
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




1.0 
:.= I iilll 22 

. lilli 2 0 

11111

1 
· 1 lllt-8_ 

111111. 
25 

llill 1.
4
_ lillf ~~-

~ , ~ 1 , r , , 1 , ; ! f 1 1 1 1 1 r 1 r 1 ; 1 ; 1 , 1 1 , ·, r J r 

. . ' 



~DNA TIONS INDUSTRIAL DEVELOPMENT Oi?GANIZA TION 

I' _Ger}etic Engineeting 
"and - -
Biotechnology Monitor 

Issue NLllTlber 7 j /3l/~ Novenber 1983 

Dear ~eader, 

The agre3nent reached in M3.drid on the Statutes of the International Centre 
for Genetic Engineering and Biotechnology cane as a matter of great satisfaction 
to the distinguished scientists invol va:i in the effort, as well as the UNIOO 
secretariat itself. Delegates fran 50 coll1tries attended the meeting, of which 
only seven were ob::;t:rv2rs. It was again with some thrill that we witnessed, late 
on the concluding day of the meeting, plenipJtentiaries fran 26 c8L11tries lining 
up to sign the Statutes at the meeting itself. This brought hane to us quite 
remarkably that many developing cc· tries, inclt..rling thos:! which ar? relatively 
well advanced in this field, havP. a great faith in this technology for solving 
their develoµnent problems, and also in the role that interT1ational co-operation 
can play in this respect. The meeting also adopted a recanmerrlation on inte~ 
national co-operation where it agreed that UNIOO should continue its i..Drk with 
other relevant agencies to taKe steps to help the cavse of the Centre. 

The Centre, as it anerga:i fran the conclusions reached by the meeting, is 
an international organization canposed of a centre and a netw.Jrk of affiliated 
national, sub-regional and regional centres. This definition of the Centre in 
the Statutes verily makes its linkages very broa:i and thus endows it with a great 
potential for the future. 

One of the scientists who rejoiced at the adoption of the Statutes was 
Professor Ahmad P.ukhari of C.Old Spring Harbor. It cane as a great shock to us 
when in November he suddenly passed avay. His dedication and commitment was as 
outstanding as his experience in the field. 

After the Madrir1 meeting the 28 countries who have so far signed the 
Statutes found themselves to be the Preparatory O:xnmittee with the task of 
tackling the important question on the location of the Centre, a timely da::!ision 
on which is imperative for its speedy establishnent. The Preparatory Committee 
met once in Novanber and will meet again in ~1anuary. 

In NovdTlber we also participata:i in t~ national level WJrkshops - one in 
the Republic of Korea and the other in Brazil. You will hear more about these 
~rkshops in the next issue. 

Now that the t-bnitor is almost t~ years old and has been giving a quarterly 
review of the develo~ents in genetic engineering and Qiotechnology, it might be 
useful to make a proper review of W'lat has happena:i during the last t~ years in 
this field. Dr. B. Zimmennan is writing such a review for us and we hope to 
publish it as a supplanent in the next t-b~itor. 

Last, but not least, the t-bnitor wishes all its readers a happy and pros
perous New Year. 

G.S. Gouri 
Director 

' (( ~ { 

Division for Industrial Stu::l ies 

Compiled by the Technology Pro£ramme of UNIDO P.O. Box 300, A.-1400 Vienna, Austria 

Not •n off1ci•I docum11nt. For information ontv. 

Op1n1on1 11xpr11u11d in this n11w1/11tt1tr do not nacauari/y r11f/11r:t th11 vi11ws of UN/DO. 
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In~ernational Centre for Genetic Engineering and Biotechnology 

The Ministerial-Level Plenipotentiary ~etirts on tr.e Establ ishnent of the Intemational 
Centre for Genetic Engineering and Biotechnology (ICGEB) was held in ti.o i::arts at M3.drid, 
Spain, fran 7 to 13 Septerr,ber 1983; the first part being a high-level meeti~ to resolve 
o•.Jtstandi:ig issues and the second part being a ministerial-level plenirotentiary meeting 
to ade>pt and sign the Statutes establishing the ICGEB. 

The first part of the meeting was helL fran 7 to 12 September 19fl3. It submitted 
a rep:Jrt to the second part of the meeti~, i.e. the Ministerial-Level Plenipotentiary 
Meeting, which was held fran 12 to 13 Septanber 1983. 

Present ~re delegatbns of 43 cot..r:tries, observers fran seven coW'tries and observers 
fran interested United Nations agencies and other international oqi;cmizations. 

Statutes establishi~ an International Centre fo:- Genetic Engineering anci Biotecmology 
were adop':ed at the clo,-e of the meetil'll; by 25 countries, namely Afghan~ 3tan, Algeria, 
Argentina, Bolivia, Bulgaria, Qnle, Cl!ina, Congo, Cuba, Ecuador, ~ypt, Greece, India, 
Ir.donesia, Italy, Kui..a.it, t-Buritania, Mexico, Nigeria, 2pain, ~1dan, 'J'rlailand, Trinidad 
and Tvbago, Yugoslavia arrl Zaire. 

According ':c· the statutes, the Centre will pranote international co-operation in 
d-:!veloprng and applying peaceful uses of genetic engineering and biotechnology, especially 
for deve1_oping comtries. It \Jill assist them in strengthening their scientific and 
technol~ical capabilities in the field, helpirig with aclivities at regional and national 
ievels. In this regard, the Centre is expected to act as a focal point for a net\.()rk of 
affiliated research centres. Existir1g national, subregional, regiona~ and il"ternational 
net\.()rk.:.; will serve as "affiliated ret~rks". The Centre wil 1 ai30 serve as a forun for 
exchange of infonnatior. among scier,tists ::,f menber states. 

Aside fran R ana D, training of scientific a•1d technological per!Dnnel fran the third 
WJrld, both at-. the Centre and elsewhere, wlll be one of its main functions. Advi50ry 
services will be provided to mffilbers to develop :-:ational technological capabilities. Among 
the Centre's other f\Xlctions are a progranme of bioinfonnatics and co} lection and dissemi
nation of information. 

All rights deriving fran the C2ntrc' s wurk will be vested in the Centre, the p::i 1cy 
being to obtain patents and ir.ter·ests on patents on results of its projP.Cts. Access to 
intellectLBl property rights will be granted to manbers, as "'"211 as to no~r .• anber develq:;ir~ 
cc-111tries in accord2nce to i"ltemational conventions. 

A Board of Gover,•ors, consisting of a represent.ati\·e of each manber ~ogether with the 
Head of UNIOO serving in an ex-officio capacity, will s~t ;i:ene~al p:Jlicies and princirles. 
It will oomit new mffilbers a:1d approve the i.urk prcgrcrnme and budget, among other tasks. 
A council of scientific advisers i..1.11 be set up, consisti.ng of up to 10 scientists and 
technol~ists elected by the Board. Its rcsponsitili.ties include exanination of the draft 
work prcgramm~ and budget, as ~ll as revi.-~wing unplErnentation of the appr·ove::I w.Drk 
progranme. fl. director, appointed b~. thP Board, will sPrve a5 chief scj_entifi.c/administrative 
officer, legal reµresentative of the Centre aoc secretary of the Coi.J'lci1. 

Finrir.rrng for the Centre will mainly crme fran initial cor:tributions for its establish
ment, annuai contribution:-; by menbers and voll..l'ltary donations. Least devdoped collltries may 
bexme manbers ,f the Ce1•tre on the basis of more fa·1ourable criteria to be established by 
the board. The regular budget of the Gentre during the first five year·s will be based on the 
amount pledged annually by each mffilbAr for these ~ars. After this period a5sessaj anmal 
contributions may be considered. 

The statutes will entF~r into force when at least 24 states rave deposited instrlJT\ent:> 
of ratification am sufficient, financial re!Durces are ensured. 

Al. tho~h consensu.s could not h"! reached on 3electi~ ri ::ii t.e for the (/mt.re, the .neet inp: 
;:ip;reed oo the creation of ;i canmitt..€e to further prei::aratory i.nrk for the Cent.re's eventual 
e:-;tahl ishnent. It ;.ril 1 t;e r:r.rnv1:-,ed of States thilt have :oiip;rlP.d the statute:> 111til their· entry 
into fnrN!. Amoog it:-; t;.i;;k:-; i:'; f!Xanination of thP, location of the rentre ''in different 
l~atirrns and r;<l'llponenL3", to h" cr:mpleted by 31 .January 1984. The resul tinp: ref,()rt will be 
circulriterl to ;.ill int.Pee;;tP<i wr1»rrment::i, with the canm1ttee poc;:>ihly r~mimeminp ri rl;.ir,p ;.ind 
;i! ;j('.f' fr>r t'f'.C"'•n'/Pn inP' nf' rl [> 1 (•ni f.fdpnt,j;:iry ffif~tirJP:. 

• 
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The meeting also adopted a re3Jlution on international co-operation for st!'engthening 
developing countries' tech.riological capabilities in genetic engineering and biot~~hnology. 
All countries W"!re urged to becane manbers of the Centre as s::ion as po~sible, while the 
international xientific and technological canmt11ity was asked to assist the Centre. UNIOO 
i.;as requested to continue to aid in establishner.t of the Centre as well as to relp tre 
prPparatory c'-11l!lli ttee in its ..nrk. 

Governments were invited to make voluntary contributions for facilitati~ UNI DJ's lolJrk 
in tnis field. United Nations bodies ~re called oo to continue their support for the 
Centre's establishnent. They and other regional, i:'ltemational and non-gcwernnental agencies 
were asi<ed to contribute financially to activities jn biotechnology ar'\C genetic engineering. 

The President of the ministerial-level session was Jose M3.ria M3.ravall Herrero (Spain) 
and of the high-level session 1.as Emilio r-tmoz Ruiz (Spai.n). The Vice-Presidents were 
J.K. Kimani (Kenya), Rudolfo Gonzalez Guevara (~xico), Richard EbtNeng (Sweden), F.B. Straw 
(Hungary) and Hu Zhaosen (Q-iina). The Rapporteur w:is Nizar M..llla !Lsseir. (Ku1.ait). 

Global gene bank, convention are urged for plant resources 

An effort to achieve an international agreanent that \olOuld provide for the conservation 
of the genetic r'3rources needed to develop i1ighe~yielding crop varieties and that WJuld 
protect the distribution of st.eh breeding material fran restrictive practices faced a 
major test at the FAO ConferP.nce last tbvanber. Cor.ference delegates had before than a 
proposal for the establishnent of an international gene bank and the "elanents" for a draft 
international convention on plant reroirces, both of which ~re requested in a rerolution of 
the previous Conference in 1981. 

This doc\Jllent w:is originally prepared by the FA.0 .secretariat. Last M3.rch FAO's 
Canmittee on Agriculture asked the Director-General for further elaboration on sane aspects, 
following the advice of a special W)rking party, before submitting the stLdy to the Council 
ar.d the Conference in Novanber. The many arrl divergent views expressed in that first 
preliminary public discussion of the subject N'fl.ECt a relatively new interest and concern 
for plant genetic resources. 

Plant breeders received due credit - and it se611ed that properly funded plant genetic 
research could be as rewardi115 as industrial research. Given eno~h ti.!:le and money, 
scientists \olOuld be able to develop a very high yielding and profitable agriculture. 
Feeding 3 fast grcwing ..orld population \oOuld becane possible and fanning ~uld becane 
as r!Orounerative as industry. 

Ho~ver, this early enthusiasr. concealed the fact that with the massive switch to new 
higher-yielding varieties the traditional and wild ones \ooere neglected, almost forgotten. 
They i..ere about to disappear, and with than a large proportion of mankind's heritage of plant 
genes ..as vanishing. 

Elnergency collection arrl conservation of pror.egating material of the more endangered 
varieties ..as t.11dertaken, but by the time the 21st FAO Conference ruet in 1981 a mmber of 
problans :--emained. 

The s~ge3ted international convention w:>Uld contribute to their 3Jlution. Its purpose 
would be to pranote the full airl free availability of plant genetic re3Jurces of agricultural 
interest for tile benefit of all hUllan beings and to establish an international arra~anent 
for co-operatio!'l in the collection, conservation am exchange of such rerources. 

Every nation's sovereignty over its O\oi'l natural rerources is recognizer! by UN General 
Assembly Reroul tion 1803 (XVII). However, there seans to be a strong international consensus 
trat plant genetic resources soould oot be stbject to any restrictions 1 imiting their avail
abilitr or exchange for the benefit of agriculture, especially food production. The 
si.egested conventio:i w:iuld thus p.~ohibit the imposition of restrictions Wlile safep;uardinp; 
the rights of states to stipulate reasonable conditions for their export. 

fut a convention c211not di!'ectly enstre the availability of genetic rerources undn· 
the control of pr'.v1:1.te coqx>rations. CJoverrrnents could at mo.st try to push thro~h their 
legislative bodif'3 nationr.l lr1ws to apply the principles of the convention to such printely 
held resoilrces. &:!side.<:i, s!.nce many of the rerotrces subject to restrictions ar•~ related to 
new plant varietie3 crea':.-ed hy private br-eeders, the prop:ised co!'lvention res v take into 
accot.11t the existencl of pl1nt breeders' legislation in xme countries. 
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The new convention w:mld alro rave to provide the ler:<>::. fr'amew.Jrk for tre activities 
now being carried out by the International Eoa!"d for Plzmt Lienetic Resources (IBPGR) for the 
collECtion, conservation and exchange of germ plasn. It is profX)sed that the international 
community as a whole asslllle responsibility for the r:mtinued maintenance of the netw.Jrk, 
perh3.ps expanded, of institutions co-ordinated rathe:· informally by the IBPGR. This netw.Jrk 
consists of 3b institutions ir 28 COU1lries that give top priority to the collection and 
conservation of 50 crops. All these institutior;s have gene banks; they conserve triplicate 
collections of genn plasn, inch.ding "ba~ col.::.ections" of 33 crops. 

An international gene barik l.U1der the ::iuspices of FAO would canplete the proposed set up. 
Advocates envision SLCh a bank as one C'( the constitutional components - the convention and 
tr; retw.Jrk of national bani<s ..ould bf: the other - of a global system tint w:iuld be to plant 
natural res::>urces ..tlat the Law of th'C Sea is to marine reSJurces: a statute recognizing both 
national owiership of the plant ..-e!'Ources within each col.ll1try' s borders and international 
entitlE:!Tlerit to them as part of tne heritage of mankind as a whole. It would also re~ulate 
ex.;hanges, inclu:ling the exch3.rge of technology for resources. 

The establishnent of this gene bank within the framework of the United Nations system 
is a key part of the prop<:isal, but is resisted by many who argue that it W)ul(1 be costly and 
unnecessary. Were it t-J be an al temative to the IBPGR net;.ork it would, in fact, r::i.ise 
c:;nsiderable problffils, ..;urveyed in the FAO Secretariat's paper: conservation of "base" am 
"active" colle<'tions of all kinds of propagating naterial - not only seeds, their replication 
:rnd rejuvenation, et~. The cost of establishing and rl.ll1ning such a gene bank would be hiish -
almost $6 million initially plus $2.5 a year permanently to con!'Erve a base colle;ti<'""'n of 
one million acces.:;ions and an active collection of 200,000 accessions, without inclu:ling the 
cost of the collection itself. 

Supoorter·s of the gene bank mainlc.in that its set up could be considerably simpler and 
cheaper. Us essential and perhaps only fl.U1ction, they say, should be to conserve t.r1der 
internation·.:11 sovereignty a collection consisting of ·')ne of the duplicates cf the materi?.l in 
the signatories' own gene banks, to make sure that it w:iuld r'f?nain freely available even if 
~,atior.al laws ch3.nge or if' a col.U1try repu:iiates the convention. Furthe'." econanies could be 
achieved by conserving only seeds and mt other kind:> of propagative mater'ial. Most staple 
focd crops w.Juld thus ranain covered. 

'1ne FAO paper concludes: "The figill'es draw attention to the econon.ic anJ practical 
;:idva:1tages of a system based on the developnent of a global network o,' gene banks for 
which the costs are met for the most part by host countries." (Sotrce: Ceres, No. 94, 
July/August 1983.) 

2~spite many critics, protection expands for plant b~eeders' rights 

"PJ ant breeders' rights" legislation has becane one of the most controversial issues 
of recent years in intematio1al agriculture. Proponents argl.JP that patent-lik'" pr·otection 
to breeders is an incentive to research and prcrnotes agricultural r1eveiopment. &:lme 
countries have already adopted, or are about 1:1i adopt, laws granting the breeding organ
ization;:; of new varieties exclusive rights for their commercial u.se. A few of these 
e:0t.11tries are grouped into an international organiz,qt ion that is pranotinp; an international 
convention for the protection of new varieties of pla'1ts. 

Opponents - and some of than object to even the name - fear that it will reinforce the 
t:·en:l tf) varietal Lll"iformity and lead to monopolies in the seed trade. It would eventually 
hinder, rather than ;:iranote, c'evdo:nent, they say. 

A'1;ricultural research in most countries was until recently left in the rands of 
p;overnnent agencies, rarely genero...1sly funded. Ho;p,ve:·, over the last 50 years achi'"vanents 
0f th~!:'il'! plant breeders, st.eh as t!'le hybridiwtion of rorn am the develcpnent of higher
yielrling grair, varieties, helped to change the pror;pect. 

Plrmt bn~eding research had also been carried on in :'ome countries by relatively small 
r:mimpr·cial seP.d car.panio:!s. With variet.ies - mostly of v~etal and omcrnent;:il crops -
rlFvf!lorlf~d hy their DW1 breeders these canpaniec. used to compete keenly for the farmers' 
;ittenti0n. F1 fty years ;:igo in lkstern Europe seeds frmi so many so-c;:illP.d improved varieties 
Wf!rr: rJPing offen~ fnr ::;ale, trnt goverrrnents ~!"€ oblif,ed to e.stablish the first controls 
ever in the ciP-Cd tradr;: 1 icensinp; sy~>tems to pro~ct t,hP. farming cmimunity fran ;.ibu:-;e. Only 
:;ic~f~l:; of •1;:irir:tJes accF:ptprJ in thf: "mtioriiil 1 ists" ._.,:re ril !01'.P.d in the market. 
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ln spite of tne fact mat the ucen:sir~ :sy::;t<:iu5 c..l.::u ga.•e 30We """a:;ur-<: cf ;:-.;ct~~~'..:-::-: 
to the "inventor" of new varieties, the fact ranainro Ulat in the otherwise LI1r-eguLited 
market plant breeding i.as oot financially as rei.ardil'l!; as research had bt:ear.e in other 
sectors of industry. It i.as als::> very costly. 

Since governnents had difficulty in obtaining fran l~islattres :ncreased af:propr i
ations for long-term research, some agronanists felt that the field shoul:: be made attra~t ive 
to the private sector. A climate generally favourable to legislation granting pd.ten~-lif<e 
rights to the developers of new crop varieties grew out of that situation. 

In 19b1 France, the Federal Republic of Genr.any, the Netherlards, E'el><;itr, ar.i ;:v,: '-' 
established the International Union fo1~ the Protection of New Varieties of Plants (up:·;. as 
part of the Geneva-based World Intellectual Property Organization (WIRJ), thP !Jnited :<e:r,ior.:" 
agency that deals with patents. Ma.ny other cOlZltries joined later on or are :1bout to yi; .. 
URJV administers an "International Convention for the Protection or New Varieties :Jf Plan~:"", 
according to which new m6llber cOlmtries are to adopt legislation allowing a monop::i::..y of ::i.bc•Jt 
20 years for the prodirtion arxi mar.~ting of seed to the breeders of 11LU1ique", "uniforr." and 
"stable" varieties. Some COL11tries, like the USA am Japan, which did not j:Jin UFt:V, r,;::;·re 
adopted .:>imilar patenting systems on their OW'l. Third World COL11tries are slowly fol:riwing 
their exanple and the potential exclusive market for the varieties prote~t..ec:'. ~'-· ":: ~~~~ 
breeders rights" is still expardilll;. Res:!arch has becane attractive for the private se~tor. 

Under the URJV Convention, to be entitled to f-'lants fireeders' Rifhts, o, ·;3;:_e:~:. " ::;':. 
be uniform, clearly identifiable and distinct fran others, a dffiland that leaves no ;)er. "~ 

all for the diver·sity so dear to plant breeders. In the Euro~'>Pan Econanic Comrr.tmi':y r.3• '. :.;il 
lists were consolidated in 1960 into a Canmon Catalogue. Si.nee for every .~nt:-'y i;. :,he 
Catalogue high fees are charged, only the most pranisi ng are registered, ti"P tL;'i it i,:->,.?!: r.•r.-"" 
being left out. 

The trend to varietal L11ifonnity ard the spread of Plant Breeders' Fiigr,t~ Leor:.s~ o,• i';r. 
made plant breeding research and the seed industry as a whole amply 3t.tra('tive t." , ., 
business. During the last 10 or 15 years a mir.ber of transiational corporn.t ions rave ;:: • .. ~.-: 
the field, many through the acquisitior. o!' snaller traditional s:!ed firm.~. SJrr.e ('Or.o;\ ~'°r 
this a ;.elcane addition of capital re!'J:'urces and manag6llent ability t._, th•' r~re-~.·_:,:.:.y 

neglected sectors of agriculttn"al research and developnent. Opponents fear that the:; ::.3'./ 
cane to monopolize the .ti01.e field of agricultural inputs and eventually hir.der·, raU:e·; t:.;-;r: 
further, the WJrld' s progre&<> in agricultural matters.. (Source: C:~re~, ~~\J'. _;,_. 

July/Augu.st 1983.) 

J.c:; Nati.anal Institutes of Health involved in law suit 

In vtiat is being touted as a major legal lest for genetic engineering, sever3.l .,-r ;;~:" 
recently filed suit in the U.S. District C.ourt in Washington to keep the National Ins~.it·Jt<=:~ 
of Health fran permitting the releas:! of p;ene-spl iced substances fran ti"P lahorator;:. Tn,:, 
suit is the first legal challenge to the use of engineere<i organisns outside a labor-2tory. 
Other plaintiffs are EnvirOrJ112ntal Action am Envirorrnental Task Force, both ba:;,c;·i ir, 
Washington. "A careful exaninati0n of the internal operation of the NIH Recrn.b~n;:,nt DNA 
Advisory Committee d6llonstrates a disregard for both the spirit and the letter of the 
National Envirormental Policy Act," say the plaintiffs. 

NIH is still sttdying the suit am is not ~pectro to formally respond for soof> t. imP, 
but a spoke:roan [or NJH says that the agency and its Recanbinant DNA Advisory C.mrr,ittee 
(HAC) have mutinely been guided by the Agriculture De~rtmer~t arxl by outside P.XPf?rts. 

