n~11t ,\'":ft.!'.i~, 11.tmt."•i '"f-'1•l·1[\J N ...... ')'", b'/ 

c·umh ~ :111.tJ t_ h~ s ~ U(hjt.• i : ..... i pt)w,lt: r . 7t1 .... 1:- l;.; l ·~rt: ;, '• 
lnt-:: .~.!uW"e-! i:o rn.ltlHt.' ..t1.J :·.g~1p ...... a, ~s ,ac.J .i: . .! 
t.j .. s1r1 .. tl !,,._,_. ! t.; ,·.,rrp·~~~t. 

lr; J•l(-J"i• [ .• rm'".!':-. .~rc !d._·,_..t .1 .. th ~ht: p:.,b~t.::~1 .,t 
1..h.• 1 ·.-~··•tJti:-)ri ,,r t•:1:th ·~ 1.J.t:it·; .; ... t..· ·,_, .1r~ 

. ::5l~!t1c:t:r11:y u: .·t!1J.1r.i· Juti:iot.111.c~ .so1i rr,t:.·, 

'.'...t\t,1t:u.1 ~5 tri•J·J•·t·••J -,~r1:Ju~ .·h.1•:1 l•.il.1• ~t~~ 

c:..pc . ..:i.1ll~- r1 •tiP;" 1_, .. dt!·.:.1~~·}11 1~! ',/t-.;t·t.i~·lt:-'· ·· .. :l 

~ r• t~Lt:rn:.), -.~.: ... ·t, .. s:1:J,,;,1 !ur ,, •. ,_,· .• ~ i.!'> 11i..•r '-':11~ ,I 

t f~•.!!>t.' 1·t., i 1.1 <. L.:.;.: ·''·it::.., .i:-(.· r •-·.J sr i•: l i•; t. .. : i n·1 
:1t~1 ... ~~t t .• =t!:i,,L\'c ::..~rni~'t' t·j '...i):.1,»1.•J .tcj:1·1~.t •. r..i. 

~ •• _. ; •, ·: ia·:;. 

<J:. (d ~.in•~ 

it~' ..... ' ,. ' , 

sh;~_.'· .1r. 1:t: ~r.t , t~•t: ........ t•' ~'' l i ft:r .1:t· 

r.i :r11t.t.::. orh1 rt& :•·i~.~·, flh.!' ·,1·~~ t'.1~·.llJ!1 m,•_u,t~ 

:e.1 . ..:t 1.•r t.t:'~•1t.·•:1. r ta· .•• 1 •. 1r.J •ta.· 1.r J.tl)l·' '...UL:..~ 1111·t.·. 

1: .. _·llui·.1:>•• 1·, t~.t.· pr:11"1p .• ~ · ,:"1·•"1•!1.t .t ~h~ 

1/1.;.111i.; slu.Sijt: U:..t"·1 ~•·.> tt~t· -;t.1rt 11 .. J •Ut m11t~r ,.,:1 r I; 

~.r ...... .1,.:1r1J tht: ;,,..· p1.,ii.,·.1t.·711,.•1.~ .IJ•-'i·'·· Th~~ •.•:i;u~ .. _.t,,: 

1~ •Jt..'Lt.'r.ttt!r1 thf1H,r;t. n •• n·. !t.·lflf·t·r.1ru1t•, t•, Jh t·rt.·~.:;1ir" 

, •• Jl~) d~lJt!:it 1•111 cin·~ ..,. ,.~r.;11 J •n ~'·•: ''''i·': m.11 ... ~.1. t'd .. ·J 
(•f•H.11:' .. : ••• 1nl ~h••r•:! rt: .. 11.~ 11; • .; 11" ltr•lt.·;1r,t1>lt· 

~l1L>t.H1•-·t·:i 5,;1;t'. d!. iJtll.!'l:·~l 1\11•S t.1.1111i. "Wt.~._li 11IC' 

hdr•r1f1.;~ (1,. J.>1.Ud :... A,.' .. 1dt11Jl'j, •'t•i l1J~fJ 0 tt.' ::it.•CVt.'.1 ,,, 

rt f ~ 1t. ! , l •,· d 1 I jf." ~ t 1 t .t t." r 0• ,(, f I I ( J • J ~ l ffi l I' [I ,btf S , 

')!) 

As r ... ~r Oh·,·., :it":.t.· ; , • !L·t, tt .... ~~~;.!.t"JS ~:..=.:t.·· :t.·1 

-~..tti..._.11 .._·,··11\"t:t:ii..._•U (~. ··'V ,•,,·, !':'!~·) .lt:J i..>W ptlv.:~.q.h~·~1..._· 

..i:t..-i ... i .t.tJs,Jrpti,,.n ti '-t,v ,;,• ~ .. .1J ,·!:.tr.t..tt.:: i:;t I .... .-s 
Cvtt!{•..tr .. tt...!e f:,_, t~ '..;t: ~ t :.~t., !·:·te-. ln .t,1 .. 1lt i 1.:-r1, lt !S 

p1 .. ,t .... ~\lS ..lll•i h.lS .. tn .. ti!-..t~t."'$·.'t.•n,:e (l;H b.l' tl.'l). tr..!k::i-J 

s0i l L"t)lltJ111ir1..J .... :t.·i..:L: .... \:.t.· .it• ;dt.·.t: h.tt·1t.1t tur 
us~tul rr.i ..... ·rvti~:;; 1Jh1 ·11 ~!'-~ 1...·,·mr.t.t :Llt.> w1th 

..i:i..k..llescrnt sv; is. f...t 1:tt::: 1 .. 1 .:..t:t:illllJ ".idl l .jist".tS• -5 

.:t:re knuwri t•J pr,•l ~~e:.tte _,,·t t\"c-i'z i11 ..t..:1'f~'-· $ll::. 

T~1t: m .. \ir~ t..'h tr.~·-tt"t ~-~:.. t.-5 .r tht: :;·.~: l 

it!.pruvt.•l'"'lc-nt .ll}er.~ Fut·:u ~v. ':: .. ttt.'" th .. 1t (l) il ~~-·s 

the t?'ftt:L·t ....:.:t u~·'-;lt tihr: .... J ph:. .. Ju.:t" ·1:cl·~ r.tt~!:" 01· .. it .... t 
-IC ~~r '--t."::t, (~) it ,., ·;ts 1..•r1ly .. 1t .. _1Jt 1..·!it' sixt~~ 

~..:.mp .. trt:d w11th st rt• l-,·:!'•['•-'St _t.a-.l ( j) I': '.1.1'$ .. t :.tst :::.
fert i!. iz..tt i'.;.r~ L·tt~l·: th .. s· c11.il•lt.:':i sut . .:;t.:nti.11 
S,\\.·ing:; :I. t~!tl~:~t.•t ,_-,J~l:.i. 

Jur.t! l'jt!ll) 

The she:ls of t.:r..1hs. i<.•bsters .1r:...1 :..'t~~r 

CCll:.:>ldO.:.ednS art.• i.') per Ct.·nt ,·hi".: 11,, :ht.:. :it:'...._·,1n.j mv~t 

~C;0,U00 mili~ .. H. t .... n:i .... r ch1t1r1 i:.~ :;yr:i:.t:O',;'."s~Ltt! 

Wl:c: .1wi.1~ ca.:n ·zt?.tr, .. lnd not just bi· .·ru.st.t ... "t..·.ii1·~: 
insc .... ·t~. t1.111gi .ir!<~ J"t'~t::>t a!s .. · m .. tke:.· 1t. 

In the JSA, ~[..JUT~.-1 :.t.r~i..- ~!·L:: "..~! $ .1! t:-:t: 

.!S0 rr.:~li.Jn k·.:J ._.r :..•-..r:'l~!:.~~. p1·.•_t.::::.:>~:1; w.:t:i"..t:'.' 

pr-)J.~ci...i •..!'d•'h z't.lr :s ·.!~..i[" .... i:it."·I ~=· "::r.C'; r.1.·t1.:.t_ 

t.JSt: .. f ·-~ut~r: :~ h.:tr.~.t'r~...i b 1· ~ts i1.s·.;:~l-~i.:1•;·, 

•.r-.. .J-..-.;h ·'- •:.::'. bt: .~·-·ct"i:.Jtt.!'j td .t:'I _.,·~.! · .. ·.:....,L:•· 

de: :'.'.l':. :•Jit:, •..:.:-ii•_.._..:.!: •• 

_'· ':. t" I~ t l ? : .: t=- i, ~ : ' . : ':.. . ~: ~ f •I •- • t. : t l ~ ~ • •: : • : t ~ tr 

·, .... -~J·~~- '-#-s ..... ~t..; !~·:' .1:·, :;;1:r: lt1r~:--.' S·-·l •e.>''.;;:~r 

·.: t~,_:.. : t: .j : t•; . } . • ..! _,.; rt.".t!.t~·-· iT,\tt·r ~-~. t.: l~· 

.' ~. ~ ~ . r. •• ,,Jt .. _, :'. •- ~ ! :_; .1 ~ ! •..: ' S ~ I - :: t . •.: ' .. _. 

:. '--' ~ t ":T ·I : . 1" ·- • ~. •-' } ; . , ,.. .. :.1 · .. 
~'··'' ~t..·f l.1 l.i t•1 ..... ;;,.· ·- {, 1·.: ~· 

,)t th•: '.':1~:t'r·,~··z ··~ ~, .. 1 ... \it.'. 

~:•:·!'.I• t : ~ t r.t. I .. t.· - • _. . ~ , ' : \ • .., •. ; ; 

: ! . _.' ~ . ' 1 : : ~ : 

• • -~ • - t: : l t ~ • 

,:fit,• :.. ' ' t ' t! : ~ : .: .• -'•If·•· • : i:. ·,., 

•• : I •.1._- :.A •. : • ,•· ·.• ,:; : It." 

••• ! I ... I • '.> -~ JI ~ ~ \ , r;"" , \ 

.ri..•..I'. 

,-, : 

t-:,_. .l !1•:' .. • L., ... .\I". ' . . : • : .. t:' it~ ~ t.• ~ ~ t . . t 

~-r, .m • .. ; .. '. t.·: . ,.t . t' 1.:. • '.t.• ,,• t .• . 

u,r) .·.1rt··-'·,.~··;t.·,:,·r11r,,::;,~, •! ~ .... i-.r r .. ·_.t H; 

/,,_ ,,, ! 1 l : ... 

·+. :1 .. 1 
:;,, l(o:t.•i 

.... :'. 
I 

I 't..'.I 

. . 'f• 

.I\ !f. \.'I 

! ~ i , r. ! 

..,, • ! . I ~ ~ - V 

I • ,; 1 ?;,,, • · 11 

! '··- • • ~ I• . t." • ! 

-i" 
. ,, 

r,.,_.r.r h.i • .. . 1 _. • I .I 1•:. ..1tt • • t• t I ~, · • ! 

·1 ,ff,{;.t{l ·,·, ~I..; I • 1 ,t•1t1 , t, 

·'i·•·l,1:.J ~' ti.•: -~ .11~~!.• 

. ' .. _. .. t.• . 't, ~·· 
r •• ·" •. .·;:; 

~,t:" • • '1. , , '. I: 1 t l ·_. l ... ! d .• ' T , I ~ ·1 ' '. 

' . 

t t..· : r •. ' : • · ,s Ii.._.~· t :;. .. 1 l.; 

I lid f, I;, ; "' '/ •1 ..; ; • • ,\I ~ ~ ·•."'t·' , ' ' I 

! l \ I • ' l . , 1 I -· ' i , I ~ I · : ' '# 1 f t : f • ' ~ I , • . 

, l•:;d , ',t , !·I,,. ,• I 11• .I , , · I ._ ~ f t , r i• " · . ' i • . 1 • • rr• ~ ; 

• I 1 •• , : ...... , . ; \ I :.. • -: ti\.. ' It ~ 11 : 

·~~.: '1,11.:..·~.i·•:;·. I•.!:•.' 

,, 'l.1· . "1. 

:~ > f'. I ~ ~ f I , ! •J, I.·• I I ._ 11' 1-.jP: _., ,,. t , t. 

r . ·• . ,~.. . ' • 11 , • t •ft'I wt ''· 
t : I•.• p~~ Jl . j t• , , ! ; I • 1. t ! • ' 1 l If i ' •1,_. i .!.t'll ,,,., 

.•i;r .1t •• •_• ::,.,., ! .111 t 1:1 •• f t;. L 111; :,.,1. II 11111.t 1.·1 

t !I' 



•. -.. _. ~: 

.: .. 11· .. 111 T ·b.t._·._·. · ·::; 1. .... ..,. !-"~1; t 7c -•E' !7 1 i-Jt 1...•...iu .. :~ u,-_;,_-:; 

s-.: . ..:u .. ~l phe: ... •L1h.)n~s t..) ..ltt:..t .. :t .t!l.l tr.Jp [!l..Jlt.· i~1s'-· .. ·t~ .. 
!~ is in!.~t .• i~J f...._:: U:i~ in W.Jtch ..... •1..::i~:i t·) ...._· ... .Hitc..:•i 

!r:.:1-~i...:t:;- th.it ~.t~ qr.1in. lit it.·..i t .. ""·."-1~, St i•:t.•:i .:i:h.! 
!n~...i: ... -i.,al t!-=-:::·s. 1·h~ ~.Jt ... ·ht,._l.: sh..-t~t!J tr tp .._· .... :tt .. 1il::i 

..l ~·~u.~•rv~'--11:L' E'll: .. :!lh~ .t:. 

tor Y~e.ooo 2JO units. 
T .. un..l T.t..:Jiu"1 •l ll svvn lit>~~n mjrket 1ILJ :.t iu t .... rei';f11 

'-"JU.?tr ic:>. ,.t.:Atra...:tc-.! t~'""'m ~~!_~~~ .!'~ll~ ~~r-~~~ 

~~·_!~!!=1!:.• 23 M~~ 1988) 

ht::i.it.·.H-.Lt:!S .lt ?:!r_;.:cr. ··~, .. _.;.~._:.sl:i C'.) .. ~t1.i .. l'., 

~-·k·1 · ...... •··=~ i:1-1 i;1 ...._-,)1: !:i._it...tt:'",:l with the J.1i:.1·~e~...: 

~;11;,'r•t...·t.ii. f.,.._ .. -J '"ic-St".J:~·h !r~stit,.1:c.·. t 1 ..t.·:~ ,_111;_·.·.;.·l .• pc.i .t. 

L•.J:c..:. .... ·tJt !~·[ t-: ..... .JJ-:lt1-J l.:Sr..;·.· -.1U..J.alit ~C'S ..._)f :.he.-

...._· . .;~1r.-ttni!l':J p-·ly tl .... ·v!'·h:l wh•cr-.. :i S)"nth~si=~...i :- r~·tr 

·J!l. ·v~-: l:y .... -~:t..t:r~ ~:r.:!L~:i .._.t 'i~..ist, the •ti.'"~~ 

t-iv-dl.!r :s si,:-.ii.): t....> SJ\...'.".i.\...•:ie .H&.1 i!i jbvut ~J ~·et 

._lt.";~t .is s-.~~t.. ~:~~t::>r.' :i r:~w t..i.. .. ·r~d.t.:tor .t~ i...)wS the! 
:t.:" •. LS.lt." vt t!it: :.:t1t: ... ·1.:J: y.:..t:>: .:t..·:..l:; .!~·Jtdd~~.J L·1 tnt::> 

L·-·•~tJ.:ti.)., t.ht>tC>:··:· lt .. _·te..i:>l•>..f ~he> r:t l.:It:'l1..."'i .._t 
t- t ,._i_;.·t:. l·Yl ~-.J ..s l~vtd th.st ..._·.tn U: ii1':J the t-ir'-'Jv .. .-t · s 

it.:···1 ...:....::>:. t • .1~ ...... ,!t ltHelt." t llTit"S the L·,-.::;t ·Jf t..tt.:..r 

~I. ·j .! [ .. 

:l .. ·~t ... '!\,' L.:~.i:t~J h..JS •.!c·.c! J~t"J t n~·• ';;;,j:ilt::>~ that 
··L.!t·~t.··~ '.h~ :.Jc;:.~ lt;>tt..~•: i .. ·: _r :'T\i. .... tU ...,:. ._J..i.:•l:imS ;.1: 

-l'.'.• ~q~): L~er tu t.J .. ~ i•i.t._·~ ~.t:t1!;· .:1:1 .. i with ht..jh 

j it.''~ .:;j l " • ·: it, .. 

;.:r i·, -1 ~\.t..i.t.t:"-' l' •i~L.:r. •?u .. !" t-~~ ·_,er· r~. 

t. i..1 r.s 1 • ..:iis .1t": t·~ ·'"'h:.! n.t, .. t !t:>i.~r.-..-, .1a.1 ~n.t:r·Ji l:, 
. !1:;,:t-.dr...,t".J wt.t"'; ~~~t;.":.t:" rt1 1 .5;.~:-~t ·-· .1• ... ,! ; 1J1,_·3: b~,r~,1~ 

n··· s~.,;~r~J. A.!.itci; .• : .• ·:rc-r~n (·,11n'"n.r·! t.) ATt' .1c.1 
r~:t ·tin-;1 th1:i; 'T1i.,~. r~ •nth .J ~ll ... .".t1•r .• .1..a'' t:;1.:':':T.t! wi:l 

: tt·sll': tt.t t.H .... ,_:;.•t• ,r • .._ 11... :J t.'t .. !l :d~ r•dH.i::>, .:.tl,51:._; tf".r 

:T'l• . .-;.· >I<j.,n! ... 11":, 1; .1:.1,..;~1r t,c:t":. ;,:t.t:; t~~~.: tit:er 
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1 !t, .. J wirt• r"·t· t' ._. t·~t.·: t~ l'aU· t• 1 •• : •[t'Ll:it" 1:1 
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l'~·.:~~1.._:__:_~~ ~~··':.;:-i!~·} ··-- iH~·~~i.;:-·~-;~~-' • 
·!_~ ! 1u~':!~~~t; l.J-.-

Hi.._, "S-1,.·•cn..:t:!' !...tbvr.l.t ..... •t ics (J .. li-•.t;1) ~: .. t:i >':r:t:y 
.j~· .. :~i.vpc·J .. t tr i.1l bi.Jr~.!..:-t .. n : ... t :h'2' .._·....,t.t U~\•~·u:i. 

:t'l .. -t.:l:...fd~·tur ii: .. ; 1..•t tru..:t\_\ t._~l i .. J,Js .. t ..... • .... -h.Jr: it.• with Pr .... 11...-t":iS 

C:u~in~~= tnlj i..Jt-01 .. ttvry, N..tt ivr~..il !-" .. j,.)J i.1•.!::»c.lr,,_·,.. • 

Ios:.iti..:.tt: vt tht:!' Hinistrz· vt Agri._·ult 1 .re:. F._rc~:rz·, 

.:tli..:i t-"i:>h~r ie:s. The bit)I~..tt.::'..vr te..ltl!r~::; .t tk..'.;:-JL;:i 

... :ct..1m1...:: m~ml>t.:t.:l~ ta whi ... :h ~1,:.:·1 mt.•:; ..tt~" ttt11hvl.1l.1...:ed, 

SU th...tt tr1,;1...·:_,) u! l-Jv:id\. 0 t.~f'l..iL i'...lC:.i .Ht..• m.t.ft.:l. Whl it" t~t: 

tdW ::n.ltt:::'ri.1i is p.:ts:s~.j t ... tt~t" 0,0.tcc ::;.u.tt.t ... -~ ~t th~ 

m~mt 1 .!l'.t! _ Th~ t e..t'-·t i1...)ll t.JKes p~ ..t1,.·t:.l' in .1t,...._.u: 

JU :it>'-"._);;.j:;, .:l":Jdinst the: US~•.tl ~..; h_.~t I~ ..... :t t. .... 1. : :m~ 

~Jt t.·.lt .... ·h r~j...:tvr pr\.h.i•.h--·t t_•n ..._.t l.}.t•~t:"" qu.1r.t :~ 1~:;, ·~·

tl:e ._ii !CJV:i.l..:ch .. 1r !.J~. Tr.~ ... .-~: ..t:-r.i .· mc:.-:'nl·Lt!.t: h.i:.. ..i 

lJ :TUt' t>:.:tlf!rn.°'l Jt .. tm~tec .l~:j ! n.~ :t--.1 .. :i...r.t,i:;s: .t:.. 

r·.l[~:i; ~~IV~ .l ri1~..t:l Jt..t!tl~tt": . !" .: •• i l"r.l. L, !l. 

(EAtr.s....·tcJ frvm ~E~--T~~t!=.~·.J:i -:i~!=-!'~· ~..IJ. •ti~} 

Tht" l.ilu~·gr~~ll ..il":f.J s;...tu.!. l;l~ .... ·.lL -..:st> ~p .t: .'! 

cvri.v~rt ~3tb0n dio~id~ s0tutiJr~s ~~n~r.tt~~1 t: t•. ~J.!:; 

~1~n~tJl0ts. Th.;o ni~th.;i.ll~ tr...:;l!1 ~.J • .:h <jt:::•crtt .... ::-.,;. .ll'.. 

c .. J.:lt.liio up tv .;c per '-·~nt .:~.:, . Tht::t is ..;;s::.-J:v..,.J 

in w.:!ter to i·:~~J pure tT!t"Lh.!;;~. The Si;!r\!i i.;~ ,:...1·: 

th~ll t'le u~~J .ls f0.)d f...:.·r pe0t;1t' ,.r !' :s~.. '• 1~ ··t 
t...J 7:J per ...:ent pr ... ,t~in j[y w~io..tht, w;.r:.t. · ... ·.t.1mir1s 

.u1J E, dnJ littit> :>Jturatt~".1 t.t:.. Th~ ·i,.~..;r.:~t'r 

•1r..:;up Gret."n ~·L1rr,in•;•J, whiLh is d~· .. ·ei ... 15:l:1•; t~r 
.iyste:n, h.Js s~t UtJ protJt)·,u.?s 0~ tr.e bh>•J.-1.i !::':·st~·"' 

in Ir~Jt.J, T·-'-JU 4, • ...i Peru. ~~tt tt?S 0n th~ t .... i;t:;" 1t 

:s~..-1rvJt iu1• ..:.;tn .;1lsu edsil'i j1'1~~t St;•::ul i:1.., wht"1. 
Lh~i' ...:.!nu.J:. ·"ii~e~t m..Jre curr.~i~;.. ::....:.u'-'!i. ~'ht: .... :h;:.r,::ic 
will t~st the system vu lLlC .Jf :ht:it "i~'.icn m.!ii:n 
t-ivq.is qt?nt!ratvrs. (C:Atr .. h.:tcJ f:- ..... m Ni::'" ~··!_ea~~.st, 

H ~Jr. .. h l 988) 
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Th~ kJ,h.:tc-: lJl cu.!t.t:t." is thit."!l tt..tnst~rr~ . .:t t .. ) 

:;: ... ·t~.:t:.v~ ..l':J..tr t .. )r 2-1 hVU!.:-.J. This m~.11~ iu1._·vry.~r.ltc~ 

.i Ltl)~h~rnil.'..ll t~sl ::;....., th.it po~c-nti.tt ~~l~~~~ll_~ 
~~;0r11e~ are ht]hl:qht~J. 

The th:?Xt :;t~p. t•10t..:ht:"mical 1J~ut 1r iL'..tt 1 ..... : .• 

t .. tirt.."":> belW~~n 0 .t:i·1 !-l b:UUlS. Su~tJ~._.·t l_·tdlUtt:..•S .. Ht.• 

1J.,:1t it ie..1 L)' th"" re.t•'t ions to up t.J 
...:~ biu~he-miL·..tl t.e-sts. ::it!rolo-li':oi:il ..._·,1nr1r:m.Jt ion 
tl'..,~iuws,. in b t11 ..:-1 ht....ur::>. SuspeL·t ~~ltu[e~ Jr~ 
1..:1....111t itrnt-,1 by r~~:h .. ·t i..._.a ..;ith spe~if i...: dut 1l1-..AiiL·.:i 

r ... 11:.a-:d :n tht..• bl ... ~'t"t ;.:.t ..tuim...sl.:i ~n r~spons~ tv 

~= l 11\t~~~J..!~. 