The sui:; fuels an already inten.':le iss!E in Washington. In ConF;ress, a House "11h-
canmittee chaired by Rei:rerentative Albert (i)re, Jr., (D., Tenn.), i~; ir.vr,stip;atinr the 
potential ri:;ks of release, aoJ federal regulatory ap;encies, includinp; thP Environnent.al 
Protection Agency, have begtm studies of their owL 

J:J far, Nlli has approved three relea::e projects. The agency has autr(lrized a Stanf·ir<i 
University researcher to field-test genetically mooified corn plants, a .:Ornd 1 Univ•!r::i ty 
researcher to test genetically engineered tanato ;:ird toba::co plants, ard tv.o resear~hAr:-; ;;t 
the Uni.versity of California at Berkeley to ffilploy p;enetically engineered hacteria to .;on•rnl 
frost dGfflage :.n plants. 
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In their suit, the plaintiffs contend that NIH has failed "to establish adequate 
scientific prowcols and for evaluating the envirOCl!lental risk of such experimeut.5." 
Officials of the Foundation on Econanic Trends insists that "many of the appropriate 
methodologies ar.d testing procedures do not yet exist to assess the risk factors" of release, 
arrl will take several years to develop. Further, the foundation argues that RAC lacks the 
scientific expertise to assess such risks. "There are," it notes, "no ecologists, botanists, 
plant pathologists or population geneticists on the CCfllllittee." The groups' concerns are 
shared by several ecologists. (Extracted fran OJ.emical Week, 21 September 1983.) 

EPA decides to regulate new biotechnology products 

The Envirormental Protection Agency (EPA) has decided ttat it has the autoority to 
regulate new biotechnology under the Toxic !:i.ibstarees Control Act (T3::A). This autoority 
may be challenged, but only through costly litigation. Meanwhile, the fPI\. expects to tave 
$3 million in its budget next year arrl abou+- 20 people to 100nitor biot "chr. '.'logy canpanies' 
work. 

Until now the Federal Governnent has depended upon canrenies' voluntary ccmpliance 
with guidelines of the RecCJ11binant OOA Advisory C.armittee (RAC) of the National Institutes 
of Heal th for research and manufacturing safety. Agencies such as Foa:i and Dr~ Adminis
tnt ion or Department of Agriculture regulate the products. EPA generally tries not to 
overlap what other regulatory agencies are doing but the agency bas a great deal of latituie. 
The EPA is probably not primarily conce,.,,ed with manufacture of gen-~tically engineered 
products but with recanbinant OOA organisms that might be released into the envircnment lotlen 
used for oil recovery, metal ore leaching or waste d ispoS3.l. Genetically engineered higher 
plants might also cane under scrutiny, but EPA's attituie is fa~ fran clear. 

Some of IBA 's member canpanies are thinking of challengine EPA' s authority in the 
courts. However, IBA manbers are predCJ11inantly in favor of working with EPA to establish 
a set of reasonable regulations the industry can live with. (Sot.rce: Genetic Technology 
News, September 1983. Address: 158 Linwood Plaza, P.O. Box 1304, fort Lee, NJ 07024, USA.) 

US public invests nearly half billion $ in genetic engineering 

If the three latest stock offerings planned by genetic engineering canpanies are 
successful, publL~ investment in 23 genetic technology finns via U.S. underwriters will 
total about $450 million for the past five months. Total does not inclooe private ploce
ments or P.&D li111ited partnerships. Here are the latest market entries: 

1. Advanced Genetic Sciences (AGS) 
2. International Genetic F.ngineering (Ingene) 
3. Bio-Technology General (BTG) 

Estimated Spending for Genetic Engineering R&D 
Perfonned at U.S. Camiercial Facilities in 1982 

Type of Finn 

Genetic Engineering, PuLlicly Held 
Genetic Engineering, Privately Held 
Other Canpanies 
Total 

Sperrl~ 

$110 million 
40 

150 
$300 million 

For 1983, the figure will be higher. As products mo.re f'ran the laboratory into the 
pilot plant, costs go up several fold. An increase of 15% to 20J is a 1·easonable estimate 
for 1983. 

(Source: Genetic Tecmology Hews, August aoo September 1983. Address: 158 Linw:>od 
Plaza, P.O. Box 1304, Fort Lee, NJ 07024, USA.) 

Biotechnologists may turn to AI (Artificial Intelligence) 

Biotechnol~ists are finding that a new generation of canputer prop;ranmes are now 
able to provide answers to many probl611s and thro~h Artificial Intelligence (AI). 
Es!!entially, AI is a \ooay of transfonning a canputer into a probl611-solving tool thro~n 
the use of I.flat its practitioners call "expert systems." Ccc!lputers are programned to 
n: i.mic both the reasoni~ arrl intuition of h\.lllafl experts, to emulate the ..ay peopJ e use 
past experience to tackle new probl611s. &.lch systems can weigh tacts aoo assllllptions 
and make ct-oices becai.ne trey are not trapped in any specific decision path. 
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tt Fdlu tu.tu AI fi1w, I.ritelliGeil6t.i~:;, i::; i~t..-oC~ir:g ~~s tn 0pti_'!!i~ f~~~~ 

tat ion scale-up - a major b~bcBr of biotechnology. 

Successful scale-up deperrls on estabEshing and sustaining just the right bio-
chemical enviroment, notably si.ch variables as tenperature, salt concentration, nutrient 
mix, pH, am in particular the idiosyncrasies of each individual microorganisn. AI can 
interactively control this ll'lsteady-s.:.ate fennentation process. At points Wi.ere the hunan 
user doesn't agree with the machine's strategy, the i:rogranme's l<nowlroge base can be 
edited and thus be continoously tinro. 

Another potential for Artificial Intelligence is the large-scale culture of plant 
cells. Present metoods of plant tissiE cult1..re are largely empirical and an Artificial 
Intelligence approach could oodify the aspects into rei:rod~ible teclnology, making it 
available to a wider circle of users. Artificial Intelligence is being applied to extern:: the 
genetic engineer's reach fran linear seqLEncing to tertivy modeling. &!ch expert systems 
will recanmerrl protein stri.ct1..res to perfonn desirro ft.nctions, w:Jrk out the gene seqLEnce 
needed to pre.duce tne pr'1tein, advise on gene insertion, and prodi.ct recovery. Conceptually, 
Artificial Intelligeoce will go on to optimize production of the new st.bstance by scale-;.ip of 
the appropriate fennentation systan. 

IntelliGenetics is offering Artificial Intelligence progranmes for large-scale WA 
and anino-acid seqt..encing, restriction maps fran enzymatic digests, arrl simulation of 
recanbinant-DNA experiments. These silicon-chip tools are being used by biotechnology 
R&D finns SU'.!h as Amgen of Thousand CBks, Calif., to plai the engineering of rost organisns. 

Geneticist Frederick R. Blattner of th·~ lliiversity of Wisconsin, ~dison, has begun 
marketing s:xne three doz.en Artificial Inte-_ligence progranmes that analyze canprerensive 
nucleic-acid-seque;1ce data. Gene-spl ic in7 prog~_,Jes are alS) being offered by 
Dr. Foger Staaen of Britain's ~dical Res arch C.Oliv'il in Cambridge, England and Japa.:1 1 s 
Ministry of Internatioral Trade arrl Indl.L ... ry (MITI) . ·ans to sperrl half a billion dollars 
over the next deca1e to develop an advancro canputer targeted specifically at Artificial 
Intelligence applications, inclu:1ing biotechnology. (Extracted tran McGraw-Hill's 
Biotechnology Newswatch, 6 Septanber 1983.) 

Uranium extraction 

Microbes may interfere with in-situ extraction of uran1tJD, according to the NP.w ~xico 
Institute of Mining and Tectnology (Socorro). 'The Institute, which performed a stuly for 
the L'.S. Pureau of Mines, fol.lld high concentrations of roil bacteria in four ore samples 
fran mining operations that had experiel'X!ai pl~ging probl611s t.ndergromd. In subseqLEnt 
laboratory tests, microbes prcliferatro in a simulated t.ndergroll'ld enviro!lTlent a11d decreased 
the permeability of uranilJD ore samples by an vrder of magnittde in 20 days. 

In-situ extraction is dooe by injecting a leaching s::>lution into an orcbooy, then 
recovering the solution and dissolved minerals fran a ~11. The bacteria are apparently 
introduced into the orebody by the drilling and injection process, arrl once there they 
thrive under the leaching conditions. The leach solution is usually a fairly neutral 
mix of carbon<lte/bicarbonate, with an oxidizing agent (typically h~rogen peroxide) to 
convert the uraniun' s +4 valence to +6, so t:1at it will fonn uranyl carbonate. HoW2ver, 
the oxygen present also pranotes bacterial growth. 

A possibly renedy may be to inject stronger concentrations of peroxide into the ..ell 
to brP~"k dofCI the organisns. Some canpanies have triro this with S001e success, says the 
Institute, but it has to be repeated periodically. (Smrce: Chemical Engineering, 
11 July 1983.) 

EEC can turn bianass into profi~ 

EEX: countries could prodLCe energy equivalent to 2 million b/d of oil fran bianass 
arrl soow a profit, according to Professor Ievid Hall of the University of Lorrlon. 

There are 86 million tomes of oil equivalent (TOE) of net eOP.rgy available fran hunan 
arrl animal \oastes, wood and energy crops and u further 22 million toe could be recovered fran 
agricultural surpluses. (50 million toe is the equivalent of 1 million b/d.) These 
res::>urces could provide feedstock for up to 16, 000 conversion plant,s processing 25 tonnes/ day 
of bianass. The average estimated cost of a pli.11t wou.ld be about El:U130,00n ($'H),400). 
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~ ~e processes KJuld pruiLA..:e t.:i:i.ar"t:udl, U iu-vil a1rl bio-ga.s ~1th ECU87C li'iill iGr: ~ 
year, calculated at current market prices for fuels of canparable calorific value. Tue 
C'.rr.ortized cost of the investment plus salaries and the price of the fee<:lstock would total 
ECUo29.6 million a year, givi1~ a profit of ECU40.4 million a year. Tue factories WJuld 
create 430,0CXJ jobs. 

Current canmll'lity surpluses of beef and dairy prodocts suggest that there are 
2.5-3.5 million excess cows on the land. ThP.se are subsidized at a rate of £120 ($189) 
an animal mch year. If the cows were eliminated, 1.2-1. 7 million hectares of land i..A:>uld 
be freed for cultivation of energy crops and the £420 mHlion saved in subsidy. This 
~ould be invested in their developnent. 

The argunent that 
he says. At current 
tonnes/year by the end 
production. 

massive use of biomass could lead to a lack of food is invalid, 
prcrloction rates, surplus grain prcrlmtion will total 10 mill ion 
of the decooe. 1l1f! i:roblen is oow best to balance food and fuel 

According to the calculations, biomass could provide up to 7 per cent of all EEX: 
energy needs by the errl of the centt.ry. 

Total net (after conversion) energy potential fran bianass 
in EEC countries (millions of tonnes of oil equivalent) 

Wastes 

Animal wastes 
Crop residues 
Forestry/1«>crl residues 
Municiral solid wastes 
Sewage 

Fire1«>crl 

Crops 

Forestry plcritations 
Catch crops, algae and aquatic plants 

Surpluses• 

Sugar 
Fruit \o~thheld 
Fruit losses 
Potatoes 
Cereals 

Total 

11. 5 
12_5 
7.9 
8.9 
1. 8 

6.6 

28. 1 
8.5 

2.6 
0.7 
1.6 
8.5 
8.6 

1CY7.8 

• Other potential surplus rerources include 1. 84 gallons of wine and the crops which 
could be grown on 1. 7m hectares of land freed if dairy cattle i:rodtetion were not in 
surplus. 

(Source: World Solar Markets, July 1983.) 
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Sane biotechnolugy canpanies beginning Lu gt:f~i"'dtC p10fit3 

Sales Earnings Profit Margin 

Change Change 
(Dollar anounts Latest fr an Latest fr an Latest Year-ago 

are in million::;) 12ericd 1982 Eeriod 1982 period period 

Three-month results 
Bio-Rad $16. 4 -+26% $0. 1 If.) NM 1. 1% -2.8% 

Centocor 1. 6 +242 --0.269 NM -16.8 -100.6 

Collaboradve 
Research 1.0 -45 -1. 725 NM -176.5 -6.0 

ens Bio Logicals 0. 1 -62 --0. 888 NM -616. 7 -357. l 

Enzo Biochem 1.0 +310 0.238 NM 24.5 -138.0 

Genentech 11. 0 I'• 0. 332 +310 3.0 1. 1 -+, -. 

Genex 1. 9 +8 -1.800 NM -95. 1 -73.9 

Microbio. Sciences 4.3 +17 o.~1'.'2 +114 4.9 2.7 

Rib i Jmm1..11ochan 0.2 +122 --0. 084 NM -51. 2 -110. 8 

TechAmerica 10.0 -+28 0. 172 NM 1. 7 -1.5 

Totals 47.5 -+29 -3.626 NM -7.6 -12.9 

Six-month results 
Novo Industr.:. 179.2 +19 39.074 +58 21.8 16. 5 

Fiscal-year results 
Cetus 28.9 -12 -4. 671 NM -16.2 9.2 

Collagen 12.4 -+68 1.293 +85 10.4 9.4 

Res~ ts are thro~h June 30 except for Collaborative Research, whose fiscal qwrter 

ended l't3.y 28. (NM) Not meaningful. 

(Source: Chemical Week, 14 September 1983.) 



- 10 -

Ccr-transfonnation 

A method has been patented to intrcxh.ce foreign genes into animal cells in laboratory 
cul tire so that the lransfonnerl cells can be recognized. The tecmique could be useful in 
produ::tion of interferon, blood clotting factors, honnones, vaccines, etc., an:! in developing 
a su::cessful gene replacenent therapy. '!he i::at-~nt, a~rded to R Axel and S. Silverstein 
of Colunbia University and M. Wigler- of Cold Spring Harbor (NY) Laboratories, ca1ers the 
technique called ccr-transfonnation, which inserts t~ 1.11related genes simultaneously into 
cells. Animal cells growing in culture could be used to prodt.ee biological st.t>stances now 
diffic:.ilt or impossible to make in bacteria. Patent appl~ations are aloo pending in C.anada, 
Europe, Japm and Australia. (Source: Technology Update, 24 September 1983.) 

Calcitonin gene has two faces 

!'blecular biologists and neirophysiologists at the University of Ca}.ifomia, San Diego, 
have now canbined their expertise and danoostrated a surprising exanple of the versatility 
of genes that carry the code :Or ctenical cammr.ication. Michael Rosenfeld and colleagues 
have discovered a gerie which makes a h:mnone in gland cells, but an entirely different anc! 
hitherto unl<now-i produ::t in brain cells. Predictions fran its stru::ture show that the gene':: 
mysterious alter ego is the precurror to a new molecule which may be involverl in relayir.g 
rot, cold and painful sensations in the nervous systan, an:! in the control of blood pressure. 

The oormone calcitonin is made in the C-cells of the thyroid gland and is an exanple 
of a chemical messenger · . .Ji.th an important body-wide fi.mction. Its principal targets are 
bones and kidneys, where it controls the levels of caldun in extracellular body fluids. 
Three years ago, scientists at San Diego used a thyroid tunour ...tlich prcxh.ced large 
q1.0ntitites of calcitonin to generate arrl clone rart of the rnA sequence of the gene fran 
which this hormone originates. By repeating this process they .ere able to deduce the 
molecular strLCture of the entire gene. It turns out that the calcitonin gene seqll:!nce 
contains several exons - the rarts of the rnA which can potentially be trans::ribed tn 
messenger RNA - bet...ecn tile intrans (or 1.11tran::cribed OOP. portions). This is a cOOIIllc:: 
feature of many genes but normally, all the exons and intrans in the OOA .:>equeoce appear 
joLried together without a break in the RNA transcript. In the thyroid t1..mour cells, ho...ever, 
one oi..:t of the four exons present in the gene ..as not transcribed. Scrutiny of messenger RNf.. 
produ::!ed by the tunour cells showed that the silent exon was tran3'.!ribed instead of tha':. 
encoding calcitonin. It seemed unusual that the missing sequence of the gene should only be 
expresse:i during ~11e freak behaviour of thyroid cancer cells. If the prodLCt of the siler.: 
exon was to be of any use, conditions must exist W'lere it WJuld be produced under more stas>~ 
cond itior.s. 

The DNA code of tr.e silent exon was translated by 2ar.puter into the strLCture of ~r:•: 
molecu!..e it WJula hypothetically produ::e. Secondly, this hypothetica: honnone ..as prepc;r·~ 
artificially 11sing a.1 automatic: synthesiser. Thirdly, the synthetic molecule ;..e;.s iny£te:: 
into a rabbit which pr,xiLCed antibodies against it. Finally, the rabbit's immune serur wa~:; 

withdrawn and used tn detect the rx:issible preserK.e of t'1e new mes:-::enger molecule ir. tissues 
throughout the body. 

The results, as expected, sho...ed that the hormone encoded by ':.he silent ex on was 
undetectable in nonnal thyroid tissiE. fut far fran expectations, the new messenger 
molP,Cule (now callerl calcitonin gene-related peptide or ffiRP), was distributed widely among 
cells in the nervous system of the brain and peripheral organs. Abtr1dant quantities of the 
gene ...ere found in the 311al 1 neurones of the senrory ganglia. These cells ?-re involved in 
conveying sensory information on tanperattre aoo rain to the perceptive centres of the 
brain. These neurones may use CGRP to ccmm1.D1icate with other parts of the nervous syster11, 
passing impulses in senrory pathweys to their final destination, the cerebrai cortex. 
(Source: New Scientist, 18 August 1983.) 

Bacterium yields insight into photosynthesis 

Plant. genetic engineers could probably do more to enhance output of crop or forest 
plant:'; by increasing plant photosynthetic efficiency than in any other way, but before 
they can start shifting p;eres t0 imprCNe photosynthesis they mu:'lt first learn how the process 
...nrk.9. This wi.11 take a ....tlile, but a research team of Un~1ersity of C.al ifo1"!1ia' s Lawrence 
Berl<ele; Laboratory n;:i;, ,iu;,t. adrlyi 3:1lle l<nowlooge that will help. They have identified five 
gene:> ...tiich control t.he fir~;t steps of ptv::>tosynthF!sis in the bar.terit.m Rhodopseudomona~ 
(~~:'.ula':;i. Thrw~ nf' t.t:'' 170rrc· r:<Ile for proteins that make up t.hF! re;:ir,tion icentre, whP.re 
~ip;h~. ''nr:rp;j "t,:;odJ<!fl tiy "h'(ir·iphyll '1rid ot,hcr pi'1;ment:J '.;i~p.1r;i'.,r::: pri:;it.iv,. and n':vativ" 
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el~tr1cal cnarges within UR:: u1yldkui.u W5Lib.-a.-.e. it.c ~cti:::::-: ~e:-:t:-es ?.!"e ~!."': of t:h<> 
intricate thylakuid manbrane, where photosynthesis takes place. The separate<! el~trical 
charges operating with the membrane provide energy to drive tt•c cooiplex chanical reactions 
involved in photosynthesis. 

The Lawr-ence E£rkeley tean isolated the genes by breaki~ dC1ntl a large, 50,000-ba.se 
pair (bp) segment of OOA contained in the R' plasnid of the bacteriun. The ~gment. supports 
ohotosynthe.sis when inserted into bacteria. 'Ille group used restriction enz:ymes to obtain 
Smaller fragments of the large OOA segment which were cloned in Escherichia coli to obtain a 
large nunber of copies of each fragment. These \oere then used~transfonn R. capsulata. 
Colonies of transformed bacteria containing the fragments with photosynthetic genes could 
be spotted because by floores:!ed lilder light. The three reaction centre genes and two 
genes with other functions in photosynthesi3 were picked out of the mu:::h larger OOA segment 
in this way. The OOA sequence of one of the reaction cer.tre genes t.as canpared with OOA 
fran chloroplasts fran spinach and tobccco plants. Compariron showed OOA sequeoces have 
similarities. This indicates that the (ilotosynthetic process in R. capsulata is probably 
fl.l'ldcrnentally the same as ·Jnat in higher plants. (Extracted fran Genetic Technology News, 
Sertanber 1983. Address: 158 Linwood Plaza, P.O. Ebx 1304, Fort lee, NJ 07024, USA.) 

First artificial chranosome built 

Two w:Jrkers at Harvard ~dical Scoool, Andrew M.Jrray and Jack Szostak, have constructed 
the wurld' s first ;.orking artificial chranos:me. Yeast cells copy the chranosane faithfully 
and pass the copies on to their dai..ghter cells \tlen they divide. The work holds out the 
hcpe of more effective therapy for inherited diseases, although this was still a few years 
off. 

Cl!ranosanes are the packages of 00 ao:i associated proteins that carry the genetic 
message inside the cell nmleus. They are canposed of at least fotr distinct ft.r1ctional 
parts: the genes. the replication origin, the telaneres and the centranere. M..irray and 
Szostak used the full battery of tools available to the genetic engineer to assemble the~ 
in to their chranos:xne. 

The heart is the centranere, whic~ is resp:msible for attaching the chranoocme to the 
spindle of the dividing cell. The spindle ensures that, after division, each dai..ghter cell 
gets one copy of the i:ewly duplicated chranos:me. Murray and Szostak were given their 
centraneres by Lousie Clarke and Jorn Cart.on at the University of California in San Diego. 
Clarke and Carbon have isolated ;md cloned the centraneres frc . .11 several yeast chranosomes 
and, in some cases have determined the full OOA sequen:!e. 

To one of the SE. ceritraneres Murray and &ostak adde:i a replication origm, a sequeoce 
that enables a length of OOA to be copied by the cell's machinery The genes they crose to 
put on the artificial chranosane enabled the cell to manufacture its own let.Cine and uracil. 
These are important substances that have to be supplied ready-mocle to the recipient yeast 
cells. Any cell that took up a t,«>rking copy of the artificial chranosane ;.ould be able to 
make its o\oll leu:::ine and i.racil, arrl can be easily identified because it will grow in a 
mediun without these substances. 

Finally, Murray and Szostak added telaneres - the special sequences at the ends of 
chrano3'Xlles - snipped fran a protozoan called Tetrah~a. The resultant chrano~e was 
copied and passed to da~hter cell::;, tut ..as not very Stle. It was about 10 times shorter 
than nattral yeast chranosanes, a difference that turne:.. out to be important. Murray and 
Szostak in~rted their chrano3'Xlle into a mu:!h looger piece of OOA and got a new artificial 
chrano3'Xlle, about 55,000 ba~s long, that was less stable than the real thing, but per'bnnro 
very well. (Extracted fran New Scientist, 22 Septanber 1983.) 

Dental cavities might be rilled with natural enamel made by rDNA 

Sane day dentists may be able to use a natural dental enamel rather than the metals 
or i::olymers now used to restore teeth. Genes coding for t..v proteins in mouse tooth enamel -
which is analogous to hunan enamel - h<..ve been cloned in Escherichia coli by ir~kers aL 
!Jniversity of &luthern California. 

Cloning enamel genes is an off-shoot of a prq-,ramme, started many years ago, that aimed 
to learn oow body cells differentiate int') teett. during ffilbryonic develoµnent. In 1980 
Dr. Slavkin ttrried to recanbinant OOA as a tool to s11xly the genes involved. The possibility 
of developing a ratural restorative material grew out of this wurk. 
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Dental enane ... , 1 ike bone or mollusc shells, consists of a protein matrix that forms 
outside of .L i.v l.[~ «....~l..l.=>· 'n'-1€ }A-vtc.io c~~t~i~~ ~~ le3.ti~ p0i!'!t5 ~t tJii ... n inorganic erystals 
can form and grow. The end result in tooth enamF>J. is a material that is 99 ~r cent 
inorganic. The crystals, 01 a calciun phosphate, foL11d in teeth are very large by biological 
standards al Ux:n.~h they a""e micro..:;copic. Dental i:roteins forming the mat!' ix fall into t.o 
classes, ena;ielins and anelogenins and the genes that code for a represe:-itative of each class 
have been cloned but so far has not been possible to use the proteins proouced in E. coli 
to form a matrix upon .tlich the calciu1i poo:;phate crystals can grow. Part of the difficult·, 
in doing this arises fran the fact that E. coli and other bacterial proteins are not 
glycosylated or phospoorylated, as natural dental proteins are. 

It is intended mt to try to i::roduce recanbinant microorgani311s but rather that could 
be placed in a cavity to produce nattral enamel in place to be able to develop a system to 
mix tooth proteins and an inor-ganic to form the restorative. (Extracted fran Genetic 
Tecmology News, Septanber 1983. Address: 158 Lin...oa: Plaza, P.O. Ebx 1304, NJ 07024, 
USA.) 

Split geues now found in bacteria 

MJst genes of the higher organisns contain stretches of rnA that are not used to make 
the final protein or RNA product of the gene. These apparently redundant reg ions (cal led 
in troos) ace foL11d inserted beti,een the fmctional parts of a gene, am once the ~ene ha~ 
been copied into RNA they are S'.)On removed by "splicing". The discovery that the genes of 
higher organi311s are split in this way pra1 ided molecular biclogists with one of their 
big~est surprises in recent years. A team of f.mer:can scientists has now foL11d evidence for 
split genes in bacteria as well, suggesting that the phemmen')n might be much more widespr-ead 
in nature than had previously been thought. 

Up till now attempts to fioo split genes in bacteria have always been s1£cessful. fut 
the bacteria can be separated into t...o distinct groups, the eubacteria a!'Xi the arc!1ae
bacteria, aoo all cf the preivous searches were confined tu the eo.ha:!teria. Carl Vbese, 
Brian Kaine and Ramesh Gupta of Illinois Uni.1ersity decided to take a look at the archae
bacteria, and m a bacteriun called Sulfolobus solfataricus they found what they v.ere 
looking for - t"'° genes that appear to contain intrans. 

The genes concerned are not actt.13.lly used to make protein. Instead, they code for 
transfer RNA molecules, which play a vital role in protein manufacture. The important 
point is that the initial RNA copy of the genes will contain unwanted portions of RNA that 
will have to be ranoted by splicing. 

If split genes tirn out to be quite common in the archae-bactPria then it might he:.r 
scientists to investigate the precise mechanisns of splicing and the reasons \.tly split genes 
occur in the first place . 

.SO far no real function has been found for intrans, but they may be i.nvolved in 
regulating gene activity in some way. Another interesting idea is that constructing proteins 
fran split genes might allow a greater flexibility in protein evolution. (Source: New 
ScienLst, 14 August 1983.) 

Gene therapy closer 

Effor'c.s to implant a missing E,ene in a person born wi.th an enzyme-deficiency dison:J r 
,.ook a long stride toward realization thi..s sLITl!T1er. Two research groups at San Diego, Calif. 
teamed up to try retroviruses as a hunan-gene transfer vehicle for restoring enzyme synthesis 
in the cultt.if'ed cells of patients with Lesch-Nyhan syndrane. 

At the Salk Institute virologists Inder M. Venr.a and A. CUsty Miller decided to use 
retroviruSP.s as cloning vehicles. Together with pediatric geneticists Couglas J. J0lly 
and Theodore Friedmann of the University of California at San Diego (UCSD) an RNA virus was 
inserted with t.he IlJA sequence coding for hypoxanthine-g1..1an ine phospmribosyl transfera~ 
(HPRT), the enzyme that Lesch-Nyhan victuns cannot make. S:xne of their protein-coating gene::i 
were stripped fran these retroviral vectors to make roan for the HPRT sequences and the new 
vector was leaned up with "helper" retroviruses to relp them replicate. The cloning pack2p;e 
not r,nly t:!ntered nunan Le:o.ch-Nyhan cells in vitro but expressed the HPRT activity they laked 
with high efficiency - at thP level of normal cells. 

Le~~h-Nyhan syndran{' is onA of the hunan diseases C3U3ed by ;rn abnormality in a single 
p;ene. Tl'w HPRT 1>.nz~rw that it,;, victim's r;ells r:annot synthesize is part of a met;:ibolir: 
:irtlVapP pathway ~n wtucn p1Jrine:·i are r"eryclP.<l into mx~leic acid rather than bfdr 1F?,mdP,!'J 
•11 urir· ·t(·i·!. Th" :'f•x-linked di;nrdF!r ;ifflir:t:: <inly m~i]r,:-;; somP. month:> ;:if'ter t>irth t,hf' 
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seemingly normal Le~h-Nyhan infant slnws mental retardation, spasticity, and a trait 
of self-multila·~~__,.1. Victims uswlly die in their teens or twenties. (Extracted fran 
Mcfira\rHill' s Biote::hnolas.y Newswatch, 17 October 1983.) 

The new age of honnones 

Dr. Terence Chadwick of t«>vo laboratories, Hanpshire, described t.he beginning of an 
era in \\tlich it will be possible to manufacture at will, honnones that largely determine 
physical and temperanental idiosyncracies as well as others not yet tm~ht of, in quantity, 
and precisely tailored to hlJllall acceptance. 

A look at ht.man growth l'x>nnooe will show the state of the art. Hunan growth hornione 
influences stature. If you have too ml.l!h you are a giant; but an estimated one in 5,000 
children may suffer fran deficiency and, deficien::y maf accot11t for a tBlf to tw:>-thirds of 
all children who are referred to oospital because of soort stature. Deficiency is correctee 
by giving more; but growth honnooe \Vrks in hlJllalls only if taken fran other hunans, so the 
source is confined to pe<rsized pituitary glands fran hunan corpses, and supplies are 
expensive and strictly lio:ited. 

The hC'rmone is a poly,eptide (a snall protein); with 191 amino acids, and the entire 
molecule can now be made by genetic engineering. Indeed, its prodoction involves and 
ill•:strates the tw:> principal tecmiques that genetic engineers now employ. The first, used 
to put together amino acids 25 to 191 in this particular mrnione, is the DNA copy technique. 
First the RNA that prodtees the required C111ino acid sequence is isolated fran cells that 
contain a lot of it; j 1 this case cells of the pituitary. Then that RNA is induced to 
create a OOA fac3imile of itself - exactly reversing the process whereby OOA nornially 
pra:lt£es RNA in the cell, and indeed using enzymes that w:>rk Lcckwards. Then the P.NA is 
stripped fr<lil the DNA it has mcde, aoo the remaining single-stran:i DNA replicates itself to 
prodt.re a double-stranded length of IWA - which indeed is effectively a g~ne. The DNA is 
then carried by appropriate vectors into bacteria, which multiply (clone). Ir.side its new 
bacterial h::>sts, the rewly const~ted gene prodtees more RNA that in turn prodt.::es the 
required polypeptide. 

The second technique involves the 1'gene machine", in which appropriate DNA is built up 
step by step fran its constitt.ent nl.l!leotides. First tw:> nteleotides are put together in a 
colunn of resin beads ( "1ich provide a coovenient SUI face for reaction); and when they 
ha·:e joined, the surplus is W3.sl'rd may; the rext nt£lrotide is introdt£ed, ard so on UJtil 
the required ni.r?lootide seqt.ence is built up, which will code for the requir,~ <111ino acid 
seq~nce. It is by this metood that the anino acid seqt.ence 1 to 24 has been provided 
for hunan gr·ui.th honnone. After growth honnone, synthesis and application of the newly 
identif'ied growth honnone releasing factor may be contemplated, deficiency of which is 
another cause of short statl..C"'e. Then again, growth hormooe itself might be used to 
increase the height of i.anen with Turner's syndrane (caused by a defect of the female sex 
chranosomes) . It has been s~gested that soch treatment \.Ould help in Turner's synd:-ane, but 
no one has had eno~h spare growth honnooe to put it to the test. 

Indeed, the general point is not that the body's many polypeptide hormones have 
not hitherto been available at all (if that were the case one w:>uld hardly know of their 
existence) but that supplies have been 3'.> 1 im i ted that no on has been ab le to test the 
effects of giving more or less of any particular h::>nnone to this perron or that, as ms 
been possible with d~s. Yet the rotential of endocrinol~ical intervention is very 
evident. (Source: New Scientist, 25 August 1983.) 

Toxic shock syndrome 

The toxin that causes toxic shock syndrane, a disease associated with the use of higr~ 
absorbency tampons, has been illolated and identified by a microbiologist at the University 
of Wi~onsin in Mldison. Merlin Bergdoll reported in the journal Biochemistry that the 
toxin, prodt£ed by Staphyloccus bacteria, is closely related to 'Jne that causes a canmon form 
of food poisoning. Using the toxin, Bergdoll tes cane up wi til an assay systan that tanpon 
manufacturers could use to stuiy how certain materials stimulate the toxin's pro::lt£tion and 
to screen out th::>se tampon materials that are potent ... ally dangerous. Bergdoll is now growing 
antibodies to the toxin. His goal is the dP,VelofJDent of a clinically useful diagnostic test. 
(.Source: Chemical Engineering, 22 August 1983.) 

New method of cancer detection 

Improved prospects for patient recovery should re3ul t fran a new cancer detection 
method marketed by Labsystans Ot, of Helsinki. The system is basec' on research conducted at 
the City's univrsity, and it determines the origin of different types of tunours quir.kl y and 
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reliably. The ccrrect diagnosis of the type of tunour is the decisive fact.or in cmos:ing 
therapy, so the rew technique enables the correct cotrse of treatment t.o begin pranptly, 
enhancing recovery rates. 

The new method uses a chemical marker in conjinction with mon<rclonal antitcxiies to 
identify the type of cell ft-an \otlich the tunour originated, even ft-an a secondary t,unotr. 
I..abs~·stems say that tests can be canpleted in 30 minutes t5ing stamard patoology laboratory 
equiµner:t. (Source: The Hindu, 27 July 1983.) 

Researchers find test for breast cancer 

A test originally develped to detect cervical cancers has been fo1.11d to w:>rk for breast 
cancer, according to a recent report. The test can pick out malignant cells long before they 
begin to look abnormal' am 00 raises ropes that earlier treat?otent could stop many deaths 
among ~en who contract breast cancer every year. 

The test ;.as developed by Dr. Andrew Sincock arxl Dr. Jeff Middleton at Q..ieen Elizabeth 
College in London, and fl.llded by a charity, Quest for a Test for career. In ~rmal growing 
cells, OOA is tightly bo1.11d to its associated proteins. Before thE> cell divides, the DNA 
must free itself of sane of these proteins. Because cancer cells are "trapped" in an endles::; 
cycle of growth, their 00 is alWiys in the "free" state, am it is this free OOA that the 
cancer test detects. By taking INA fran breast tunour cells am attacking it with dilute 
acid, the OOA is chemically cha~ed 90 that it takes ~ a i:urple stain known as Schiff' s 
reagent. 

It was found that malignant cells tare up more than three times the amount of dye than 
normal cells. A machine called a micro:iensitcmeter then measures the d~ bound to the a.IA 
in m.clei - but the technique w:>rks so \oell that even the naked e-ye can see the difference. 

The correlation between the anOll'lt of free OOA in cells ( arx1 ~ the density of stain) , 
and tti.e degree of malignancy is so goo:i that Sincock envisages the tectnique eventually bei~ 
able to gre¥:1e the malignancy of ttmours. The immediate use in breast arxl cervical cancers, 
though, is to allow doot.ors to ?"edict W1ich patients will go on to develop aggressive 
tunours, arxl so tailor the tr3atment accordingly. (Sotrce: New Se:ientist, 4 August 1983.) 

Oncogene researchers may nJn cancer risk 

Researchers w:>rking with cancer-causing viruses could n.n the risk of getting cancer 
thenselves. Three Australian loOrkers claim that splici~ cancer genes into the bacteriun 
Escherichia coli, which i~ ccmmonly used in the laboratory, poses a mzard research 1oOrkers 
either do not recognize or ignore. 

Ditta &rtels, Hiroto Naora and Atuhiro Sibatani, who w:>rk at the University of Sydney, 
the Australian National University, am the Canmonwaalth Scientific and Industrial Research 
Organisation, argue that instead of performing str.h w:>rk 1.11der the minim1..111 safety require
ments of "good laboratory practice" - carried out openly on the laboratory bench - they 
should be done with protective clothing, erx:losed cabinets, special fune cupboards, aoo other 
measures for greater safety. 

The confidence of scientists w:>rking in this field of research rests on w:>rk done in 
1978, with a polyana virus. It involved breaking up the circular virus with restriction 
enzymes. They stitched the fragments of the virus's OOA into tre genetic material of 
E. coli aoo found that the virus' infectivity was lost when inject.ed into mice. 

Scientists asstmed that the genetically engineered vii "S w:i.s less mnnful than the 
original because it ~ been cropped up. They tho~ht that by enclosing the virus in 
E. coli' s OOA, they had SCJ11erow cha~ed its properties. Consequently, these experiments a~ 
generally done witoout special safeguards. 

The thr~e Australians say that, today, most research on career-causing viruseo:J involves 
another type of v:l!"as W1ich is not circular but linear. These "retroviruses" do not need 
t.o be che~d up so ml.l:!h by restriction enzymes, so more of the intrinsic order of OOA remains 
intact. These viruses could, theoretically, readily rei:,:.icate in the rosts cells, am move 
out into the body, ~lice an crdinary virus. 

Eventwlly, one of these viruses carrying a lethal onc~ene might reach a susceptible 
cell and trigger off the growth of a t1..111our. The oncogene might be "dormant" but Dittels 
thinks the very act of cloning in bacteria activates the oncogene. (Source: New Scientist, 
25 August 1983.) 
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CA.ltlook for a market.abl~ monoclooal antibody/chemotherapeutic agent against cancer 
moves a step closer. Cytogen will use its proprietary tectnique for antibcxiy mcrlific"lt::.on to 
develop a cancer drug delivery systen for American Cyananid (Wayne, NJ), which has just 
purctased 15 per cent of the canpany for $6. 75 million. Cytogen' s technique can be used 
to attach metootrexate, a major cancer cremotherapeutic marketed by Cyananid' s Leder le 
Laboratories (Pearl River, NY) to antibcrlies that will bind specifically to cancer cells. 
This soould make the drug more effective by placing it exactly ltlere it is needed. At the 
same time side effects that reSJlt fran circulal.ion of the drug thro~oout the body for long 
periods soould be redooed. tit>noclonal antibodies have been developed that are specific for
various types of cancer cells, but by no means for all types. Cytogen' s technique makes use 
of a proprietary ccr-valent linirer to connect dr·1.f1; arxt ~tibody. The linker is conditionally 
unstable, so it can be made to ~lEBse the dr~ lotlen wanted, or the dr4?; may be left 
attached. (Source: Genetic Technology News, July 1983. Address: 158 Linw:icrl Plaza, 
P.O. Box 1304, Fcrt Lee, NJ 07024, 115A.) 

Two genetic Change~ necessary to transfonn no!'l!lal cells into cancerous ones 

US arrl UK researchers discovered that at least ti.v irrlividual genetic cha~es are 
normally needed t.o transform mnnal cells int.o cancerous cells, sr ... ling why it takes years 
for cancers to develop. New research at MIT, Cold ~ring Harbor, ani the Institute of Cancer 
Research (UK) supports the existing mderstanding of cancer researcrers that the dcveloµnent 
of cancer at the cellular level occi.rs in stages. These tw:i processes will pU5h a typical 
cell perhaµ:; 90 per cent of the way to beir.g a cancer cell. The findir.gs are cru:::ial partly 
because they give an explanation in molecular terms of the l~-held obs~rvation that many 
types of cancer required at least tw:i steps, usually with a long interval bet~en than. 
(Source: :rechnology Update, 3 September 1983.) 

Defective ~ollagen gene kills embryos 

Rudolph Jaenis:!h and his collaborators at the University of Hamtx.rg last year reported 
a breakthrough in the st.lily of mamnalian develoµnent "1en they su:::ceeded in deliberately 
creating a mutation which affected the develoµnent of moose anbryos. The mutai:.ion ...as 
created by a retro-virus ~i.ch inserted itself into the animal's OOA arrl prevented the 
activation of a specific gene about halfMBy thro4?;h the mouse's developnent, causing it to 
stop developing and die. 

With Angel il<a Sctnieke and YJ.aus Habers, Jaenisch has now gone on to establish that the 
gene whose inactivation has this lettal effect is one of the genes that codes for collagen -
just about che canmonest molecule in the bcrly. Collageri defects can prove 1 ethal to hunar. 
babies ~on after birth, so this research could be far-reaching. Jaenisch' s technique 
for making mutant mice is to inject large doses of retrovjral OOA into early mouse embryos. 
The OOA becanes inserted at rarv:tan into varioll5 sites in the embryo's chrancsanes, an::1 some 
of the inserted DNA is passed on to future generations of mice. The lethal mutation occurred 
in a strain of mice knCMl as ~v-13. Jaenisch w:i.s able to breed these mice becai..l.Se the 
mutation is lethal only if inherited fran both parents: if the mouse has one normai gene it 
can survive and breed. 

Jaenisch w:i.s able to locate the inserted OOA, and thus pinpoint the site of the affected 
gene, by using radio-labelled copies of the viral OOA. Alro, he showed that the gene is 
turned on in nonnal anbryos, but not in M:>v-13 anbryos, at about the stage when the M:>v-13 
animals stop developing. ~re experiments with radio-labelled copies of the gene itself 
(rather than the viral 00 inserted in it) slx>wed that it is normally active in certain cells 
of skin, bone and muscle, arrl that it tends to be switched off in cells that have becane 
cancerous. Two other important facts helped Jaenisch an:i his colleagues to guess what the 
gene might be. First, a virtually identical gene i:roved to tave a virtually identical 
pattern of activity in tissues fran several different species, so it obviously prodl.X!ed a 
canmon molecule essential to all animals. Secondly, if cells \.ere extracted tran M:>v-13 
i:mbryos before they died am growi in culture, they survived. SJ thP molecule could rot be 
necessary for the sirvival of individual cells. 

Putting all these facts together, the Hamburg tean concltrled that the molecule must 
be one that cells c001111ooly secrete irito their enviromient, to fonn what is known as the 
extra-cellular matrix, arrl the CXJllllOOest of all is collagen. SJ the scientists canpared a 
cloned collagen gene with the gene they had identified in M:lv-13 anbryos, arrl r,hat ...as how 
they f0tr.d out that the mutation 1o11s in the collagen gene. 
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7f1.i~ l~v ~::; tii~ 4uc.si tu11 vf iitiy t.tie ati3elti:C cf ..:vll~~ :;he~~ kill :! ~()~se ~~~ =.t 
13 days. Jaenisch am his collaborators guess that collagen may provide a vital clue to e11 

important step in develoµnent that nonnally occurs between tl'E 11th and 14th day. One 
su::h step, for exanple, is the b~inni1g of blood cell produ:;tion in the embryo's liver. The 
differentiation of blood cells depends on canponents of the extracellular matrix secreted by 
other anbryonic cells; collagen may be a crll'.!ial canponeot. 

Hunans with collagen defects ust.ally sruw only one affected gene; inreriting a oormal 
gene "ran the other parent. There are various effects on the individt.al but the canmonest 
is brittle bones. Jaenisch's fot>v-13 mouse strain may help to clarify the problans with 
the hur.an disease. (Sa1.rce: New Scientist, 11 ',ugust 1983.) 

Liver cells persuaded to make insulin 

The dream of diabetics t.J throw aW3.y their punps and syr~es and once again make 
insulin naturally may eventually cane true, thanks to the researclEs of a French scientist. 
Dr. Clauie Nicolau' s \IOrk at the Centre de Biophysique fot>leculaire in Orlea."ls brings one 
step closer the notion of usi~ gene therapy to .;ire diabetes and maybe even otl'Er severely 
debilitating diseases, smh as the ir.herited blood disorder thalassaania. Nicolau used 
a package of genes to activate insulin prcxh.ction in rat livers, an organ which does oot 
normally prod.me this protein which is essential if the bcxiy is to ILE:tabolise glt.cose 
correctly. Blood-gli.cose levels in rats dropped by 33 per CE11t, canpared with controls, 
after the insulin genes were introdi.ced to the liver cells, stvwing that glt.cose was being 
metabolised. Al too~h it is m1..ch too early to apply this metl'Dd to hllllans, Nicolau' s 
experiments over the next year oould bring tl'Ese essential clinical tests mi.ch closer. 

Gene therapy generally means either replaci~ defective genes in the m.cleer chranOSOO!es 
of the cell with others that t\.nction nonnally, or !J:Eetimes activating the genes of dcrmant 
"immatire" cells to manufacture a desired protein. Nicolau' s ~rlc did oot quite ~hieve 
this: his package of genes fmcticned independently in the nll'.!leus of the cell, but oone
theless prodt£ed active rat ir.sul in. 

All the cells in the body possess the sane canplenent of genes, and theoretically 
could prodtee any c.'esired trotein, but the genetics of !J:Ee may be mere easily tinkered with 
than others. Liver cells in particular could be genetically converted into factories for 
prodl.X!ing a r~e of hunan proteins, because ther~ exists already an easy way cf getting 
foreign genes into the cells, liilich Dr. Nicolau, workirg with grol4JS in tr.e United States and 
Israel, tried st.cces::ifully in their rats. 

Nicolau stit..ched the r·at gene for a preciroor of insulin (preproinsulin), into a ring 
of bacterial OOA (a plasnid}, and encapsulated both in a liµ:>s::me. L:ipsanes are f- • sacs 
which are currently bei~ tested by d~ canpanies as a means of del iveriri< to 
the tissues. Six murs after injection )nto the test-rats, Nic.olau canpared · !Ose 

levels (a measure of the insulin available) with foir control groups, Wiich r ar.pty 
1 iµ:>somes, or liµ:>sanes carrying only a plasni.d (without the insulin gene) , \, .ree rat 
insulin gene, or nothirg at all. The controls showed an l.i1Ci'Brged level of bloa.. glt.cose, 
at arol.l'ld 107 ~ per 100 ml of blood, whereas in the gene-treated animals, blood gli.cose 
stabilized at aro..r.d 72 ir.g/100 ml. fobre spect?cularly, the e111antofinsulin in the livers 
of test-rats more than dOli>led, canparoo with c011trols. 