!-"'"-sstt:r. 1n. rr :.>t':1:>1l :v'-· t~,:hni-..iu~s .. H~ b .. i..ily 
ti~~.1cl1. H~s~~rL"h 0~~[ ~h~ pJst 10 yeJrs t1,1s 

pr.~ .. h11....·t.-J st:v~•~\i. t-t·-~m:.s1nq .:t.pprud...:hes. In 
t.·t lt:ci.pl~. thl'!se mt:!"th.:-Js wi.11 ..llsu be ,t"'pl i •. .- .. t~l~ t1....· 

!:.!.~~~.!:_~~· None vt ti1e ne'oi methoJs <.:.ctn yt.>l 
d ... :~:t:..•lt'. ··"1t~ th~ prt- enr 1a.:hmt..•nl per i,JJ,. .sr:.J th'-" :.. 1m11...•s 

r."ttd below include ll! h-:..1r:; f.;r this st.t<Jt:. 

~~!.~~-t ~~!!_~ .~~~~:!t.'~~~~~!i:_-~~~- ~~ ;l_ !..~~-!! $h 

e~~!i-..· b.J~te!_~ 

S,1....i4[f1L \_h~mt•:.tl Ht.:>e .. ~[ ... :t1 t_"ent~r dtl•.t Tc.~::i.i....• 

,_·c...·r1.·...1lJt Ivn h.:tV~ jv1iltly su ..... -. . .:t!'~d~J. ~n e:itr •. h •. ·t 1rhJ 

~·'"·0s...i1•cr t..-t•?-n1 .. :,1.· a .. ·1 ... ~ {EPA.) trum enter i,· t. . .h .... tf>r i.1 

pr~sen:. ::! th~ intestin~s ,,t tish lolith q;t:~nl:.ih tl~e 
La ... ·k-_ •• :..:.1··~1 .. •s m .. tck~rt!i. 

~rA i:> J !JLlJ .11_·1d ('v1r.s1!"lu1 t-') th.tr~ .. :.~ ..1 

l..ir .. J~ rnJ:iic.• t ~ ~; ust .ls 11.in ... l:J~r·,t t·) t r~...lt. 1.._iLSt·.l::::t:s 

SULh .1~ .lt~cr ivs....:l~rosis 4r.J h1·pt:cl 1pcir.iJ. it:.=i 

.._·ht:•:·L'.:" .. stt"1r:tui:~ lteLng h1:;hl i C\·mpl i..:~"i!.t:·-1. Et:A is 

eAtrecncl) ~i.!.t iL~"lt t.J synth~::t•L~ dnd :..; tLt...·r~t .. ::e 

e:.:trd~tt:.J tt.:.n tish 0;~ .. h·Jw~ver. mu,·t-. limit" .1n.1 
C•)Sts .lft.• 1n·1 .. _::vcJ ;n t.'"t !.~.i.n.J.'!. :nq the l:TliJ•·r :t :_... 

\lihich •:.11.;:.t.:- .:tr ....... t!e1.1~ t"Jt..' t 1:>h ...... J ... Jr. 
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~'·'·~~d!it.: '>f•,•l11:·t 1v~r·1 lt.'r•f,>l·i. ~~1n1~t.: tt·e1~ i:;, I··> 

:11.•e ! !,) r11::mvv-= '.rfJ>•l~ 1~ it:-~ Cdu::.111tJ the· ..;.ftensivr! f,:;h 

l•·l••I·:. it Wl: l Lo\.' 5.·>:..~it;lc t j L ... .111:.~lt;UuU:';;l'i lvWt:I 

t?1t.· '" 11.:t! .~t EPA ~·1t1fht-~t:.!~tt by this ~roc-t·~~ 
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.!~~!.! ..• ..itril~!'~t.:.t_. t.1 .. ::~)r a:;.,J grcwth thJ!'iT.(_,:e

rt~t·.1s:r.g f3c:0: t.;r hl.i~.l~ 3ni veter•r.a!J' ,j: .• -.J 
r ~s~ · r 0 :t" .. 

.;c.1.r; ::;.'!:Jtt°'!..:r, •t .. J ;.s -1r.:, . .0~1 ~-=- 1 !er : :r ;.ept l·i•! 
~;;;'otil~S~S lnd ·•i...._-, ::.',;L'rot~d the tec~·l1,:-;a.·. s.t·;s th.:tt 

': 1 J d'Tl;~i .. _11:~·-!S !:.. :-:u: :n.n.i:nutr :..1it:tier r0: 'Whl•:h •t 1.S 

.. ·.,:.,:!'!'.1 .. -.t~. Ar1,_,~_.._, tt-.~1". !H:mt·er, !ermt-.•nt.t• i,)n .:.f 
•Jt.=·•:l ! ·.1J ~'i ~1!9.=~· t.•ted rr.1l r(-, :rgd!"'.t::>rr.~. n-, .. ,.,. t.e 

(.r11;•! er ':"t: .. 1. 

-:-r;t· ~11. M<·+t • 1 ~rr.;.ti.:r. 1$ t:-. prq.ili..·( :.u'Jt' 
t. .... ~tl'S .• t rcL1t i'.it:l·_,- purt.·, ,_-r ... .:mi1·.1: 11· ;.r<·t~·."'t:"·1 

::;..:r11tn1t:;, whl1·h art? thcr. . .-1e.r1e-r, fr::Hr tht:.· r~-.1n, 

•· .r ~! t••1i ""·1 rt•tt•~tt~·"i to m.tKe l..1rge bdt.:r.t:':. .;t pure 
;.t.·(•" 1~tcs. ;n thi5 ,.,,.,·, impur •t 1es resJlt l!l~J from 

in.._.,mt:l~te or sidl.' r~.JCl l<.1n~ .:sre minimize t • 

':°r.h1tt icndl S<)L i..1 phdse s;:ntheS.t?S .-t····•1:nul,ttc 
J,._;,·h 1rr.pur it 1 c~ 1:0!1l inuousLy ..ts 1.:h~m1st$ ,·.;uvlt: 

dm~r~'1 "'-·,.i-; !t"IT\ tirst to ld:i.t without sto~iv111<J. 
Pr :xtu~: '. ~ "r c t ht. ;1 di t t 1r:u1 t t 0 pu i 1 t y. 

Tne ket' to ~he suc:1:ess ot the :;ut:.u.11•. ,q,~r·).:t··h 

'#t:i \;,,11th1 ... r•:; development of photo.:hem1r_·.1;l'i 
re.1"t :·1e sp1t,·er mcle'.:11le'l to dtt<tch eiJ•:h tir~t ..tmH\O 
J.:;.1 •,the re~in. These ph<Jtntlc.:t1ve c0rrp.:J1111•1:a 
ctl l·,"' 'jiC!i.Jtdt ion of :;ut:un1t peptide~ fr,:•m rc-;i;; tr. 
t"'~r:Jh ·11cld Chemists <.:dn thu::; <!etth:h S'lt.u11t:'.i fr;,m 
tlrl(f re.-ittd1:h them to rt:~1n d:i ect1:h ::;;·ntt'.td l 

:;tr.1tt!rrt rcqu1res without ~11nifi .. : . .,nt 1.,::;.:;. 

C.1uthier st resse:; the im(l0Ctdnr·e of r:h<•1·1s1n<J 
s•1bun1ts when planr.in1 ~ynth.,5es. First, the 111<,Me<J.1 
r1:~c,1r1:h wr_,rker~ vft.en join :.ulnJnits in :>t1lution 
r~lher than on rPsin~. so they desi9n subunit~ tu be 
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svluble cumpvu11ds. Also. :svme sequences vf .1minv 
acids are more susceptibl" to racemizativn th.tn 
others and must be avoided in subunits. 

One exdmple of strategic subunit design was the 
Bio-Mega synthesis of hullliln atrial natt iuret ic 
factor-(99-126). This horrnune. secr.,ted by the 
atrium of the heart, stimuldtes sodium excretion and 
urine formation. relaxes peripheral biuvd vessel 
wall~. and lowers aldosterone and renin concen
trati.:>ns. It thus shows promise as a crug against 
hypertension. (Abstracted with permission from 
Chemical Enqineerinq News. 18 July 1988. Copyright 
(1988) Allleri.:an Chemical Society) 

Enzvme-tixinq role found for silk 

Resedrch at the Tokyo University of Agriculture 
and Technvlogy hds fuund silk to be .!:. excel lent 
tlldterial for fixing enzymes used in bioreactors, 
while also prolonging their catalytic activity. 
Enzyme fixins is regarded as a crucial factor 
determining bioreactor perforlllilnce. 

Up until nov, gelatin has been the common choice 
for fixing enzymes in such appl i.::ations, but in ex·· 
periments using glucose oxidase, the University·s R•D 
gro·1p discovered that silk "'as in many ways superior 
a:s an illllllObilizing agent. Whereas "considerable 
el us ion of th.:? enzyme was seen for gel at in,• the 
group's leader, Prof. Tad~shi Matsunaga, pointed 
out, "scarcely any of the oxidase escaped when we 
used silk as the fixing agent". 

In a r-erforll\ance comparison, 111.:>reover, he 
explained that, •enzymes fixed by this natural fibre 
shoved substantially higher activity, standing up 
more strongly to variations in the teaiperature and 
acidity of the culture medium". (Source: 
Manufacturing Chemist, February 1988) 

Direct monitoring of fungal oil synthesis 

The use of micro-organisms as an dlternative to 
seeds for the production of tats and oils is 
becoming increasingly attractive, particularly in 
countries where conventional starting "'4ter ial i!: in 
short supply. Researchers under the direction of 
R. Sankaran at the Defence Food Research ~aboratory 
(Mysore, India) have developed a rapid an~ simple 
staining technique to detect the onset accumulation 
and termination of fat synthesis in the 
oil-producin9 fungus, f'usariu• pallidoros.,um. Using 
the lipid-soluble dye, Oil Red 0 (vhich darkly stains 
hydrophobic lipids, and only weakly interacts vith 
~hospholipids) and Trypan Blue as d counterstain, the 
scie;itists vere dble to monitor oil syr.thesis in the 
fungal mycelium as &ccurdtely as by standard 
gravimetric techniques. In contrdst to gr.svimetric 
determinations · which require harvesting, dryin?, 
dnd extracting the my<:e l i um, and consume I 2 or mor" 
h·Jurs ·· colorimetri·: estimates can be m,sde 1n 
)0 minutes. (Source: Bio/T•chnology, Vol. I>. 

June 1988) 

tiioplasl i<: witt._ var idble h.trdness .tn.1 _sh.tpe 

Associat• ProfotSSC>r Y. Doi and his rttS6'dr•:h 
9roup at th• Rese.trch Ldt.or.story of R•suur<.:..-s 
Ut1l1zation, Tokyo Inst1tuttt of Technology, h.tve 
succ•eded in synthes1iing biopldStic by using "" 
ineApensive materidl Cdlled 1;4 butaned10' t0 

produce a pldstic ot Vdriable hardness, fle•ibility 
an,1 sha"e. 

Prof. Doi and his research ?roup edrl1er 
succeeded 1n synLhesii1n9" tle•lble biopldstic by 
usinq 4 hydroxybutyric dCid, but thl3 rdw mdteridl 

1:> .:ustly dlld is nut pr.i<:t i .. ·,.1 fvr -:umme1.:i.tl 
urvJuction. ln this re:spect, 1:4-butant.'Ji_l is 
.ivai table at a lov cost so mass prO<!ucinq the 
Livpt..tstiL· with thi~ n~w rdw lll..lterial i$ po:Ssible .Jl 
a cost th<1t is only a few times higher th<tn thjt of 
petroleum-derived plasti.:s. Collllllerc1.tl proJuction 
of the material is therefore also possiblt.'. 

Utiliied in its synthesis is the 1Jhe110mo?non of 
polyester polymerization, qeneratt>d in bdcteria 
(Alcali~enes eutrophus), supplied with a special 
t.ype of nutrient. The bioplasti<:, beinq d microt•ial 
..;erivat ive, is de91JdJble by bacteria ex 1st ing in 
soil or water, thereby el iminat in9 the environmental 
pollution problem asso.:Ltted with existiriq 
petroleum-derived plastics. In add it ion, at is 
highly biocompatible and m-1;· bcco- us.tlJle t0r 
producing various kinds ut biolo9ic~l llldto!rials. 

The UK's Imperial Chemical Industries 
coanercidltzed a bioplastic abou~ eight years ago, 
but the .:ompany's product is a co-polyester of 
l-hydroxybutyrate ( lHB) and 3-hydroxy valer ate ( JH•:) 
an~ is very hard and brittle, making its mouldin9 
:li ff icult. 

Prof. Doi and his research group found the 
production of a new co polyester of lHB and a 
4-hydroxybutyrate ( 4Hf>) by Al.:dl iqenes eut rophus 
usin9 4-hydroxybutyr ic aci·i as the carbon source. 

The 4HB component serves as the softeninq 
agent, so by regulating it~ ratio it will be !>OSSi~ie 
to produce a wide variety of bioplasti.: pldte~: 
those whi~h are h.trd or soft, pliable, transpa~ent 

fil~s. and threads and elastic rubber bands. 

The problem is 4-hydroxybutyric acid's e~trem.,ly 
high cost. Ev<!n with the 1110st sophisticated 
synthesis techniques, the bioplastic material will 
be incapable of COlhpeting vith inexpensive petroleum 
plastics if expensive r.tv materials have to be use.j. 

To cope with this problem, the 4-hydroxybutyric 
acid vas replaced with 1;4-butanediol as the 
nutrient source, and an attempt vas made to 
synthesiie a polyester co-polymer conta1niny 4118. 
As a result, the ratio of 4HB vas varied up to 
2~ per cent and the substance was confirmed to be 
usable for obtaining very pliable films and threa1s. 

The biopldstic m.tter1al will be colll!JdCdtiveiy 
h1g?\.,r pri<.:ed, but vill become amply competithe 
with petroleum pldstics •:tepcnd1ng on specific 
applications. (Source: JETRO, June 1988) 

!J..:ient ists 1n th" US have st.uwn th<tt al<Jde c.u• 
lJe dr1 t!t:Onocnic source of u~l and .:riem1cietls, and 
could <;uppl•t 8 p"r cent of AmeCJca's 11\0t•H fuel by 
the yedr 2010. A r~se~rch group at the 50!dr Ener~y 
nese.,rch Institute (5ERI 1 dt Golden, c.~lor .. do, I'S 
\olOrking on cert.sin al9<1e whl•:h produ..:e .s ldr<Je 
dmuunt of I iI ids which <".tn t,e extracted .tnrl us"j tv 
m'1ke diesel 011 or petrol. The .ilgae under 
1nvestig.tt1on dee Ch.ie.~9~!.2~ dlld NdVI~!.!!· and the 
9re11n .slgdl ~~'!'~(lh~d.111.!'!. Given the r iqht 
conditions they mull iply so r.ipidly thdt a '-"'"d 
20 metre:i 111 di.1meter c.tn pr0duce •l'ler 4 t<,r111es of 
.tlgde per yedr. 

P.tul R<>essler, who he.tds the qroup at the SER!, 
s<11<1 that the .tl<Jote ~"'' thr;ve in w.tt•H •.h.tt is 
~wke dS s.tlty as S".l "'"'"', h"r. th" µon<1" n .. 11.1 t•> 
l>• sited where sun~hinw ~~·ctn be 'Juar~tntt?u1i rvr ..Jt 
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~ .... ~~ int0 th~~r .1w::. 

T~ ~~t th~ ..i:~~~ st3rteJ. ur~..l t~ d,i~~~ t0 th~ 
· •. •tt.:I ..tl01li..j W!tt. .t ;..J!: .. .:h vt ph0S(.:h.it.t..4' .t!.J ... ~h~~· 
~:.1-·t: el~me1.ts :~ tt"iest- .!t~ rr.iss11ht tr ... ·~ t.h.:o l .... ._·.1. 
::i;.!~ l•:z. T~1t: d~;J-~t" :ho:-n 1.Jrow r..irt ... 11?·· L- ..... ;.su.m:r1q: 

1..·.1rt"\.•:• dtv~i...1.e· tr.111· r.h~ .!tr. T~~ St:tcr;.t • .:its ha· .. ·c:

r.,._.a.i th.it it c . .:t:-.1 .... ·.ut·~-.n <:!1 ..... x1j~ is t 1 ut..b~.?"J 

-:.h: .. ~'1?.. the> pUr!-.i, lt:t::. tt.t" .. ~lg.u: •. :..111 d .... 1.1l·l~ th1t.qr 

n·imt•t..4'::> UiJ' t'-, !:' 1\:t: t ll~t:S W.th1:"1 ..i doij". rt:!S '1' • .Jke:> 

~ht. .. rr. s~lo\."~L1.l t i:":"::~s :r"·.;t- t r ... "1uL·t i-.:~ -tt ~~ner.-tt lU':J 

b."~ .. tSS: ~lLt .. l '.?•Ti .t1 :.dt.t.'!t!':i':.. WJ~tt:' \.j.J:i f!.)m 

.t l."._•.!l - ...... t , ~ ! t l !-..·.~ t'"""l\r.'t!'[ St.it i0n C'(_~\..o • .J rr0•,;1d~ th.? 

... 1ti· .... ·:1 .J1 ... :.. : ... i~. 

'!'nc- :.t:> ·rr•l .~~ th•.!' pLk"t:S~ lS tn u~ ... -'h:1..·1u~; t~t.· 

.t~\.l tt! t,-, u.st:- t:.~·: t>r1t..•t·Fz t.._ ... m .. tke l ipi...t::i. This is 

,i.111t..4' t~·1 '-·v:~tt0: l irhJ t•1e s~.r~·l·z \.)~ 1:.itr.)tJt.·1 .ui...1. 
Si.~l'-........ ~ .. h.!Cllhj the prL\1;~$$. i1:.. tt't:" l.J.tO.t.tt...:rj' lht..• 

cl. J.i~ :: .. u: cut.\: .. _#rt .... :'..:L"r t•1.. th1rd:i ·_.t tht>ir IT'Lt:is t .... 
~l(:·.-1s. It is .tis_. t~us!,,;.b:~ •.u·.1.t!': tr·e ·-·v1.J:t~.:i::~ tc 
il.•r-.:cst ')0 ':J~.ff·':i L~ .11....;tt.· i:'.~t ~-111.t.rt.! mc-t.tt."" .- .. · r:...:r . ...i 
r~• ... ~ l·, -

t_;l-:t..•1. !.hl:i, u1.j .Jll Y•' t·~-·~ ·-·~nt t..'Vr~-.;~tSlui. -..f 
! :f;-~~ t...:. .1lt:St::": lI. 1 t:· i _-r:· tr.t?trt.-~ in ...i:3m~ter 

. _.. .... ! 1. Et .... J'J .. -t.' ·:c:: 3.~~--; ! :t:·.·s •-'t tut:l t-"-' i"t..·..ic .lt 

J: .... -._:,st , .. .~:·1· .:.": [.•t • .-~ t.tr : itr~. 

q ~:- ~;._.r. *:Lt: .l~ ;.••-· 1..·.t1~ t,~ tu:r:t: ... i int..:. 
1:·.t~.~= •:Sc·. ,,:.r ~·~" :_i.. ta:.,t .n; ...;•tt' . .l ;n1~tu:e ... t 

~.,,·,J:.J•_!".: ...... l · .:.;;. ... ! .JJ.d ~r:t:1.J;";: ;.r._.-., •. c:i .J~~Std. C-·J·.; 

...:h~r..i"-·.:t.l rt? ... :!. ~r: 1..".Ji.:~J t!' .. !.:s...::>tt.·r ~t;...._·.-stivn. 

This · tw..i st".;"t ! r ···-·~..,; :r w~ . .-~. t.t~~ l q .. ·i. is 
t ~r~t ~tc-.11\. ... :.;w:, t.J r~le.tsr.: ~ 1tt1· .. H.'1 ~'i. •h~ •.. :t: t~.en 

:.e.l<.:t •1"'L :r.l! '°'.t..<t:.s: . .: "..~,: ,r•~ rn•_·~t·:· t:..i~t:"r~ t~:J.t 

. .:.._,ntdii. tr.1 .... • 

: t the ,·, i l 

h.t:.i st·.~.:•r ~:•.t' .. :.'1.1s ..::.!r. ~c j, :.-.. • ~-.· tJ.1ss10:\J th~.._.:.. 

u'..'cr -" ~c !:":c: ·:.Jt,1lyst. ::::~pot! 

r,. .. t.·.;:...t..·: .i· .. ·'... t• ... : Le._:. ....... t ..... ;.;s.Tl.Jut 

;:-.,,:t.: · ..... : t. ;1 .1.~ .t .... t; ~:~.Elt,~·1:1·<J t~t.~ .i:.J.h: '· 

)::it.·~ ·j:vl.,,,__, ••• ~ (.;..: ~,;..,,k1r1-j 

) t ht.' ~ '.... 4\ t •. t-, .. _. f •• '; ! 11 d i' · t : t 

:~ .i ~ 1 r .t I 

,t J ., lol' l .f'1 H I 

• • •• 1 . .J·: . .J 

..: • ~i..·. 

.11-i.t 'ht: 5.sm•.· ~ , ~~. 

t· .n~1 .!·~~l·l' •. uo! jt.·t 

t.ht..• -~~·_I.it• t.:. .1 

... • ·!" •• 1, nt. : 1 'I :· •: 

·:·:.e:: : .1 .. ; ..... L,_s~~·· I·!: L'· j ·. j ~ .. ~_~:". ~ r "':.. • ' ' ..., •, 
~' .w .1:. 11.f rn.1:,. ,.; : t : \I .i.tt· -H~·1 I(;~ i ·., f ~~t.:rr .. 

l " 1 , 1r.. t , ''j I ... ' ~ .. 1 ·.. • t o ..:. . '. , · : " t i .. 1 ·1 ~ · .1 t.::; • • 1 • \ • ' ~, .: 

~ .. 1. · J ..i:.. .1 ·• t ~ ~. •: i. · : • • · t :.. t: · Ii r .. w 1. 1. 1 ~ ) :.. ~ . l ·J 1. ~n 

""'·•'•:! 1:.•1 ::~. L• ... 'w'!.•'lt:' 1r .. ,-. l1•>~ •.''.1 Ldt·t.•1. 

Ttu· !1••••11.·~ •·•-· ,:l~. ,·.;l:rr·l .• t.·· .. ·t.·r.~. !t.• 1 t.·-; •·I 
.:1 n1 .. .._.,i._.,;•,, :.tr:''-" ~·1 .• ;....··1, ! t)·, l-(1.·r,,,,.1 ;.. ... ~\?: .. 
i•: ,:, .. ,,JI •.: .-.•11• .. •n.,l JJ" .I~ ~;· .... E~~ ".ar ~ l,o.1 ~t.t't.' 

: 111 l 'J ,._. I ·, • t ., . 

,, . ! t! ~ l ~ .• : t . ! • .•. ; J: 

•t" rt"1 el 1.1: .. r ,t•jt.:. 1; ,, 

)ft,• ~ • A' 1 '.,, ) '. ,1 t 'Jr I oi/ '1 • p o / • •• ~ 1 ' 
1 •I~ "! p jl. t 

... rr.t1irh!J 1' ... l~1 11. 11·1.:1,1'"·_.· 
, ,._ .• l wd. , :; , , r I("'.• · h , ~ 

sm•><>f h. 

'i•it -.• .lfl t: 

fl1.1lil.t: •• 

r [•)ffi t !It: 

C 1._"I t.-.1rt'• 

'} ~ 

Axt~l l !1...·r1t":i ~ts mixti..re i:itv p~l l~ts a~ut th~ 

s•=~ 0t bu~ksh0t. Th~ ~lqinate diss0lves wh~n 
[.t.-.c·~d !n w.H.,r .!S th~ funqus gr0ws " ~p0Cdngi.1l 
shvot. Th~ shJ0t ,~ulmir!at~s in a vesi~le that in 
~l!rn pr0Ju._~t>s sw1!!'llftinq :0-0spores. Thesr! only attd·:k 
musquit.:i lan;.1e, burrcwing ir:side the e~g and 
de~vuring the h0St wit~in ~a hours. 