Nicolau says that in all the gene-treated cases the "prep-o" fonn of insul ·.n i.as 
processed to physiol~ically active insulin, but re t.1:1mits in these experiments gene 
"-expression" of active insulin stopped 12 hairs after inooculation. However in his latest 
series of tests with a ma:!if'ied liµ:>sane system the foreign gene is still \«)ricing after a 
month, but it is mt.ch too early to try si.ch gene therapy in htmans. (Sa1.rce: New Scientist, 
1 September 1983.) 

New hepatitis B vaccine developed 

A cheap and safe vaccine against hei:ntitis B, may soon be available, thanks to genetic 
eng ineeri~ . 

A group of researchers in Holland, collabor<:ting with Professor Kenneth ~ray of 
the lkliversity of F.ciinbtrgh, annotZ1ced that its new recanbinant IliA vaccine effectively 
pro~ts chimpanzees against hepatitis B infection. The similarity of the chimpanree d isP..ase 
to that in hllllans raises h :es for an effective hunan vaccine. 
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The new vaccine h:Jlds out the even more exciting pr-anise of pr-eventrng one of tne 
most canmon cancers in man, hetatocellular ..;arcin(llla, or rrimary liver cancer. Most of the 
250,000 people that develop the di9ease each year cane fran developing cm.11tries. 

The American phamaceutical canpany Merck, 31arp arrl lbhne already sells a very 
effective vaccine prepared frcm the infected blood of American dooors. It consist::. of 
part of the vil"'us coat, the hepatitis B surface antigen, whi.ch provd<es the body's immtrle 
systen to manufacture antibodie-s against the virus. The disease is not tran3llitted by this 
antigen but by the OOA in the viral core. Even with Merck's ver-y pure, WHO-approved vaccine 
there are fears that the dooated blood could pass on other d~erous viruses, perraps causil'l?; 
diseases sirh as acquired inlni.ll'le deficiency syndrane (AHfi). 3.Ipplies of ht.man blood are 
limited, am each batch must be tested crver many months on chimpanzees - and each antnal 
costs $6,000. Because of this, Verck's pro:iirt is expensive, costing around $100 a dose. 

The str2~egy adopted by M.1rray arrl IX. Albert Hinnen to obtain large quantities of 
these prot.eir . .s cheaply, was to insert the gene ft!lich codes for the surface antigen into the 
genetic rr.aterial of yeasts. The yeast "host" cells then make the viral protein along with 
th~ir ow1. When a team at the TOO Primate Centre at Rijswijk in Holland, under Dr. 11..iub 
Schellekens, tested furray' s preparatior. on four chimpanzees, the ::cientists fo1.11d that tw:i 
animals remained healthy after they were challenged by heµititis B virus. This is the first 
report. of a ~t.ecessful test with the genetically-~ineered prod~t in higher j:X"imates, arrl 
means that a vaccine suitable for hunan use is not far away. 

Even at a theoretical cost of between $10 and $20 a shot, canpared to $100 per Merck 
dose, t,he new vaccine w:iuld still be too expensive for many Third W:>rld countries. A series 
of th!"ee soots, spaced months apart, is uswlly needed and protection lasts only five years. 
A better alternative already exists, in the laboratories of the Lorrlon SchJol of Hygiene am 
Tropical Medicine, and is poised to go into clinical trial. 

Dr. Arie Zuckerman, working with Dr. Kwesi Tsiquaye at the school's Department of 
Medical Microbiology, used a canpletely different approach fran Merck scientists arrl Ken 
1'\Jrray' s group. Their idea is ctenically to "open up" the surface antigens, then reassemble 
the canponents into aggregates called micelles. In this looser arrangenent all the "anL
genic detenninants" (the molecular groups within the surface antigen that stimulate antibcdy 
prcd~ticn) are exposed. 

Not only did this preparation protect chimps challenge:1 with hepatitis virus but mLK!h 
less vaccine was needed, car:pared to a Merck-type preparati.::>n. 

Canmercial develoµnent of the Lorrloo sch:Jol' s vaccine 1 ies in the hands of the British 
Technology Group, which OW1S the patent rights. The developnent of genetically-engineered 
alternatives lies with 3!1all, struggling canpanies W'lich need to show a quick profit, so 
there is a d~er of the developing MDrld again missing out. 

Merck's subsidiary, Merck .91arp & Dehne International, will transfer to Singapore 
Biotech the technology to make an anti-hei:atitis vaccine. Sil'l?;apore will immunize its 
high-risk ~pulations, incll,;1 ing newborn babies, hospital ~rkers and military pers:>nnel. 

Biogen also has develo~d a potential repat.itis B vaccine in genetically-engineered 
yeast i.tiich it has been striving to develop since 1979. 

A genetically-engineered vaccine w:iuld als:> benefit fran the nervousness felt about the 
existing vaccines. All these must be prepared f'ran the blood of carriers of hepatitis B, a 
chronic disease that causes jaundice and is implicated in liver cancer. Many donors are 
likely to be h:Jmosexuals, the ·.eople w:irst hit by the terrible disease AILS. (Extracted 
fran The Econanist, 23 July 1983, New Scientist, 11 August 1983 and Chemical Week, 
14 September 1983.) 

Escherichia coli expresses hep;1titis B surface antigen directly 

~ny canpanies are seekir@ a recanbinant IllA vaccine for hepatitis B, but su::cess has 
Leen slow. One of the problens is that the hei:atitis B surface antigen is difficult to clone 
and express in Escherichia coli. Canpanies that have cloned the antigen generally use other 
bacteria or yeast. In cases Wlere it has been possible to clone and express the antigen in 
E. coli the pro:iirt has not been pure antigen, but a protein fanned by fusion of the antigen 
with another protein. A tean at Takeda D'lemical Industries (Osaka, Jai:an) has nCM been able 
to clone arx:I express unfused antigen directly in E. coli in considerable quantities. Experi
menting with novel pla311ids ccntaini~ the gene for the antigen, the Takeda researcrers i.ere 
able to obtain a low level of expression of the canplete surface antigen gene in E. coli. 
!-bi.ever, the antigen inhibir,ed growth of the bact.eriun. Removil'l?; DNA codi~ for a hydro-
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phobic region at one enc! of the gene yielded a trt11cated antigen that did not inhibit. growth 
arx1 WlS prexll.X!al in significant amounts. Tne probable explanaLiun f•1r· tl.i.5 is tha.t ;.h<Oii th<:: 
hydropoobic region is present it becanes embedded in tne cell membrane and interferes with 
its activity. 

The trt11cated antigens are not glycosylated mr do they form particle stroctires as does 
hepatitis antigen prodl.X!Erl in yeast. The antigens are aloo difficult. to separate fran the 
manbrane fraction of the E. coli. (Sotrce: Genetic Technology News, September 1983. 
Address: 158 Linlo«>od Plaza, P.O. Box 1304, Fort Lee, N.J. C7024, USA.) 

Biogen chooses joint development route for TPA and TNF 

Biogen' s (Geneva, 3.Jit:zerland) tloV new joint develoµnent projects point up the 
difficulties the canpany will have in implementing its loog-term plan to be:::ane an integrated 
canpany, man1lfacttring and marketing prodocts fran its OW'l research, arrl even with current 
assets of over $100 million, it does not yet have the enonnous financial resmrces necessary 
to canmercial i:ze all the recanbinant l'.fiA prodocts caning fran its laboratories. To this er>d, 
Monsanto (St. Louis, MO) will ft11d Biogen' s develoµnent of a te:::tnique for µ"odll:!ing and 
purifying tisst.e plasninogen activat,or (TPA), wh:ch is ~ nattrally occurring manmal ian 
polypeptide, which pranises to be useful in dissolvifl?; blood clots in the treatment of heart 
attacks, strokes and other circulatory disorders. TPA is available only in minute 4iant:ties 
f··CJI manmalian cells at the manent, but recanbinant rnii. processes could make it available in 
unlimited quantities. The ix>tential w::>rld market may be as large as $1 billion. 

Biogen will also develop recanbinant microorganisns to prodll:!e tLinor necrosis factor 
(HF) and to scale up prodoction for clinical trials for Suntory (Tokyo, Jai:an). Suntory 
will have exclusive manufacturing and marketing 1.ights to TIF· in Japan arxi TaiW3.n. Develop
ment w::>rk will take place at Biogen' s new Bi.agent laboratory in Ghent, Belgill!l. 

Ttf' is another manmal ian protein cirrently available only in snall quantities that could 
be prcxloced in unlimited quantities via a recanbinant OOA process. It has been shown to 
cause destruction of tuner cells in animals and has potential in cancer therapy. (Source: 
Genetic Tecr.nolof News, July 1983. Address: 158, Lini.ocxl Plaza, P.O. Box 1304, Fort Lee, 
N. J. 07024, USA. 

Beta interferon clinical !":!'i.als to begin 

Big interest i.n large-scale prodoction and clinical testi~ of i.1terferon made by 
recanbinant CNA processes has centered on alpha and, to a lesser exte:1t, ganma interferon, 
and now clinical trials of recanbinant beta (fibroblast) interferon against virus diseases 
arxi cancer will begin with a prcxll.X!t male by Cetus under 3.n agreanent with Shell Oil. 
Clinical trials of beta interferon fran tt:>fftnann La-Roche (Nutley, NJ) w::re susperxied several 
months ago because of instability problems. However, Hoffmann La-Roche expects to resune 
phase I clinical testing of beta interferon shortly. 

Cetus researchers attacked the instability of beta interferon by mcxlifying it. The 
chain of amino acids in beta interferon's molecule contains three units of cysteine. This 
amino acid contains sulfur, W'lich may fonn disulfide borxis with other sulfide at.ans arxi 
contribute to instability. Cetus researchers reasoned that stability i.«)uld be ml.X!h improvai 
if one cysteine - the one in the 17 position of the chain - was replaced by another ;:mino 
acid, serine. The researchers me:w::le the mcxlification arxi got a more stable beta interferon. 

Cetus has cloned the gene for modified beta interferon in Escherichia coli. The micn>
organi3ll is being groW'l in 1,000 litre fennenters in Cetus's new pilot plant at Elneryville, 
Ca. If beta- interferon i:asses clinical tests Cetus arxi 3-Jell plan to form a joint venttre 
to canmerc ial ire it . 

Shell Oil is involved in it for tW) main reasons. First, Shell decided three years 
ago that it needed to 12rticipate in sane s::>rt of a recanbinant OOA project to assess t~ 
technolcgy. ~corxi, Shell tho~ht that a beta interferon venttre might open up a new 
business vehicle for the canpany (it has no pharmaceutical business at present), but has 
diversified into veterinary prcdl.X!ts arxi ~ricul tural chemicals. (Source: Genetic 
Technology News, July 1983. Mdress: 158 Linw::>od Plaia, P.O. Box 1304, Fort Lee, 
NJ 07024, USA.) 

Beta interferon purification requires a specific monoclonal 

As interest in beta int,erferon (q-UF) picks up, interest, is mounting in the '-"'le of 
monoclonal ;:intibooies to purify />-INF.by affinity chranatography. Clle strh monodon;:il h?s 
been rlP.VeLnp»rl by D;:iniela Nrwir.k rirxi co-workers at Weimar~ fn;;t,it,ut.e (Reiol"Y1t,. hriiel . 
Morl0r::rin;1>; f'rw ;i!~;ri,;1 or p:;:J11rr.a interferon WJn't. i,.nrk w"itr,;,1-fNF. Tur: Wr·;:7r.ann 'r>rJn '.!\:,Kf· 
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hvhr"ici<m;:ts ~an soleen cells of mice immt11i:zed with interferon fran i1tman foreskin fibro
blasts. The hyt~idanas prcrlu::e irllnunoglobulins specific for (j-INF, which are then t>oma 
to agarose-polyacrylhydrazide. Bol.lld material purifies cruie ;1-INF in one step. Serun 
albun:'..n, often a p;·oblan, does not interfere in purification. (Soiree: Genetic Technolo~ 
News, July 1983. Address: 158 Lin\.Ood Plam, P.O. Eox 1304, Fort lee, NJ 07024, USA. 

Mamnalian hybricy~e cells produce interferon 

&mna Medical believes "hybricytes" tave the potential to replace recanl:>inant OOA 
processes fo•· mai<:ing interferon an:i other ht.man proteins. Hybricytes are manmalian cells 
fused by a metood developed at Lovelace Medical Fot11dation. They were able to produ::e ganma 
interferon - or at least a material that smws interferoo - like virus inhibition - by the 
new metood. Hybricytes that prodl.l'.!e interferon ~re made by fusing ht.man T lympoocyte 
cells with myelana ( tunor) cells. The myelana parent cells pass their ability to grow 
an<l reprodu:!e irrlefinitely on to the fused hybrid cells. The hybricyte receives capability 
to produ::e the produ::t ~nted - in this case interferon - frcm the other parent cell. 
&lbstituting different types of cells for the lympoocytes soould make it possible to prodl.l'.!e 
almost any hunan protein that might be made via a recanbinant microorganisn process. For 
exanple, paocreas ·~ells could be fused to suwly insulin, pituitary cells could yield growth 
hormone or thyroic glarrl cells could prodi.ce thyroxine. Hybricytes are quite similar to 
the hybridanas made by fusi.r¥S spleen cells with myelana cells to obtain monoclonal anti
bodies. The big 3dvantage of the hybricyte tecmique is that cell fusion is ht11dreds of 
times more efficient than the usual method applied tC' makirg hybridanas for monoclonal 
antibodies, meaning a big saving in ti.me and maiey. 

The fact that hybricytes prodl.I!e proteins in their natt.ral, glycosylated form (with 
carbohydrate side chains) is another plus for hybricytes, since reccmbinant bacteria cannot 
do this. &> far there is no indication that glycosylated interferons are better than 
no~lycosylated materials, altoo~h glycosylation may be important for other produ::ts. 
Hybricytes might also produ::e a ~ole family of proteins rather than a si~le one. A 
prodl.I!t with a ccmplete fc:111ily of related proteins might have S)llle therapeutic advantages. 
(Extracted fran Genetic Technology News, Septenber 1983, address: 158 Lin\.Ocrl Plcua, 
P.O. Box 1304, Fort ~e, NJ 07024, USA.) 

Cetus begins preclinical testing of interleijcin-? 

Preclinical animal stu1ies to test interleukin-2 (IL-2) for 
cancer arrl acquired inmune deficiency syndrai:e (AIIB) has begun 
supplying highly purified IL-2 to m.merous medical researchers 
evali.ation for a nunber of other therapeutic applications. 

i:ossible treatment of 
by Cetus \oklo is als:l 

arot11d the \.Orld for 

The IL-2 gene was cloned in Escherichia coli and a purification process devi!'-led. 
At the manent, prcrlu::tion is in 10-litre fermenters, but the canpany is seal i~ up a 
prodt..Ction process at its pilot plant in anticipation of the need for larger 4uantities for 
ht.man trials later. (Extracted fran Genetic Technology News, Qctober 1983. Address: 
158 Lin\.Ood Plaza, P.O. Box 1304, Fort Lee, NJ 07024, IBA.) 

Further doubts cast over interferon's future 

further dotbts about the clinical acceptability of interferon rave been raised with 
the ranarkable claim ttat as well as being of limited use in treating cancer, the dr~ 
may actually indu::e the disease. Since the beginning of the year, U~re has been growing 
evidence that L'lterferon if failing to 1 ive up to its early pranise in full clinical trials. 
Subsequently, several projects have been abandoned because of t11acceptable side-effects am 
disappointing results. And at the Society of General Microbiol~y meetir.g in Leeds last 
month, there i.es a wami~ of a \.Orrying, too~h tern.nus, link betw:!en the d~ aoo ne·.-1 
cancers. 

A patient who had been successfully treated with interferon against non-Hodgkin 
lymphoola (NHL) at the Sloan-Ketteri~ ~orial Hospital, New York recently developed a 
secorx:lary c<11cer, myoblastic leij(aenia, which was l.l"lrelated to the first disease. Altro~h 
it has not been possible to establish a ca!B:ll link, a case of this type is highly unusual. 
The pr~ress of patients in other trials will now need to be followed up in case interferon 
is foL11d to be mutagenic. 

~L is one of the few types of cancer in lotlich interferon has been used with any degree 
of st.eces.s. In one trial of ten stbject::i, tli() sooloed canplete ranis.sions of the disease, 
but this is one of the easier cancers to treat arx:l it is probable that the same su::cess 
rate could have been achieved with the same degree of c1 ixanfort arx:l side-effects using a 
corNentional ap;ent. 
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The tr•.!'? f1_17H"t ir.n of in terferc-..1 in controlling cancer cell growth may have been 
mistnderstood. It may be more appropriate to use it as a ronnone regulati:'l'; ~ent n.ther 
than as a cytotoxic d~ and it may then be possible to treat patients ever a longer period 
with mtx:!h lower doses W'lich w:>uld not in:i~e the scme spectrun of side-effects. 

1~e great disappointment caused by the failure of interferon is the result oi' the 
t11realistically high expectaticns of the dn.g's value generated by early stuHes. It is 
only in the past ti.o years that. genetic ~ineering has provided sufficient qu<lntities of 
interferon to test against cancer, viral infections and the other ccn:iitions against which 
nattral interferon rad been thought effective. Since then, the oonnal rules gaveming the 
ccndu::t cf clinical trials have been broken. fflase II and Phase III trials have been started 
before the Phase I trio.ls (to establish the maximun tolerable dose an:i detennine toxic 
effects and phannacolcgy) have been canpleted. ~ch of the blcrne for Ulis rests with the 
biotechnolcgy canpanies which have been iINolved in an 'tnseffilly scrcrnble' to recoup their 
investment costs. 

Interferon's performance in trials to test its antiviral effects has been considerably 
more convincing, but the likelihood of it entering routine ther3.py se:.ns eqt.ally remote. 
(Extracted fran Chemistry and Industry, October 1983.) 

Enzymes altered through genetic engineering 

A team of British scientists for the the first time U5ed genetic engineering to alter 
an enz:yme. They impraved the ability of the naturally occurring enzyme tyrosyl tRNA 
synthetase to bind with its substrate ademsine tri!ilosphate (ATP), a key step in the 
manufacture of proteins. Since enzymes are nature's catalysts, controlling key chemical 
reactions in every living organi31l, the ability to tailor than at will opens up new pos
sibilities in the manipulation of hunan biol~y. 

Molecular biologists i.orki_.g at the l'e<iical Research CoL11cil' s Laboratory of Molecular 
Biolcgy in Gambridge, used "site-directed m\Jtagenesis" to alter only a snall portion of the 
gene coding for the Tyr TS. Dlanging tllf; fine str\.Y.!ture of a gene represents the latest 
advance in the genetic manipulation of an organisn, ~•hich to datP l'Bs revolved armmd the 
transferral of ..tlole genes fran one species to another. Dr. Winte:-• s sophisticated genetic 
enginee,.ing technol~y cane into its CMJ only aner 10 years of hard \oOrk with crystal
lcgrapher Dr. I:avid Blow, and biochemist I:r. Alai Fersht, at Imperial College, London. 
Togetl-ter they built up a three-dimensional model of this enzyme at its anino acid side 
chains, which gave a clue as to which µ:irt of this canplicated molecule WJuld have to be 
ct.anged. 

Enzymes act in ti.o stages: first by ctenically bonding onto a selected substrate, tren 
catalyzing the reaction of the slilstrate with sane other C'hemical. Enzymes possess as many 
as 1, 000 anino acids, arra~oo in a canplicated three-dimensional array of active side chains 
along a backbone. 

Dlanges in the side chains alters the balance of chenical forces that hold the protein's 
strL£ture in this array, am may alter the properties of the enzyme. fut not all of the 
amino acid side chains are of eqwl importance to the enzyme's activity, ;:i.nd selecting 
which one to alter presented Winter, Fersht, and Blow with many he~aches. 

This then opens up the possibility of redesigning a i.ilole range of proteins, fran 
ind us trial enzymes to hunan ho!1'llones. For exanple, glucose isanerase, a canmon ind us trial 
enzyme, mL£h used in the manufacture of liquid sweeteners, has a poor affinity for its 
slt)strate g ltx:!ose. 

The American market alone is currently wrth millions of doEa.·s a year. There may be 
other far-reaching applications in health care involving a new generation of vaccines ...tiich 
Winter's team is WJrking on at the manent. (Extracted fran New Scientist, 13 October 1983.) 

An enzyme that degrades lignin 

'Ihe full nature of the key step in lignin degradation , been discovered by scientists 
at the Agriculture Dept.'s Forest ProdLCts Laboratory in f1:\l ~n, Wi3. The step - oxidation 
of carborr-carbon bon:is by hydr~en ~roxi.de - i3 catalyzea by an enzyme and is not, as 
previously tho~ht, a nonspecific chemical reaction. The ....ork o~ns the possibility r_,f using 
genetic methods or recanbin.:int LtlA tectnol~y to improve tr.e lignin-degrading ability of 
fungi, and thus the ecommics of cbtaining ctenicals fran 1o0od and other bi(Xllass. The 
enzyme, i3Jlated fran tne white mt fungi Phanerochaete chrysosporiLITI, showed good activity 
in df'$7.radi~ sprt..r.e ard birch lignin. (Sotrce: ChemicalEngineerir:!.8:, 22 Aug1xt 1983.) 
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Plasmids code for enzymes tnat break down nylon waste producL 

A gene that codes for an enzyme that breaks down a waste II""odu::::t f'ran Manufacttre 
of nylon-6 has been cloned by wrkers at Osaka University (Osaka, .lapin). This danonstrated 
ability of a microorganisn to develop new enzymes to react with synthetic substances that hcrl 
never existed in nattre raises hopes for better metOOds of cleaning up harmful substances in 
the envirorment. It als:> raises ropes for developing entirely new microbial or enz~atic 
processes for making industrial che::icals. 

The gene cloned by the Japinese group is one of tw:> that code for enzymes that catalyze 
breakdOW'l of 6-aninohexanoic acid dimer (a canbination of tw:i molocules of 6-aninohexanoic 
acid). The genes are contained on a plasnid fot11d in a species of Flavobacteriun isolated 
f'ran W3.stew:i.ter of a chemical plant prodl.X!ing nylon-6. One of the enzymes breaks one of the 
amide bonds in the eye.lie dimer to oonvert it into a linear dimer - with the tw:> 6-anioo
hexanoic molecules connected by only one 1111kage. The second enzyme breaks the ranaining 
linkage to yield tw:> molocules of monaner. 

&>th enzyme;:: ~re previously fcl.l'ld to be inactive W'len tested against more than 100 
natural linear and c~clic canpol.l'lds contair.ing anide bonds. This is strong ronfinnation that 
the enzymes were de• eloped by the bacterilJ:l in response to the preseoce of synthetic dimer 
~en it was introduced into the envirorment. 

A por+-.ion r i.' Flavob3cteril.lll plasnid OOA containing the stru::::tt.ral gene for the second 
enzyme ..as cloned by inserti~ it into the pBR322 vector fa,. Escherichia coli. (Source: 
Genetic Technology News, October 1983. Address: 158 Linw:>od Plaza, P.O. Box 1304, NJ 07024, 
ll.<)A.) 

Slow acti~g enzymes fix nitrogen in modules 

Nitrogenase molecules that control the rate of nitrogen fixation by soil Oa.cteria are 
probably among the slowest-acting enzymes lmowi. According to research at SUssex University, 
it w:i.s found that as the enzyme's activity speeds up, the rate of nitrogen fixation falls. 
The re:Jearchers are stl.(!ying the kinetics of N2 fixation by canputer modelling, arrl found 
that the turnover time of nitrogenase, the croc ial enzyme in the process, is one and one
half secorrls. Normally, enzymes operate at speeds of mircroseconds or even nanoseconds. 

The canputer model pr~~cts that quickening the enzyme's rate-limiting action by geneti~ 
manipulation, would not give the molybdemm atan time to pick up the extra electron it nr_-eds 
to bind nitrogen - an intennediate step in converting it to CllllllOl1ia. In:.,tead, it i.ould r1rive 
it toi,.ard making more hydrogen, and so itself becanes the rate-limiting step. 

The molecular biologists at &.issex University are also exploring the transfer of 
nitrogenase genes f'ran bacteria other than Rhizobium such as Azotobck:!teria. Their ultimate 
aim is to transfer this bacteriun' s nitrogenase ~enes into plcrit organelles strh as 
chloroplasts. Rhizobia w:>rk only in the confines of root-systan ncrlules in certain µlants, 
notably leglJlles, where the coreentration of oxygen is very low. Azotobacteria possess an 
extra iron-containing protein that protects nitrogenase fran oxygen, arrl so should be a more 
suitable genetic-engineering candidate for cereals, such as W'leat and barley, \oh ich cannot 
form so il-bac ter ia ncrlules. (Extracted f'rcxn M..:Graw-H ill' s Biotechnology Newswatch, 
3 October 1983.) 

An enzyme strips phenols fran wastewater 

Horseradish peroxidase, an enzyme derived fran oorseradish when the plait is mixed with 
hydrogen peroxide, is particularly effective in stripping phenols fran wastewater when 
the mixture is added to solutions containing phenols, solid particles containing the pheools 
are formed in the liquid and can be filtered out. current metOOds of renoving pher.ols, which 
are major pollutants in w:i.steRBter fran coal-conversion processes, ioclu:ie solvent extraction 
and adsorption on activated charcoal. While these methods are reasonably effective, ttey 
have soortcanings, stch as incanplete purification arrl fonnation of ha?.ardous byproducts. 
(Source: Chemical Week, 20 July 1983.) 

Biopolymes through rl>NA techniques 

Recent developnents in mierobiology, biochemistry and other biotechnology techniques 
could result in proou:::tion of biopolymer~ of more consistent q1..0lity at lower, more stable 
prices. Bioinfonnation Assoc. an:1 CH Kline are investigating the canmercial impact of the 
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new techniques. !but.es •ISed in the synthesis of biopol:;mers via fermentation can be mani
pulated to effect c~e!I in f\rldanental i:roperties, slX!h as chain bn:U1d1i.r"~, wvl~ula.
weight and charge dens~_ty. Reccmbinant INA tectniques could be employed to assemble in 
organi311s the enzymes required to synthesire previously unknOKI biopol~mers. Properties of 
biopolymers, particularly polysaceharides, could be mcx1ified by enzymatic or fermentation 
processing. 

SJbstantial anomts of rome bfoploymers are used in foods, d~s, co:r:~tics, paper, 
textiles and oils. Siree many polysaccharide gLl!ls imported frcm overseas a• e st.Dject to 
variations in price, quality and elimate_ a"Xl dranatic nu::tte.tion in supply' attempts are 
being made to replace thBn with synthetics or other nattral materials. (Source: Technology 
Update, 24 September 1983.) 

Kill er yeasts developed to clear \«:!:'."ts 

Beer-making involves adding a si.ri:risi~ runber of ctr':li.cals to the basic n:i.xti.re or 
"w::irt", which w:>rries con3.111er organizations. British biotectnologists are applying an 
elegant tectnique call61 "rare mating" to develop new strains of yeast to eliminate most of 
these. The scientists ~rea:iy have strains of "killer yeasts" to clear '-l)rts of microbes 
which spoil the colatr and taste, arrl new types for making low-calorie beer witoout adding 
industrial enzymes. Normally, when yeast cells meet arrl mate, the contents of both the 
nu::leus, which bears most of the cell's gffietic material, arrl the cytoplasn outside, mi~le 
and fuse. S:> the hybrid poSS2S3eS a rarrlan selection of genetic material fran its parents. 

Rare mating is mteh more specific. It involves pairi~ a conver.tional yeast strain 
with a muta'.'lt whose m.cleus will rot fuse. Eventte.lly, thro~h conventional strain 
selection, a hybrid will emerge, bear~ the m.cleus fran one cell ooly. It is thus easier 
to ".!ontrol the genetic i:roperties of the new variety. 

Three British g~s, one at the &-ewing Research FoU'ldation in 3Jrrey, ar.vther at 
the University of Birm~han, arrl yet ar.other w:>rking for G.linness, have anno1..11ced a new 
strain of "killer" yeasts titlich prevent infection by wild yeasts, yet still yield a good 
brew. The groups constru::ted these strains by fusi~ a "m.clear mutant", carrying a gene for 
a "killer" protein called z)'lllocin in its cytoplasn, with a stock irrlustrial ye2st. 

The hybrid makes the toxin, which kills off sensitive wild species W"lile retaining 
most of the properties of a good bet::r: it is clear, with no sedimentation, has the normal 
colour and of cotrse flavcxr. ~oilap;e either during produ::tion or later in t~ bottle costs 
the beer ind11stry thousands of polllds in discardoo batcres or returned bottles. 

M3.king low-calorie beer needs yet another additive, amyl~lu::osidase. This irxlustrial 
enzyme breaks down dextrin, a prodir.t of starch digestion W'lich yeasts cannot handle, am 
yields more glir.ose for the yeasts to digest. The resultil'l!; brew has no fermentable carbo
hydrates, is lower in calories, arrl better for diabetics W"lo have to watch their intake 
of carbohydrates. These enzymes cane fran the f1.11gus Aspergillus niger. In response to 
pressure fran con:;1.111ers titlo 1i8rlt a more nattral brew, researchers have constrtr.ted new hybrid 
strains, using rare mating, which secrete C1Dyl~lu::osidase nattrally. These enzymes are 
cheap, but the groups also rope to eliminate the need for JBp:i.in, another moch mere expensive 
enz~e fran the exotic p:i.w paw fruit with which brewers now prevent "chill haze". 

By incorporat~ aiother piece of genetic encineering tectnology, the econanics of 
sane processes in the biotecmology industry that rely on yeasts could be ti.rned around. 
(Source: New Scientist, 25 August 1983.) 

New carrnercial-scale monoclonal antibody plants 

Sensing a growing denarrl for moooclonal antibodies, st.ch as anti-interferon, Ianoo 
Biotech of Needhan Heights, HA is sperrling $3 million on a large new plant. func's will be 
taken fran the $38 million the ~pany received fran its recent p..1blic stock offering. 
CA!tput will als:> inclu:ie other moooclonals, for both ptrification and therapeutic appl ica
tions. Constru:::tion should be finished by the errl of the year and the plant will Employ 15 
to 20 people Wien it reaches full operating rate. 

New plant will ~ Ianon Biotech• s (Btent..ed Microencapsulation process. Hunan or 
animal hybridana cells, sol.l"ce of the moooclooal antibodies, will be encapsulated in micrcr 
spheres arrl groW'l in 100-litre fennenters. The microcapsules' senipermeable mE!llbranes permit 
harvesting of a highly concentrated, relatively pi.re moooclooal aitibody sus~nsion, giving 
the process big advantages over other meth:>ds of prodt.etion. For exC1Dple, the Imlon Biotech 
process requires 1,000 litres of cultire flt.:id to irodi.ce one ldl~ramme of monoclonal 
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ai1tibc<ly. iv Pt-vdu:c t.&'-.e 5iiiiC au:ieuit by ~w..;~tior"«'.1.1 ti~~ cul t~e :::eth::d~ ~~d ~q!..!i!"'e 
100,000 litres of fluid. Or you -::ould grow hybridana cells in 50,000 mice. In either of the 
other processes, purification is a costly part of prodtCtion - perhaps 50 per cent of totai 
cost. With t~ Damon process, purifcation costs are minimal. Relatively little space is 
required for the process, only 5,000 rt2. 

Bio-Response's (San Francisco, CA) new plant should be able to turn out a kilo of 
antibcrly per month. The new plant, due for ccmpletion in Decenber, is designed to use quite 
a different techniq•.e for cul ti.ring hybridana cells and possibly other manmal ian cells t.hat 
produ:;e SlX!h thill?;S as antic.l_ott.ing factor, honnooes, insulin or interferon. 

Lymph fran oows will be used as cul ttre mediun. The new plant will have stalls for 
19 cows, with each cow equipped with a catheter frcm which lymph is withdraW'l. The l:i,mph 
fluid is piped into an adjoining roan where bovine cells and other material are ran~ed and 
recirculated to the animal. About 80 per cent of the fluid is recycloo at this stage. The 
ranaining 20 per cent goes to the culttre roan, where it circulates thro~h 5 to 10 culture 
mits per cow. 

ilil ttre ll'lits contain tw:> types of hollow fibre semipenneable manbranes. A molecular
scale manbrane pennits nutrients fran the lymph flowing thro~h the mit to diffuse into 
liquid bathing the growing cells. A more porous, microrr-scale menbrane pennits fluid 
containing antibcrlies to IJlSS out of the l.l'lit for final {rOCeSSill?; and storage. 

A cell isolation roan will pennit Bio-Response to awly a proprietary technique to 
isolate high-produ::ing cells f'ran the culture ll'lits cheaply. These can be recycled to the 
cul tire ll'lits to increase yields. 

The tW> new U.S. mcn.;t'!lonal C11tibcrly prodoction facilities will have a canpanion in 
Celltech's (Slough, Ehglam) new tissue culttre facilities for manmalian cells. Present 
tissue culture fennenter ca!EC ity totals 300 litres, but mmh more capacity will be 
installed. Individual fermenters are of 100-litre size and there are plans to increase 
yields of its tissue culttre process by conversion fran batch to contimnus processing. 
Prodoction scale equiµnent for continwus processing is expect.00 t.o be on strean within the 
next year. (Source: Genetic Technology News, August 1983, address: 158 Lin{.()_.d Plaza, 
P.O. Box 1304, Fort Lee, NJ CT7024, lf)A.) 

Comnercial firms might make individualized monoclonals against cancer 

Cancer ~search by Ronald Levy at Stanford University ~ical Center might open up 
a canmercial opportunity withL'1 a couple or years. Although cautious about his results, Levy 
has had considerable stecess in using mcooclonal anttbodies to treat several types of 
lymphoma and leukemia. The metOOd involves develoµnent of a hybridana that prcrluces mono
clonal antibcrlies used to treat only one patient, but it requires a six mooths procedi.:.re and 
costs about $50, 000 per µ:ttient. Levy believes canmercial organizations could redtre costs. 
A canmercial oµ::ration w:>uld be quitt: different fran those that prodoce large quantities of 
only a few different antibodies. What is neoooo is a syst.Em to p-odtee &. large nunber 
of individual hybridanas. Obtaining a hybridana suitable for treating a single patient 
requires injecting blood containing the cancer cells into mice, renoving their spleens after 
a few days, fusing spleen cells with myelana cells to fonn hybridanas and screening a large 
nunber of hybridana cells to isolate the particular hybridana neooed. Q-ice isolated' 
the hybridana can be groW'l in the body cavity of a mouse to iroctoce tl'\e 311all crnoll'lt of 
monoclonal needoo for a fotr-week course. Each step is time-consuning and 3)1lle are very 
expensive. 

Levy first used this treatment on a patient considered terminal in 1980. Today the 
patient soows no sign of the disease. So far a total of 26 patients have been treated. Levy 
has confined his w:irk to relatively rare types or lympl'Dlnas and lel,jcemias for scientific 
reasons. Applying the tecmique to 3'.llid t\Jllo!"'s {.()uld be mere difficult, because less is 
understocrl about them. Levy does not foresee that this treatment will replace currently 
stecessful cancer therapies. (Source: Gene':.ic Technol';f' News, SeptE!llber 1983. Address: 
158 Linw:>od Plaza, P.O. lbx 1304, Fort Lee, NJ 07024, lf)A. 

Monoclonal antibodies developed to bind morphine 

~noclonal antibodies have been developed that bin:l t.o morphine, but fail to bind 
peptide erdorphins. The antibody also binds to three chemicals in extracts of cow brain, 
at least one of Wiich canpetes very soccessfully with mcrphine for binding sights on morphine 
antibodies. The stri.ctl.l"e of these three chemicals and their function in the brain is not 
yet l<noW'l. The brain prodmes ext.ranely minute ;:imounts of the opioids, hampP.rinp; re~;:ir'Ch on 
thffil. RPsearch at Hebrew University (.Jer~.1.'lrilm) al ::io indkates thrit SloP.r!t;; m;iy criu~e th<> 
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'::;;:Cy t:; :-de.'.!~ ~2.t.t!!'al 0pi~te!':_ TI'i.i'3 ".'0'!".'1_,_1'3'--,n i!'; h::isffi m the fact that rats who drink 
excessive amrnn ts of saccl'Brin build up a tolerance to morJitine, probably t.iecause endqsenous 
opiates block morphine analgesia by occupying receptor sites in the nervous systan. The rats 
drink the hunan equivalent of 3-4 gallons daily of highly concentrated saccharine solution 
every day for one mooth. S+:.t.rlies are now being done to see if other sl.eets prodt.ee these 
same effect. (Soiree: Technology Update, 24 September 1983.) 

New monoclonal a.~tibody assays 

At the 35th ~etillS of the American A.ssociation for Clinical Chanistry held in New 
York in July, 600 scientific presentations lo.ere made, out cf lotlich 16 deszribed rew mono
clonal antibody clinical assays. Sane are listed below: 

Luteinizing h'.>nnooe in irine, presented by Kermeth C. Kasper, M:mocloml Antibodies, 
Inc., M::nntain View, Calif.; 

Human growth h'.>nnone 
San Diego, Cal if. ; 

in serun, presented t1y Stanley Y. Sli.rnizu, Hybritech, Inc., 

Human heart ferritin in serun, presented by F. Cavanna, Laboratorio di Ricerche 
Diagmstici Fannitalia Carlo Erba, Milan, Italy; 

Disease-related jTOteins in urine, presented by J.A. Kat:zmann, M1yo Clinic, Rochester, 
Minn.; 

Theophyll ine in serun, presented by J. Tim Jones, Eed~ai Instrunent~, foe. , F\.illerton, 
G~lif.; Helen M. Clanents, Ames Division, Miles labor:itories, Inc., 2lkhard, Ind.; 
and JolTI E. Geltosky, E.I. du Pont de Nanous & O:>., In;:~., Wilmington, ~l. i 

Thyroid-stimulat illS tnnnone in serun, presented by Myulg Lee, anithKl ine Instrunents, 
Inc. , &lnnyvale, Cal if. ; 

Prostatic acid phosphatase in serun, presented by lbbin C. Fraser, M:>noclonal Anti
bodies, Inc., K:>1.11tain View, Calif.; 

Apolip:iprotein A-II in plasna, presented by Evan A. Stein, University of Cincinnati 
Medical Center, Cincinnati, Cllio; 

Apol ip:iprotein B in plasna, presented by Anne Yvonne fohynard, Washington University 
Scrool of ~dicine, St. Louis, M:>.; 

Humar. ch:>r ionic gooadotropin in tr ine, presented by Stanley Y. Shimizu, lt}bri tee h 
Ine:., San Diego, Calif.; arid Sarah R. Baxter, K:>noclonal Antibodies, Inc., M:>1.11tain 
View, Calif.; 

Human ch:>rionic gonadotropin ir. serun, presented by lbbert J. funisch, funoclonal 
Antibodies, Inc., fu1.11tain View, Calif.; H. Garrett Wada, !-bnoclonal Antibodies, 
Inc., K:>mtain View, Calif.; and Stanley Y. S'limi:ru, Hybritech, Inc., San Diego, 
Calif. (Extr~ted tran McGra~Hill'sBiotechn~-.JogyNewswatch, 15 August 1983.) 

An immunoassay using mixtires of monoclonal antibodies may be 1, 000 times more sensitive 
than radioimm1.11oassay in detecting cancer and many other ailments, according to researchers 
at Colunbia aoo Rutgers Universities. The assay has not been tested clinically, but canputer 
and laboratory stlrlies iooicate that canbinations of monoclonal antiboc!ies can a~ent 
binding sensitivity for proteins. The moooclonal antibodies fonn circular canplexes with the 
bou;J protein, giv~ p:itential to detect snaller quantities of any protein than can be 
assayed with RIA. The assay deperxis on the selection of monocwnal <11tibodies, since a 
tPO fold increase in the separate affinities of tw::> aitibodies used to assay for HCG would 
result in a 32 fold increase in the ser.sitivity of the co-operative immunoassay (CIA). CIA 
will allow scientists to develr:.•p sensitive assays fran individual monoclonal antibodies with 
low affinity for a protein, bvt will jTObably not repl~e pregmncy tests W'l~ch detf'l..:t HCG, 
nor will it replace RIA canpletely. 
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The ccmpany of Becton Dickinron has intrcxiuced a monoclonal antibcxiy kit for detecti!'ll; 
Nt:isst:t·ic. 1.1t:c1ic1ts.i.L.i.J.i.::; group i3 ua:~r·ia, bringing the nunber of m~ningitis-causrng bacteria 
strains that its kits can be used to detect up to five. Mel'lingit. i, is in most cases caused 
by Hemophilus influenzae group B, N meningitidis groups A, B, an::i C, an::i Strepococcus 
pneumoniae. The test takes only 10 minutes, as against days previously required to grow 
cultures to identify the organisns. The new kit is Becton Dickinron' s first monoclonal 
antibody product, and is good for 30 tests. It contains antibody coated onto latex beads as 
well as positive and negative controls. The test is perfonned on the p:i.tient's spinal f1uid. 
The beads ell.mp together if the bacterial antigen is present. 

Inveresk Research International (IRI) (Gla.c:--go\.', Scotland) plans to laL11ch t;.,o moooclona::. 
antibody prodLCts later this year. First is a diagrostic kit to identify cytanegalovirus, 
which can be a severe problen if infection arises during pregnancy. The second prodoct is 
ar assay for monitoring ur.:>kinase levels in plasna to reduce side effects of thranbosis. R&D 
or. these products 1o0.s funded by Cogent - a joint venture by t;.,o major UK insurance canpanies, 
Canmercial Union and Legal and General. IRI is 90 per cent owned by the Scottish Developner.t 
Age!'X!y. (Source: Technology Update, August and !:eptember 1983 and Genetic Technology 
News, July 1983. Address: 158 Lin..ocxi Plaza, P.O. Box 1304, f<'.lrt Lee, NJ 07024, USA.) 

Coccidiosis vaccine 

Contracts to develop a ,·accine to i:revent coccidiosis, a majcr parasitic disease which 
retards growth of broilers and other poultry, have been a.arded to three canpanies by the 
U.S. Agricul tLre Dep:i.rtment (Lrnmugenetics' sli:>sidiary, Vineland Laboratories, fbfftnan
La Roche and Genex). Immunogenetics says that poultry prodLCers spend over $100 million for 
anti-coccidi.al prep:i.rations, lohich is more than they spend for any other form of disease 
control. A successful vaccine, the canpany says, could cut the cost of anti-coccidia.' 
treatment in half. (Extracted fran Chemical Week, 20 July 1983.) 

Rtnn works converts its slops into fuel 

The ;..orld' s largest rllll distillery has built the ;..orld' s largest anaerobic bioreactor. 
The Bacardi Corporation at San Juan, Puerto Rico, have constrocted a downf1ow digester to 
clean up its .aste disposal ~t, and make methane to power its boilers. 

The 3.5 million-gallon fermenter ended its first 12 months of operation in Decanber, 
1982 by extrae:ting fran 413,800 gallons a day of run distillery slops over t;.,o million 
cubic feet a day of methane-rich biogas, and remCNing 79. 4 per cent of the .aste.ater' s 
organic matter. The year's biogas generation yielded the equivalent of 685, 550 gallons of 
fl.El oil, and suppl.ied 40 per cent of the entire distillery's fuel need, at a cost of $2.68 
per million BTUs. This year, the process is expected to more than double that amount - 1.4 
million gallons of fuel oi.l equivalent - at a cost of $1.50 per million BTUs. Eventwlly, it 
is hoped the bacteria-generated fLEl gas will meet 90 per cent of the plant'~ total energy 
danand. 

The installation is a corr~ated plastic filter made by the B. F. Goodrich Rubber Co. 
of Akron, Ohio. This packing med illll, upon •...tiich a thick film of microorgani3lls builds 
up t::>tals 350, 000 cubic feet in voll.111e, fills about 75 per cent of the fermenter tank, and 
serves as a stationary support for the methanogenic bacteria. 

The film of immobilized cells, up to one-eighth inch thick, greatly increase~ the 
proliferating voll.111e of the active cul tire, an:! the chances the bacteria .flll survh e if 
a toxic sli:>stance enters the ferment. Those on the surface might die off, but cells in 
inner layers are likly to sur-vive. The fixe'.1 film also facilitates re-starting the entire 
operation following a system shutdown. 

The process 1o0.s started in 1980 with material f\"an fresh cow ~nanure. The culture 
.as seeded in a 3,000-gallon pilot plant and exposed to escalating doses of the rLlll 
distillery "slops", a dark brown opaque liquid left after the run alcohol is d istiJ.le'.1 off 
fran the feedstock of bl~kstrap molasses and yeasts. It accounts for 65 per cent of 
Bacardi's effluent, and exerts over 95 per cent of the Biocremical Oxygen Demand (800). That 
measure of dissolved oxygen in i.aste represents a major factor in ;.at.er pollution. (Ex
tracted fran McGraw-Hill's Biotechnology Newswatch, 3 October 1983.) 
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Biotechnology clea~up s~arch 

The race to.a.rd a lead in biotectnology now dP.perrls on perfecti!1?; the i:rocess of 
separating and cleaning up prodLCts after fennentation. The Iritish gavenI!lent recently 
took a big step to.a.rd filling so:ne notable gap.s in SI.Ch "dOW'lstream processing" skills in 
ETitish industry. The J):!partment of Trade and Industry annot.11~ed a new "ccroperative R&D 
project" aimed at developing industrial techniques for serarating fennenter prodl.CtS · The 
project, called BIQSEP, involves at least three goverrJ11ent departlllent~, 20 researcrers and a 
Sllll betpp,en £ l and £2 million. The goverrment' s Warren ~ring Laboratory and the Harwell 
Laboratory, part of ETitain' s Atanic Energy Authority, will jointly manage the new pr~ramme. 
They will depend rea\•ily on the fennentation and genetic engineering expertise of another 
government organi:za tion, the Centre for Applied Mi.crob!.ology Re searer., Porten D::>~. 