Axt"'i" expects that habitats 0t mosquitoes 
<'!iqht n.,.,.,i repeated i::ocuL•t ion with the fungus 
t•ei..:ause chan~es ir. w..Jt~: temperature kil~ it, .ls 
d~es S3lt water. Axtell's tungdl pellPts can be 
st..Jred ..tt re;, ... ~ temr.~r..ltur-=- t0~ twu to thc~.:o ~onths, 

..tnd ht? h"~.p~.i t-J in'2'rt?dS':!' their ~hetf iitt? for l:Se 1u 

dt'\.·~tv[.:r!·; '"")Jntr ii:?S- (:3·.11..lrL·e: Ne~ S..:ient ist, 

.:!] Jun~ :GtiS) 

Mi-:r0·or-o1anis1T:s tuv., ~lear>ed up .1t-v•1t 
~.UJJ ~ubi~ y3rJs ot Jles~l- and 
q..Js~:1ne-ccnt~m1n..Jtt?~ s~:t 1n a pr0j~ct u~dt?rtaken 

t:o.y e1CJt~ (Los ;.n-Je,.,s) • .i:: erll;ironmer.tdl consultin~ 
r i ;rr. thd.t sp~L·;al l"Z~s in th~ use Qf mi..:rubes .. 
E::rnpi.,)j'lO'J bact€.-r i..i Sj\."~d .u~ vnidt.l'nt if tt?d ...,·1 ient 
dbv\.t J'j p~r ...:ent in ..:-0sts. compd.rei \rith the 
J.!t~:1 • ..tliv~ \·t shtpp1ng: lflt:" i..:ont.:1!ha.n.:St~1.i .Jirt t.::> .J 

landtiil. Sd~·s KeithK.1<ifm.u1. preside:-1t 1:f B•<>td. 
Tne pr.~Jei:t was unusual :.r: terms uf its size as it 
t .... ok .lb0ut th;-ee ..tnd ..-t t' . .:slr 1nonths t.:> reduce 
ccn:3min~r1t !~~els t0 thos~ that are ·~i~nifi~3ntly 
l0~er :h~;1· th~ l~~.1! requ~r~m~~t. fhc sit~ was ~ 

r.un .-.pet..lt:.t··ndl L.: .. s Ai:'.}t-tes Jis~ribc.ti·:.n .u•-~ 

tr~c~~nJ t.icil:!y, where soil hdd be~n -:o~tam1cat~d 
b;· lt:".JI< ir:'l ;.>n.:!~rqr·Jun·j !'u~! tdnks. After the tdnks 

w~r.:- :e~0v~~. the so~l WdS ex~3va~ed. and the 
h~·1r0~drO~ns we:e jeg:~jej by two n3tt!rJll1 

uc...:ur r in'l t.,,3_·t er i.t: ~·~~~·b:.mo~ . .E~~l_!.~~±111~ an..:! 
~e:-~~t_!~_l__!~:·~~~.;.-:_~:_··~- Potdssiu!'n nitrate was djJ~-1 
t .. ~t··! ;;,J~l. w!:ic~. htJ ·:1:tt....J!l;· J •• ; n;tc~c1~r: •. ss 
wcrt. : ..... tq.lnics (r.-"',:;t:·z ph ... ,sr .. h::ite baffers) .... ~1ic ..... 
•~r._. r~utr1ents ..i(,d .:t~s. ~er:,,·ed to StdLi:i4:e th~ t)H . 

:n .i:l•Jt~t!t pr:.:je·:t with Ht:r1...·ules Bi\-,td is 
pl~nr1i~·l to use ~d-:t~ri., to ~lean u~ s0i. :es1,tu~s 

of t' i.1"ttrGt11iut- .. t"' .u.d ,!ht_•: l..itudu~t$ nt .J'.: 

e,.q,:. ~ ~\."~::i pl3r:t •-:.per ttt.·•! bJ· Ht:"r.:-ules at H..:rL"'Jles, 
l'.:tr lf. T"le r~5~·h1~:; :.n.:luJ~ din;.lrc.:!,,l•Jt.·~:L" .Hh.1. 

tin~ t hJL t:nZt!:.t.•. ( :.:. ,u r ·:e: '~t:a:..~-~ ~~-~ ~~~k, -I M.-ty l 1)8 8) 

Ji . .ilt~• • .;fsite :1..s:; l1i·t·.~:;t.!'J thecm.tl bi ... )m..t~~ 

q:.s::>:t1,;.tt1 • .i1 t_t.?1:hr~.1.,.JY ~rur.1 F.ttteilt:.> P~L·itl • .: N~·rth 

we:;t l.at.··r.tt· r le$. ':'ht: B.Jttet le rea.:t\)[ prlH.:~S$t!:i .t 

·)0 ['~=- cii..t.t W.Jlt:r b1urt .. 1::;:; :iliury 0·1cr .J t :,sn-;tt l·Jn 

rr.~' .. tl c.:St..tl'1 '.:.~ .1.t l":>O .i~o ·o 1~. Pres:;urc5 ... )t 
2.GGd -i,ouo i :si tJit>Yt:nt tht• ..,..;tl.!r f'"'m e·:,1~0c..st l'hJ . 
7~l" r .. iumdJ:i !~ ,_.,,:-1•Jerti>l1 1nt11 •J.-l!i th.tt q.-ics 1nt11 

:J•il..;•_o.;.n. ~n· .. J 'ht: 9.t$l':i Ht." ther1 scp.1r-1' .. eJ. Or.:;;.te:: 

h .... 1.,t.•5 tu •)t!ei 1.:om.m\..·I•."Lt: ~·,·:.tcm:;; th.tt will .1Llow 

1n•l•.!~tri~:,; t-.J 51:-oct:~,s lht."~t w.tste .. srkl pro.Ju.·t.· 
mt,>th.t•1e tnd ,·.'lrt)dr .. ~1,,A:·1~ iJ.i:";. A rive t~1:1s per .J<ty 
pl. ~ ~il.snt shu\Jld t1c f'l..."d·.i;· tJy c;\d l?R8. ~'j:.Jtcm:;. 

.·.H~i. t ~)c Ll:il!. t(; ~1.H1·ilc '00,~0Q r1r1ll•lf~S 1-1er dtt•;. 

(~:,t:.1.:t·~·J frl>R• C!~~~!.~!!~ ~~t.·~, .!C "''ril l')tPJ) 

'-1. ' t;~·!l r~>·u· .. ·•:t't" : it·td te·~· '·'tl~t:s 
.t_I •l>!>l'.'~ _wt"_; l. r~·!_tJ,tc ')''tl1':H_ 

A~! r.till ,if l~,s(:}l !u~ l ~c~~~~ri:~.,~m1~ ·lt;m1.e•! t . ...,;1 

11(l.1h.,m.1 •.J~lw~'l in H.trc:h 1'>87 furru.•I \1p 10 .,.t'•I<~ 

: 1r • .-: in ,itt'it!'f ·•tl'll:; nuntired!i. uf feet dW~'i'· •rt w,1:::; 

·t~'.! f1r~t t1mt.t t1J '>lit l<r:r>wl~·i{jlt° th.tt dfl l:l)t.l'c..'ttt'•I 

tnl•t ~ .)rqirtn1-;m h..t:; het.•n ~h,-. ._,., l·1 tr.sns~<Jft f1.·1m 

.t.; t11!e•;P1Jfl ""'L•ll tn 1 51r•1d1,1.1n•J ~t!ll,• 

H•·Lt" ··11 ._;m1''1 l•r·1,111t t·,ld S•Jrt"lt" ~1111 <1Jlmer. t1lter .. 1ln•f 



... .... 
~1t1it l-'r,-.;c:·:• ... •.t~ ~ht: ..:n:y :·cc..·=::it..·:·l.tt: ·:· •.nt"" 

pr0..;r..:ir.-.m~ :0 .!t.".t!. ·..:tt~ :"'11-.·e- t ~.:. '"~J~.t•-· '=" i 
r-..····"-1v~=·r t!-'~:\1!'), ~·~·t :..:·_·i.t.!'t.ln._1 :-c..•.;::!u...:· ;t..·~=- ... .- ... :. 
!"[·)m st~1~;-;:.sr .. [ r:.tz·e1.i vu: •-.:l ."Ji. 

~:;. ::i:ttltt'. l"t'1'-t1~·- l:i t~~ 1 :.t. :-..<~.,,:.-:~;: J:l· ·t 

lt'.t-.4t>[ .lt ~~i'C:r' - lt"-.t: Nt~1u11.1: !.:1S:.i.:.J.".";:: :.·: 

~etr-..'l-=.• .. 1:r:. .lr;i E:1~:'4'i h~s~ • .,,r •. :t~. ~!' P-J.:-ti.~S'.:~~~e, 
._"q(~.t- r wh:..._·h .,~1..-_•[ _t~e:i l~lh.:!~: ._·,_:~~ r..t:t ~- ':'r\~ 

~::: l 1 ~t-t~·-~t!I'~ .~: t-:;.····j"i-

r ·:i~t~·~::; ..,:.: :,:-er.; •. :\:.__ L._tr.i=-:~, •_t·e :.J..~._- ~ •• 1.: -/~·-·~J.•.j 
c:.l;- J-11 ,01,l t. l'•h.'., .t:-tc: 1iwr.1.-~ .• ·; .. ·.·~ ..!-J"'!' • .. :tr~·-

pt:>r .,.~:._l S.J:;\-.;, !_..._. '--~ L.!i: ·::~S .. t .... L·· •. 

Thi:tt?en m..::-n~:-..:; ..i·j·.·· s:i·E:.t ':.C...l":.e.! ',jt: .... :._~ ~-·-· 
.._-.Jmm~r-·1..s~ .._-._,~~t--Hl:Ot:S :n Ei1rt :e~,;~:~t.~- Mierobi.tl 
Sy:<teas Corp. ai ! lojectech. Im; .. tu test 
WZh.::..ne~ d1.LL!:-.j L,..~ t,.-·: Ll t.·.la:> !':ut:: ~~-Lt.: :.: :ht:"" 

=L . .:....>-.i·w..itC-; ,_·),li.·~ .: .. _·r..:t·~'- ...... -~ r:._.J.~·~:- .. 

!'~ts :mrr..._.•:t·,! tht.'." r.tte .:-: : i~ l-·:: ... .i>lc:;... __ <; .Jt th~ ~~n ... 
r1~: ; .. :,·,~~._:t Site.: t:· ..ip~:._:.Ain: • ..ttt" .. 'i :.· t·'-·t .·~iot,• 

_:,;,~-::t~ !it·.,-...1! t .it.1:.~·,L M ..... ·t11:.·· ·.t.:t. l~ 0

..11.. ·re . .i.S\!·~ tta· 
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.:.i,_"" ""..!tS·.-·10. Jt:i.:._:: ::t:~~..!r·.:~i ·:n.pncc[ i:: rhi;;" 

,_'Lt:.--~-----~~ '.t.."..:~1: ....... i rz .L'.'l:..~ ... ;: .._) .. U..l~ ~ l t.;. :1.it. ;,.j. 

l .lt. r,1• .._ :1. ft:::l'.I ••• n-•lt-!."! th.lt Me.0~' 1$ ".t :. ,,; q,.t 
c[it-:.tt:·.·, ...:.• ~·- ~-; ':\!::y .i.llttrc::iti.:~J t .... srnt:: 

in.h.·1-t;:.n.lc-nt P•-"t t· .• :ic"•:.n \·,rcratc::;.... (S.)..it _•:: 

M ... ·.;~..:~•~.!U~~·~ bi..1;,_t!'-~~•:·~~·]L_N_t:W~•~~"..·~, ~ !~~·,· l'J~~ 

r\ m•,_·: .. ti!.~· ~:·,dtult" tn.tt ,_·.Jr: rern._ Vt.: ;.;1;l: .. nd: 
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t:Ti\.!f .1,'.T'u .. Bt.d :1~.·; .. LL ;~\ .. •JlSi.. ·,.rn._· hcs.1::; t:1._. 
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s. •ll\t..' • ·'.. II •• .• ; . I ~ • .. ! ' : . ~ I ~ , 

.,11< ;·r .. ~.1·1· ,trS~I••·, :.. ••• ~.'.\ 1 ii 11 •. : .. •nt..•· .• 111·! tta: •.. t· ·! 

Lllfl; ,,f:11.:::I tr1:·•i\.~ILj ft.•.,1.:. Lnt."~i lol·fh 
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The patt!nt is brOdd, cover iny any "nonhumJn 
eukaryotic (having nucleated cells) dnimdl" into 
which scientists pl.!nt dn active vrh.:og""" (d 
.:ancer-cclusing gt!ne) or a sequen.::e .:if ONA thdt 
induces cancer in the dnimdl and its offspring. 
Leder and Stewart createJ a "transgenic" animal, d 
mouse, that cdrries the oncogene c-my!:: in both it:s 
sex ;ind somatic cells. As d result, the IT'OUse and 
its offspring are genetically predispvsed to btedS~ 
cancer. H;irvclrd has deposited the plasmid, c• 
genetic vector, carrying the oncogene with th" 
American Type Culture <~ollection. 

Such mice are Vdluable to researchers for t"st 
ing the potency of carcinogens or substances that 
combat can.:er, and as cell banks tor cancer research. 
For ex;imple, tests of weak c.ucinoqens normally 
require exposing mice to mclssive doses of the 
substance. Because such large doses almost never 
occur in nature, researchers often chdller>qe th-,i 
results. Harvard"s mice will succumb to carcinoqens 
at lower doses more commonly found in nature. 

Patent officials found the applicaticn 
troublesome, according to Donald Quigg, convnissioner 
of patents. Examiners took a~most thrt!e times the 
normal l~ months to study Harvard's application. 

The University of ~ashington, Seattle, had 
previously tried to patent an animal - oysters 
genet icdll'f engineered tu hdve more thdn one set of 
chromosomes. The application failed becduse the 
Patent Otfice said that the technique was net 
novel. Companies are also trying to patent ani~als 
in Europe. 

Cne agency deeply involvec in genetic 
engineering, the Department of Agriculture's 
research branch, has chosen to sidestep any trouble 
by decidinlJ not to get patent protection for higher 
vertebrate dnimals. Resedrc.:hers, either at the us 
Department of Agriculture, or funded by it, are 
experimenting with several transgenic animals. They 
have developed a genetically altered chicken that is 
resistant to avian leukosis virus. 

A decision is still awaited on 21 applications 
foe patents on "higher• life for.ns, those more 
complicated than micro-organisms. The patent off1c.:e 
will not discuss pending patents, but one applica
tion, by Inteqrated Genetics in Massachusetts, covers 
engineered rodents that secrete tissue plasminogen 
activator in the milk of lactating females. The 
company has also applied for patents in Europe. 

Without the promise of pdtent protection, the 
few companies that sell rodents for research hdve 
had little incentive to produce transgenic animdls. 
A senior otf1c•~l dt the Nationdl Institutes of 
Health, which funds biocr.edical research involving 
millions of rodents each yedr, applauded the 
precedent set by the patent. 

Du Pont, whLch hds tunded Leder's resedrch 
since 1981, has an exclusive licence to breed the 
mice commercially. (Source: 11.,w Scientist, 
2l April 1988) 

The US Pc1tent .:1nd Trademdrl< Office iPTOJ 1s 
determined to cut the time it takes to ~"ke a 
d"cision on biotechnolngy pdtent applications from 
the current 28 nr .'?months to )11H l~ months by th11 
ye,ir l??4, dt th11 ldteJt. Sn the a'Jenc; pldns to 
hire llO addit1ondl examiner~ during th11 ne•t rive 
'tears tor its new Ex.imirdng r:;rr,.ip 180, whi,:h will 
hdndJe only b1otechnolo9y p.itent dpplicatinn,. 

91! . 

The backlu.,i :;in,·e 191!~ hdS gr.;iwu ftum at>vut 
5,700 appl!cati0ns to atout 14,500 currently. 
It.ir.ically, svme industry offi._-idlS are beginniug tu 
worri' that tJdtt!nt examinets .ire now pushing applied 
tions through faster than they should - partly tu 
.:ounteract criticism about delays .:tnd dllowing 
vverbroad pate:.t -:l.1ims. (Sou<ce: Chemicd!_Week, 
9 June 1988) 

~ qen.,tic patent for an industrial e11.:·,·me 

Genencur (South San Francisco), the industrial 
biotechnvlogy joint venture of Genentech, Co<niny 
~lass Work$, A.E. Stalt!J' and E.istllldn Kodak, Sdys 
thdt it will soon get a patent on protein 
engineering of the .,nzyme subtilisin, a proteolytic 
enzyme currently used in •:leaning products, 
metal-recovery p<ocesses, ledthe< treatment and food 
prOC.:t!SSing. Us:ng proµrietary m~tagenesis 
techniques, Genencor has been able to produce 
modified subtilisins with characteristics 
significantly different from those of the parent 
enzyme. Genencor says they can modify, among other 
things, the catalytic efticiency of the enzyme. 
(Source: Chemical Week, 15 June 1988) 

A yenetic route to superoxide di$mutas~ 

Aiming to tdp an estimdted $500 million market, 
Bio-Technology General (N"~ York City) says that it 
has won a patent (U.S. ~.742,004) on a method for 
producing enzymatically active human coppe<-zinc 
superoxide dismutase (SOD), a substance tnat may 
reduce hedrt-attack tissue damage. The patent, 
which the company says is the first to be issued for 
genetlcdlly enqineered human SOD, covers broddly the 
"cost efficient• production of human copper-zinc 
superoxide dismutase in bacteria. The company is 
moving to develop a c,e>mmercial recombindnt 
supero4ide dismutase product with Bristol-Meyers, 
which is now sponsoring clinical trials. (Source: 
Chemical Week, ll Hay 1988) 

HTLV·I patent award"~~ 

Cambridge Bioscience Corporation (CBC) ot 
Worcester, Mass., has been issued a US patent cover
ing the purified form of gp 61, the envelope glyco
protein found on the surface of Human T lymphotrophic 
virus type I (HTLV-I), a virus thought to cause 
adult T-cell leukaemia and lymphoma. The compan~· 1s 
developing a test to detect expo"iure to the virus. 

Hdrvard University granted the compdny an 
exclusive ii~ence to its gp 61 patent, credited to 
the wo•k of Dr. Myron Essex, d member of the CD•-"s 
Scientific Advisory ~oclrd, and his co workers dt !he 
Harvard School of Public Hedlth, who first 
identified the gp 61 protein mdrker. 

Camt:,r idye 8105,_,ience h"' succcsstul ly •:l .:.11t:ol, 
expressed and purified the criticdl immunor.,d•:tiv., 
traqme~ts of gp 61 t0r use in its fir5t te5t. Tht: 
company has dlSO 5iJr~cce.1ed in r:l(>r1in(_J, expressincJ 
and purifying the p24 protein, found in the c0re af 
the virus, which mdy dlso tJ£' u5eful 111 dn HTLV I 
test. 
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screen blovd donors tor llT!.'J i ·11ru~. dn<1 tr, 
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M!RL_'~;N 

LvL·.:t.t ivn 

Gudtemdl.l 

Nairobi 

Nit'rAL 

'!'it le 

Mushrooms: 
physivluqy 
SUS 7.00 

char.:H:ter i!:it i..:s, 
.lnd growth, 12 ?aqes 

N.lirobi MlR•:EN Culture Collect ion 

Catalogue 

l:li0loqical Nitrogen-Fil<dt ivn in 
Atricd. Editurs: Ssdli, H. anJ Keyd, 
S.O., 1985, pp. 540 $US lO 

N1t'l'AL Rh1zvbium hnt iser.t <:.it.duque. 

$US 

NifTA!. Rhizubium Germpl.1sm 

Cdtdluque 

Methods in Le.iame-Rh!zobium Technology 
by SomdsegdLlll, P. an•j Hobe11, H.J., 
198~. pp. 3b7, $US 22 

The Legume Hhiz0L1um Symb:o31s: A 
Continuing Hibl•u~raphy 

Legume lnoculd11ts dnd Their Us" L1• 
J.C. Burton, ~-Ao NlfTAL, IJS$ ~ 

10th North Arnt.ri1_·on ~~~~<_!bl_!._!~ 
Conference 1:._,,,k, USS 5 

NifTAL MlRCEN Hhizubium Resource 

C.HdlO'JJe, USS ~ 

lJeo;ign <ind Anal}'SIS of .ln 
Inter nat JUnd I ~Apt:?r imenta l NclWt)rk: 

Legume lnocul.ilton Trials in the 
NifTA~ Proiect, the INLIT Experience 
by H . .J. Oav is, ~·. H. Cady, C. L. Wuc•d 
dnJ ,_ •. P. 'i. Ch.w 

Port) All'-jte Rhizc1bium Culture Collect '""s .>t the 
Wvrld 

Slockhuam 

Hr.1zilidn Netwutk ot Rh~~~~ 
l dt)<JI a tori t:!'S 

f_",1lCCUt"S de £-:st ir1Jl~S Jt;> ~.biz~)l;i ··~ J..i 
L.Jtind Amerlcd 

lJctdils 011 th-= Proct:~d1n·J:.i ( .. 1v.:11l...it.Jlt: 
..tt lfSS 20 per dllPl)ITl) of the An,u_·r~)bi1_· 

Di~e~t ion ~lilCEN ~ompL1ter Cunter~r11:~ 

Ser i t~·_j 

W,Jrld {Jltectr,ry •Jt Cullc._·tlo11 ot 

Cl1ltures of Micro or~~~1isms, 
2nd r:<lition, US$ 30 

1.N01 ld Directory vi fin ll•1;t l<J11 'Jf 
Cultures of Micro (Jfq_uii~m .... , 

Jr d r:rl 1 t ion 

W1)rld 1_·..1t<JICJ'JUI-! .,t Hh1z.,b111m 

Col 1 E:l."l ions, /.nd t-;d 1 ti (Jl1, IJS~ l d 

Wor 1 d (~dt cl l <. que of ld1l~~~A'i11m 
Collect1nt1s, )rdlMiti<Hl. 

In some c..tses, whee~ ..iv.:tilal>le. th•_· prices h...t"Jt! 

been listed. In 0ther c.ises, these c.ln ~e supplied 
Ly the MIRCt:N c·uncerneJ. liedders desiruus uf 
ubt..tininq priced publicdtlvns are adviseJ tu utilizt> 
the UNESCO Coi..p<>ns scheme in the event 0f 
foreiqn-e:.change 1•roblems. 

Livlnq H~sources for Biu~t>L·hnoluqy 

This is an interndt ional init i.H 1•;,: by the 
Wurld Federation for Culture Collec·tiun:; with 

tindncial support frurn UNESCO. 

This series .Jf source bVllkS h.:ts be~n dssemblt"d 

with the needs of scientists usinq m1•:robivlogicdl 
mdterials a5 tools in biutechnoiogical investigations 
in mind. When ~tart iilq to h~ndle l>.:.ti.:ter id, 
fild~entuus funtji, yeasts, aly.;1e, vir;..lsts, .;111ianal 

anJ plant cells, rest?.ir...:h •mrkers dre (deed with" 
numLer of questions. Wh~re cdn the mdteridl be 
obt.ii11ed ,1nd wh1) wit 1 supply basic informdt icrn .1bout 
its use and pre::;ervdt iun? Are there ident it l':.lt ion 
:ier· ... ·iL·t>s dV.JilJbl~-! lh.1w ls mdtf:r i.al ;je~slt~J ia 

gene banks? How are patents tdken out? Are there 
centres that will i:-drry uut ~ontra~t work.' ~hat 

s.J.t~t'i regulations shoul.J be taken into d•:C•JUnt ..lnd 

what organizations exist to help? 

This is the t1rst time th.lt such d.it3 have been 
drawn t(,'.jether in s:ngle v"lumes dlld they will be 
valuALl~ tc1 workers all 0ver t~1e world in 11n1versi 

ties, resear.;h institute3 and industry. ~rice: 

dbout 'il2.50. (Sour•:e: M!Hf_1=_N~News, July l'l8tl) 

.~!!Q~-~! . .!.~l--~-·~ ~: ~hE_l~!_~gy _.!.~~~~1_:.!_;.i~~~_!_ i)r•~I/ i .i.;"5 
d twu··redrly revi~w Jt rr .• ljor te1.:t.n:1 i~:.~11cd:l ~'d".r--tn··cs 
rlnd ··orpi-)rate develuprr.~!nt s L·ul led from t"1nt~ rr.~>'="t tr:g",j 

with senior personnel tr->m m.Jnj' C<>rnpan!e.:;, .u1~1 trc•1T1 

L·omputer se.1rchers ')I\ E11["(1c.:1r;., Jdp::tnese .. ri·t 

Americdn literature. 