Separating snall quantities of a very pure prcx:luct fran hl.11dreds of litres of nutrient 
troth arrl ~teria.l cells often accounts for as ml.K!h as 60 per cent of the total cost of 
production costs. Traditional r11ethods developed for t'1e dairy industry or for brewing 
are too cru:ie. The ne·.,r hiotecmology industries depend on a battery of tecl.niques, starti!1?; 
with high speed centrifl.@;ation, solvent extractior!, flocculation, flotation and sedimenta
tion. The new progranme wil 1 also tackle refinanents in manbrane separation arrl colunn 
chranatography. In fact the liar.ell team has developed a ll1ique collllln c;1t'anatography sys ten; 

whj ch can handle tens of thousands of 1 itres very quickly. The mart of the rovelty is a 
supportive skeleto11 consisting of tiny spheres of kieselghur, titanil.ITI, cellulases "or 
anything really" whose porosity coo be varied at will by a ratented technique. These spreres 
can be densely packed to support conventional separation gels which trap a i:rodl.K!t, anti·· 
biotics say, without sacrificing the fast throughput of fennenter broth. The sys tan 
will also support enzymes or living plant or microbial cells. (Source: New Scientist, 
7 July 1983.) 

Potato virus infections detected through gene probes 

ETitish scientists have developed a sensitive test for detecting virus infections in 
potatoes that could save gro....ers years spent breeding new varieties. 

The Plant Br·eeding Institute at Cambridge have detected three types of potato virus -
''X," ''Y," N1d "leaf-roll" with gene probes that are believed will canpete i.ell with current 
radioimmunol )gical methods. 

The gene-probe technology was developed at the U.S. J):!rartment of Agriculture in 
Beltsville, Md. against spindle tuber viroids - a potato pest in the U.S. but not in ETitain. 
These viroids are essentially infctious strings of naked RNA. 

Tc screen new potato varieties for resistance to viruses, breeders traditionally infect 
the year-old plant in their greenl'Duse plots with virus. then r.ait another 12 mooths to see 
...tlich varieties show symptans of infection. This tedious ti.l'le-conslJlling process has largely 
been replaced by immunological techniques, using radiolabelle:i antibodies. These are based 
on measuring the reaction with an antigen on the coat of the virus particles in sap taken 
fran young tt.Ders. 

To prepare the gene probe, the ETitish tean started with viral RNA fran which they 
made a OOA copy for insertion into the pBR322 bacterial pla31lid. These strands are labelled 
with iootopic phosphorus, then mixed with the OOA in sap taken fran year-old potato plantlets 
exposed to viruses. The evidence of radioactivity signals viral infection. &!ch susceptible 
plants can then be discarded, thus saving gro~rs the capital costs of pl anting a field 
of potatoes an extra yea1·. The ;')ext step w:>uld be to make the test even more econanical by 
labelling the probe with biotin in:rt.ead of expensive isotopes. Biotin can be detected 
by avidan, a snall protein prepared fran €8g yolk. (Extracted fran Ma:Jra\'-Hill's 
Biotechnology Newswatch, 3 October 1983.) 

Dual-purpose marine microbe fixes_!!.? 

A newly discovered bacterillll isolated fran a WJod-borir~ marine mollusc achieves 
what genetic e~ ineers have been unable to accanpl ish - it both digests cellulose and fixes 
nitrogen. John B. Waterbury, associate scientist of the Wocx:ls role C'ceanographic Institution 
and his co-workers unveiled their microorgani311 in the September issue of Science. 

The rlt.ial-purpo~ bacteria can utilize a wide variety of ccmpounds as sole carbon arxl 
eMrgy sources, incli..ding cellu.0se, carboxymethyl cellulo3e, cellobiose, glucose, sucrose, 
s1rcinatR, am glutillllate. They red1.re nitrogen Lllder low-oxygen conditions and requtre a 
~Jal inf'! 1-!nV i rorrnen t f'r>r g rnwth. ( r:x tractf><l frrrn .MrJ,.ra~_Hj_JJ....'..l~__fl_!._oti:::~Q._0_ l_r'._gy __ N PW:-Jv~?!.':::.:..h, 
1'( r Jr:t fJf> 1 ~r 1'ifr~ . J 
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Use of hydrogen peroxide to digest cellulose 

US Dep:i.rtment or Agncul. ture researcrers rim value in Lt> ins 11yun.~0::11 ~1"\JA id.:: tv 
digest bianass. .&:ientists at the Northern Regional Research C.enter (Peoria, Ill.) have 
found th::i.t peroxide may be a key ingredient in treating waste bianass to produce animal 
feed, or a starting material for cellulose-to-ethanol processes. \obrk began as finding the 
rnecha.n5_311s of microbial degradation of lignin, arrl a loB.Y to effectively utilize crop residues 
or ...ood ...astes for a variety of purposes may have been fomd. 

A series of reactions rl.11 at the C.enter use an aqueous mix of 4 per cent bianass solids 
and 1 per cent of peroxide. The rolution's pH is adJusted to 11.5 with sodiun hydroxide, arrl 
the mass is left to react, with some stirring, for several ooi.rs at roar. temperat:.re. About 
50 per cent of the lignin in the bianass is dissolved, al~ with most of the hemicellulose. 
After filtration, the cellulose is recovered and dried. Tests at the University of Illinois 
(Urbana) smw very exciting results in feeding runinant animals; another possible food 
application may be to convert the cellulose enzymatically to glLCose to be used as feed for 
single-cell i:rotein. Furtrer testi_ng and experimentation are planned at the C.encer and 
engineering optimization steps to the process are bei~ exClllined. (Source: Chemical 
Engineering, 25 July 1983.) 

Embryo sexi~g in cattle 

Dr. Fbbert F.d...ards, who with 1-r. Patrick Steptoe pioneered in vitro fertilization 
techniques in the treatment of hunan infertility, has high oopes that recent advances in 
mole:!ular biology will soon provide a means of sex~ hunan anbryos before implantation in 
the uterus. This, he says, w:iuld be a first step to\oards an effective programme for the 
treatment of inherited diseases. 

Rabbit anbryos have been sexed and reimplanted by excising a piece of ~ropooblast at 
a canparatively late stage of embryological developnent, but the Sllall size of .11inan anbryos 
;aakes this approach appear difficult if embryos are t.o be successfully reimplanted. In 
collaboration with Dr. Jack Coren, Dr. Carol Fehilly arrl Dr. Simon Fishel, Dr. F..dwards hopes 
shortly to start using OOA probes t.o identify hunan embryo cells containing the Y chranosane; 
ho~ver, this ...ork will not begin until the ethical position in Britain has been clarified. 
The isolation of single copy DNA sequences specific for the hunan Y chran05CXlle w:is reportec: 
in Nature last June. 

The technique W)uld involve dividing anbryos at arotnd the eight-cell stage. One half 
i,.iould be sexed by autoradiography with labelled mA while the other W)uld tie frozen for 
reimplantation in a subsequent cycle. The portion of the Y-cl'ranos:Jlle determining sex in 
sex-reversed mice has been identified in single cells by Dr. 1.alj i Singh and Dr. Kenneth 
Jones, at the University of F.dinburgh. Their test, which used satellite OOA fran tre 
W crrano~e of snakes, is IJllikely to be applicable to hunan cells, but the principle has 
been soown to be w::>rkable. 

By looking for sex-specific OOA sequences directly, problans over gene expression in 
early embryos are avoided. Later it may be possible to develop probes for other gene loci. 
(Source: Nature, 28 July 1983.) 

Bacterial virus will fight frost damage 

The recanbinant DNA approach to control of frost danage to crop plants, will get sane 
canpe.tition fran a series of bacterial viruses to be canmercialized by University Genetics' 
new subsidiary, Frost Technology. The canpany proposes to spray plants with bacterial 
viruses ( phages) that will kill off Pseudanonas syringae arxi Erwinia herbicola. These tW) 
bacterial species norn.ally grow on plant surfaces and contain n~lei, or "seeds", aroll"ld 
~ich ice crystals ..;an fonn. Witoout these nLClei crop plants can withstarxi temperatures 
several degrees below freezing witoout danage. 

The viruses have been developed by Russell Scmell of lkliversity of Colorado (fuulder, 
CO) and Lloyd Kozloff of University of California at !:an Fral"X'.!isco (San Francisco, CA). 
Applying the viruses to plants destroys 90 per cent of tre tW) ice ntx:!leating bacteria within 
a few hours. Unlike the use of bactericides, detergents or other materials that have been 
used to kill plant bacteria, the viruses are highly specific for the ti.o species. They cause 
no ecol 1Jgical danage. So far, work has been confined to greenh::>uses. Field testing will 
start this winter. It will probably tal<E another couple of years to bring a c0011T1ercial 
prodLCt onto the market. The ~odoct will consist of virus-infected bacteria grown in 
fermen te rs. 
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The recanbinant OOA approach depends upon inactivation of the genes responsibl= for 
svn thesis of sll>stances that cause ice m.cleation within the bacteria. S. E. Lio:iow, 
Nickolas J. P-anopoulos aoc Cindy Orser of the University of California (Berkeley, CA) have 
developed bacterial mutar.ts without ice nt...cleat~ genes. They plan to spray plants with 
these bacteria, which soould be able to CCD1pe~.e with the natt.ral bacteria ao:i displace them 
on the plants. National Institutes of Health's Recanbiriant OOA Advi::nry Canrnittee (RAC~ has 
given the California group the go-ahead to field test the mutants. 

Other genetic engineering canpanies are al::n \oOrking on the ice mcleation problan. 
Advanced Genetic Sciences (AGS) (Greenwich, CT) is de<reloping antagonistic bacteria witrout 
ice m!~leation properties to occupy positions on the plCl'lt normally colonized by ice 
nucleation bacteria. AGS is also investigating enzymes to be used in conjtmction with 
bactericides. AGS supports research at University of California, Berkeley, on the opposite 
application of ice m.cleation mol~ular biology - use of ice m..cleation to enhanc~ artificial 
snow-making for skiing. Ingene (Santa ~:mica, CA) has still another approach. The canpany 
is al::n taking a look at a metood of interfering with ability of ice nucleation bactEoria to 
adhere to plants. (Source: Genetic Technolof News, Septanber 1983. Address: 158 Lin\oOcxi 
Plaza, P.O. Box 1304, Fort Lee, NJ 07024, USA. 

Agrigenetics gets rights to genes that improve nitrogen fixatior. 

Agrigenetics ~ll ccmrnercialize a recanbinant IlJA process, 1 icensed fran Oregon State 
University, that improves the efficiency of nitrogen-fixing bacteria that live symbiotically 
with soybeans. The recanbinant OOA process makes it ~-::issible to introdl£e genes that govern 
hydrogen uptake (HUP genes) into nitrogen-fixing bacteria that lack them. HUP genes code for 
an enzyme, hydrogenase, that enables the bacteria to recycle part of the hyrirogen prcxiuced as 
a by-product of nitrogen fixation. Production of hytjrogen wastes energy - fran 30 per 
cent to 40 per cent of that needed for nitrogen fixation - and saving this energy aids plant 
growth and seed deve:!.opnent. 

The recanbinant OOA process was developed by researchers at the University W'lich 
isolated HUP genes fran strains of Rhizobitm japonicun, the bacteriun that fixes nitrogen in 
roybeans. Lc:.rge nunber of the genes were obtained by cloning in Escherichia coli and genes 
...ere then introduce::i into HUP-def\c ient strains of R. japonicum that were otherwise suitable. 

Only about 25 per cent of R. japonicum strains associated with s:iybeans contain HUP 
genes. R. meliloti, which fixes nitrogen in alfalfa, and R. trifolii, which fixes nitrogen 
in clo·1er, produce practically no hytjrogenase. Ultimately it is hoped to transfer HUP genes 
into these species too. 

Vector used to transfer HUP genes was not a pla311id but ::i. cosnid, derive:! fran a 
bacterial virus (phage). Cosnids are better vectors for moving large segments of DNA 
(48 to 50 kilobase i:xi.irs in this case), making it easy to insert the segments into the 
bacteria to be modified. Once the OOA has been intrcxiuced into a bacteriun, it may b~ane 
integrated into the chranos:me, the main body of cellular OOA. This integrated CNA is 
stable, passing fran one generation to the next. DNA that does not becane ir.tegrated 
may die out after a few generations. (Source: Genetic Technology News, SeptE!Tlbcr 1983. 
Addre33: 158 Lin1«>od Plaza, P.O. Box 1304, Fort Lee, NJ 07024, USA.) 

Seed company approaches new genetic engineering techniques cautiously 

Seed canpanies fonn the most 1 ikely crannel for car.mercial izing higher plants improved 
via recanbinan':. OOA. A year ago Pioneer Hi-Bred International set up a mcxiest in-rouse 
R&D programme to start application of new genetic er.gineering tecmiques with crop plants. 
The canpany has been doing plant bree:iing research for 50 years, and its plant breed i~ 
progranme ras been very successful in improving a nunber of crops, especially corn. 
Recombinant DNA and other new genetic techniques are primarily considered as a way to l'l:!lp 
plant breeders in their conventional breeding \oOrks by using tissue culture to redL.Ce the 
10 to 12 years it now takes to deve"iop a new plant strain by conventional breeding. Tissl.11'; 
culture could pennit screening for some traits in single cells or plantlets in the laboratory 
rather than by growing plants in the field. SJ far the research group has obtained good 
results in regenerating whole alfalfa plants fran cells or tissues, but any \oOrthW'lile 
monetary return for Pioneer Hi-Bred is mere likely to cane fran improving its mainstay, corn. 
The cani:xi.ny is alro att".!llpting to transfonn com with recanbinant OOA, and is just getting 
started in a search for vectors or other means of transfonning com cells with single genes. 
Others have used the Ti pla"f!lid to transform higher plants, hoi.ever, it does not ~rk with 
com, other cereals and grasses. 
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Once Pioneer Hi-Bred learns row to transform com with si~le genes it will try to use 
the tec~i~~ tc i.~p~C'!e dieease ~~ist=._~~'?. Th~ E:~!'!~~ ~ight hP i~l :=tt.P.<i ~ ;\ wild ~Xican 
ancestor of com, or perba(E fran pl.ants even 1~urther renoved. Virus tolerance is probably 
gOJemed by a si~le gene, or a snall group of &~es. crop yield and stress resistance are 
probably g<11emed by a larger mmber of gmes. Their action is poorly understo<Xi and 
it will be more difficult t.o improve these qualities by recanbi.nant rm. It is not thought 
wurthfthile developing herbicide resistance in corn, since few toeed sitwtions limit com 
pr<Xiu::tion. Insect resistance genetically engineered int.o plaits might be mere w:irthWlile. 
Insects sixh as com rootK>nn or the Eilropean corn borer are costly to control. Aphid 
resistance might be easier t.o develop, since it i!' fol.lld natirally in sane com strains. 

Meamt1ile s:::ientists w:i.med that ch6nical canpanies <-'Ould dist.ort conventional agri
cultural practices by breed~ genetically engineered seeds resistant t.o their 01o11 i.eed 
killers. Ultimately, these ccmpanies mpe t.o sell more of their seeds by selling genetically 
engineered alfalfa or soya, for instance, that is resistant to the herbicide these canpanies 
manufactire. This drive for higher profits could have serious consequences. 

Testing and planting of the doct.ored seeds may take a decade before canmercially 
valuable plants will be available, and then the CCX!lpanies could i.ell entice tanners to 
buy these varities t.o IBY for their investment. It is "nattral" for canpanies to W'l.nt 
to make an extra profit on their own chemicals, but in the rush for profits certain more 
used herbicides ...tlich for instance protect Wleat arxi rice, could be ignored by genetic 
engineers w:>rking for irxiustry. (Extracted tran New Scientist. SeptE!llber 1983 arxi Genetic 
Technology News, Septanber 1983. Mdress: 158 Linw:><xi Plaza, D.O. Box i304, Fort Lee, NJ 
07024, l.BA.) 

Plasmids may be involved in bacterial cellulose fonnation 

Researchers at the tbnegian Institute of Tectnology (Troroheim, Norw:i.y) are stu:lying 
biosynthesis of cellulose fran glixose, arx! find that, in about 60 per cent of Acetobacter 
xylimun strains that have lost their natLral ability to synthesize cellulose, the bacteriun' s 
canplex pla311id system has been mcrlified. Wild strains that syntilesize cellulose con ta in a 
nunber of pla311ids rangi~ fran 16 to 300 kilooases in size. Strains, prodireu by ctemical 
mutagenesis, with disrupted cellulose prodirtion lose ::one plasnids or gain others. This 
indicates indirectly that plasnids may p].ay a role in cellulose biosynthesis. (Source: 
Genetic Technology News, July 1983. Mdress: 158 LinW'.)cxi Plaza, P.O. Box 1304, Fort Lee, 
NJ 07024, IBA.) 

A bianass power scheme to be tested 

Bonneville Po~r Administration (Portland, Ore.) will sperd $700,000 on a ':.;..o-year 
demonstration project t.o stl.liy the technical feasibility of generating electricity tran 
biomass residue and \aste prcrlir.ts in a gasification orocess bei~ developed by Pyrenco 
(Prosser, Wash.). Pyrenco will invest an additional $3~,000 in the project. The canpany 
has been operating a 300·kW-size experimental pla"lt for about 18 mcnths and will expand the 
capadty to 450l<W. In the canp:iny' s process, biomass is fed to a gasifier and converted to a 
prcrlirt that consists mainly of carbon moooxide and hj-drogen, with a 311all ClllOll'lt of methane. 
The gas is cooled and t1.rbo-cmrged, passed thro~h a carburetor, arrl burned in a r..aterpillar 
engine that turns a generator. The process is saici to eliiu~ 1ate i:rob1611S caused by residual 
tars that have 1 imited the effectiveness of other bianass gasification syst611s. 

Bianass materials to be used inclu:le apple panace, grape romace, mint hay, ard ;..ood 
chips, and possibly peat arx! mll'liciµ:il-garoage solid i.astes. (Soiree: Chemical Engineering, 
25 July 1983.) 

Single-cell proteir. 

Phil lips Petroleun h.'.ls developed new technology to make the si~le-cell protein (SCP) 
industry profitable, despite high oil i:rices. A 1,500 litre fennenter can use various 
hyd~carbon substrates, inclllii~ pulp mill slu:lge, methanol CWJd Sl.@ar. All SCP processes 
deperx! on finding a microorgani311 t.o digest a cheap carbon source, which is then killed. 
Phil 1 ips process use::i a yeast which pr<Xiuces 120-150 g/L of solids using methanol or ethanol 
as a subst:"ate, al tho~h s~ars could also be used. Ehvirocon (Vancower) uses fungi 
(Chaetcxnium cellulolxtict111) to digest pulp mill sll.lige, which mill operators usually have to 
pay to dispose of. 

XP is only marginally econanic in N. America, where soybean meal is readily available. 
Hydrocarbon-rich col.l'ltries Wlere soy protein is expensive are vie...ed as prime markets for 
SCP, altoough Ftlillip:o may also try to capt.ire ::one of the North Amerir,;:in market for 
s~cial ty proteins sirh as casein and ~l'f3 isnlates. ICI 's Pruteen, whir,h is 7? pPr cPnt, 
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protein, is targetro as a stt>stitute for fish meal a"1d milk in animal feed. ICI is currently 
recovering its operati~ oosts, but is not gettifl?; any rettrn on its $119 million il'Nestment. 
CuLl1 :LCI a.1Li rhillipz :i.-C ;:1~-.r:i:".g ~ d~e!0p ~p f0r hm;m conSlDlption. Hean"1ile, maki~ 
S:P ecoocmic will be the major goal. (Soiree: Technology Update, 10 September 1983.) 

Waksman Institute extending biotechnology facilities 

The waksnan Institute for Mi.crobiol~y is constru::ting a new wi~ dedicated to research 
in molecular genetics aoo bioteclnology. The canbined fac~ ities will acccmmo1ate most 
scientists now worki~ in tlv:se areas at !lltgers lhiversity and leave roan for a1ditional 
personnel. The new wing will be a three-story 30, 000 sqwre-foc.t. st~ttre with a ma~nry 
exterior and steel trane located a1jacent to the Institute' s present fermentation pilot 
plant. It will almost dOlble the research space and cost approximately t7 million. It 
is anticiIBted that the new added laboratories will accamnodat.e a m.mber of indepeooent 
investigators, ho~ver the first new appointment will be that of a disti~uished :=cientist 
to provide leadership in the area of molecular genetics and to guide the recruitment of 
additional pers:>nnel. 

Major ccmpetitors for popular rilNA products 

Product 

Interferon, alpha 

beta 

Tissue Plasminogen 
Activator 

Blood Factor VIII 

Genetic Engineering 
Organization 

Genentech 

Collaborative Research 

Join Hopkins lhiversity 

Career Institute, JaIBnese 
Fomd. for Cancer Res. 

Cetus 
Genent.ech 

mne 

Genex 
none 
Genent.ech 

Clliron 
Genent.ech 
Genex ( fi~rL1olytic agent) 

Integrated Genetics 

Biogen 
Oliron 
Genent.ech 

Genetics Institute 

Integrated Genetics 

Sponsor or R&D/Camnercial 
Partner 

Schering-Plol.f;h 

Ho fftnann-La Roche 

Interferon Sciemes/Anheuser-
8..isch 

Toyo Jow 

Kyowa Hakka/Toray 
~ell Oil 
Ho fftnann-l..a Roche 

Schering-Plotf;h 

Ho fftnann-La Roche 

~ionCf!;i 
(Far East developnent only) 

none 
.9.mtory 
none 

ft>nsanto 
fuji::B~ H'lam. (Far East only) 

none 
none 
Yamaoou::hi H'larm. 

Toyobo 

Kabi Vitrun 
Nordisk Insul inlaboratoriun 
Spc}'lo«)od labs. 

FBxt.er Travenol 

none 



Product 

Bovine Gru.rt.h Honnone 

~titis B Vaccine 
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Genetic EngL1eering 
Organization 

Biogen 
C.Ollaborative Research 
Amgen 
Genentech 
~lecular Genetics 
Bio-Technology General 
Genex 

Biogen 
Amgen 
Chiron 
Ir:tegratal Genetics 

Sponsor or R&D/Ccmnercial 
Partner 

none 
Akzo Phanna 
none 
~nsanto 

Amer. Cyanan id 
Eli Lilly 
none 

Green (}-.JSS 

none 
~rck 

C.Onr.a~ht Laboratories 

(Source: Genetic Technology News, August 1983. Address: 158 Lim .. ocxi Plaza, 
P.O. Ibx 13~. rort Lee, NJ 07024, USA.) 

Bacillus mega.terit111 could becane important cloning host 

Bacillus mega.teril.lll has s:xne premising possibilities as a cloning m icroorganisn 
for recanbinant rNA experiments or prodtrtion processes. Recently a research team at 
Northern Illinois lkliversi.ty (De Kalb, 11.) have isolated bacteriophage MP 13 for mcxiifyillS 
tne organisn. 

Plasnids fraa B. subtilis aoo Staphylococcus species rave also been introdoced into 
B. rnegatherit..111 by transfonning protoplasts - a technique that ms been more commonly used 
with p.~otoplasts of higher plants. 

B. megaterit..111 is distantly rdated to B. subtilis - the secooo most popular bacterial 
cloning rost aft.er Escherichia coli. B. megateri1..1t has been used or proposed for industrial 
prodt..X:!tion of proteases, amino acids, vitamin B12 arxi ribonavin. It is considered useful 
to develop genetic infonnation on B. megateriun and other fucillus species so that a col
lection of various safe cloning rosts will be available for prodl.l:!ing recanbinant DNA 
prodt.Cts. (Soiree: Genetic Technolo~y News, ~tober 1983. Address: 158 Lim .. ooo ?laza, 
P.O. Ibx 1304, Fort Lee, NJ 07024, USA. 
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COlNTRY NEWS 

European molecular biology 

The question of Britain's contimed (Brtici(Btion in the El.Jropean 1't::>lecular Biology 
Laboratory (EMBL) at Heidelberg in \est Germany will renain in the balance at least mtil 
Ck:tober. The possibility of British witlnrai.al stens frcm a Stf;gestion last NovE!llber by the 
Advi3:1ry fuard for the Fesearch Comcils to the ~dical Fesearch Comcil (MRC) to "review" 
its support of EMIL. Last year that amoonted to £0. 9 million, slightly less than 1 per cent 
of the total MOC blrlget. The British delegation to EMBL spent three days late in July 
visiting EMBL an:i its outstation at the Institut Late Laf€evin in Geneva and is now preparif€ 
its report i.tlich is likely to o:xne before the next comcil meeting L'l late October. The 
ultimate decision will rave to rest on a mixttre of scientific, financial and political. 
decisions. (Extracted fran Nature, 25 August 1983.) 

Australia 

Australian biotechnoLogy Prograllllle revised 

As proposed by the previous goverrment, the National Biotecmology Scheme w:>uld 
administer A$2. 5 million for basic research as i.ell as applied research in ITOje~ts showing 
potential for industrial develoµnent. Another A$2.5 million f'rcm tre Australiar Industrial 
Research and ~veloµnent Incentives Sctene lolluld be made availct>le to industry ~ pecifically 
for biotechnology. The Irincipa:' Cha1'€e is that the new p~ramne will abolish the dual 
support system and integrate all biotectnology support. In spite of the indecisiJn about the 
total anom t to be allocated, I:ST will shortly be advertisif€ the programme and calling for 
applications. It may wish to gal.f;e the denand an:! Mjust supply accordingly. 

The goverrrnent proposals are heavily biased toi.ards applied ITOjects, at the risk of 
neglecting research in molecular biology on which new advances are likely to be based. A IBT 
spolcesnan said that a minimllll corx1ition for award js e·.ridence of industry interest, but 
industrial involvenent would be preferable. 

In another move aimed at stimulating the com try' s biotechnology, the governnent has 
decided to introdt.ee legislation allowing Australia to ~cede to the fudapest Treaty, a 
patent agreenent mder the UN World Intellectual Property Organization. The reed for such 
access arises because of the tecl"rlical difficulties of sufficiently describing microorganisns 
in patent applications. Consequently the present (Btent law will be chaf€ed to enable 
deposition in an autoorized collection to take the pl~e of a full des:!ription for (Btenting. 
The legislation will 1€M b:> the establistment of an international depository in Australia 
that might also serve as a national collection for the Australian biotechnology industry. 
(Source: Nature, 23 June 1983.) 

Australians regenerate wheat 

Dr. Willicmi ScOW'.!roft, principal research scientist at the Plant Industries Division 
of the Canmonwealth Scientific and Industrial Research Organization (CSIRO) reported to 
the Convocation on Genetic Engineering ('f' Plants at the National Acadany of Sciences in 
Washington, D. C., earlier this year, trat using 3'.Jllaclooal variation and cell selection, his 
group continues to improve i.tieat faster than traditional plant bre~if€ pennits and with less 
difficulty than spJ icing irxUvidual geres. 

Aneuploidy (additional sets of chranos:Jlles) 
is not the primary cause of scmaclooal variation. 
of plants fran tissue culture causes chranosanal 
transpositions. 

is reflected in s:xne of the variants, t...ut 
It is tho~ht that in i.tieat, regeneration 

rearratganents, gene conversions, and DNA 

One of Dr. Sco...croft' s new tissue-cul ttre-derived varieties lacks aW'ls, aoother has 
a ll1 icanb character and only one or t\V stalks for v..~tter moisttre conservation, thus 
pennitting growth in marginal areas. Others fonn seed heads early or late :n the growing 
season arx:I can be t.5ed to take advantage of regional weather differerees. 

In ;.tieat cell line Y5CE P, his group is finding variation in glune (br·act) and grain 
colour, wax, alpha-<111yla.s:! production, gliadins (storage proteins), arx:I height. CSIRO's 
new di.arr ..t1eat drastically redt.ees the proµ:irt!on of the pmtosynthate that goes to the 
vegetative portion of the plant; therefore, there is more for the grain. 
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'!'r.e A·__:s: r3.: i~c. ~seaxt~rs r.ave r.ad ~e: im inary SLCCess screening cells and first and 
seccn:i i;e!'!eratior. sanaclcnal plants for the followi~ characteristics: heat, disease, ard 
t.eD:.c1.::e res:.st.ar:ce; i it.>.Jay :naturi::.y; !!lineral wlerarice, part1clliarly alll!linun ana 
'.'"Z-.ganese; a~Ki high/low moisture adaptavility. The group is als:> looking at variations :n 
sugar cane, ri.:::e, tot::3cco, pc:.atoes, corn, ard oil-seed rape. (Extracted frar. McGraw-Hill's 
Biotechno:ogy ~ewswatch, A~~Jst ~?83.1 

C!"~:.r.a 

Tool e:-:z;,.·r.:es for genetic er.gineer-ing produced and supplied by the Institue of Biophysics 

;._ ~ioctl:'!:ical reager.t ccr.ference w:i.s callro by the Division of Biclogy, Qiinese Acadany 
of Scie::ces, in Eeij:ng cir: 23-26 MarC;h 1983 to ex<ll!ine the produ::tion of tool (1562 0367) 
enz:yr.:es for gene•,ic engineering and to make arrangene!'lts for resP..Arch and production of 
tool enzymes in 1983~5. TI-1e biochemical plant of the Institute of Biophysics is in charge 
of the r-esearch and prcxiu::tion i.crk. It has fonnally inforr.;t:d all research mits of the 
co:.ntry that it is ready to supply them with OOA polymerase, polymrleotide kinase, 
T4-DNA polyr.:erase, pclynucleotirie phosphatasi:;, OOA 1 igase, RNA 1 igase, RNA polymerase, 
:libcnu::lea~ 1, Ribor.u::le:i.se TI, DNA.ase II, .A-DNA, pBR322, EcoRI, BgIII, SaII, alkaline 
phosphate esterase, and alkaline i:r.ospr.ate diesterase. f-breover, the plant 3.lso supplies 
hexose kinase, creatine kinase, alcoool dehydrogenase, glu::ose-6-phosphate dehydrogenase, 
malic acid deh~rogenase, lysozyme, protein kinase, etc. The quality of the above itans 
and their availability are guaranteed. (Source: Beijing Shengwuhuaxue Yu Shengwuwuli 
Jinzhan (Biochemistry and Biophysics No.3, June 1983.) 

Biotech teams up ~ith China 

Biotech Research Laboratories, a M:iryland-based developer aoo supplier of monoclonal 
antibooies, has signed what it believes to be the first biotechnology research ;:igreement 
beti..een a US canpany and the People's Republic of Cllina. 

Under a three-year contract beginning in October the canpany is to train menbers of 
the Shanghai Cancer Institute in the develo~ent of monoclooal antibodies at the canpany' s 
M:lryland Laboratories. On their retm to Cllina, the S'langhai staff w:iuld develop their 
own projects, with each partner penn:i.tted to use the end i:roducts. With Cllina' s new policy 
of encouraging foreign investment, the research coilaboration could lead to a decision by 
Biotech to manufacture its prcdu::ts in China instead of importi~ than. (Sotrce: Nature, 
25 August 1983. ) --

Federal Republic of Germany 

Gennan biotechnology criticized 

According to a report fran leading s::ientists, bioteclTlology in the Federal Repl..blic 
of Gennany needs a shake-up. The report, caranissioned by the Federal Ministry of Science ard 
Tecmology, heavily critic ires the efficiency and achievenents of one of the governnent' s 
tw:i main centres for biotecmology research, arrl recamnends that the tw:i centres be merged. 
The centres are the Institute of Biotechnology (IBT) in .ftilich, near Cologne, aoo the 
Biotechnology Research Facility (GBF) in Bratr.s::hweig, near Hannover. The canmittee of 
investigators fol.l'ld that West Germany ...as lagging behind many other countries in bio
technology, but the GBF bears the brt11t of the critici.sn. 

Several projects at the IBT are praised. For exanple, one group has succeeded in 
processing ..aste 1 iqoor fran a S4?;ar factory to make ethanol. The first plant is already 
in prcduction, with an output of 200 tonnes of ethanol a month. 

The proposal to analganate the tw:i centres at Brall'ls::ht.eig is opposed by the IBT but 
Sl.4)ported by the GBi;". 

The canmittee 1o0s particularly danni~ toi.ards the CilF, sayi~ that most of the research 
teams there fell below international standards. It ~gested that tr.e plant tisst.E section 
at the GBF should close. This recanmendation 1o0s based on expert evidence fran bio
tecmologists fran the lkliversity of M.mich w-io w:irk in the same field. (Extracted t'ran 
New Scientist, 13 October 1983.) 
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~niversity of Munich has electronic DNA synthesizer 

The ieviee is about as big as a refrigerator am looks equally insignific211t. Sirx::e 
!-By it has occupied a spot in a basement laboratory of the Institute for Bioctenistry at 
the University of ~ich. However, the apparatus is not to be classed with the laboratory 
glassloBre: it is the first gene machine of its kirrl in furope. 

Fully autanatic, the device officially nanoo "synthesis automat" spits out highly prized 
bicmolecules of I.NA in milligranme quantities spliced as specifia:! by the input progranme. 

The mecl'Bnical prcxh.ction, initially of only soort I:.NA sequer.ces, was tx>SSible ro early 
in the history of the molecular-genetic revolution because the sctene for storing genetic 
information in OOA involves only fotr letters, arrl the gene machine is capable of spl ic ill?; 

nll'.!leotides into OOA chains per specification faster than any bioctenist can do by harrl -
fast, accurate arrl overnight. 

Strictly speaking, the cievice is nothing but a synthesis Idiot arrl is just as practical 
or impracticai as any other laboratory device W'lich takes over a task. Synthesizing 00A 
is a monotonous asse:nbly-line job. The macti.i.ne simply saves dOWJtime. The gene machine 
requires just 18 minutes to add - repo-odll'.!ibly arrl with good yield - a specified linl< to the 
growing bicmolecular chain. 

Theoretically, the autanat 1oDrking continoously day and night W)uld require about 
137 years to reprodoce the genetic material of just a single bacterillll. A bacteriLm does 
twice as mll'.!h in just 20 minutes. For all the hereditary information of mankind, all of 
100,000 years W)uld be required. &!ch an 1.J1dertaking could mt be accanplished even with 
a battery of st£h machines, arrl there is no reas:m to do it. 

The 
search in 
molecules. 

Finland 

New ccxnpany 

Institute will use the machine for synthesizing gene fragments for basic re
building 3llal 1 genes for storing information of ma:! ical ly imtx>rtant protein 
(Extracted fran Die Zeit, 27 May 1983.) 

Canmercializatirin of a s:!cretion vector for cloni~ rare foreign 1->roteins in Bacillus 
subtilis is the first project of Genesit Ltd. The vector, deriva:l fran the gene for alpha 
amylase, was developed by University of Helsinki molecular geneticist Ilkka Palva. Genesit 
is applying for w:>r!dwide µitents on tile invention. (Extracted fran McGra~Hill' s Bio
technology Newswatch, 5 September 1983.) 

France 

New biotechnology building at Institut Pasteur, Paris 

In September the irrlustry and research minister Lairent Fabius laid the first stone of 
a new building to be devoted to bio+:..echnology at the Institut Pasteur in Paris and also 
lamched an "international ret1oDrk for biotechnologies", previe1ed by the Versailles sunmit. 
The net1oDrk will link France with Jaµin, Britain aro Canada, ard the i.t1ole furopean Cornmt11ity 
through Brussels: its secretariat will be in France. O:mstrll'.!tion w:>rk should be ccmpleted 
during 1986, and altho~h the building will be rl.J'l by the Pasteur, the institute has pranised 
to co-on:i inate its research policies for users of the laboratories with the c.entre National 
de la Recherche Scientifi~, ItEERH (the ma:lical research cot11cil) ard INRA (agriculture). 
Research will str~dle the f1.J1dC111ental crid the applied, ori~nted on the one hand to realth, 
and on the other to industry. The international network in biotechnology wi 11 establish 
ccm.."'.llZl icat ions amexlg ex 1.sti~ and future research centres, ard encourage joint research 
progrCl!lllles. An international ccrnmittee will develop and control SI.Ch progrC111111es. (Extracted 
fran Nature, 8 September 1983.) 

Greece 

Biotechnology d£velopment prograD111e 

After months of delay, Greece fir.ally annot11ca:l tile t'irst step it will take in 
developing bioteohnolq;r;y kncM1ow, a key el6!1ent of the co1.11try' s push to transform itself 
into a pra:!LCer of high teclnology. 
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A Biot.echnol~y Develoµnent Pr~ranme, inclllied in the 1983-1967 Greek Ecooomic 
DevelQJment Plan before Parl iameot, will center on medical, agricul ttral, energy am 
environnental applications. The irograme is to be ~lmented by a Q-eek biotectnolcgy 
corporation which will be established this year. (Source: Chemical Engineering, 22 August 
1983.) 

Hungary 

Biotechnology priority plan 

The limgarian goverrment - in particular, the ministries of industry, agriculture 
and health - is anxious to la1..11ch a priority p~rame in biotechnol~y. Tentative proposals 
were made by the g0'1errment last auttmn, just when the ~ientific establishnent \BS hit by 
major blliget cutbacks su::ldenly imposed during the stlllller vacation. It is now infonnally 
agreed that the new biotectnol~y pr~ranJl!e should ceintain not more t.ian five or six i:.~ojects 
am that the role of the 3'.:ientists should be confined to research. For j.ndustry, hc\e'/er, 
which will be concerned with the iractical side of the progra!lllle, the cooice has, to a large 
extent, already been made. Hungary's imustrial research suwart system allows every 
enterprise the choice of plo~hing back a fixerl proportion of its profits into in-house 
research or else paying the same sun into a central research pool. In practice, most large 
concerns prefer to do their oW1 research am several pharmaceutical and chemical enterprises 
are already well lamched in biotectnol~y. (Extracted fran Nature, 28 July 1983.) 

Increase in biotechnology R&D budget 

The limgarian Comcil of Ministers adderl al agricultural and industrial biotectnology 
research programne to their national medillll-tenn R&D plan. The seven-year plan pr<>
vides 720 million forints ($17 million) for research aoo 4 billion to 6 billi0n forints 
($90-$140 million) for application of results. 

limgarian intellectLBl re~urces arxl research achievenents ~re considered aieqwte 
for starting projects, but international co-operation - arxl in certain areas purchase of 
licenses and know-how - are indispensable. The pr~rcmne favors joint ventures and free now 
of capital, technol~y, arrl specialists. 

Eight "productive" projects are identified by the prcgr'allllle: 

Biogal Phannaceut ical Works, Debrecen 
Meriklon Econcxnic Association, fudapest 
Gedeon Richter Pharmaceutical Works Ltd., fudapest 
Association of the Hungarian Pharmaceutical Indootry, fudapest 
Phylaxia Serun Works: fudapest 
C.entral Food Research Institute, fudapest 
Babolna Farm Canbine (West limgary) 

(Extracted fran M&ra'i Hill's Biotechnology New3Watch, 17 October 1983.) 

lndia 

Biochemical F.ngineering activities at the Indian Institute of Tectnology Delhi began 
in 1968 in the Dei:a.rtment of Chemical F.ngineering. Initially some facilities to provide a 
nocleus in this area were created in the fonn of a post-graduate educational progranme with 
assistance mder the Inda-British Collaboration. The present set-up provides the most 
advanced and roodern opportlD'lities for education, training and research in applied and 
engineering ~ienes dealing with biological systems. Later, a Scoool of Bioengineering 
aoo Bio~iences was established in 1974 with tw:> major areas of activities: biochemical 
engineering and bianedical engineering s~r.orted thr~h bilateral collaboration bet1oeen 
::FIT~urich and IIT ~lhi. Various sophisticated arxl roodern facilities for training, 
research and develoµnent stu:iies in biochemical engineering were addfrl. Pecause of the 
significance of 1 igoocellulosic biomass as an important enerr3y source, R&D emphasis gradually 
uioved into this area and the develf"lµnent of novel systems becCllle the main concern of 
r;~search. The mit was then converted into an autoncmous centre for Biochemical Engineering 
ani renaned as Biochemical Engineering P.esearch Centre (B~C) in 1976 which continued to 
opr:rate on a se(l!rately approved bu:iget ll'lder an indepeooent administrative structtre while 
its acaiE!llic prograimes continued to be a:isociated with the Chemical ~'lgineering ~i:a.rtment. 
In 1978 a snall but effective collaborative activity betieen BOC arrl a nllllber of French 
labcratories began aoo it resulted in sooie advanced level training of a few post-doctorals at 
French laboratories. P.ecently :3ERC has been given the status of a p::>st-p;raduate dei:a.rtment 
\tlich enables it to offer an H. Tech. programne in biochemical engineering and biotecmol~y, 
besides research activities in various areas of bio-erti;ineering and microbiolop;ical ~iences, 
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sl.X!h as microbia.l biochenistry, genetic engineering, enzyme and microbial engineering, 
biological rate processes and oioenergetics. me ouJect.1ve::; u1 t.11e Ce11t(~ .:...-"' t.v p.-0'Vid;:; a 
mcrlel for an i.ntegrated approa::h toi.erds e:il.X!ation, research aoo develoµnent work in the 
field of biotec'1nology of the nation's renewable resources. It offers courses W"lich are not 
available elsewhere in lndia. The Centre rL11s on a buiget approva:i by a Review Conmittee 
represented by various agencies incluiing ~IT-Zurich and GCI, aoo chaired by the Director of 
the Institute. Its activities are reviewed every year. 

Israel 

Cancer risk assessment test 

The Israeli canpany of Orgenics has prcxll.X!ed a new cancer risk assessnent test W"licll 
uses genetically engineered bacteriLlll responses to identify p::>tentially carcinogenic 
substances. The .sas Chranol-est, based partly on the Pastet.r Institute' s research, aoo 
developed by a group of scientists affiliated with Onnat, may be used by public realth 
services, monitoring agenci~s and various industries to screen materials for possible 
carcinogenic effects. (Source: Technology Update, 17 September 1983.) 

Israeli firm to canbat mosquitos, and cotton leaf worm 

An Israel canpany Biotecmology Applications Ltd., is hoping for a $1.5 million invest
ment to fL11d its biological i.erfare against mosquitos and cotton leaf \.Orm. 

The Hebrew university at Jerusalem OW1S 50 per cent of Biotechnology Applications 
while Industrial Develoµnent C.Orp. of Haifa mlds the other half. 1he firm's t\.O insecti
cidal projects involve S:!al ing up and genetically engineering the microorganisn, Bacillus 
thuringiensis var. israelensis ( BTI), which was discovered in this cot..ntry 3'.lme five years 
ago. It secrets an eoootoxin described as having unmatched effectiveness against mosquitos. 

The canpany is nearing canpletion of a feasibility stt.rly for industrial-scale prodl.X!tion 
of BTI in Israel, and expects to JTodLCe several hundred tons of the bacterial toxin, with 
antimalaria programmes. 

In order to figt:t cotton leaf \.Orm, the company is working wi_th a variant of BTI toxi:-i 
that attacKs the insect's midgut. (Extracted t'ran Md::raw-Hill's Biotechnology Newswatch, 
17 September 1983.) 

Italy 

Italian canpany funds British research 

An Italian pharmaceutical firm has backed with £40, 000 ($61, 000) a British research team 
aiming to clone - and develop a diagnostic kit for - a gene tho""5ht to play a role in heart 
disease. Farmitalia CarlJ Erba of Milan is supporting w::irk at the Sir WilliClll IA.mn Scmol of 
Pathology at Oxford on apolipoi:rotein A-I (apo A-I), the major protein of high-density 
1 ipoproteins W"lich are tm~ht to act as sr.uttles that transport cmlesterol frc:n perii:tieral 
tiss~s to the 1 iv er, where the molecule is broken down ar,::! excreted. Ololesterol is tho~ht 
to contribute to .__ausing atherosclerosis. A major deficiency or absence of ap:J A-I has been 
associated with very low HDL levels and severe atherosclerosis. 

The Eritish team, led by Dr. Tito 83.ralle, earlier made a cDNA probe to the 243-Clllino
acid apo A-I. They are now attempting to clone the apo A-I gene in Escherichia coli, am 
eventLB.lly hope to develop a diagnostic kit. 

The project is part of a larger programme to investigate the p::>tential of genetic 
screening for heart disease. At .St. ~ry's Hospital, London, Dr. Stephen llunphries is 
looking at the relationship of tW'.> other ap::>proteins to genetically inrerited fonns of heart 
clisea~, particularly familial hypercholesterolemia, in which a perSJn's ser\JTl cmlesterol 
is typically tw:i-aoo-a-half times nonnal. (Extracted t'ran McGraw-Hill's Biotechno.1.28z 
Newswatch, 15 August 1983.) 
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Human stress hormone cloned in E. coli 

A major brain oormcne in the tunan stress response, which was identified in anima.is 
just tWJ years ago, has now been expressed in bacteria. Professor Seisaku Nuna and c<r 
workers in the department of me:licine an:! chE'!nistry at Kyoto lhiversity here used a sheep 
cmA probe for corticotropin releasing factor (CW) to extract its cot..nterpart fran a ht.man 
gene 1 ibrary inserted in E. coli. 

CW, a hypothalanus oormooe, orchestrates key events in the stress response, irx:lt.d.ing 
mood and a\Breness, heart rate, blood pressure arri a:irenal in an:! steroid secretion, arrl 
is iltlpl icated in stroke, heart, and kidney diseases. Therefore an abl.Bidant source of this 
elusive mol~ule is the first step in developing a means to co1..11teract its effects. 