The- bc)ok is div~dt!d 111t•> t'w'O mdj1)r p . .rt·-;: ttu.1 

ti rst is on techn0lrHJi1_·dl ~1dv:sn1··es an•j markt!t 

dndl·1:::;es. In its seven c:h.:tr1tcrs m\~ny fl"l·e11t 

ddvances ut biolo~ica1 origin used in tt,f.! pr1".at"nt 
day fo,J<1, h~dlth, w.1ste tre.tlmeri~, dnri a.Jr l._·ultur1t. 

ind 1 .15tr1c:,,~ .ire describt."-1. Ttle 1:hapter~ .Jrc: 

l. Therapeutics ( in(·111de'i :.,eel l,-,ns un dru1J 
delivery, qt:ne dn.tlysi~ _inri .1nt i-·:.:tn1:er dt)Pl t 1:.1l 11)1·:.;j 

2. Dia9noslics (1n1 Idle:; =;crf!enl11q fr,r •1I.1.J 

abuse and pi!th--<J<enesi-; "r All,S) 

J. Agriculture c1nd botany ( i111·ll1.it!~ r(.·1_·.Jn.t:~r1.t1.t 

·- II'-') 

L W.iste treatment (,11•t •»•ut 1··~ 111 w 1:;tc' 
t.redllT•t.•nl E•l,tnts _trid ~tt.•ro1·L:; fr, m l'lll;~ .1; .. i 1i.iin•r 

WdJttd 

'). Mdrine and dqualie ddVdnce:; (1n.-1.,.JeJ f•.1.,1 
oil from dl<j.Jt: dnd 1·h1t 111 1r1 r_'(,~;n•_•t.i._·:;, tt,iletr1 1

·'. 

drHJ suturt:J) 

(,. i'ood <tnd beverdqcs (include:. enzyn,., 
dppllcdti(.JflJ .n1d 1:)1,k:; ,1t spt?i:irtlit'/ ir.,J!f~·lll·11f·; 

:;uf'h ...t!i pre~;c:r·1<1t1·1e::; tnd vit,1m1n:::., 

I. ffioelt•clronics dnd bioscnsors ( 1n<'l11 le .. 
ut1l1zi.1t.1oi1 <.it !1Jl:'.i, '"r.) 1.e1n:; c111t nt:rV•: cell'.'",; 111 

elt!•:tro11i1:-.; ,1r1.I 1-:1./.J'rt.t! .Jt1·.l m1l:r~_)biJI t.11 1 1s£n~·;r:;). 

i'.11' t "''' i, .ill f!lrd ('•hr\ ,Jr1'J't' Ill! t tu. 
C11rpr_.1rat 1•.,11:.. 1'his 1.Jck.:.; ,1r ~ 



Hiolechnoloqy industry analysis 
( 11h:luJ~:;:, ...ic-v.:l~~·1!h:nts d~t~1....·t:. !U~ tt:t: 
1u•i1J:altj.' JS ..l •h·-~t> .H\,j fin.Jn~·!.t' ..tn.1 

il\.·L"k m.J:lo.~ ... t rc1,,~r t5 of tiivte ..... ·h:h . .:: :.J\.ri 
... :vrpvr..lt id:::>) ... "l.1lJ 

Vhar-.sceutical industry analysis 
( iiicl~dt:?-s dc·..-el ..... 't-im~ •• t~ .afte .... ·t l;:q tht: 
[;t:..trm3.;e!.il i."dl in,iuS':I':r' .. ts .:i •nl.··lt.• u.d: 
t tndnt.:~.ii. ..t~!J .:.:: ..... -K m .. nlo.t..:l r~;1vtt:.> 

~L..irm...1....:t:ilt l :.il ..:vr l'\Jl .t~ i ... _..iLi). 

Corp1..Hdlc toc.·us l l?: ... ·:1;.i~·,; ...t ,_~is. l!:.i~: n 
... Jiv1du.tl ~ ~..:itc·..:n11._J: ....... Ji .. t:11i t·h..trm.t~t..~~t i.:.;: 
...:'--''ll·.: ... i' 1 ·.:5. ,_· ..... imr..i1 1 :.c~ .!ts._·....;!Jst..:.J ir ...... ilr.:._. E:..1.:;itr.11., 

r.;•l.lk, H.·n~.i~1r_,,, Bi,J,tt.!-11. j-"tt•-·J~n. tote.~. 

Tht•n f,_.·l i. •:i .l l_...._t.1.."lt~$l 

i..t..•rrr.s, .. tr. '"'r..._:da:."d.t ~· •. His in.!: ... , .. t :lo..J? :t.• .. :t l:1.J•.-·, _ir.u 
1 l·._:·r =i· .n.: l r1 tm~ t i1•.it>:il. 

tr.~.!~t;~._1. ~~;~~t;~~:._.~.=:.J.l ~:_;~~~,~~:.1,::1:~:_ :~ t· ... 1.tt",! 
:.,,urt..·!...._t.• :i. St:t-rut~i. ·.1~ [li Lu.k ,~, nsuit.u.t-:- ::1 

.•. ~,·Lt..' _•tJt:t._·! ~r.._.r, l·rvrr....,r ... _,:· 1.~~·.utme11t., L·-·l1:jn.u. 

1;; ..... p U!< Lt ... i., . ..Jt:-stg.ttt> H· t:!je, I'!).t: Hi-:Jh, H tr 1-.::::·'••, 

:-:.·~-= .. '._ .. ~..:c !r~:... :..;nitt:J r. in 1 J .. 1~.. 1't.~!.: '-; ,~ . .i.;,2~.·' 

·~,::E.AT t~~\1·~· ~~ t:~: Tt:.: ~!..:.-':}_!_~_: j·: u~ ~·~_:_j~Lj 

rt~5 L:.;~~~-( ·.:.·t.!. 

i11 U.)\/:.:U.t.~r "!J-i. Pr.vft.::;:. ·! .:.L:.1a .;ri:-s:::;~.: ...... 

t!'t.> fJt:~J.:ttr.-.t•J," u~ r-L1:1t ...;en~t~· ~ ,,: th~ . .,...'--'1.:~.11:1~ 

t 1~~t i tu.tt:' ·Jl :_;,_ ~c; . ...:t::!', Wdr i.ed t~H~ ~t. t l .$'1 !."'r· . ..-t-i 
:•1(..te1.:ti,·11 '~u!:t.._,._:.;-h;~ {;f lt1t .:r·m:ncr~t p---,__;s.L1 .. i·., 
'•~ctt rndjo~ ~rv·o;,:..:; .._if ~1t:r,.1i". 1._)s ·-·~r: .. ::it ·y ~·,f:!.! ~u 

·~'..Jf~t[f.Jl W~c:''J~ ir wt'.~ctt ·L·li-1 t t.»_ .. rr-.:: :~ 1 tI !t" ·t i 1
-·_. 1 ... t: 

t, t~lt!' ~'.l;..ii.1,;ti..;T. '-~ ft.:-il..)t.J1 .• _~_- l-i t• •• r,.· ~ ·~1!•J 

!-'.iilu:~ t..._. •_....:1.tr ~_..·r. •c·-· ls .sI. 

• ~ .s~ yit:l j_, t; ! ,: : : [ J r_,t) EH.:! t"r.:r'~. 11-- '.it r'"?::;~t.:J 

•:'t ~-i··t t_~l.i: •1H·.: t J ke·,- r·ic .... ·ht.•m1,:,:l "!.~·h_•tr:i:,_t·~ 

L·.: ... c .... 1. wr:t.Jt ,1: .. 1 .)l~1t:r •_tups ':~ .. _·r·: r..: .jr1t 5vu:. '_,t: :.L 
._. t ! t..·, t : '" ·: w L· ~, ~ ._ ... : n •. r , l mt> t t .. _ 1 , l ~ t ' 

...., _,jr,,: ., t t r.c ·n J.J t tw: 1. i · 
~t..: .. ~.-:;,:,j !1~.1.-:.r·p .1c;c: tn.i ·.n: ' .. t ~ ~; 

f '1• ..J'' 'Wt:t: ! _ 

1['!: 

t.•';,_:1v:11q 1e:..,.l~t.1.1._·t· ~):.tit: ,_,ir: !.· 1·:·1 eAft:.•:i..i. t. 

~;.rt ,,.;.it'·~ Ldt . .srt.• dt:.'·;,-! Jt.1r .. ; 1 ! I:'- .1 .~ f • ".<1° :.-.l. r 

,.·: .. •11 rr·ut t: d,,n.tt,. ;;lj '·t· ~1 :- ,,, · t ~- r l ~' ; , , . t l ,_. 
"t.::,1~:.:t11r."t: ti·, 'Jl;ld,:.!·1· t.:.'t..:~j ·: •• •••, .\. l'~ ..• •:· 1 1· l1 

.i .. ,:, ii1d .i~~·J t, new ~1t.·f~,11 11e_. t.1 .... r. :. •!,·,· t.t t.: 

:.t:'Jli": (Jt~fl 1::"q,1_;5t•.!. 

Tht-: 'I I (;. ~· 1t- I :J I • I·. ,, : .. ' 
[.; ,t ;t.•,J Wt·t: I,, r ~ · l ! · • . • ·. • · 

t 1 t 1 • I 1,1 '.): '·i Lt.·t.· r. :: •*·: : ' . ·;._ I 'i t: 1.J ·1 ! 1 ' 

! t••' JffiL' ft!:..l:St I • • i1 .1 r. ·, • ~ t r : t~ • • _. ,,. 

1-. • P• ; ,: 1 , 'i r.t. rt·; ,!1 ._. 

:. ':1t .i.~•.L" ,·, l·•'.if. d..Jo : lkt.·: i t 1: 11, .: .. , ,t 

r.r" hl i.t:.-t'It:.I ..... t.: L, ,1:. .. it ~:.. 111 'J' 1:...>'.: 

Tht'~t!' 1_·h,1n-1•·s 111:1.! ti.t·~·t· d1r+~ 

iJC.,!ll.-tic•ll )~th•• IJ,ifl·I'·, 111;ri.Lt.•: 

t·>lt:•5• r 1,;c5~~t.·l, ,r;l· <:f It~·.· 

:, "·' l ·"'·' ,. 
I,., 

'r•• r·m1tl~r\f ct•tth· r it it•; "f• t.1•rl l• i·1+• ft' ,'I 

·. 1 : 'i , •· <J tu,, ti t f11_• (. r 1 .t, 1 ._·m'.'", ,t ~,,I t fit 

.•. ' • l ,· '11, t' ~ I 'j t I._ •. I 1· I. ~ ' '\1. :;· .. !,. 
, ,, • , , , t ! 1 I.' -1 :1 ·_;.~t-' ( ~' ( 1 I f l·t• I fl i1J J ! ! '/ I:, : f j r I 'llf I ' { • ~ 1 ' ' 

., 

·: 11.••', I :_,! C<•li'j •I.it.• '. t\1lf l11f' 1•: ft. f 1 .'•' .I 1'; ·I•'• 111.1 1 

r I •JrT\ •Jt•T,ct 1 ·rd I'/ f-r1-J l1l l'I it ·J W1 .•. t' 1 
i l'l< :. f I 

ii t •• 1',;·· t,1.11:tu·;n1.,t r I· !1, 11 t·l1t ;.,r;, h1· -;h.1w» ti,·., 

'.I•·· , .. rtu 1d 1 t •, ·111 , n1-. ' , r t11: ,,Ip_- 1 I 'Jt'>i· ,·t·" , r1 ,1,:; , t .. _. 

, 1 ·, , • , 1 1 . , r t.· I l 1 • · •-· t ~ ) • • . ' . · , t 1 ) , I , 1 • • t , , l 1 1 • 1 I , .,. t :- l • f .,,, t \ • • t t 

·:.•-'•"! 11 .. 1K1111J iJt•nt.•! ~··11:·1 t.'111J~'·''•·: ... t h'jt.r11 wr1t.•.1t 

,,f,,f If .1t.ll' f.,r rl(jf .. 1'l\f.'ml1'c1' I ''"''·<lflJl•.'., t.J11f10. f.n":"'l'J 
n1J ;1_·~.t 1·1 >"11,,tfli tJS, ,111.I Lu rn••r 5 ,tut i q•1-;um1.>r ·' 

lOl 

Th"' stuJy, <;Ht:AT liEkl:!!.'ll'E:i: Th"' Clulie::~"' .;t 
C:rr.er~l:·'l H!t?sist.u:·.·~. lS .1';.J,:.tt'-l~ tr,_,tr. Btvlt:>._·t:r~~.;ivg;· 

Atti:1.!t~s. P.l1 • t= .... .:.-. 6 • .._~t1~..._·kend01•. Rt:.Jji.nl..f, Ctt-rk 
shtre h~S U~l', L1r.. r:1 .... ·e: l.OCJ pvu.uj~ Stt:'!.itrl·-:J. 

Sp.Jee B10St·h€'It>:i '-'r..._ ·.::,j.2's ..i dt::i ... ·:: q1".: :.\;~ 1d 
.sndl}·t i..:.sl u:1derp:;u~t1~q: t"J th~ wvrk r::Jw ~:\J~r Wd'i or 
the Ar i:.:~ ... .J 9!~~l!~~~ t~r~? The .iuthvrs ._,:,_·~ ,_.,:;~ a 

~lJU1'lS~ i.nteg:-.tt1·:e ;r...._xf~l uf ~-~,_-,~n~;_~ _ _;_ 4E.1rth'S 

bivsp~~t~) th~:1 Jtsl..·1 tbe th~ w .. rk urh.ier w.J'r' t ..... · tn....1...i~i 

~!'.:?~i·~~~F~ ~l. th .. • ~Jo.tt.~ .... :.J:;-..ixy pr..::iel..·t t·..) ,·re-..tlc 
ui0St.J~i.r[1\.... ~·rstr!mS t,. :•:!th~r h,o~.1!:k.r.!':, .tt·llitz· tu 

l i'.'t:" i1: h.-umtJr.·,· wlt!" tht..· ::;,.t1t.·Et vt l 1tt." '-"l Edrtt! 
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A ne-w vi.l 111.c: ::'-=a:,~~ttec i.s ..... ~~t::t! .... • l'/ Nt::~:S 
Ir.f0[~.;1t1c.-n ::i~r-..·1 ... ·t:>:i. d J.:>l!~t pt .. ~t: .... ": tJt:>:.w~~il the: 
Mtt.,;! ...... t.>t..J!-·~'I Dc""..iCttncnt and ~h~ :.... .... 0rr.1,·!..!~LJ L.itordt1...1·1 

'-t thll! u:~t'le: sity vt N~wsi.:.i.:itlt! upvn T·lru~. 

A1..·..l...iernii.::> t.:.111 d..:..:ess th~ r~~ws:~tter tr .. .'i:"· t'-":r!:~•~dl:S 
with links t.J the JANET netw ... 1lk. ~t:?'~d~l~ frv!!": 
J~l•"' Gl.invill ... in:ucm..tiJa Otti..:<:r. NEBIS Intvrm..s 
t i1)n Se: vices r~o3rtmcr.t Gf Mi..:r0bic!1J'J}·· M~dh...:.il 
Sd:-.vvl, rrdmliu'1'-·- a.::lh Newcastl.,-U(>-'" Tp;e NE~ 
-IHH c.r on 'l9l ~J..:'. 8~1~- (Svur..:e: Bi,__,te..._·~~·~~'ll 

~!_l"l ~ll• Vol. ·;. Jc1ly 1968) 

Th~ :•rJAS!S ..s=~j f'fiOSI::i :su!twJ::e "Lh •. -kJ-.j ... :~ ..tr~ 

,1,·;; icpt.i to e1ut.le ..;ui.;k, ".lS'r' .ind tut.l! .w.tlysi:; vt 
qt-rH:!~ ..tn·J (..-CJ:.t::'lll~- L.:N:"\~lS .$ OJ.::i~·1 in [;NA 
:i>eq .. H:r . ..:1n:.J ,est.it~ ..tnd rr.,_:t?...:ul.tt •·t:tqht :::tf:p..lrati..:.n•s 

and £-f'.:JSIS tor strLa.:turt!' .J.1..aiy:>is .Jt amine. .:1:..:id 
s~~uien..:~:i- Prun..tr)· rt!':iJlts dlt:" entered ·Ji1ectl'l 
intv the sAtware by Ji':}ildlizir:g the gel ima':}es. 
Hu11Jr.,Js of rc>c:l i1uos 11\Jr be used to form a hy!Jvtr.esis 
,.i_,._.ut ':}t.:ne fun..:t io:o "".i rt?9ul.ll i.;:,,-i_ The DNA did 
prult?1n datdbases d•e all di<e..:Lly a..:cess1bl~ online 
f r.,a. " l.ls"' J1sk. :_i.,tails frv<T•: Ph.un ... .:ia Li<!! 
Ci~techn.:>logy. Bu:.; 30'), S-16l 26 Br<)l1Ur.d, SweJ"n or 
(•11 •4c. 8 98 oJ f.L iSo,ir•.:t?: !J!vte_::!!!!vlvqy_~_!_leti!_'.. 
Vol. 7. No. i>. Jul',' 1966) 

LH i-·~rm~nt.;t•.ivn i:» uoiw morketinq :i f~,m~ntation 
ft'.lH.l-J"1T.0:1ol p.>..:ka':I" J.,,·eloptd b·1 Biote..:h110locJY 
Ccmputer Sf:;tems 1BCS), another Porten Int.,rnat.ional 
Gro"p m~.nbo:•. Called BIO-p.:, the programm" is a 
sin':}le us~r system, d"signed f~r use with up lo fa<;r 
biored..:tors and associated vn line dn-.:illary 
equipment. The progranune was d""el·.>pe.i b~- l!CS tc 
c,;rnplement its powerful m1.1lt i -user proc~ss 
management system, BIO-i. 

Configur"'d for dn IHM A'f or compdtil>it< 
computer, E!IO-pc uses the standard HS-L>OS L l 
operating sy:;tem and is Cdpable of perfOlming Jat~ 
monitor in.,i, lv':}ging and feedba.:k cont<ol •in 
background mode". Consequent. ly. the comp let" SHAHT 
applications i'ac.:kage, inc;orpo1ated into th:! system, 
can ht! .. ssessed at any time dur in<J opeL•t i<>r.. The 
td=1lit1es ottered hy this p.tckdge incluJt< full wocJ 
pr0•:es:.inq, spreddshe"''· with qrdphics, ddtat..a-;e 
m.Hld<Jer, communications dr.d tim., mandger programs. 

MdndrJ~mt•nt of the d,ttdtJ.:t5t:~. biatcht»s dnd 
-,11aphics is dChievtd through dn dpplicdtions progrdm 
in•c<>q.JOrdti11<:1 m11.;h of tht< philo~ophy t:eh1nd tht< 
r:omprehensiv" BIO--i pro-:ess mdna<:1ement software. 
Written speci [ ical ly tor biore.tct<>r5 dnd 
term.,ntatiun system~. thw BIO-~c softwd<t< .tll0~~ 

comprehen:iiv" process ni.si.dgement in numer0us 
a"i>l •r:.sl ions dhd is b<>th convenient dnd :;imp!" lo 
<>"E<~ate. (Source: !.'.!t~.!_rl_!DQr!~!___!nd~J!~~ i.t! 
fl i~_!Ch!l!~!.25U', 8 ~·et.ruar y 1988) 

C. llKBTJNGS 

~"rth, A11str.sl1d. Adudnces in 
B10med1r·dl ~olym~rs. Yurther 
infnrmation frnm O.G. Richardson. 
Ch•mlstry Centre, 12~ ttdy Street, 
Perth, Western Au1tr.sli.t. 
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entitled ·~hat are in., ln1ti~: 
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(i'drt 1;f the 2lr.l ::~ie:.ti!it.. 

H~t-t irHJ ut ttle E.Jr-:'()C.u1 ~h.:i•.:ty 
fur Cl in1.·-.L In·1e;:'..t :.·J·il \.·;,.) 
fu,tLcr inf~;mdtlou ti._,rn 
Lr ~ . .! . 1-· • ~a r •. i n ~ nd 
R.. is· .G. P.\)<Jl:-'l, D~p111 tm~ nl ( ,f 
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1911 I Street, N.w .• 
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!J 6'10'1 11eideH1e<q, l'i'G. 
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i''111;tnt!r informd:.. Lon trof1' 
N. 1h~ r;rcH,t, r1t!p11rtmc11t !or 

bi• lr>'fll'.11 (hemi:olr·1, The HL·~1re• 

tJn1ver~t1y, Jeru·;1lem <Jl'Jf14, 

Jsr.ud. 

UN-.:.ritJir.ltt!.J .J:a.5i.S~;t!\ .. .'t W..1S ·i~:e·:~~'! S•.)tt?>l'j tow. ··t:;i. 

in~=~~s~ng ~d(1~o::tti~s 1r. r~s~~r~~ ar:J thtr~~y 
t·~:"·t:fl':.~ll-.J b!.us..:~~1iti.:it:.~ .!:.1.1 th~ir :n:;t;~.1·t:s. 

H•1•~·.:er, .3j, 'Ji.r~~11!~·j r.·:.. ~i·:<·;; e:..:st t·~~·.-..:ca 

'esc...t:'~~ est.lb! !.:.;~.rre-:-.'_S d:. 1.! th·_.. ;.:·Jus:: i.l: :n.Jr~~ti:-,~ 

St:·=-:.v:-, r~:;u l" s tr ur-, in 11 jt"":~...:. ;.:i r t:St!'..l ': .:~~ d·.>es :: J~ 
:t:.i1;h i.nd:.;strid~i:;rs. t.:-.rmc-r!> ..... : t-.e.t!th •·:1rk"'.!rs. 
Cons~1u'!!r.tl1·, i.r: t~t: .::i.i~ ._·v:.nt:ies bi·_,t~cnn..;!..:: ... s-.; ts 
~.irgel;· irr.:-:~·.;.lr1;. ~-:. ~tl.ei: t•1:,H .. -.Jrr.i • .:- .Jr.~ .;v..; •. ,1 

d~·.;e:c.pl?Lent. Th!S s1tL.;1t:cn !S :ik~i;· t•:- ~er..:ist .lS 
... · ... -:.:-recti\·~ S\o'Stem.1tlc L~:-tnges w::l ... e d~!t •. .:ult tv 
.1 .. pl~ment. H.-ij .... ~r d~tJi. ic..;t icr~s .:,,f :h~se t irodu:-.?S .:.1r~ 

di ,;':ussed. 

I ?r:"RODliC~ ! GN 

Tti.~s a1•_1.::it! is O~l~t::J .,~· d ~t.u.J·; ... ··,.jer:..:1~~c :.-, 

ir.·1~5t 1g3te ':he c::-:t iv it =~s t .\.ii : r.i~-~:i .4;:t1:.r.:, ( J~4) 

a~~ncies 3r~ u~.f~r~~kir·g t0 h~lp -i~v~~~~:ng 
..:011::t r ies dt t d: 1 :-· J·i·13n~e11 ...:J~.1•J i ! 1 tic:> in 
biotechn\."11 .... ;qi' (.:il1:;sk.JS. !J~t!•!. ~';t.• .,.~rn ... r 
iuiti3l~y r._..sed.ri;t~e·i t~e ·.: .. .:::..!l • .:ei..:.•. ,1t:''~·~:.:1r:rr.(.lont ~:,.;.:tss 

in -.nr1ust:i~l1zt:J ...:·:.·l:r.trie.i, 3ftt:! -.-~1;.1.·n thret.: 

devt?~C~1~!1·J cu•H;t r 1~~ •c~re :itde •. te.J !'..::1t C.J5C :..."..~.i·;•c~ 
(l!:'Jypt, Thdi:11.n .. i dnd '.,.f=ont?-zi~t.·l.:s). 'tn~sea • .:v~nr.r1t:>s 

we•e ·11:;1t~r! u~ vi:!t:r ':.'"'. :,,._·r.n :niz.._.. t~c! : 

:">i."Jtec.;t".r:.-1lo.jy rel.it\.!'.J .:t.1·t1v;t.•-=::> ::1.~.~ _.-i~ t:~-tl~n 
a.ad p: .. H~ile1l iT1 1 !ust:--·r -_,; •~r~ J.lce.~.i·t ur • .J~: Wd'i- l 
Inforr.utio1. f:)m rhc 1_'1:it" ... ·-.;1il.tri~s Wd~ ~J~ ... j tu 

assess : :"1€: ct:..1:1.et~~ .1.~vt·~.lpnt!•\':. :-,r.--,,.:\:SS dS 1 t :.~11.(.·;-::: 
::if,)rm<11t i 'f1 '11: r•..!.t.!./:11.0:. 

proje~ts .,..s".> .1ls1, ,.,bt 110~ .. s :tt ·!'".t: ~-L" h.l'J•~J~'"!:" ~ .J• 

the UN a~en.:i~:. ,-,r the Un;.t~d ~.it ~:~~·.i t.,~,.,·~i·.J~Ji.H_ot 

rroqramsne (L'NDf'). tni:! :Jr. i tc\t r•..1~ ivr.s r:·~'''·''t ~1111.~., 
SciePtif !c .1n.i ;~u~!U!"dl Ur·~.ir.J ..:..t'- ~ r. (f::n·: 1J•

1

:J), ~ro-..• 

'~nit~d ~~~t~un:;. lndu;tr1.1: Dt!'·i1e:.)pm•_nr .J:o..j1r-.::l!\fl1.Jn 

('fNIOO), .. 1n·'i tn~ -..;1·1i ld P.utllrtl DrrJdn1z1~ Hl \illllfJ). 

The two ir.rc.rmdi..tr;n ::>~t::; ·.,ere .i1t.1l'/-1f.!.1 tJ .:~Jr~t·l 

maj•>r qip::; in the c1JS~st.tn··t! t"°Jt.!r:--.; ~l:\,·1id~d Ly 
dger.c1es ~u:d ~1) .t~se:,,3 wt . .:thc.::- lhe :JN sr.vn~ >re.1 
pioj~Cl5 .irt!' 1n1h!•:.' -11:.Jment 111~1 dr.d :idv.-u~.;•n') tnt• 

1:ct!a• r;i:,untrit:::;.' '-"1'-._.t,1l1ti~:; 111 b1ote·-Ln·>luqf. 

; . 
f'e1mc11l.:il~vn 111.1~:ttr1cs i:..ng t1c1J;.tion.:tl 

lc1:hniqu~:; hdv~ d l,,rhJ hi=-t•H'/ or: rx,,th develqp~-1 c1·1·i 

• tn. Z1l~r1skd3 1:. da .1s:..·_.,·1dtv ~t.dtr 51;\enl~:;·. 

Wlth the Profjldl"\ for f.iuld. I:lS\JU3 10 n1.,tt.•( 0 hll·Jl•1CJY, 
MJryl.1nd lli>le<:hnolo<JY l11H1t,•!t1. lllo1v1H·;1ty .. t 
M,tryldnd, H<1lli111ore \r,unty. 



dt!'Vt!'lvpinq .._-..Juntt ics. 11'...·v~v~t. !tt..."\C!:: ..tlout 10 ;·~.irs 

ago, advanced biotechnology R~O h.ls given rise to a 
tdpiJi.y qtolll'in~ bi\~s~iti?rh.-~ b..tstt-...:i inJ~st:~; wh:...:-h is 

"""" l'eqinniaq to market its tirs~ pro<lu..:ts. •!th 
this develcpmer.t, it is pvssible to chart the 
prugcession uf events whereby an idea or concept 
becv-nes a llldrket .. ble i;roou..:t (i.e. the c-onc ... pt 
development process) in ordoH tu idorntlt)" Its 
important compc.ner:ts and th"' for~·es that .i..:t vn :t. 
Further ftlllre, it is pvs:; it•le to di st inqu i sh anJ 
ev .. lu.ite the .. iea:ents essential for c-apdbilit·r 
buildiuq in its rese.u..:h <!n.:l applications s .. ..:turs. 
Ht:''':~. tht!' ~ .. Hlt.:t:pt Jev~~o~nt :Jt\.k...'."~Ss nt.dJ be 

s..:nelll<!tically presented (see !igJre I). 

Funda:nental to the process 1s the e.ts1ly 
.J .. x .. ssed knuwle.:lge base. In sci..-r:ce, the ll>L'st 
imp-.:.rtaut C()ntt ibut ioas to lh~ knowl~dgt: t>c.\St> ._-umt: 
from basic reseac.:h, but only a sm.tll traction or 
this base has th" potential for pi .. ~·t ic.>l 
dppi:~dtiuns. This Crd~tion, d~cessed b¥ 

innuvdtors. invt!ntvcs and entreprtr:~urs. is tur ~h~r 
r~s~~iched 111 ~n ~~pli~d rese~cch f~ciliLy. Ir th~ 

(..-unc~pt is der.\Or:strct:.~.1 dS h~1ving tht.1' f"'-•t.e:>nt 1.tl fc.r 

n:eet •nq a need ai;d v! be1ng work.tble, it entets 
il,jvdn·:t:...1 resed t <.:h .tn-i d~Vt ivpment. In d d~v.:iu~~·J 

coui:try, ddvanced fi•C· usuaily tdk~s piace dt 0ne ot 
thret." :.j.'pes vf t~. : i it i~s: d nat L·1n.!l lJ~>rdti.•r·:·, ~' 

defeiv .. est.ii,; :st-.m.,n: Lthvratory. or "" inrlustr :al 
l.ltJ0?"dt0ry. I! .Jt"Vel•.:..pm~nt is suc·..:~sstul, a pro1uc..:t 
•Jt pr•J•:cs::a. res~~ll.:i. Tv id}" the tech1~:r:dl ba:i.is fvr 
at:; ld!CJ~-Sc..."ttle md1hitc1·.:tur<" and t.:;> d~t~rmtu~ its 
~r-"•)n,-_,micc;. the i;:r .. )d~,:t ts s~aleC up df r.t pi let (lletnt 
t.t~il Lt'{- i>1lot (•l.lnt 1lpecat ions .. --tud d<Jwn !.t.tedn 
processing rrJy occas i·:>r.a 11 y be done at de·:el ·;pmeut 
L.1t>'-·.r...st\..,r ies. but gt:-ne:-.;1~ ly td:kes p!dt..:4:' .t:t tr-.lt1' 

injust~1dl plant. If the f.,dsib1lit\· uf the i;ccu1J.:t 
i~ pr0ven, the 1ndustridl plant scdles up tor the 
,_·:;nm._..r ... 1.11 m.11·.utr\•;t~ire ot the pr(Au.·t. while th-!: 

mar~·et in-1 an<! s.-1les divisivn ensures the prvdu .. ·t 

t•:..1• h~:; !.~·>!>t.' r.:..r wh.:.rn it is inteaded. Th~ 

t.-.iu·.· 1: i..:..r-.-tl S'1'!:;t~r.1 pr\.-duces th~ scit!nt ists. 
tt:- . .:hrii•.:1.u1s and 11\.'\r .. -t1ers wn,_, oper..:ttt: t.h~ pr()_·ess. 

f~~'2t.~t~~·~-l-~~~.L f_~~~-~~-;!t.:t!_~_i!:i_~~ _!n tht.•_ ~~ 
·-'~~~!~~ ~ !_~S 

The ""1d~.1~· •.:vri.:ept \!t.·11e:1.)~l!l.~1.~ (,fq,·~ss 

,,, ... _.~~t~.1 d tri.1Th:::•w.-..rk !.-Jr dnrllJsing 
t .... te-:hnol<,.9J' r~\..t'.:f:-·1 .Jc~t 1Vlt i~~ in the ,:cJsc 
l.."H11.t:1~; 5,1r•1e1~1 (t:·1;·pt, Th.:t1l,..n11 .1nd 
\.·'~r.f2.Jt." •. t•. l Tht!> tfl.\v.1r f1r: . ..iiii·_;~ wer~ dS f•)!! ,ws: 

1'h•_. kn.,wlt~!'Jf:." t,,,~~ 1$ tt-.e~•rt::"~ l•.:.tl l'j -t;:; 

d·-'• ps·j1t ~~ to e1"1u1·cttr>r:'i. s1·1~:1tl!>tS ..tn•i 

.:.ndu!:t r l.·t~ i~·-~ .n ·-:!~vcl<•[llrl'J 1:0t.:.ntr ;.c:'.; dS l{ is tr; 

.si,1111111> ('i5•.-. 11.,w~•.•f:r~ trr>tf' :t: prt1•:ti1:~s~ i'')int r,f 
·.;lt."W.- 5~'Jt"t~ i;l'\(.t""t1i:n'.:;!'nts '-'rtvf!nt tht" th~rd W•)r irt 
re:::.~.-u.:ht:r ~ r .. m .1•:.,~~s to •mpt .. Ht.1nt 1nr ... rmdt :'.," 

~\111rc:e:;. These <lre rft;e to the rel.ft i 11el·,· •nqh 
eA'penditl~re:; lr1'l>l•1ej, the s·;.ircit·1 o! funds ittrid Jt 

t lr'r'it"S thf" lit•'k ut h..tr11 ,_·11r1~n1:y. (Jn;/,, few 

l 1hrdr ie5 lr1 ·.he cttse 1:ount r ie:::; hdve t'•ook <tnrf 

JOurndl -.:•>llei_·t1on:; .1.1equ~atc to sup'->'Ht strong 
•t•s., . .r,·h .,rrort~ ii; 1,1,,te•·hn.;l<:.'JY d'ld the:;e ,ir,_. 
lr;<:ttte<J i.• the Ci"..i\lrif r i~,,· 1.·-1p!t'1~ •.'It le~; 

:c~e.trch....-r:.. l'1~rwh£l'fL' HI fta· '.~ountrie~ .trt.- ctJ, .-1 ru~t! 

not ,Hit!'•IUJtt.'~Y ~er·;ed l>·;' llt.1rdr~c!j. >-~:cu~:;!•,,. dct!.t 

l>dnk~ l:.. i.im~f.e(! ur I~ (}r;.t d'J.11l.tbl1.•, tLJt" t,_. lJ1'~ of 

funds, r•0<1r r:'")rT\IT\lln.r·,1t .nn l 1ne:> ~1nri l" 1 •k n~ 

te.:t-.n11·,,~ c:<p~rt is.t.-. Pers 1 >n to IJerson ._·,Jnt.1• t'i 

t .. etwven re:;t-.1r•·'1r.r:;; frr.m de 11c\.:>porJ ,1n<! rie·1ttl >'·ln<J 

countries dre rc:dt1vcly inrreqt1ent t1cCdtlse rh1rd 
W•..itld reS.t."dr.:ht·r; hctVt• tew <1(.>p'"1ftlHl.L~ 1t"~ tr• tr 1'/1•!, 

While 5r•1ents:;.~1 rr•>m lfi1ustri,1lizeti cr,,uni:r1e~ •1() 

t~Vt ..:.S..J..il:.,. tt.l./t:l tu :.h.··;~~--·~,lU"l •>Jl.!i:"..t:lt"~-

bt: ..: ... ,n..:~l.;. •. h:.•j ~h.s: d~..-tr•. t~ .... ·tn t!l~ !~·:t1..1.t~.J~~ 

si:iit!'nt i:s:t.s \.t~ • .J ·~hJ!k. iii th.:- ..:.s~tt..t .. t.:it :t."S. U·e 

km .. )wl~J;.;~ l>..i.S~ ._ s nti? it h~r re..1d i. r ·, tH ... ·r ~..i.;: ~ ·; 

dc1..:t""!i:S it-~.:- tv L 1us·:~~n: is ts i~? th~ L.J:i~ ... -.. ~u:1: r lit_-S. 

i.itn!tt:"d J. ........ -~ss~lt:ity tv tht: &t:i..>•~t:"·i~~ l·~•:.:lt" .:.s ~~ ... ,.:.~ 
d pri.n..:ilJd.l t • ..1rr1cr hindcrino.J th~ .l...1·,,.,·.t1h __ ·t.·t!'='-·1:1~ ..... : 

fi~J~ f..itlt}i:~':f lid.Si.._ lt::io~.J.:L·h ::1. :ho!' t l .. 1tJl':. i, ... d 

..sre.i:> o! t:Ji.-JS'-·1er1 .... -t! lS Lella~ i.:..-srr ~t:d vul ~t'!. 

~~r:i~.-ersi.tit!:: ..t1 ... 1 ~;Jveram~r:t institu~ts ::'th~ ._- . .,')ot." 

cuuntri~s. with ..t strO~l·J • ·t.·h.isis i.i: ·.·~itt.-Zht:l..1: .J: .. 1 
Th.11:..t.nJ. Tfh::> ~t sub:i.t..ii., ;Jl s'-. .-ie:1t i: ~ .. .- ~ . .J:)t" .! .... t.~~ 

~-ist t:"\1:1 \ifh~i·h r~s~Jr .. :t-. :u till1i..~.-- hwJl • .:l;·1 ,.,_ .... ~J 
~xp.tnd. N•Hit_. t~1c l~ss. t.t.:vcc.• sn_·h r~sc-.~r.:h '-·..i~. t·~ 

uud~rt .. ik~u ~n .a: l..s:::,Jer s·-.t!t::" cert.1i;; h..trr ters h.t·.,;~ 

to ht?- •..JV~r...- .--.mt..". Unit" W..t':) mtut i11nt!•i .Jhv·:~ ..1 .··-·~s..i tq 

tht- knc·•! ~J-Jt t .t:..:t" rr.~l~l t,~. UT\lH .. Hiit.~ .. t. Sc··· •h.tl i. 
thert? is a ~:r·:Js. '-"t.." .5h.: 0 r t~q.: or l.:\1.:k .,r ::: 1r~ 

cht!mi..:dt!io - ~12.!1·mes ..i•~J :..t.dl\ :s,~t· t·t--S dtt."" 

p..trt lC\.\Ltr ~.,. -:h [ t lC1.JJ t t .. t·l·)··t;;~- T~t~ ~ ~•'' lt::"r 
pr~sent~·j t.>y the an..tv..til..it·: ! ity ut r...irt: ,-n~-nt._~.11:) ts 
Vt:~y s~ri >U5 s~n'-·t:." ~Lme ..... r tht"":n, (;.-J:t.1~·11 :rii t!'.~

e-r;.Jur..u\:lt:-dSt"::i, .:ire lht! i111ti$p~ns ... 1t.~~ t'-"' ~:;.. .. ! ~~•c 

a-.. •<icrn hi<.•tc ... -hr1•li·o.jist~ illi1th,1ut. 3:, ..:s:fSlltt"! .1: .. f 

.\.Jeq:1,t!t! si;(1rL·1 ;! thes-= .51:t.:::it.tr1c. . .-~::i it is t.•·! 

(Hd-·~ lC..tl....le t..> t:'A(-'..1rl.'j .::t ~ •• ;l~,-L~1._ l••(Jl [t":...t:.t! ,·h 

~l'.Vljt.trnmc .. n..Jr is it ~-'':::; j lt· .. ~ t., La:,: .t; L.a-.:.. l:. ! r .1 

., l- 1S•: l cue~ b.JSt'•1 i B•iU st ~ ·,·. 

h~s~_,!".·t', l ir._,.r..tt·•! i~:i 111 the •· .. ,,st: ··, ... :it rt._..~ 

gcr1ie-rd~ ~.1•:1< !"?'k.::d.~rn t~•ltrmcn~. t.":i(1:::?'·'l:t1 ~I n; .. ~ J•)r 
pit:·:~s <_.t h.t:.J•..trc :il.;.._·?1 .ts :r ... t:.:i 'i't:~·tr·,1·.ct.ct::. .. -J·t::JT ~ 

C·-·unt.ers. •Jl~r.a.:~l1l: itujc:S • ..-ta!"rr ... t~ ;,: !AJA ~t::"'<...jUr?. et:S 

an.j !low cytdmf.![~rs. '1't.~ rttl.it1·J~' i. small Sl~lf·S ,f 
rfh..:•ft!/ a~l.J1· .. 1t1.·~i t.1;· 'J~.1\"~·t1.:n<t'l:~!i r,·: r~,j,F!.sr.-h •1··t·.:,"; •" ". 

:tll•)W for th~ purch.is~ •.r tt'.e~C> •ti~l r i~~t-l .. tr~:rs. 

W1th,.:,i.;! ltlil)•Jr ~q1i1pmtnt .. ~~'j.t".sr._ht.·r~ ~!~rr. :m~n·; 

..-:1dv.iuceJ b1,..1re.:tn·.Jlt\·J:· re".:i.' .. H··n •: l ~ $•rt1t-.c-! .,t ~ .. Hez 

ft;.".:t1:h l i:nits th .. 1t ,._,r.1 .. ,· ~·"-· s.u:rr-" ,_, t •:d. 
S·l(•r.1st11~d.t~d rcst:.1r··h 1·1r1:.· ~ t-·~· 1r1.tt .. r~ •~'--"';;_ 

T~~rt.•!G1~, tht! l t1:k .;! ~1 • .;~. ·~ ;.t: t:-1 .. ·i·t.••.:11· 

preSt!'1~ts d scr 1,~· .• ~ t•.S:' t lt.:r f ' '!;'-· .i";".it."l1·t,:t•t.:I.t 
bi(~t~1~hn•do<J',. 1•: 1' ~ll: ,_., ·l;t.t r tt.:~ _.it ·:,•yt:.l. 

.. >J~f~ if lht"" t."ljlolt)rTlt.•::t 11.~ ~r.,'!•ll'flc•nf:_, ••·!'e 

ilVdiL.tldt:a, (-•tht.~: (•Cub\--:m:.. ''-··~l·~ t<t•>:.•r1• 'heir tii:. 
Ull!lz.-tt\.HI. !.i(.Ht: ~'trt_ .t!t.• t'•·L •1!...J'./.ll..t:•lt•. 'l' 

Wht!'n e{{\Jl~m~r:.t Lr~.1i<5: ~1·;Wri, :t ·;1' tf·.::. r1"wr1 t , .. 
!t.-1~<jthy per 1 .... r1s .,: t liT:t." \Jh ~t· ~ht." r•··i~1t.·:..t tc-: n1.·t.: !•_·. 

p<lr t-; 1s (H1·1,:~5 ~·-··1 r hr.,_1,Jh .. rt l• •·d ··h.-tnnt< ·.,; .tn-~ 

f.Jn,t:.. drt• pr• • .-u-:e.1 ··~·r tta· u:o~Af-'-"' 't.·d t.·•q.• ... -r:;1::. 

Tl1P i'f'•t'>:erri .-~l br •. ,.11;,1.1wn~ :s ,·· ,...i .... 11~~•1t:·! ~,·/ 

instrum•·nt . .tnr1 rt.-1·...s~r ,._.,·tin~··i.tr:':. •h .•. ,., r "11·:.: 

lite'J•:i.' ,'Jf! ~.tin!cnt11,·e "t c i·#q.cr .•. •. "'!'!~;:; · .. :tu.it :1•.• 
lS ':t.·r;· •tjtr1r;Hl':. t(• ,_-,,:·r.:,·t. ti-::'·- 1·1;,_· :" ,,trt·n ',,t,_·m·~ 

trom ::.y:;,e>m.1t ic re.1:;,,n~; lt•W ""·''J•·', .. :•1t1 ~,_,,·;,u i! 'l 
d•~Spl!..t1' p1_,or pe:rtr>rm.u11_·t.", 'Tii111:nul1'• .r n.;o t."A\~,t1n'; 

Critf!"fl•1 ((;r ll1·~11:;Jn•J 1_,.f tt;"1_"?~l1l1J,tq::;. .i11rl ot•·~ Lf 

inl'.'ct.t. iv~:> !c,r s''"-'cr ir_,r jf)b p•.•r !urm 1:lf:P.. ·;t.e nc! 
eftcct i;t equi(>IT'.c..'·l f)t:lrHJ .1._w1n. wt1t·t!1•·r tr· .. m r.~-rrru: 

we.rte ,.'nit f.l'.lr r:f ti. 1;,trcl~-.;.5 mdlr·ff!rllr11:l·. lS 'h.tf 

tht• tdf>dti:t i·:1t·,· ,;t th•-' .t~fl·•·'t.•! r.c"-at.·~tri·h !.1:,,Jr ~'r.r·1 
rit""•.Ct? .. t'.iC::; thr'1U•Jh t•.'5(•,u. ht•r-; :,,:~fl'I t r.·._· i r 1 :;51cr. 1 i 

51 r ,~,· 1 o.i '.:> t ~ 171•• 
I ;)t t dll'.";. ~ f'!H f 

1W,t'i r r-.>rT• ! ht· t,, .. ,,. h •_.1n t ~ • r 1•. ~ n·J ,,,,.t 
l'>MJ, l'r•.1Jt.•·:f:.. untcr ..,,,·,.•re :,.:._,,.,11"! 

.u1•i =-on.t:- m,1'i n., ...... ~·· f,p rP .!.1:·., ,,; • 1,•Jt•thr:r whi ! .. · 
, .. l.,rincd rr•;Jt•1:t; 11re ,jc~.t'jl'1:, ~,-,rr;.·:..1fT,t_•:'.", indcfon~l1·;·,·. 

t•rer11Jentl't', third •~rl -~ ::;,_·1, .. 11, ~ .~~ f,tcl" 
1l1(ft•'\Jlt\t"~ r.tf•··'i t•flr',,qr1t,:r••d t,·1 t:1 .. ;r ,,!l~.•·Jt:•:~ 

\ll rlt• 1Jf!~'•ricd ('O\IO' ( \(.''.; f'>JI rl 11,t;. l'j t,,1-,,,1~•, ":.11•,'h rt~. 



pvw~r .. -1...tS ..... r: sh....:r::t.J<.j~:i. ::;..t~r::r:u;..teJ W..t.t~t sat-:pl Lt!'S. 

4~pl i~s '-'! -.·1t4.l :.:.ll.j~nt-s r::..iunt11'-I ~ut 1111th little 

.. .-h.s .. ..:e ct ~h": r ti.,, l )" '"Pl .s~·ement. equipment 
br.,.si<Jv••rns th.st t"k" lvn'} p .. r:oJs •:..f ti..., tv rep.su. 
~""~th)" d.:!.s1s 1n ..:vcnmuni..:.st ions ..: .. used b;- pvvr 
t..-leph011..- systei:is • .si:J •· . .:>r0 • The net etfe..:t ..;! 
t~ese f.J.._ t ·rs '-'n r::it.$e..ir...:h pr~u"-·t ivtt•; is w~thvut 
d0ubt n~-J.tt i. ·.;~ _ 

$ci.:nt tsts .ind t~·:hn•.._·i.ans arit ci·..rtl ser"·.1nts 

in the c.Js~ '--vunt r te:i. ~Vfftp~ns.ite.J ..!.:C..)r::J111q to 

:;.-..-.tles s~t ~vr ..jo· .. ·~:r;..m~n!. t.""mplV'jite'S- As p.trt vf 
~ust~:: t ·; l'.hit:'3.:iu.r: it:i • .;' . ..1·:e:nm~nt s hd;re tvr the:= l.!:il 
:t\:~ ~e..s:~ ur ~0 :et~~~~ wt lLm:.t~~ ~..sy r~tS~:i tJ 

c..:;..;1! St.""r\:...::.ts. T~c \oi.l'j~$ la ':.h~ t1u.t"1:!11..· ~~.._-t.:;.r h.1·.-~ 

..s'-·l_·v:\,~i::'}l·1· nJt l(e~t t~._·t.· wtth i!tt..:[~.l.i~S Li·. th~ c0s:. 

.)::: ! : •:u. ;. "Jf w:.t, t!'lt..· w.t...;t·s in :ht!' t'r !V.ttt.· 

:;~,,_·:.0r _ .s~- :.:-1~~ ::i" .. :i .t:. f t~·-·t":.ai•.:t..1:1~ d.tt:! P.,..".)t i;· 
._· .. •p~n~.Jt~_! Wfl~l' ..__.L··T'lt--.JI~·J t. ~qu:\.".ilt:"Ilt -:l!l.iJ~~.,,t:."t!'~ 11: 

:- er e..11: u t :i..; :;ut i' l etr.t!1:t..1: i .1._··.>~ .tr€' ::ill:!'.it!r~: ;· 

:-~str l•:tt.·•! f' H" S•_'tc!'::t .St:.;,. T!l!S Sll.J.Jt i~·n :.items 
~:0th th~ ~.J'-·i< v:- ..t!:~r, . ..st l\.'~ ~l'lllJi..Jj'trh:::·11~ 

"-'i>t-"...1r:;.u:1t ~t!'S !" .. r ~·-·it.::d. :st.::. .ss nv r~:St!'..tr..:~- .sn~ 

::tt~e .. h.~-..:e::;!;rr.~:.t :s J:~H··~ tn th~ tt1·:.1t.: s~1..·t .... ~r. 

:i. t!1e \.-.._.ur.ttl.t!':i It:"~'lt:."•~ ... i, th~ .ua. ... l;:•t .. ,t 
.t.;._,;: 1.:-.. ! f1C"S~...1r ..... ·t·. t.1t.•i~-"J ...!'-1~c .st ~u.i·;ersit tc:.i 1.:i 

t.J:~?h.: : ·•- Tht:tc: ..st-Jp~ .. u t. t.J~ tw .... r~asun:;a. !..lr 
l ~ 1 :.: • fo. l ( => t l): .J. l ~ the.." t r -t·2 L f, l v:\..i 1 ( U i P! j t 
s-..-i!".!'01t:.:.;.ts in :;1.1·.;er~1t1~s is tv t.:-.:1•.:h .t•~l! instil .tn. 

_.1.tn .. ~:d~tl. ~vc L~.J.i:n:n-J JihVfi'J SlU•1t·nts .JOd tv 

~ . .::- . .._.:-.:r. L~si.c tit:"Sll:!.t.r~·n. ;.. t;r.i·.-~rsLty s•:l~nti:>!.. 

·.- ..... ,Jl .! ! ;.r • .J :t ':.r'jinq to tdK~ ~I-> dp(..: 1~..i fit:"!).~.1r •. :h 
1,:·~1;c.-..:t:. :,,1;,.._-~ ".l~ert- l::i mir~.redl ..t;..if1I--:~idt.-.Jr1 ! )f 

s·~.:h w,_"k ,t:t"J:•·J..: >~ l~.:tr.JJ~s (s0rn~ !L..:ty d' lL..:ll~· 
0 !c11~ ~·.;ltc lt l • .i, •• j .st !.f"'.~ pr.:.!cssi..ir . .!l lt!\.·ei tt--.er~ 

.J:rt.· 11.,, .• ·~·~r;· ft:w •• _:._.a.:...t .... :t~ h1?tWt."~11 '-'ruteSS.Jr:-.i ..tnJ 
: nJ1.. ~tr ! ; ~ :. s ~ ~; ._, r ht: ..s i th f.J r ...>V 1 .1e r ::>. 

~t."~ .... I~-.L·,., ... ~~h f~·- t."A1.'et,,. ld~.~ •• th~~t" d[t." n .. J 

·---1·~ r.h._.tur~ t..:r .:St--'"-'l 1~·~ rt:sc-.lt·.·~ ,,_.: ,,_ . .Jf\S•JITl~rs f.._1r 
1ci~~.sr1..:~1 tC'SJlt:; in thr: •:.ssc L·,·;untr tf'!S. A.-:j .J 

:: '=' :io u : • • i !. •uu : ·"l rr .:silt'" : t t t ~ e s ~ u...) t: t .-_, r tin l\t er ::.. i !.. i 
It":.it:.-tr ..... -ht:I.; t ... i••.:: ~ )f:n _,,.;;:led r~~'-" • .u t. Slra•:tl' 

rt:~·dts,. 11:!'\/t:::"U Lt ~,tent id! l·r· u:iet ... :,. w~ ll UL•~ ta~ 

.f..-\it·l~,pcj. '!'l'.C' ~:.t, _ _.ept l•)n:,i. tend l.J ~;lu\11:." •-ht!' rult.•. 
f~.t"" ft:w ~,,~.! lt:J ~1:1-•}it.''-·ts unJcr W'.IJ' in T?1111.1n.l ._,;-.t 
VIE.·11~zi....eLt .--sre t.,-...inq .; .. ~rr ic...· t uu.!. ~;y .Jr•.Jt!p:i wh1; 

tt\l,.ii.Jh s~ruh'-J td~ ... r~~ ;1. ~,1~1....: t~:.a.·.!:-..-h t1..s.:r: 

.lo:-'.it""lcp~.l ~":;.erti..;~ ~n r "' rvw ,1;t..•.t.:.. ;11E..•rt 11nl1LJ lo 

· ••• ~ 1t.u·; J1.St.::t~c: .1,; ... r.T ~- ·:t.~ c•5n .. ·rt l~c- ~lluw:a t~~~ 

·1=·,·is. l•..1 t.•o<~ ,.1 ,.;.·1 .. .-. :..;. s .• ,,,~.rt'-··l t>'i 
,f.ft""ff,.1t.vll.J~ ._.t•j(S!:ll<ttlll;•~ .1r tc11•t1; .. J vr·J.SUlZ.-tli. .. :.:.. 

! • ~ t tit:: I I •#.. r .·,1; t •' ):..t: S. 

.i .• t :.. ; t.· · L•: 11.;· • ._·; _,.:r ~e=.-. ' ..... , t ti11 .u:-i ••• ;.t t 
.st+ '.t· ! Il.":.i,.t: ·•: t .. t: .. •de:~ ;.>Lt ·It" ,1•. l't1bl 1 1

: re~~.ir :ti 
;11'.i! .'•ltt"".• lra ~ 1 h tt'.Et:•• ·.~ ,f'." 1 ,1,.u r 1t:"~; J;, fo:,i",'t•' 1: 

1· ... i'"'"'!i1J11;r1 ... 11d n.rt.""tt.u. /'"),,.~r1.t:11t )t 
~ •. ,,..,:.·r · 1rr •t.•t '''~ '•i 11 "i :...1 lt.'''' t." ,,;,(t l~ •. t.11\ 1 l(•1Ji 

j•!:;.:.1'1•1 •• IS t~.,.~:•:! ft:! ...... lil;f,t;.,,h'r• •!t .tl_.,. 
: ., r • ) • \111 ·, 

; ', ,_.·~1;;.1 ,, I~; 'i 10_., '. .1 t t·; t th.•! t .Jt• W1)( le • ..1 

oi1q1,.r .,,·: , ...... o1r l .. .- .11otlJ.lf, .if bt"··••' .. e rht"f•• ,· .. 

.1t•lt• .1 ...... ''!1 . .i l·t.·l••·t.·n tht.." ,,_.s~.tt•h h111t!i i;.t 
; .. ,t._.u•1.1 •• i.t·r·. ,,r t·• .•. .1 1 :.. .n .t•JC~1·u11,.1 ... t11•I 

·. ; ~ . ' , • : • r I 'j . 

. ,,,,,.• r ••.. 

N, l1fll' ::-. • ·•i•· L~•· ')' t1·t1111•'•! I rt";.~.tr··h 1u1 I 
11ittve1(1ptnt•nt 1n t ... te1 hn.,I >•J'I• ..-r,, .. ,t,er .tt. 

1111l'Jfll 5lt , ••.•• n-tf &•JHd~ l.itH r.-tf1ir l~S {jr lf1 1t1J'.'it: ll!S 
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~i1st in th~ ~~s~ ~0untr1~s. Tt1~ ~J~..in~~d r~s~..1r~h 

.in..:! d~velV~iftt='nt .._·ul!'lpol.1i>t!'nt S..) str..steq~..:.il ly 10c.1t~..:I 

in the ide.!l ..:vrK .. pt J.,v..-l0prnent prv..:t.>ss (see 
tt<;uI~ l) LS 1niss1n~ Ln ~t~,- ..:..lse cvu:!tr:ies. As ..l 

result it 1$ J1tt1..:ult, 1t n..;t 1mp,.:ss1i.lot:. t.:. ._.r~.,~·t 

the t r .. nster ut knJwlejq"' ..tnd t.,~·hno!v-JY t ''-"" 
r~s~..irch units tu 11oJ1'-Jir11vu~ :ndustry. This .:tl·St!'nt 
..:.:>mpvnent pro?sents .s tund.s..,..nt.sl t. .. rrier to th" 
d .. veloi:-nt vt btott.>..:hnolo'l:i-

The LnJust r i..sl unit in th~ '-°.J:ioC- L-vu.ntr i~s t~k.~:;. 

01.~ vt two t""'I:ns, n~itht:"r u: wh:. ... -h h.J'S. "'* C"t:"~~.!r...:h 

..:•~.ib:lity. In its tirst t.:.rm th~ ettt~rpr1s..- is 

.,....rely .l p.!..:k.s'lill'l .•nd m.uk .. ~ '"-l unit vf t>ulk 
pr:.J-Ju~:t:; µ:0-tju.:t!'J c:l~t:Vht""I~ .u.d LlllE ..... Htt:J. ":"h:s i:; 
p.i:.JL..sb:\· the 111v=:;t ,._.o~n :-v:-11'. 0r l!.H•Sn .. 1t :o:l.t~ 

._vrpvr..1'~;.Ja:;;· :;>uLs1j1~r1~~- Th.: Sct.· .... n,i :vrm l~ t'~it.' 

lr~di..;t:.>rh.JU~ :.n!ustr;t whiL!'l •."..11\ h.J\.'C' J d~vll:!'t .... ·~cz1t 

. .:-.i'-. ..t.Lotl:t;, t~ut is in t~c: ni..s~::. d m..suut.J .. ·tur 11.g 

f~.._-tl i.t;·- Wht.>n e .. r_h~r ti.>tm llt::t!'j~ d te~h:.uluyy, it 

's imyurt.,J. Th" 11npolt ir.'l tnd"strji':; d"'""'~">'mcnt 
c.i.v.ibiiitt. dl the- m.:sximulT., .:1ii•.)W:S the l1h.Jt.1slri :u 

..!11.tpt th~ ~mp.H!.eJ tt:•.:hu...:..:.._,.Ji' to ~~t t~:> •..J•H 

r.:..;u i r~~r1.t~. 

In 11i..~u.~tri..sli...;t-.f ~.._.untrie:;. th"t."" .:t.L"1..jui~1!.i..,r~ ut 
S•;lt:~?t l f :1..· kn•J• l~iJ~~ jmj th:._ t~..:h1:UiVtJ'1 rl\J'i ~: • .st...:t: 

tnt!' r.:~ip1~r~t 1n·1h:::.~IY tv t.e .. :vm~ ~·re ._. ..• mt-i~t i.•_ a ~·it:" I.a 

~"-·•,.:..tl vr l:1t~rn.:lt iva..sl llldtk~ts. At t tlT.t::i -..·hJ:lql1··J 

11'..J!:i<.lll:!"tS ..:r:.:.tte c .. >t.,j~l lv:.s wnert!li)' .J .: ..... nt LrHo ...... \~~ ti'->"' 
0t no:"' t~·:hn-Jl<>q:o:s is re,1uiro:j by indu:>t<ji. 
!nJustr idl m..Jrlcl~~r s .C"ly vn si...::.enc.:~ ..lnd lt:!·.:"hr1u:..><J"i 
1.rov1•jo:r.,. t, lt!Sp0nJ qui.:•:y "'d a~·;..;up LHo:•;· to 
me~t SL!~h de-md:hJS. This tne resedr-.:h sc..:t.v:-s in tt.t? 

~·.-::St:" c.:u~ntI i't."::'.i O...:dnnvt dv. su lrh .. ti-Jll:!'i:a-·us tri....i~st r;· 
hdbLtUd~ l y turns tu t0re:11n te~~n .. du.jy SUt>~·l le: s t •. H 
tt'~st!' "~'"'J.s. t-•ur ~:.i:4mple, 111 Tt'.Jil.tth.1 it •~s 1h .. tt.""J 
tt".~tt .! l1i'-·.Ji i1 • ..:tustr·t· Wd:::- i:itc~t:Stt:·! i:: i1....:•p.11r in; .1 

t-=·-hik .. lO':f'i fur t-iI·..:~t!S:ilU-J piJliTli \.,.:. Althu..l·Jr. 
d~l-Hvp:-1.st.: H\.tJ w.ts t..-tkin•J t Lt ...... t::" ..tl .s :"h~s; 

ui;ivt.:rsit·1 tht:! flrtri 1:h•)Se t,_;. tn•y tnc- •.-:>...:r;u.,1-."il' t :._,rr. 

.tr. eut~l:(JflSt:! i:l th~ Uni~t.'"·! r~r1'-J:1,,rr.. 

'!'h~ tw., m.:lj_..t [t'.t~.::,ro.$ Wh)· 1nd~1:it:;1i.1....i~:i 1.l: tt.r• 

CdSe l..·p1;.nt r i~s ""fj a .. •t turn t•> th.: rt::it:.-tr.·~. St:•_t .. : 
fur ct n~.:11~.j tf!!',._·hn•_Ji.;yy cirt.· th.:tt s1.:ic1:t1~t'> :n tl•c 

put·i. i...:- inst •tut :0:1:. .1tt: (11:.:rcit!'l'Jt:d .:1S t11·. 1.i\J ~ i•.tlt: 
d,>,Ht:Li.•li 1 .>n ,,f , ........ 1 llfe pr.A1lt.'"mS dll\1 th,•t ~.ht:":l" 

5cr·.;1c...-~ .tt•! 1;.fti-...:u~': f.,, St""".'''t: L..: .... ·.1,1;.;,1:: .... r 
Lurt?du··r.1t t·· tt..·sr r 1 •. :t 1.u\:.. 1~".iu:...c•1ut:1.t 1·1 • 

industr i.1l ~:>t.~ d:i <1 rule t:•\i.: rt.J pr•1t~~st1>1\c1l 

:·>1•t .. 1.~ts w1! ti • 11~ rt":..t.'"<1l1.·!~ ~!7.~Jt,l 1~hm1t.•1 t 1:-. t hiE.· 

,-..un!. C'/ to wL1··h thc."·1· .tit!' ~.,. .•t .... ,f_ Tt.t·: t.·~ .. r ,. 
lfhiustry i~ lill.tLl~ t'l '1t:• c·>s t:.t.- -c.1~,1wit:-!.J·~ , .. , .. c. 

··.11~ri,>t .t·.:;.1tt.~~ .... 't." '~=>·~l's tt••IT' f•.t:..~·· .r .-11,••ilcl 

(1",c.-H · 1• .111•1 l$ tH."rlpth~t• ·•t 1n.1t.•,a1r1°ic."al ~ j 

pt•rf·.1Cl'i'1~1i-J t~!)~.1rl·fl t-> .... ~· . .rr:.· ,.r.·bl11.::·.:-:. l! t.• ·h:'; • .-: .. ·i· 
II•_· .. ~,:,,d;.· .. t. l;f ilf,H"t.·~~·:~. rLt.· .l(1Jt:n•': ,.: l•.·~·--··' ·!i 

.-.,11::;1u1-.er~ tn U1t..• ind1.o:ilfl,d : ... t.·•:r,.r i. •. 1 ~.t:ri ... i.:.. 

~'-lfllt."I ''' t"~ •it.· 1:•.:d-. 1 ~1ilt"ld .,f t.1·)~..;.•.1 ·'··•; 1·• 

11. tt:t:::" l•1t.•.tl :..·t,._·m'"· Jr •.'·J'"-''''t ,ft.•11. ! (-"".-1,r_, 
ft.·· h.1.,1 Jr'/ pu::#h 111.t .t ... ·rr.u1°1 tn.1: c"'~·rt ,r·•·J t1>.1l 

,-t•: .lt t··~·cr'i lto•lnt .t!,•li•f tht• • 1;11't.•;.· ·l•·\,•·:11,•11 .• _•11' 

P'·••""!'SS. rh,•:i. ~h·· p.1:...h .)r .t (i'•..,t>rrut f•:··h:1 •. :.ji,., 1:;. 
l i K td 'I• t .. , ! ••· t 1 ,. , .i r .. r .... 1 ,._., ~,. rt.":.,,. t 1 1. r ~\·~ 
·h·l~'H ... •rt of flt!-',,,,..,, t·, 1·11 l:f· .. ·••:..:..•·:.. f,, 

··u:..t •mt:r·,. ,·,.,,'J•:•:....-1 1·• tht.• l"~ll ·1e11 • .-1.11t..'J t1·,-
;·1o:;t.,mfltr ,,,!m.111.1 .-.,n, •••·1 1 .... ~. 1p.vc r 1· •• • 1 • •Pl·~ :t."l 

r1•:-.t•tr1·h. "'·W'•"'Jf""I • r h•• •Hl•"f.',,t. •h•v.•lp11·•!1." t~l·~··t.•S::. 

111 !he ,·,1;..- ,· .. ui.tr :t.·~• i:. 'l•fft."rc1.t t} th•· 1.1•:(11 

bt.'•:dlJSc of th~ t11~.-t· h ht•l..-t.'~U the ft.la~~•r .h :.f!.·t .• r 

tl·''1 'he 1n.1u:ilr·1rn,1rK..-r1nq ,·,>mJ>'•nt!r1r. /,~ t ru:»ult 

<11fter1n" "ush .tr••l l1ull tr-rce..; d<'t <1n thl! tw<; 
ell!tnvnts. With rt"~tHt!n1·1! to rhc r .. Sl'•H4"h sci·t •I, 



t~,:~:: .. ·1 ... j'z' p •. :.!. ~=· t::t: .. ·.ise ..._·~·~-t:t:~t"·~ ::"-·.>;.i.t~ :: .. ~ 

i·r·•t··"t.~!.'""S ... -.: ~-:.,··tt.,·t:~1··~ ... -~·1 (t':.•_·:ii."Lt"l!'::lS~-5 .trl .. 1 
... - ~t l·:~.l::i ··t~\ s~.1.t--;··Z ! tn ... :!i ~n t.~..- J'-·Vt:[!.:"'."t.·r:t}. 

str i•:'.f.'l t,:- ::h:.:.l.ir- l·'.··ttt.-. .. ·~:::.,~ ···J":' tt""'5t'"t: ·•~ .I: t!~~ 

ur~:.vtt.:r~1tlt:?-s· .\:,...! :n..;:lt._lt":i. prCo..J•..i:mm~.:- t: .. :;~ ~J 
•. i... .. · • .-.• rr..p~ isl'"a~J -..:1~: t·.:.. ~ ..... ~u:.,~d·J:· :..-s~ .. tr ... ·•1 ~.r.· .. .Jr..s!T'_.: .• _ _. 
dl't! t._ikt.•n Ut t.y u •• t· .. ·t!r::>ot~ !t-S ~r .. i .:1Jt ~: l~ :·:r:3" •• tt.•i 
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E\·t...·1 •· ··~-=-->t- !t"W 1...·.1:ses wh~:..: ~hit:' tssait.·j 
• !'"1.j.tt:1::.tr :. ~1 r ... \S d pr1.)'-JC..trrl.i.T.~ t,-;r tt'.r~ .J•."t lVt?', ;..1tr~1....·t 

t . • t • ..t I j l : . ~ ... t i rl t t.~: tr..l t l ·-' u t .._ st_. i t · .. i. :.: t :.: • t ht!' 

f'-'tt:.-r:t ~.li. r~._·11-11t-':1ts r.ireI1· L~n~t 1t. -:r:J~. t • .:.: 

t:.>;,,..u~.pic .. ~roe lat~rn.it iunal Net..,crk t Sn··tt.:'1_·hn•.:lL"Ji' 
(!HE), tt:r .. 11·1h its m.:mti~r ,J.._r .• :.:-rnmea"..s· dtpl.-:.m.1t1'-

n:1ss1vns in .j@'vE-loping..:vur.tr i-.:s, ~At[tS :r.tH._·h t!'ttvrt 

tr1 s~.--.-11r.:1 ir~tortrut i·:.r •. _-1,1,:..il..tr~ .Jire<t ti t•_· 

sc1~nt tt ic 5~ .... :;..c-t t~s. !..r1iver~it'j dl."tJ<trtrn~:.ts, 

i.ns-:. itute r~s~·..tr,.:-h ur.1ts dnd u1d1•;;.di,;.J:i s: .. .-1t!'nt •sts. 
Yt-t. 1t WdS .Jn!'i the rare ct?s~:trchrr 1n th~ t:".lsc 

c .. u:.:. r le"..i •hv t:.l.~ he.Jr,~ nt t~-? IP.f. ~ 

(_"' ! t;.t!. ''i. th i :i mt.·th.,_,J ut l ,1t<~rm..t~ 10rl 

-.!.L:;;~cT.111.1t l•,: .• s: nut .. pt i.m .. tl .u1.J mor~ 3'--·t i·:e 
r?e~ ha.nisms ·\. 1nt ~-'-'Lt- ,!evise.J t-.:1 ensu1e th...tt 
t.~·:Lr· .c..s. 1.nt._.:-:i-. ..it i . ..in >.Jets ,._:. the intt:n,1cd 
re .. qJ!~•·l~-

Tnt t-lt-....".li.S1·..::.·r1 0r trdi11Ln-l opp\.:Jrtuu1t1l·.;: b·4· 

!:i:.€-rn.Jt:vn.J~ vr-:1.lr~iZ.il1or-.~ LS .:1 ma}·Jr, ·•id~~·i 

prdL·tiseJ 3:.:-t1·.-;~;· &nJ the vne lTh.'...Jst requt:sted !... 1· 

s...:~entist:; !.!~th~ .:.:tse ccuntt&t·s. BJ' p:-ov~Jin-:1 

l.:-.!11~in,1 Jt'pcrt.ur11t ies. int~rr1.Jt :,...=n .. ·tl orqa·~i4ctt; ,r.~ 

.!~.,mc:it ·~·: ... i st; r•·J '-·.1p..t~i lit ies 0f 51: ieot i st s t.-.. 
~erf..1c1r rc."sc.:1r...:~ • .ln,j mcti<e lt ""cssiclt? t..:i intr•:..Ju,_·e 

:-.c• :.e"'~t1i.-"l•1t:-S !.(.. rese.:1r1:h units. Svm~tir~'.t .. ·s the 
l.tt?"!'t:fi.:i..i~ ertt.· .. :ts uf tr.l~1.iii'j 1;.lr• t..e re.ldi1·1 
.... ~ ... s.:·:- 1.·Pi, ;. .• ·t~ 3~ :ht.• jcJtnt, .-,-' t...t,ierat ~v~ IJN!W 

I::.-:-~· .. ·':. t..t!!.Wt..•r?. ft-.i.- Un1·..,·ersitie-s ct LdhGrt: .Ja.i 

:..uti:·· .h:·;.,.·r.~tr..ttt""5. Aa f..1:t ...it th.st "'1f'>jet:l, th~ 

f;,.:::;;r 1:-.1 [·?"in.1p.-d ~n· .. :est.iq..itor rt"•·e1·..;ed hdn(h,-(JO 

~r.itr:.ILJ 1~~ ... ;L,::L1J JiVi st:-q,1.:r·.1:111q. Atter 
c .. r""';::t."t 111.J hi;j, tr.sining ar:d ret"Jtn t(> Pdkist..in, th1~ 

:;.·1t:1.: is~ •..t.!). tt•t: f i r:-t tv dv ...:t<;n1u-; .. n thct~ 

... :.;..;:•tr/. f1,rt.r.~I:rtcre. he •.JUl,;'cl/ s~t u~i .-s :0~<11 

!• we._•K \JIJ~;.c5t, 'i' -1ur ii~tj whi1:h ;d <•tnt:r P.lkistanis 
r•;.·:-i·;e.; t.t.t~rt~!1J d• tr.is. technlqut". 

•:::: .. ·,rtun.ttt.•iJ', lt !.5 r."tt: tJ,.;.'4.1l '.f'..tl re~ ;01r·:t-;, 

.;i·•::.t J:1 tr.t1n1u.J .1:-c was· .. ~.._j- ~.11:·1 !1-•. l~ll~ ,:;ts frJn1 

·i..:-·:el•Jf:in.q .·c1.1r.t r ie:.; W:'°lu re< .. ."t•l'.:t: dd•:..Jr11..·~1! t r"lh~llo.J 

-.u1•:.,t J'.',e 1t u1 "ht:"1r lllAT:e in:otlllltl·.>H::> due ti .• Lhk 

.t tti:1l.t1 ... ·~, t:·l·~l(·mc1.t .u1.! c ... t,._·nd.tbit.· :..Yi·Jdlt·>. 

!.n.fl(.• rt!'!iitt•I1~1 L·, .111.,win•J their skill:.. t.,, :..Jr1,~.ii:;t-.. 

(,tt·.~r~, lt·..s·1.: ~t;~lt t1,1mt' ,_,_,unti:1es ..-11.J u..i~ tht:11 ni-:w 

~, ..... ~l·'1t'J~ d! .h:vl•1 .,,t:.--! i:->untry l.tt_..[_.,r,11.,c1t:t"s. 

~ 1 t t. t r1l• p( ·~:.d td 1: C11.1 ei,~ l<>•• <..it WHO t t t1r r.niqh i ·_ ... 

i•t .... ,r1 ~} i:.,t.1otL1. l 1t'i !.:t ren~1theu1n11 ph.>•Jr.trM".t.•), 

11:' · r a.t~ l<>u.sl 1..1f'J'H11l.Jt lC•liS dtf! ·•df'J 1.,.f t ~n.ui1:1n11 
tit 1t."' t:; Whtc•ll th•.· t."llllJ>mt:nl t.:Orft~;f,f!r1t .J,J~t.;. HJ• l1> 

;-J.,:t· tt 1 ,tf1 J(1 (it.·r ,,_.rit <>f th~ proj~1:t'~ t)11·1·f•·t, f·.1r ,, 
1.u'"'1t •l' r pf r t!.1 ~ .. "' • : 

1-·11:..t, J11,1 e ,, 5 ... lt!•"t." ,_.r mtt h.11 t'~J11lpml·11t l:.. 

1J .,.1.d l I ·1r .. u t:cS. l•t'· .1u5t." lt r t:mcJ in:. w l' h t tu_. 

:.1q.~1qrtt:•! rt•:;e,1r•:h \Hilt dfl(ff d pr'>}t."'.'t eu•L;, dfld 

l •: ·rt.t~ .... ·1~r1 fvw "'''-')er:t.5 "''..1ulti t)"I fhttmJ~l·;e:;, 

f,•· •. ~.'.""d(.1tt• it$ .:vil~ 1131~, 1t ,·,:.ult1 tie 1·•1no;1rSt·rt.•<1 

• !l: 

i:'-~r'!. .)t tht:- intr.'tstru•:tur~. -:hu::i. 11· tht':;' 

tntt!tn,tt: ... )l:...tl .... :r9.u:1::.tt.:.n•$ vi~•. tn ... a .. ~rt ... 11.Jtu::> 

shvulJ t·~ putt..."h .. 1se'-~ bj· the inst1tutt? tu11n1nq tht> 

p: .... ~ jet_·t '-'r by tht.~ h,·r1'\~ ·-j.J 1.'t.'t nm~nt. 

~:t:".-t,1:-J, it ..... u: t)t:" d~!t 1 • ..:ui.t t,1c 

J~erl,¥ t·J ~~~ll~~t~ t~q~est~ :ur mJj,,I 
t !. ~::•<'! L Uo.J 

t1'1.fu1pment. 
'!'ht: nt!~·d !c~: S"-•!!'lt."' \..·..in L'C." ,n~ .. •surt.:.-1; !'-"r t"X..in~.l~. 

th.Jt 1·1f .t terlt.enter •• .• i11 !it.· _·.1,;..:ul.tt1t:" ... i t.,· . .-,_,r.st..1er 

tt·t:l \.".ilue l)t its •)utp:Jt ,1·:cr .\ per ii.."l'"i L·t t orr ... _:a 

H\:!r.1uests r.-,[ C•thit!r tr:st ru;~.~nts .: •. Hl pr~s~t.t 

t-r._l.iens; fdr ex."lmrl~, c:~ whit ':Jf•.:-~rh.iS :-<..'tll.t d 
i.'r~ .t·-:ft..•f.,_"i ~u:.t1!·1 ·.11·.:l•.•; :.>u.ppvtt tur tt!t.· t-ur(_·ti.ts,~ .._r 
.!ti .,~.t.,rr .. t~: · r1NA :=',ntht_•!:l::t>r? !t rtl .. -l·J t·~:i. ·.;sti!.it;>.! 

WOc!: .1 t·[ Jl!C':. n.-ts iust ltut" i1)n b:..t1l..._1ing .!:r': lts {J!'" ::n.
.. t1m. ·:·b.lJ, wht.> .. \ nc1t 11.>1 ... t: vr rt:'-j.L•_•r: .. ti :i::::t re is 

bt.·P:; ~-L.t!·~ l:ib:.:.J, e•-lu.it-·1---i:~'_l ·~ with s0~h :st i,_- .. 1.tcJ, 
eAf.it:'"B.J • Jt .. : t\I'~ 1p1it..~ut i:; r e.1S,)t: .. 1t...ie be.:..i...;st- l ( wi l: 
St:"T'~·e .i:i .t rere:t·n·_·e- .'\:: ... ? lt.Jj,&ltnq 1..·cr~"rt• t.,I .~n 

.:-nt l rt< r~~t~ ;.,)r, 1...·I: :-~l}tv•). But lt.$ µ~.r.-h ::..:~ :..._.r ..i 

.l-'.J:"t l··~l.1r 1e:::t.•.1r-·1: t•l•>Jt..•1...·r: ffi.Jj' t·t: · ... JUt:":.it .L·.»i.tti't> 
5?!1.._·e _.::lj th~ r.:::t:- (J:.:.:t=.._·.;. would t:d\'c t.et:i ~Jt ~l•lt 

S .... EJ~.i~_~t l :.Jtej t:yi..11t-~lr.t·;1t, t~""· rt.-St:'..trcher~ w.111ld kn ... ::,:w 

hl·W t~ l.~e it. bd.:kup 3upi.ctt t.y ~t5 mu:uf.~--tur.-.::- l~ 

o!tt.·n H;\.J':.1iidlile, J:tt·J tew, !t .lnj:, lt_••.:!°".:-~1.·1.!1.s ,11~ 

.1 l l ':.." f ' «:..J l ll t cl ~ !l i t . 

Th11 J, €:Vt!CJ" intern.st i...1:l.Jl 1..1rg .. 1n1~ .. H "- ra t·L.'_jt.· ... ~ 

m .. 11. .. l 1 lt_•r lS ..iW.l['-.> vf t"-'{·€'1•Si·,,·~ ~1..j~.1.i(-'tr.~nt ' .. ~•.tt h.1:.; 
O~ru unr.t,_·essar .. ly ;,.ii.;t·:hJ~L'·f .. !tt°' the ....:.rq.11.i~..ltl._:.s' 

t tu,. L~ . 

N".:' ... lo;'rtnt-lt:~s, ~t.i·;11.-j ..1:l:\h ... tne ljl•'".it 1 ... ;.s .._.t 
'oi~:)l-e .. u1J i.1e-f! ic1c1K"i"• tr.t:" dm.1:.!lll ot mu J.._·r 
equ1;.)m.~rlt tit:~:•'-} p:-uv~Je.i t·;· int~rn.3t i•_·a..il 
vrganiza.ti•..;,1)5 tv re::;e .. 1r·.::1 in~tllut 1un.3 ir. -J~·:~l,.·p11.-J 

._-1.'.·u•:tr it.•.i i5 min.1lit!' 'llltlt:r. ~r~mi.>dred to th~ ru:?t:-\'!. 

kdrc .._·he~i . ..:..1L::, .st.d '~r.~r t;'A'En:~:-~d.1t,~t.· .::•l[Ji-~ It:~, 

~--t=~ ·:!t .. 'll l\j rt!Se..ir~h J1i-~ t•J L1•.1sc1~nct:' t .,~,_..1 

i11•i1;.!.itC"i- Thus, .lit. Ll•Jtt:"•:hn ... l.J"-H' r~l ... •tt-.:,i rt'..i•.·tz,h 
t·r.-~jt. .. ~ts s.upr~vrtel1 t.;,·i intcrri.lt l· .. •n,11 ,·,rg.:.:1i.:..t~ 1.-,n:> 
i111;lude 'Jf«visivn:. !'--'·r the11 ';ur~hdse. Wh1l~ ~a •. :~ 

tur.d11\'-f h~lps c-trri ir:.J1v1,tu.t! i•!<) it:·~·ls tvtOW:d;t J, It 

d· .... es nuthin'I to h~lp sc l 11e tht.· ,-..·~·err idinq !·robl~~1. 
r .. 11T\e!·;. t~1.:1t. no dt::IJt."nd .. 1l>l~ .t.<1r . ..1t.i.;tUtt:r:; \_...t rctrt.: 
ct.t!rni,:.J.lS eAi.st in thi- 1.:d$t.' (:o;u,t,it..·:.i 1}f, with • .. r1t: 

rdre e;:L"l!i-t :,,n, in tht: th11d w.:.c:d. lt1 c:-.jc1 t,) 

:it.·,·;~:t:' thc5t: 1.'htmt.·.tl.;, rt:se.1r'-·hcr::; t:.J•:t: tL' u:>t: 1~, 

reu.·h t tmt! ttr •. 1 s~•':.'nd s •. · u.-t- i1"rd 1:urre1h.:·1. ct11d t·V~1; 

...... , r.ti~·1 drt.· 1 ..... t!ly in Shi..Ht 5UE·Ply. Clt: .. 1rl·1, tht.• 

~n ... it HJ~ 'l..>f r.tr...: r_·Lcn1l1".sl:; t imit ~ the f}C•1'tiith I.>! 
t..ii .... ,tc .. :hk·l~"J'/ fc._r ... tnd pl .. tt...·,::.; wr..1: m .. ,., b~ .1 

tu:.ddrnt:'nt,,l tNsrr1~=- t.> tfu.: l.*~l.1~ ... l1-:..l.mt.·r1t .t 
b10:;1:ience L_s:;c11 in.Ju!itr'J in tht. th!td •\·rld. 

(l::) ;11tL~;1.1t1on.!: 1r-J .. n.1:.1~_1·1_1:. .1111.i 

l~·~t:rr~!~i·~n~.~ !"!_~~wurk~ 

I11tt!'rr111t 1•1fi..ti. •H1J"r~i7ld':.. 1u11s ti<1·1•.: t tie 1mf,,.-11 ~ .ui~ 

f111,1·t.1on uf ,t1'':.. IIPJ J::i ,1 Cdt,\ly:li'1<J f<..H•_·t' lrl ~ht.• 

:.it.•tt ill•J up .ind n'•l.'f .. tl lull uf f1t!lW1_rk:.. h.IVUl•J 

i11t~rr..lt io1i.1l lt..•.J•.:h. Twu rietW<Jrk~ hJ•:•! tht.· lu11'Jc:".t 

hi~tor'j; the 1'c>11'."ilt.1t 111~ Gr<.)up (_,r1 Jotc111,1t l•Jndl 

A•111..:11ltu1,tl R"::.t·.tr<:h (i.'l;IAR) -tr:rl tht• 
M•crLt>ioluq11;dl ~t:::;ourc:e Ct•ntr~s (Mlk··r;U:;). 1'hl." twu 
tr•-' ,,.1ite tiirtcH:nt: t'GIAr•. c:tlth<..1U(Jh .ui 11.f.,.rm.d 

<.Jrq,1n1i:dt>r>ri ·-rithr,ut •:tn1:;tit1.1t1011 c1r 1·t1.trlt•r, tuIIr· 
f1u1d~ ;ta 1 J rrcmr .. t:-r in:;.t itllt lr,ns, 1.10.J ~t.:.. rl':.c,11• h 

,,, t 1vit ie~ rtf~ li1 ·' <JE:!r1eral .Jl!flSt? <~'O 1>rdi~ .. itP.o I t.-, 
the llt!tWoik :;~1:rct,1r i,1t { t<.>1:dled dt ~ht: Wor },j Ht.111k · .J 

ht!.•·i'jU1Ult?r$ in Wd:.ih•nc;t•ill (>.(°~). It:; f(,.CH""; I'.# un 
lf•.tpicdl <1<Jr ir;ultult." dn(·j .n1Lmt1I <1iSf!.t:itc"5 i•lt>V<ilcnr 

111 thl! r l'>(•i"S (!1111•1', )')fir.). T/1" 111 MIH1·~;11 

l11'5tdut1or1S ,tr~ 1n,le51•~11.ft•nt 11r11t~ 01dy 1.>-,·ttdf 



'--· .... ~.\e,·toc:"j thr -· ... ,'1 , ~ ·•· .. ...._ tf...11"-~ ,.,, i 1t1~:·t.m..tll~· tun ... tt>.1 b;· 
t:NC.SL~- l.att " . .il t·,· M,~'{1 .·.N's i1.;..'-::t~t ...... s t.) ... U"it. ... j on 

r...-st:...ir~h p~rt.i1r·.i1;q ... ...._~ qe11t.: ;;..:·ul~; 1" ... lil .ts SLotie !S 

wi.._l~r. in~luJinq b,)th .!~!' .. ..:ultur~ .irh.i !11.iustrr 
ll1..1$ilvd i:!.lld Tdl]U•.:hi, l~db). U~:ii-Jl't.' j1""t>r~ht...:~::». 

t..oth networks t.tt...·1 l !l.tl~ .,;...._)mmuntL·.tt ,...:;,,:; bttw~c-n 

widt!'ly disverst!'J units Sl.l they ftl..i)' w...::.irk in u1ll'"~'n 

ldW..tr,ls dl.·tti~Vin~ c't!tl...tin 'Jt!'ll~t.tl o..)lilt.>"t..:'t lVt.'S 0}' 

sh.tr 1ng expect ise, undert.tking •:u 0per.lt ive 
t~st!.:H,:h. int~qr.ituhJ tcJininq uf s..:1t:!nt1ti...: 
per:>vnne:-1 ..ind Shdr iny- ~ert.:1in r~svut:L't"S. 

uc<.:dSll..llldlly, co;sedrc·h cesults fcum" n"twurk hdve 
h .. d Jrdm.tt ic o;tto;c·ts un tho; thirJ wor Id; tor 
in..>t..1111;~, tht..• hH:Jhly prt.Aiui.:ttv~ dwdrt r it.:t.' dt.'V~iop~·i 

tJ1· ,_-~!Ali.'::;. l11te1 n...st luu..ii Rii:t..• h~s~ •. u • .:!: In:il itut~ h .. i::i 

t.t.~t..·n .. l,f,)ptt?d t··r t~Hmt.·IS thr<..'UcJh0Ut th~ -~.Hld. 

!t>:.;ulttll•J ir1 ...t tr.uke ... i ir11..:reast> in tic~ EJrc...•du ... ·r -~·1 •• 

N~w net••Jt ks •r-11 .. ·h 1:v1h..:ent r..tte un t...1• . ..ile,_.:1nul .. i.;y 
t:t:- 111 the pr1,,_,·..._·e$~ ..... t Lietnq St.'t up by interndt tond1 

.)!g..t1.i..:,tt 1->US. Thu5. three inttrndt ion.ii 

"'·J.iniz.lt 1011:> (UN!::SL"O, llNllP Jnd UNIL"ll d<t! hoelp111q 
:.rt the ~st.ibl ish:r.t!1.t ,.1t tht:' Reqi1J1~dl ttivte1:hn0l 1 )'1Y 
Pr >•Jr.unrnc tor L..tt In Ar.u:.!'! 1.·~1 ..in...:! the <' .. -tr 1bbtd1~ (UNDl#. 

llJdti): IJNiuu ~::; ::~ttlll'-J ·~l· the Interndtt01~~1 Lt:nl::t" 
tnr l;Ci'.tt!'t l\.." t-:r1 Jlt1t:-er i11·~ 01?1•1 Bl·1te1_·hu·~lOtJ":' ( If."1;El:l) 

.1r11.1 its network vf dftilL~tte,J centres (lilius"-..ts. 
1')8'.i); drh1 ttlt! IJ111t~~1 N..Jt1 ... )ns tlnive1sitz· is 
t .... ·mui..it lnJ .J netw,1rk t•JI 1ntern,1tl·.Jl'tl t:O .::.(•t:rut1•.1r1 

:.n l>l~·lCl.:t:nul'."]\o° (UNU. l')bi;>). fhe f\iUCt :•.>ll..i "t tht-

lu!W nt.'f'.:W(>rks w1 l l lie s.1m1 Ltr td thust: t>f tht:' ,dder 
I.e. the~· will seek tu intt"q:r.1t~ the w-:1rk .J:lu 

t1 1i11i::'-] ,,r, .... 1rarru£1e:.; <•t p.-:trt 1.-q,..1t iny in:;t itdlC!i. 

sh-tr~ exp~rt ise, pO•)l re:_;,,,:rct:s d1;1·~ pt:.>rt,)rm 

1.:;.1 ,Jp~rdl iv~ rt!'s-=-.:tr._·h. f.:y dui1-.~ sv. 111divitiu.Jl 
inst itu.t~:.> 1n tht 1~c>tW•.1rk ,_·..111 take ()rl projects -.:r1.1.1:h 
th<'Y w.-,uld utr.~rw1se h<1v<- h ... 1 to tcrsdke, perh.lps 
t,t:>,da~t> fhoe;."j' w.~.dJ tic- t~· .. :. -::.:r.~ns1ve. t0...._1 l.1rge. or 

t.\10 ,11tt1,·1~t- As 3 ljCC;111,, netwnrk i11stitutes 
sh·:.•llld Lt: 1n.·1rt.> ~roJ·J1:t ive th,u1 tht?y would h~·J.: bet!11 

it w ... ·r lo.: t .1.f i ndep~r1\i~nl l y. 

.,. 

The m.-t1°;r g.:l() in dSSistoll•.'c> IJc-ln•J pru 111d~ ... i ~'Y 

:;~• d'J~Ul~lc.>S i:; rcL.-sted to dpply1n1] re:;ults .1ri.:..ii.11q 

cr,-,m rese .. 1r1·h. Tl"rit."e prot,lt:"m dr~.ls are pc1It 1.c11ldrl·,· 

,·,.:tt:W<)rth·;: dlSSl!mindt lJ~1j f lthllfhJS tc..i ;r,J11:;r (i'; 

f11nd1nq pr.,j~cts pert.1in1r1~J to 11•iVdnCe 11 rest-ctrc:h, 

d~v~lo1.>mt:-11~ ,uid i rn:h1st' y; .1:1(1 the prr.Jm~·t I lllJ ,t 
1 ese3r1:h t«,r •:1H1s11mer s. 

l11t1:r1i.1r 1<J10.1l •·r1;.1 .~:~..-1~ !,111 spt>nso1~d 11r(•Jt.~,:1.; 

d=.;u,d !Jl 1ii··lu.ip ;r1edJ~irt'S tcu the d1s~em111.1: 1011 (>t 

th*! result-; the11 ·Jt•nt.·r.-1".c tn industry. usu.tl ~y 

l '.u 1',HJh .t '--' ;f I-. ,h,'i' ·H -.ymp'1~ 1 ·.:ir, 1ri,t 1,ut 1 i.·.1t \r.lf,S. 

f11 l•'f\f.1l •t·.' 1 tht·..;t• ,tppr<i.tt"ht.•; .tu fl•>t Wl1rk t~ r ti1Jt.' 

lt.:'.J!,.<11;~. r·11 .... t, 1ntl>rm.JtL.11 .1tiout lht! hvl.._11n1J (Jt 

. ..,,_,1<~ 1 i•111~ '-'! :j~·mptl:ild, or r,t lhe dV.-iiLtliility :>f 

pur.l i1·ctt 1 Jt•:i. 1TM·1:;.t often cl .. e:.. not r\.",t1:h ttH·SC whn 

woul.1 he irilt•it.'!>(f.',1. !Jc<'<'nd, thc- '1esc:r1beo re~ult ~· 

:ncty t>e .r. ·' n.trrow o;cient 1t I.•" dfet\ of intere!it tu 

tc..., tJeop1c 1n 1•1•iu~t r•1 ur tr_.1 rlt•<tlth p1r:1v1ders. 
Thi 1 d, -; i n··l" 11o·h1•;t r ~ t•:; .1:. tt r .i l ._. d·> IL)l hdv~ .t 

rt.~se.tr1:h nr ,lf·.t"lo~ment c.1,utt.11I1t ·,-, the'/ CdrH,,..>t t .1kc 

,1dvdnf.d<Jc ••t tht' (.•tl':".iented r11~ult:;. Vouith, t:V•.·11 if 
1es,,ults •..:<•Uld bt: usitble, tt11.! t.1Jct~' 1ve cctpdt>l l Lt 1~:: 
'.ir the dftcct.t!d 111.iustry wu,11<1 mo:lt l 1Kely t•t.' :.,,, 1.._,., 
th.it 1t Wfl\11·1 ht> unttbl•· ti> 11t l l 17.l' t in 11inc1 • IJLf h .. 11t 

m tk i ra1J m(1 j,.,, rit•'lf' i nvc~tment 5 l n m,sn,)owcr dfld 

f1•lll 'IJml!r~: . I- 11/t.', c· l[ll t.tl fll'l.'•Jt:d fur muk I Otj 

Ill 

iu,;~stln-=.'nts 111 Jev~lvptr.~nt. _;1,...·.Jl~ up .Jrh:i m..tuu[ t•.:tut~ 

is L1fti..:ult tu t.iis.: tn t_h.;. .J~velupinq cuuntt tC':>. 

Th~ sL·rut 1n;· of UN d...:t l-..:it it-:> iu.jit..•.:t.tes th.:t.t nc 
'"sour..:es h.iv" been expended o" btutech11<.)!uqr· 
~t.Jv.inced rcse..trch. development vr Uh1ustry. ·~•ct"'pt 

p"rh.ips indiro;L·tly, and no resuur~·es have beo;n 
al la..:dteJ t01 this purpvse in p10j.,...:t:> b""'':I 
planneJ. As a result, thece is 11<) ndtura1 outlet 
f,H the 1o;sults dnd findings genei"t"d by 
!JN·suppocted basi..: anJ dppli.-d <t:s.,.uch .. 

(I ii) lntc-t u.;1t iun..t l 

consumt::!'rs 

1.,ll),,:SJliZdl lOll:i ..tnd r ~se~i 1 •.'h ---------

Tht:' l,.t1_·k ut consumers t"vr rt.·St:'.H•.'h l:i :J.1•~t!l'.r 

d&1~ t0 syst~mtc redsons, which di~ b~sl solveJ b; 
\..iu\retnmcuts. Yet. intern3ti0ndl orgdnizdtions L-..u. 

ht-lp impruvt::!' tht.' situati,;.n l.>y fund1r:.•...l prvJt:'~ts th .. lt 

1nvolvo; indu:;trldlists Mid he.ilth P"-"idec.; tr0m 
t>t-qln:i11H:J to end. Somt!' prlJjects dv in fa1:l 1:oi1t .. i:n 

SJ··h • .:-lduses. In .:1.JJition, UN a-1en1·it?s cJr-. pr(JVi·it:' 
c ...... u1.:it::l on hvw ch..inqes c .. 111 bt>:il tJc- d ... · • ..:ornpl ishe·j ciri·1 

whdt st.t.ops governmt!'lts can t~tke to en.:cJu:d'Jt-
1n~1igtnous industry to C'-"ntrdi:t • ith L.:;c.ll it.:St>Jrc·tl 

e:;t..tbl 1shments for neede.i rt-se.:srch ,,, tv d~vc-1.:;p 

cust . .Jrr,ized biotechnolvgy. No such internatll)n~! 

ur1J..Jni:i:..tt ions prc1jects Jre, hvwever •. 1~ .. :t i 1t:: 01 
IJia11ned. 

'lv sum u'-" th~ tindlllt.JS (.Jt tht>- E':t:."1:c.11rHJ 

J11.ll ;··.is: 

T:\t- number 0t b1.:.i~e.:hn..::)i0q;· rel.ttt.."J 
projects, whether com~lo;ted, under W~j )r 

(1lc1nned. is sn-:.dll ;when compt1~.1 tG ~~~ ..... f:·.)t~l 

nu .... t.>er or proje·~t:i being und.,n.1ko;n ly th ... 
Ut; agew.:i~s, and th..: resollt•.:es t.~ir1q 

._· •. :unm it t t-•1 t 0 them 31 e d l 51..) m 1 rn1 t t?. 

N·:) lJencr tl ~J(Jl !1:z in rt-•qar J ti.) r;i,)~ t.'•. h:H l ·i·J'i 
h.-i-; Ot!~n tcrmuldtc- .. J .. 1rr.,~11-j tht: :t.t t.·t n i~ i,·~:.-ti 

_,rq.in1z~1t ions. or inde~d w1ttur. .Ju)' 

indivij11ai aqf.!ncy. H~)wever, ~vcn •1tt· JUt d 

pol icy. or p~")l icies. dlld whi1_hc·Jt:r the 
execut irH! .. tqency. th~ di:t 1~:it It!~ 1,ertJ1111::~1 

to bl(1technolnqy dre remct:kdbi.J' ~im1 ... tr :n 
th.it tht"!y L'.:u: ~t? qrdupt'~i unde: unt...- ,)f 

lhrt"t: types ~)r .. h:t1vit 1es; tither tt.."n•h .. ~; i1.; 
.1ss1::;t,-1n1:e tu pol i·:;· ·mdkers ( 111tPr.r.1n1J the•r. 
11h<11Jf hiote1.'hnulorjy .-1J\d its pr11mt·•··~. ctnd 

·Jr4.tn1zinq forum:i t:J c1el inc.·tt•.· i1.1t 1 •. : .. i! 
pr1>qrdnunes in h1(llt"'1::H!r_,l~·1Jy); t,r .. 1Tio•~ .1•,, 

«.-tp.1bi 1 ity hui lr11n•J in ~Jt•itt···h11•.·l '·;r· 
r .. ~ac.·trch (support i fl·J 1 L·~t:".1r1·h dn.-t ~rt 1. n l r1.; 

tJ?-Jje•:ts ..tt tht! n.tt Jl)n,tl u;.1 1nt•:r:,,1, l·n11: 

le\;~ls); or ht.!'lt.iri.J in esl.tLl1·jh111q 
anletndt 1ondl l>l<Jf echrh.>lO'J'i ru!tW<J; K:i . 

N1; .i.:tive O:>r pl...t1HicJ l1•teri .. ,;,1 )n.,~ 

nr•J.JH 1 Zt\t l ·"HI pr,·, )t•ct .tpiJC<I r :a r. d h.l\/t' .t I I:.;. 

.:t1m t() im,)rovE: l'Jther the b1·-t.-_., hn·d11rr' 
c_,tpctt>: l 1t it:s. of .:tdvdn•:ed resc~:<_h df1d 
rtcvt!L•l!IT.~nt .Jr;1ts or thc 111c1u.;t r •.il '.-t· ·t,): 

N{, 1n!il.1n.:e '.Jr w1.,tl•f1Jl .. '.t-rl.q. 1 .• •ti•JJ.·l'11 

.:11.'.t iv it 1es .,t \11rr~1t.•11t 1r1lt·,11.1t 1·11,.1: 

or(1.::11114,1t lllfl~ 1:; not~ ... s. Po:>~ltJl·;, t~1·: ·_.m1! l 
numht:r nf pr1J )f:"l:; tip 1 r'.,J dr;n1• 111 1 : ,, r jt· 

tt.:• hn.)lu~Jl•.'1tl f l•.'1'1 .~')(:, J:,.1<•U5 fL•'.,J t',,1f, 't.'~ 

for OVCI l..s~!i. 



n. 

tL,t,it:'lii..tl>.•_1 • .Jl ,,.;.:.J-::.;:.:.1t :u!! Li-...:tti;!·.;,.._ .. ,._J"j 

pt..)Jt>·:t:s h .. 1·:~ .•. ::1::"..tl~ ... i -·l'l·'-)tllU!:tl\:.":i f•·t 
pc~.ju..._·t i\·c .-. v~t""t ..it i,:·r: L.:-tw~~n ·"-'~' ··lt'"=>. 

St.-t"'-·1:: i1..· .. t: :'z·, UNUt', trNf-.:.;_) 1_·0 .tnd ..... ·~ILll 
co ,)E-~t.ttt: iu ~:l-: Ltt ii. Ame-1 iL·..tn tt:-JL-._·!:.tl 

prl1qc3rrur.~:; .. tr.J ll»_;~c 1:: ~:..:p~··t~·1 t ...... •·)=~ 

c-luslt!t:r witr. r·nd, u~a::s'--0, UNiL10 ..t:.j 'ftUO. 

t-"uturlt! I~'-1iO:)n.ll I)tvj~cts inV1.)l"Jl!14 Ate i1:.J 

dlHi A.si.i dte l ikt?ii tv pro,;iJe ..-t.JJ1t i .... u.~l 
p.>s:.1b!L1t1t::::. tl.-1 iutt..•1:1.at1 ..... ~•.tl vt-J..lniz..st i,•11 

co·-.._.p~r-tt i1.11:. l'v~ ldbuc.tt i.L'li l•I: 

p.:11 i._··1·rt:»"l .. ttt.J !S:.illt..~s h.J.s b.:tc~ly lr~.:J•::1 • .t• ... 1 

t:Adm~l..:, t.i:.:~l-'. UN1L0 .1nd wi.H.J hdi.·~ re,_·t:rot ! z· 
t._..tmcd ..t i•-·11:t workirHJ .._JCUU(.; 011 

Li.Jt~chu.,l._:"Jl s.tfct ·,· i~sues. 

Fur th~ re.J~i.:)11s .Jlr~~\1y d1st.:ussed, 
ii:t~r1·~1t ic:1dl .J[ljdlliZ-lt lt)l! L:it_\lt:L"hfll_>lOCJl" IJC0Jt~.:t$ 

dft' .tlm...:.::;t ~ntirt>iy ~timt:d .Jl lllL~t~dSinq L..-lpdb1litil::!'S 

in rlt!S~drt:h, >Jh:l~ l itt l~· et tort is qivir:n tv m.:tkln~ 
c..:ertJin rese.:trch reslilts dre dppl ieJ~ Unl..:-ss a flh..)rt: 
bdian.:ed appro.ldl .s td"-eu, i.e. ~h.i! the 
d(Jpl icdt ions ::; idc •~...:t!"i\t:S ..tl leJst ~LJU~.,l dltt:"nt l·~·~· 

tu thdt given t•c the res""''-'h side, t.·i•)te,·hno!Og)· 
f'Jf ~he t<>re~t:e.it•le :uture is not liKely to be a 
f..t•.:tor in helping S•.:-lve prit:!"ssing pr•)t.lems fa1_'llF.J t~•t> 

third wvrld .:>:: to Lvntr ib11tc to its e1...·~)r~.:);i,ic 

d~velrJ[;ment. This sh•_,l.>l.J riot Le ~11 L.:.w"C"i L» hdppt"n, 
and internativn,jl l)fq,11liL.JtiL)ns .. ·c·ulJ. t:.:tkt: the l~dd, 

in t..-sct, tc> prevt-,,t tt. 

The fi;st Stt>p in .. 1~Si-Jriing d ... :•A:t-re-r~t dCt1.-1r1 

EJl~n for making cert'1 i.!~ th:}t biotei..:hn ;! . .1•:Jl is 
deplo/ed to: tt'.e t.enefit 0t the de,:eir·iiing .:01rntr1es 
w:..uld be to hold a w~Hl<Sh·.:..iJ fur i:1terri..it i0nc1l 

cir J••:1iz.it ic_,n man.:iyt>rs. 01:e c.f the mur~ 
[''--'l i•:i·-or ienteJ interr..;0',. ional orga11i:z.1t ;~)ns, perh-.1~:> 

th~ lJNiJ O!' the Unitt-d N~1t1011s t.~entrt" tor St:it:>n.:e c1r1·l 

T,;.:nr,0iogy for L.Jevelt•prr.ent, shoul.j org.u11:.:1:: .1 

wrrkshi-)p comprised (,f ~1~-tndgers rF"5~"Jr.s1lJl~ tc)r 

tur .. 11ng =t:hi E-;.;e...:;,,t ~r .. J t.ic.te<:..-r.nc!.·,g·j rel.-itt:-i i"r ·jt.~<t:.. 

t.·
1

· m.lJGr lHJ ..t 1Jer1··1t..'!i. Th~ w0r~sh0p w,...1.i~•i h.!"Jt: t~-ur 

~A·j~~·t. i•:es; 

"l'v dt»".;"= i' ·f rt •,r ·d•"°! 1:rH:Se11Sli:3 d•l .. Jri•J t ht! llN 

d1~c)r;·.i~:; )t\ 1;,·ept~, ict.:-:i· ... 111.J i~5;,lt.>S 

p~rtiainin-J t,; ... :.ia1.aLi l icy bu1 l.J1n~1 in 
t11~.1te..;hnulu~·r' re5t:..-itc_.h dnd .ip;,1 ~·:Jt iur.:;. ti',· 

de,;elop~n·.i , .-,,.nt r ies. 

'I J l·1t..·;d \!l ~···, !' i! :···_: .111-1 ~n-:;t ttl1t 11Jf1.d 

1.:un~tr.\1:it..> '!\.tr tJt~Vt:-11l 1:.q1dt.1l~!.'i t,u1l<J1ri•j 

in L1.it~·.fln· 111•1'/ t.~, l1eve1<)l>inq '•J1Jnt r lc.':i, 

esj1~1·:.111•1 1r1 ~.heir heiilth .Jc-l1·1t.•r·,·, 
1ndti5t r i.:tl .tnol .t·]r i··ul turctl St!(~t.·Jr:::;. 

'1'1> 1:tt.:'nt1ty pr1,m1:;1n·1 ..sppr·;.i•.:ht.•:i ttl<tt m.1.,. be 

l:tkeu b'J the llN dCJcn1~1c::; to .... s.1:.a 

rit!'lelop1rl\J 1"1Juntr1~~ t•""-'IP nvcr,·omc th£>5t:• 
cor.5t rdirit s dud t11 c1tht.•rw1:;e f.11·1l1LtlE.· 

f.'dJJdbJll\.Y l1uald1ncJ i11 blrJlt."i.'hnulc)cJi'· 

1'\) del111~dle 1r1 qent.'l'Jl t~rms .Jll"dS •;f 

re~;.pon~ih1l it ll'5 f 1 lr the 'lariou~ lfN cHJCn1·1t:5 
~n future t.!ffort:> t<' n 11ercomt! c·on!i' rc..inls 
,uid fO f..t1·il1t~•t~ •:.1p11bil1ty tiu1lr1io1J. 

(JIH.t. tlN 'll'J...jl,anUTlt" mdruqt:r~ h-tve ~t 'J••'.Jd 
;·••r:-q • ._.,., l'J"t.' r)t the pr<,bl"'m~ h:nrter1n11 the 
.dvLinr;err.t.•nt r_,t bl<Jter.hn<;.ltirJi' 1r1 the third '*·,r l·1 ~snrl 

hr.w to dt.dl 'W'lt~ thL•m, ~·r;rrt:··t 1·;c mt!J:i.urt::; r-.in ht.• 
.. ..sk:er.. /\o 1nit irJl me,1•;ut•~ • 1,,ul,j t•tf tr>r f.helfl to mdk:l1 

,·ert.11r~ tr"'' irHhJ.~;tr 1<1l 1:.tt ~ ol httdlth ;,ruvldt!'J5 
;•.trt 1<:t,Jdf1<1 1n" 1ert.11n pr<>pnrt1on of lfN ~:q1rJrl!:it\fP.,1 
:t•Jt1 dr1·h, tr.:.m inrc-pt1e)I) t<i ,·11mpl€ftion. IP 

i .l ~ ~ • " ~ t : 

'-' ! • L : ,; t_>, l t • 

t ~ : : ' : : ' .t • 

: .t: ~ ~ '1 • L 

tl.:r:-.:., ~:. • t:.r;:1 ti!:J~;,;:.- '. 

_t; 't ' 1 ~ I:"~! • 

• • r L" ~ •• : I'. 

It t..".1:1: l·t.' ·5 t:~:. t r..t ~ t. !It.' • It.'.:;:.' •• t ···::.. 

1..h:·:r:...;1.!nq ,_· ... 1.111tr 1 .; •. •;,•::.:r.t·!.: :-::; !li1oi t·~· 

' i • . ~ t ·- . i t :' 

u:-.l.titJ.l..\:. t .• ·J~:5 •\·' t !• tt-1.."ill:·_.:1.."l°/ [t"~.ltl; i ,t··' :• .• ~IC'.~ 

t1--t·:e tt.~:..·:;, .1:.J art· •. 1:i~·s.! ~··· l .51•.;-:~·; _.,~·· .•. : .. 1 .n. 
\1t...-~·t"l.,:-.p:: .• J ..,;[ .=:Ut..Jr.1t..'!l:1.~l'-f 1:.q __ d .l~' lt:'~ lt. ~t.·~t:.t( -~:. 

'b11: tt?:it:"••;-.._·t1 with .. l1t ,t._~·~··-·L ~·~::t:..:.t .1r;.i ti<: i·_· t~. ~· .. • 

·' i "JXL:.r ·,· t c·• 

l · .11,J. l'h1;s, 

.•,r1t r i ~-· t."..i1: --t t ~. : .i r, ·I 

·1 '>.tt t'.1:.11.· t. .1 .q·£d·.,.I• h :1'- t••i..5 t 1. l t._• 

~rt rt t-.• ~-;; f ~J i:1t_· m,t1<.lr.-J • t ~t.il~. 

Cd 1:•J1~r:::•_·, tLt l,fuL~-.·i-.• t • r-u;st'=""?:: l!".t 

Kil·_1 .. ~t>J:fP .1n.J (L·~:d!~s ~[~_ .••. ~t..·:..""U•"h t.::• ~•t>:-•!il"t~ I:~ 

~~ L'flt:' th.it is ~:['C'.:.:c.:ll t ..... J '~It:.ttt:E .H lt,::'.;.St.•t ~Att..:1i.. 

Lr. t=-J~ti' l· ..... u;:t!·1· 1.!l..i t'·."t·:·, '!'.:',_· ... 1.•ll'lL' S"z":it~rn. Tht..· 

~r<.h!err:. is ctc1..·t:ntu..1tt"',1 ... r·.'-·•· 1...· q :t ~~ ~ .... :i. ir;-..r~stmt_.nt: 

is ~n 3•,•:tt s.it-1p1·1, ct 1..· •. mrnc·1~ stt11.1t ~c•1 ir~ the thir.1 
•••£ t•J. ::,l f .• '. .. ..'?•t: ~hou~ ... i I' tt~r( th..:t thl• p1,,l•!t:n. vr 

t~·-t:a .. :d.J'J'i ~L·H:st.:-r i:; ,u~·;t~:i~."::1 t•:it 'iltr;.-,~: ... 
i-j1:'!11"lt .. :i 

1·.111 help rf.dki· the proc_·ess w....:rk~ rn the- .;.,~.·-·ft tc>1:1·. 

tLt:St: Oti.Jdll\Z~1t l•.,.>nS 1.-an t.h-~si•jio.ltt:' d (HOE-'Ott l:_Jll ._\!. 

~1·~·.J1l.JLle tu•1.J::i·J t~• (JC•_,Ji:<t-: t ~1.t: ;.;1cLu ... 1~ 
iri...1usf:rldlists ~tr~'-1 ~lL· .. dttl pr ... · ... 1.icr:s tiom the '."t<I·, 

bt::·11-.:.UHJ: tr•. m th~ :11!.>t.t111·t- .... :!~i. the p:.JJt.'l.·t l.:i 
::,:,n._t';•.1.'!l12~<") t,_, ~ts t:.·1~~- A ··le.tr, unt,i.iken 
.;....-)n~i;1J .... ;"!" tr.1T1 resea! ..... ·t: t·:· dprl11:_1t1.-,~i nds tv r.t.~ 

e .. ·1Jer1t, •)tncE·•1:::..;: the pruJe...:t .i.:its :,..._....,t get fur1Jt:-(!. 

P~t!Jrce, t~is tt·t'.°'e of [Jr01t--._·t t.Jr:.:1gs ti.1•]€'her 

re::;-;t'.~r'-~hers •• nth th._•st: who ...:dn ,ind will use the 

pr(~,tut:ts ,,f their rese.-ir•:h, h--Jr·~!~1i 1·1 lt:~::tciln'-J t" ,, 

=~ew • .,.~.1i<:rllJ t'th•,$. As its e~te .... ~ts rtle dc-...:t_)ptej au ... ~ 

"i{-·fi.!.:ad, the n•..-mt•t:-r ....,t these pcc.1Je1_:ts c.ui t~ ..iliuwe,i 

to 1r.1:re<ise. 

In the L . .i: tt·rm, .HJ~riL·l~:i ·,:r~ ~t!.tt..:-•r.t tu 

ldt.~,,t ity the k~·i ~J~)l 1.·y dr>d lr~st it1~t :.unal 
~·u11strctir1ts t:h.1t (H~'it-:tll ca~;.1b1l1t 'i L>t~l i.J1ny 1n trh: 

... ie-·1el•>r .. m~nt .1n.1 1n-1u!_~ry sec·t.11rs •)t de·;,._ .. l:>pinq 
·-·~H;.11tr1~:i- UnJ\)ulJt~dly, 1;(,tl'.itr.l~nt.s will stem tr.:irr 

the ie~J.ll t.•.....:<.nom1<· I,,-,11t ~ .. il <::"ll'Jir ;11n.er:t in whi1·h 
~ht.·st.~ iHstitutivns tu: •• -t1 .. ,,_ -·ht.·!.t: t·jpcs )t 

s·;:;t err .. 1t ic h111 ... 1ri..nl·c5 rtr P lH!:.t l...tLk l•.:•:! t·'i 
q1·,·~·er:\mer~ts, bl.t inten1<tt ~·in.tl :HJe;ll·1e-;, .,n the 

L.t:i~S of •J00d rt..ln,1,j~C i.il r,r.~.·t lf_"F•, C·Hl ::;'J\l'f•!St 

: t.•fnt."f: .t I ..i1_·t ir n::.. 
t!t.•l :•;t.•ft..•d, :>ur·h !i.l~j·lt::..'. i.-JIU ···1·.-1·~ t:.\Vt! .H1 ~d\ll..'dl 1·J•! 

t:ft~<l. t-;v~nt·.1.il~·,, 5 ... :n ... w.,11,d t.: d•11•t,te•J. 

Ar, utdl Vt•r::;1,;11 l,f th1:; l""'i'";.'r w • .; jJLt:.:Sent.t..•d 

dt t t~L' X\ Ith Int~rnitt 11;;1.ll l'•Hll.jl•:!..:,j •..1f (;t.:'Ot.:~ l•"':, 

'1'1)t•lnt n, ""'ndd:t, r1n 1.t. A1l<J.15t l 9t:i8. 

tH1~ l•J ~iru}l.'1. 11m1t.1t1un!;, .1·jri1:11ll•Ht.1 d1111 

other t 1elds were nnt in.:luded. 

11 Thtc" Rhtny tJl()ll·,·hn<Jlr)<j'j r1.:lc1lt..••t ·•·.'t l'/lt lt.'5 

dra•.t 1n1t 1Jt 1·..1es in th(' t'.i~f:' C(>\lnt r i~s 'Jt·Jt.• ,t.:~1·r lht""<1 

i" I he -;r 1g1n.1l UNU '.itUf1'/· [>UC \., their l.H<J" 
number, ,,nly tht• r1r11iir1y:::. tr<)m the Jn,1!;·:;i5 t them 

1.:ctn t)c '->rt.tseoter1 ta.•rl•. 

The !Nil l'.i J•,i;;t l;• • > ,.,.!11 ... tci t ·, the !JI< 
..l11'1 E-'r,1111.t!. In .iJ'11t 1°-,,11, <°Jn,1d.•, the f-'t.·dcr.11 
RP.puld ir_· ')t G61rmJny dnd J1..1p.11~ tu:l(.1n<J t<) it. The IrHi 

pro•J1·S~~ t 111t1nc:1~1l did ,111<1 tr-1:r111'<J •Ji,,,,,rt,1r.1t 1c:. 1n 

h1rJter·tinr•lr1rJy ti:ir thir.t worlrl :;tu~ei1t~ .1t 

11ri~·1erslt 1e:t 1n m•,.mbeor 1'0lHd r ;.-:;. 
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~!:~r~t)l~·-l~i.J.·_ ~~1_{ ~-··~~,-~·~1.:_1~l~'.'.JZ'· 
;1p. 21-4.C. 

-~t I . t: 1 
~ . . . ~~- ' . 1 • 

t-:l NL),-k r J:sh;·. A . .:)., ~:.11 .. t t. l 1 , .!:: t 
D.i:"/l.'liP1..1rt, _._ (!98tJ), ~1i11~i_t:>~1_~--!~·: .. :t..: ~r:._~ 

-!'~~-~~'.:.!.!.~: Ar. ~-~_li.?t 1 !_I~ -~=!::l r ; c !!: ~---::~~; :=-. ~-; ~ 
l1.:..t:.:·'.l!_~_m (W..!St'.iny:t.._.u, r•.t'.: N .. lt i1..)n .. ii fit::lt?.::tti.;h 
1:0ur!L""i l). 

Fre<!IY'.inllt'. M. (198l), "The [•0<H w.irl,l 

Jlt.l€°d5 ._:h~ffii $ t $"I ~.!l~-~e_!ell~.!.~ 1 v~) l - 93 t 

2J April, t·P- 2::n 229. 

IJNDP (l·f8tJ .. t), .. Sl:1n:n .. nies 1")t r. .. c..~·-11 JU~ 

l!ilerrit:giun.:tl PrvJe•_·ts", :JNiiP Di·.;t5;.,n ~(:.r 

~labdl and lntecreg10n~I Proje~ts, Md~. 

;.___~t>t \.·~~~,:_). 
00

t'I "Jl.!t!.t f\t;_>,Jl,.'!l,t: -fit.~ 

t-. t~ ·:; ·. ,Jl.l t-'N1~L· U~t-:..;:.·,1 1...Nl :\! P.·tr.l AM~: lL•t 
1 t :· t.·• .n;:.._.,_ .... ti:,.·1~.-:s ;..;~.A tJJ •JU; ••.• J 

~ : .. ; ~· j 1...··· . 

liN:-.! (1~·81), .. ht.-[•:rt tht: SeleL-te ... ~ 

:·.,onr1:ttt.•c- .. , ~'~I:•q d.~1...·l1::.t_·!:t !ll ""'~~- i\) i l. 

ll?~t 1 (19!:!':>). ""H,jr:1~s~i1'.,} gt.'t1C'S ~·JI 

jt.··:el.-[,tr•t;>rtt •• ~~....!::.:..::_...:-~. r:~'- l. Auy11s~, i;· 

::itioskds, P..A.. (l9tj;._t), "''l"h~ Intt:rn .. tt~u11.ti 
l.·t·nt t t? t ... r ~_; .. ~1.~l 1.· t-:1!·.Jl:~~·t..~r u::1 .tu.1 

hi.1t-~chn~)l1...••JY"' ~ ·~~'-:-~\':'..!..!·.2-JJ:" ~~! _;:~_..i~!..i'• ':,.11. 9, 

PF. ~I 6 l. 

..:iltn:.ik.1;:;, R.A.. (: 1n~lb), ~~·::lt>~-·tui~~:l:i 

!~~--~ t!~ ~!::-':~~:: ! ~j~\j__ (-=-~~1~£ ~~-~~ __ Th~- fi,~ le--~! 
~~~~~~·~·~ i_l1'.it~J ~~.~~-~~,~~ ~'1~!..:,-~~~- A 
IC(:•.Jrt to ~i.~ in' ~flhil iLndl ('t-l l 1-0!Se.ii'.:h 

O:,Jani.: .. tt~un ."!nd tht Uuitt.~d N.1tions 
Ur!iv ... •rs1t·j, l Sel·l~tnber. 
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

Price List for Advertisements in the Publication 

Genetic Engineering and 
Biotechnology Monitor 

General Provisions 
1 UNI DO act1v:t1es in the fie!d of advertising are non-prof1t-ma1<ing and are carried out to 

cover the cost of preparing. publishing and mailing its pl!bl1cations. which are sent to 

readers all ovt>r the world tree: of charge 

2 Requests for placirig advertisements ir. the UNIDO Genetic Engineertng and 810-

technology Monitor should be made in writing They 3hould be accompanied by a 
layout. illustrations and a text containing all necessary 1nformat1cn. 

3 Advertisements are p1 inted in black and white and 1n Eng!ish only 

4 UNI DO reserves the right to reject advertisements without giving reasons. to suggest 

amt:r.dments or to hc•ld advertisements if sp:tce 1s nl't available 

5. UNIDO cannot guar;=:ntee to prin! adve~t1sements on spr:cific pages of the Mon:tor 

Page proob If.ill not be pro11ided to :!d-.·r:rtisers 

€ Pa
1
·men! of invoices is due immediately after receipt and should be made w1?h1n 311 

da:1s in United States dollars or Austrian schillings to the UNIDO bank account (see 
below) or to the Tre01surc>r. UNIDO. Vienna International Centre. P 0 Box 3GQ, A-1400 
ViPnna. Au~,tria (!Ple~Jr<:·ris UNIOO \'1c~n:-ia Austna. telex 135612) Upon payment. 
please advise the He.10. Dr·-.Plo;-imc•nt <1nd Transfc; of Technology 01vis1on. at the sar..e 

address 

Bank accounts 

For dollar payments 

"UNIDO dollar account" No 2'.1-05115 
Cred1tanstalt Bankverein 
Schottengasse 6. A-1010 Vienna. Austria 

"UNIDO general account" No 949-2-416434 
The Chase Manhattan Bank 
International Agencies Ban~:ing 
380 Madison Avenue. New York. New York 10(117 

United States of America 

For schilling payments 

"UNIOO schilling account" No 29-05107 
Cred1tanstalt Bankverein 
Schottengasse 6. A-1010 Vienna. Austria 

-· - -- - -- - - - ·---- - ----·- ---------------· 

$1/f' 

Full r,iagc (255 mm • 178 mrn) 

Prices 
Puces 1n Ausrnan scf'l11/1n9s 1AS; 

(or 11q11,.alenr "' USS 1 

1h page (125 mm " 178 mm or 255 m;n "86 mm) 

1/ 4 (178 mm" 60 mm or 125 mm" 86 mm) 

AS 5.000 

AS 3.700 

AS 2,500 

The price for the publication of announcements of up to five lines under the rubric 

"Resources available" is AS 1,000 The text 1s subject to editing. 