?!'of. Nuna' s recanbinant-DNA hllllan tonnone is 41 amino cc ids long, but its sequeoce 
has different <m1ino acids at seven sites canpared with the sheep molecule. The cl.oned 
prodl.l:!t also inclt.d.es a 24-anincr-acid tail at the N-tenninal position, which is a signal 
for secretion. There is alro Gl'l 800-base-pair-intron, but it occurs in a oontransl.a~,ional 
area aoo does not affect the stroctural gene. In order to clone the CW gene, the teac. made 
a cDNA copy of messenger RNA extracted fran sheep hypothalanus glan:ls and inserted the 
reverse-trans::!riptase-made OOA fragments into E. coli via plasnids. After screening more 
than a million of the resulti~ oosts with a probe based on a partial sequence of the amin<r 
acici structure for CW isolate:! by Dr. Vale of th~ Salk Institute in 1981, the Jaranese 
scientist foL11d one E. coli colony that contained the appropriate sheep cDNA. This he used 
as a probe to find the hunan CW gene in the gene library at !iarvard University, Cambridge. 
CX!e of the cultures contained a part of three hunan CRF genes. These were spliced and cloned 
in E. coli using phage vectors. (Extcacted f'ran McGraw-Hill's Biotechnology Newswatch, 
3 October 1983.) 

Biogas generator runs on rice husks 

A b iogas generator that r1.11s a snall engine by burning rice husks and other waste has 
been developed by a researcher at Miye lhiversity. The Type TK generator partially burns 
husks and stalks to prod ire carbon mCTtox ide, distills and filters the gas and then burns it 
to power the engine. A 7 hp gasoline engine 1o0s kept going for one hJur at a maximLl!l lt_ 44 hp 
by a 280 lb. load of rice husks. (Source: Technology Update, 10 Septanber 1983.) 

Breakthrough in protein manufacture 

Ja{kl.nese researchers have overcane one of the main obstacles hJlding up the mass 
prodl.l:!tion of genetically engineered proteins. Their technique is to use Escherichia coli, 
both to make large quantities of protein an:! to help in its purification which could allow 
industrialists to manufactire pure proteins, sll!h as insulin, in sufficient quantities to 
ll'ake it econanically \.OrthW'lile, thus opening up large new markets ;or Japanese industria
lists. 

One of the problans of using E. coli to create proteins is that its outer mffi!brane s-,ops 
much of the manufactured protein fran leaving the bacteriun and passing to the surroLlld~!lg 
mediun, where it can be collected arrl purified. 

The researchers have sLCceeded in identifyi~ and using a gene that helps the desired 
protein cross the outer manbrane of E. coli. Without the gene, the manbrane prevents up to 
80 per cent of the protein fran getti~-out of the cell. With the gene, 90 per cent of the 
prodLCt is secreted into the cul ttre fl 11id. As yet, the team does not L11derstand row the 
gene acts, but it is certain that the manbrane is not broken. 

The discovery cCllle tran a teem led by Dr. Koki Horikoshi, the chief researcher at the 
Ja{kl.nese goverrment' s Institute of Physical and Oianical Research in W:l.koshi, near Tokyo. 
The team splice:! the genf~ for penicillinase into the CNA of E. coli in the normal manner, 
using restriction errlomx:leese that has the ability to cut OOA at specific points along its 
chain. What is new is that the researchers have spliced a second gene in to the E. coli DNA. 
It was foL11<! that, with this gene, the resultant hybrid pla311id (the DNA of the bacteriUTl) 
was drC111atically P.ffective at increasing the yield of penicillinase - <J) per cent of the 
penicillinase produ::ed was secreted into the surrol.l'ldi~ mediun. The product ..as not only 
pure, it w:is also easier to collect. 
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Tho~h still sane ~y fran being used on a canmercial basis, this new Jap:mese technique 
ud..::> ifWUCii.se pvteutial. If it:::~ hely y~(.".i~e a p~~tei.11 ~1-!':'h ~~ pP-ni~ill~nase: then it may 
also be used to relp prochce other useful P"Oteins su::h ~ in.."Lllin, interferon or growth 
honnone. (Extracted frOil New Scientist, 29 Septanber 1983.) 

British biotechnology seeks Japanese outlet 

Celltech, Britain's only gene-splicing canpany, has si8ned ar. agreenent with Sankyo, 
Japan's secorrl largest {tlarmacel.Lical ccmpany, to rover the camnercial exploitation of 
three d ~s. CXle controls blood clotting, the other tw:> are for healing broken bones in old 
people. The :narket for all three is w:>rth mere than £100 million a ~ar. This is the first 
of several deals to be annolllCed in the near ft.ti.re as Celltech begins to reap its camnercial 
ret.erds fran its lo«lrld p:>sition in biotechnology. 

The Eritish goverrment and a consortiun of private investors set up Celltech in 1980. 
It already earns money frcm a system for purifying interferon and blood typing kits. fut 
these modest reventEs i:sle in canparison to itiat oould be earned fr'an the rew prodLCts: 
tissue plasninogen activator ( trPA), calcitonin arrl katacalcin. 

Markets for both prc:xl~ts already exist in Japan, but potential sales could be mt.Ch 
higher if they brecme avail<Ele cl'Eaply, thro~h genetic engineer~. Cell tech has alrea1y 
splice:! er "cloned" the tunan genes into bacteria, but mt.Ch w:>rk r61lains to J:Xlrify the 
prodt.et. The ccmpany will als:> rave to improve levels of prod~tion arrl design an efficient 
process on a larger scale. 

Under the agreanent, Sankyo will pay Celltech the full cost of developnent w:>rk on 
tw:> prodt£ts for tw:> years. In exchange for the rights to the w:>rldwide licence, it will p:ty 
an extra fee arrl royalties on sales. (Extractea fi'an New Scientist, 15 September 1983.) 

Microbial swP.etener 

Tokyo - A microbial al temative to ai expensive ctenical process has been forn.d by 
Hisao Takemoto <.lld co-workers at the Toyo Soda Manufacttr~ Co., Ltd. Strains of ba::teria 
to make aspartame (a low-calorie sweetener rapidly replccing sacctarine in diet soda) have 
been isolated. The microbes enzymatically convert an anioo acid Md a related canpotnd, both 
costing a few dollars a powj, into asi:srtame ~ich sells for sane $100 a pomd. 

Aspartane received U.S. Food and Dr~ Administration approval this Sllllmer arrl has been 
.:i.pproved in Ja~n, is 180 times sweeter than s~ar arrl has none of the bitter aftertaste of 
saccharine. 

The group identified at least t\oD species of aspartan&-synthesizing bacteria, 
Pseudanonas putida and Alcaligenes faecalis, plus the fungus Sporobolanyces odorus. Working 
with?. putidaTS-15001, they fot11d that five granmes of resuspemed bccteria prodt£ed 0.1 
granme of aspartame after six mt.rs at 37oC. The cultire me1itm initially contained 3. 3 
granmes of aspartic acid and 4. 5 grammes of phenyl-alanyl methyl ester, the rn.comected 
canponents of the dipeptide sweetener. As a bonus, this bacte:-ial stock C<Wl make aspartic 
acid fran one of its carbon s::>t.rces, funaric acid. At present the microbial output is low. 
However, by precipitati~ out the prodoot, as is dooe in the chmical synthesis, it may be 
possible to shift the reaction equil ibrit.m to increase yields. (Extracted fi'an HcGra~ 
Hill's Biotechnology Newswatch, 5 Septenber 1983.) 

Team develops microbiological cell 

A microbiol~ical elootric cell, claimed <t.o be at least twice a.::; effective in el~tric 
p:>wer generation as the best conventional equivalent, is to be developed by a joint research 
teC111 fi'an the Tokyo Institute of Tecmology aoo Mi tSl.i:> ish1. The cell is based on the idf'.a 
that s~ar molasses can be made to prod~e a large am<Ult of hydrogen to generate electricity 
if proces.~ by bccteria and assisting pootosynthetic type of b~teria. The research tean 
plans an initial cell of 1W capacity, building up to a 10-W cell suitable for low-voltage 
power soirces. (Soiree: World Solar Markets, July 1983.) 

~nese boost genns' defenses to screen antibiotics 

By increasi~ the copy mmber of the genes or using strq pranoters, Ja~nese 
researchers hcive boosted the enzym1J defenses of sane cells as mteh as seventy-fold. For 
exanple, the enzyme cephalosporinase attaclr.s the beta l.a::tm r~ of the antibiotic 
cephalosporin, the1'eby inactivating the d~. 



• 

- 39 -

The Jai;anese researchers are looki~ for antibiotics that can withstam this increased 
biochemical onslai.ght, yet still kill b~teria. Their cloning results to date are tabulated 
below. 

TABLE 

GENE CLONED HOST(S). VECTOR. 
&SOURCE SIZE OF CLONED DNA ADDITIONAL DA TA REPORTECBY ,..__ 
Cephalosponnase. c. fleunOi.., 1n c. klftM1dia120·c l1!1y-10 sia1y-lold letsuo 5-wal 
C.trobacttlf EcolpMKI. higher exprPSSion usin(I penJCillin :as Oliboll~y. 
treu1ldil 1.Sl'J> incb:er. son>e e"l)fession al 30' C without Chiboll 

inducet; in E. cot e"l)fession 4 •.o ol 1holl1 in 
...id-lypc c. It~ 

Ccph.11ospofir.;ise. E. colpM09. lhifly- lo seven1y-lold tughct expresslOn lholln HilOShi TollUnona. k:two 
Esche<ichia c01t 6.0Kb wild-lype; c.-phalosponnase pronloJlet Atamori. Fugisawa Pharmaceutical 

yielded highef Ir anscriphon elhciency Co . Lid .• Osaka; Sa.:hd<o 
lhan 1c1rac:yclino! promoler. GO!olima. Toh.> Univf'f Slly 

School ol Medicine. T Okyo 
ro!nic111on.1se. E. cot. pACYIM. - Malsutlisa Inoue. Gunma Uno-
Klr~ 2.3Kb -sily follCUlly ol IA<.'Ciclfll!. 
pncur1lUllliHI Gunma; Susumu U11subashi. 

fposomc Research lnslllule. 
Gunma 

(Extracted frcm HcGrmHiill' s Biotechnology Newswatch, 5 Septanber 1983.) 

Animal mutants for use in research 

Jai;an will develop genetically tailored animal mutants for use in cancer arxi other 
disease research. crdinary healthy animals are often wsuitable for st.Ch puq:oses. The 
Science & TectnolCf>y Ageo:?y will pl~e orders with the Central Institute for Experimental 
Animals arxi the Hi.tsli>ishi-lasei Institute of Life Sciences for s:ractical attempts to produ::e 
st.Ch animals. Che mettx>d of pr<Xi~ing mutants involves l"ElllCW~ ferti.lized ova !ran 
tw:> different breeds of female animals, grcM.ng each in a test tube wtil it divides into 
8 cells and then ccmbini.ng them. Another technique is to inject the geninal disc ta.ken fran 
a pregnant mouse with a kim of cancer cell lmo1o11 as tetracarcinana and replacing it in the 
original w:mb. Other disease -.:ells could be injected to irooooe other types of mutan::.s. 
(Sourc·~= Technology Update, 16 July 1983.) 

Japanese/American co-operation 

C.0-operation bet11een tM Institute of 1'1ysical & Olanical Research arrl washington 
Univer.sity on monocloml. Clltibodies arxi hllllan hybridanas will begin shortly. C.0-operation 
is part of the international ~ientific technology resel'\rch co-operation agreed on in 1982 at 
the Versailles sllllDit meeti.rg. Research will focus on manufactt.ri~ and refining tectr.0logy 
for monoclonal antibodies, manufacttring and storage technology for hllllan hybridanas and 
applications for moooclonal antibodies. The Institute for fot>lecular & C.ellular Biology, 
Osaka University, the Institute of Madical Science, Tokyo lkliversity and the University of 
Oliba wlll co-operate in the i:roject. (Source: Technology Update, 30 July 1983.) 

Goverrment regulations regarding microbial cultivation 

The Jai;anese governaent l'Bs eased regulations on reccmbinarat OOA experiments involving 
microbial cultivation in tanks of 20 litre cai;acity or more. Case-- by-case authorization will 
no l~er be required, however larg~scale laborat.ories harxiling microorganisns a:-xi genes 
lmcn.n to be sfe (LS-1) llJSt provide adequate measures to prevent microbial escape into the 
envirorment and safety •ust be checked daily. Research covered inch.des mass prcdt.Ction of 
insulin, interferon, vaccines again~t innuenza arxi hepatitis, an:1 other medically useful 
prot.Pins. Laboratories handling potentially dcrigerous patoogens (LS-2), 1 ilce leiJcemia arrl 
encepl'lalitis vaccines, •ust continoously monitor safety arraJl!E111ents arxi a details:! record 
of each experiment must be avaUable for gCNerrment inspection fur a five-year pericd. 
Large-scale tol)rk in U'lspeciried categories must still receive case-by-case authorizations. 
(Soiree: Technology Update, 3 September 1983.) 
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~~~oclonal to detect and purify TNF 

To detect and IXJrify an elusive antitunor d~, Jaµrnese re::earcre"S have for the 
first tim~ developed a moooclonal antibcxiy for rabbit tunor necrosis factor (TNF) , which is a 
manmalian protein that destroys sane types of culttred cancers, such as malignant hunan lll'lg 
and melanana cells, in vitro but has no effect on nonnal cells. Unlike interferon, it has no 
species specificity, does not involve the inmune systan, an:i directly attacks cancer cells. 
Hideo Naruuchi of Tokyo lhiversity' s Institute of Biological and Phannaceutical Testing and 
~veloµnent, arrl Katsl.IDara Haraneka of the pathology arrl ptannacology department, both at the 
Medical Scoool, who developed the antibcxiy, plan to "mass produce" T~ by gene splici~. 
They will use the monoclooal antibody first to xreen for expression of the protein in the 
recanbinant hosts, then to purify the fact.er by linking the antibodies to a chranatographic 
colunn. ilirrently only limited anomts of animal TtF are available. 

To prodl.X!e their monoclonals, the group f"_rst activated the rabbits' immme systems 
by infecting lhem with anaerobic microorganisns, CorynebacterillD sp., arri then challe11ga:I the 
an:mals with a ba:::terial toxin that indtx!ed them to prcxiuce TIF. Mice were inject.ed with the 
rabbit ~NF, and their antib<Xiy-producing spleen cells ~re fused with malignant mouse bone
marrow cells to prcxil.l:!e the monoclooal-antibody-generating hybridana cell line. (Extracted 
fran McGraw-Hill's Biotechnology Newswatch, 1 August 1983.) 

• 
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Sane ,Tapanese R&D biotechnology finns 

Ajinomoto Co. 
Asllhi Chemical Industry 

Mlin producu 

Foodo, 8tnino 11eicll 

Various chemicals 

Daini~n Ink Si>Kialty chemical1 
and Chemicals 

Denki Kae-ku Kogyo K.K. Cement, chemic.els 

Green Crou Corp. 

Hoechst Jap•n Ltd. 
Ja~n Synthetic 

Rubber Co. 
K•nebo Lid. 

Kuraray Co. 
Kanegaiuchi Chemical 

Industry 
Kao Corp. 
Kikkom•n Corp. 
Kirin Br.-ry Co. 
Kyo- H•kko Kogyo Co. 

Lion Corp. 

Meiji Seiko Kaisho Ltd. 
Mitsubishi 

Chemical Industries 
Mi11ubishi Yuka 

Pharmaceutical Co. 
Miuui 

Petrochemical lndustrin 
Mitsui Toatsu 

Chemicals. Inc. 
Nippon Paint Co. 
Nippon Roche K.K. 

Nippon Zeon Co. 
Oji Paper Co. 

Drugs 

Drugs, specialty chemiuls 
Rubber 

Fibers arid textiles 

Fibers 
Plastics, specialties 

Detergents, toiletries 
Soy sauce 
Beer 
Amino .:;ds, drug•, 

beverages 
Detergents, toiletries 

Antibiotics. confections 
Various chemicals 

Drugs 

Petrochemicals 

Various chemicals 

Paints, coatings 
Drugs, toiletries 
Rubber. polyvinyl chloride 

• l'Olp and -r 
Ouuka Pharmaceutical Co. Drugs 
5-mi Chemical 

Rese•rch Center 
Sankyo Co. 
S.nyo Chemical 

Industries 
Sopporo Bre-ries Ltd. 
Shinogi and Co. 
Showa Deriko K.K. 
Sumitomo Chemical Co. 

Suntory ltd. 

Drugs 

Drugs 
Specialtv chemicals 

Beer 
Drugs 
Various chemicals 
V1rious chemicals 

Beverages 
Takeda Chemicol lndus::ies Drugs 
Teijin Ltd. Fibers 
Toray Industries Inc. 

Unitik1 Ltd. 

Yamanouchi 
Ph1rm1c1utical Co. 

Fibers 

Fiben. t .. tiles 

Drugs 

Cl.,,,i,. of lnurteukin·2 
G.,-vna..im«feron. tumor-necroais fector 

Foods by Diii fusion 

Miaophllp ....... tion inhibition f.:tor 
{for C8l>C9I" applications) 

Alphe-, t.11· • ....,ma-interferon. 
leucocyte-stimulating f.c:tor 

MonocJon.i 811tiboc1Ws 
C.nar-dillgnosis agenu 
Cell cultures 
Drugs by cell fusion, cell culture 
and fixed anzymu 

Drugs by ..,..le engineering 

lnaulin. inwferon 

Foods by ..,...1c engineering 
Soy sauce ,,;. bioructor processes 
Ynsts by cell fulion and ge~•tic engineering 

CanC81' Inst. of Tokyo 
O.inippon 

Pharmaceutical Co. 

Institute of Immunology 
Hana Biologics Inc. 

Bea-interferon C.ncer Inst. of Tok'.'O 
tissue plnminogen ac:tiv•tor 

Biomas by fiud enzymes. plant11rowth 
hormones by genetic engineering 

Interferon G.D. Surle and Co. 

Endorphin via genetic engineering, 
monoclonal antibodies. 

Uroki.- by call culture Nippon Abbon K.K. 

Drug i..,.:ients vii cell culture 

L-tryptOC:lhan via er!ymatic ruction 

Drugs. via cell culture 

Interferon 
Synthetic DNA 
T r•11rD"'lh f.:tor vi• protopl111 
-nltion, cell fusion 

Interferon. via cell fusion 
Peptidll5 for uncer research 

Drugs by cell fusio'1, genetic engineering 
Ciinjgil r-ts. via fixed enzy:.1es 

Y .. ts by cell fusion 
Insulin 
L-trypiophan, via ferment11ion 
Interferon 
hum811 growth hormone 
grOWlh.ftonnone releaser 

Drugs, including interferon 
Drugs, including interferon 
Monoclonol 111tibodies 
Drugs, including interferon 

Adenolinetriphoaph11e. monoclonal 
antibodies 

Alpha-Jnterf•on 

Eli Lilly & Co. 

Wellcome Foundation 
KabiVitrum 
Salk Institute 

F. Hoffmann·L1Roc~e 
Hybritech Inc. 
D1iichi Seiyaku Co., 

Genen1ech Inc. 
Institute of Physical 

and Chomic1I R-.rch 
Essex Nippon Cc. 

(Soi.rce: Chemical Engineering, 22 August 1983.) 
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Mexico 

Biotechnology centre to open next year 

Constrtetion of the Research c.enter for Genetic Engineeri~ and Biotechnology at 
OJernavaca will be ccmpleted this year. Research staff are expected to start mOV'i~ in early 
1984. The centre, emphasizing applied research aimed at specific Hexicdll needs, will w:>rk 
on 16 projects incllD~ nitrogen fixation, amino acid and single-cel.l-prot~in prodix:tion, 
microbially enranced oil recovery, and microbial electrodes, an:i JX>SSibly vaccine bier 
synthesis. (Extracted fran HcGra~ill' s Biotechnology Newswatch, 1 August 1983.) 

Netherlands 

University to receive 2.5 million .;uilders annually for biotechnology research 

The Netheclands govemnent annol.l'lced it will grant the University of Amsterdan 
2. 5 million guilders ($845, 000) a"U'u.Blly over the next decooe for biotectnology research, 
expected to focus on pharmaceutical:... and fermentation. The fl.l'lds are part of a 70-million
guilder SI.ID earmarked by the goverrment for biotechnology thro~h 1988. Approximately half 
the money will be spent on applied research. (Extracted fran McG:--a\Hiill' s Biotechnology 
Newswatch, 3 October 1983.) 

Dutch researcher uses bacteria to extract sulfur fran coal 

In a bench-scale reactor, microorgani.3ns renoved 90 per cent of the sulfur fran a 
sample of coal in t\IO weeks. 

T. F. Huber of Delft University built a sy.o•.--- made up of a 10-litre mixed-now react.or, 
in which a bacterial culttre danL"'la.ted by Thiob<:i.1.:illus ferrooxidans proliferated, connected 
to a plug-flow reactor where t.he cul twe continued to oxidize most of the sulfur in the 
coal to soluble sulfates. He fol.l'ld, after condt.Cting five experiments with 16 per cent to 
19 per cent w/v coal slurries contain~ 2.3 per cent sulfur, trat in the mixed-now reactor 
a correlation existed between bacterial growth and pyrite (RdS2) oxidation, the qwntity 
of organisns determining to a point the oxidation rate. Their growth rate being 0.053/h, 
the bacteria w:>rked most efficiently with a residence time of at least 20 hours. In the 
plug-flow reactor, an increasing divergence between bacterial growth and pyrite oxidation 
was found - growth stopped after about 130 hours, but oxidation continued - dedix:ing pyrite
surface-limitation as the cause. The Dutch Project Office for Energy Research supported w:>rk 
as part of a programme aimed at finding a Wiy to take sulfur out of the hydrocarbon before 
burning it as fuel. &!ch removal could eliminate s:me of the drawbacks of using the coal as 
an energy source, st.Ch as the canpound' s possible link to acid rain. (Extracted fran 
McGraw-Hill's Biotechnol0gy Newswatch, 1 August 1983.) 

United Kingdom 

British government's second biotechnology ccmpany 

Agriculti.ral Genetics Corporation (AFC), the British goverrment' s secoo:i venture into 
the biotechnology business, is backed by the British Tecl'llology Group, the oil ccmpany 
Ul tranar, the investment group Advent Tecl'llology and Advent Ellrofund. It will have a first 
option to exploit work carried out at five of the Agricul twal Research Col.11cil' s research 
institutes. 

The ccmpany will w:>rk in three areas: nonconventional plant breeding (using genetic 
engineering for instance), microbial inoculants to replace fertili.7.ers, arx:I biological 
pesticides arx:I herbicides. (Extracted frCJD New Scientist, 28 July 1983.) 

Blood proteins research receives little govenmient support 

Blood proteins is an area o!' genetic engineering research in W'lich w:>rk in Eritain 
matches the best in the world, is not getti~ the E;OVernnent fl.D'lding it needs, arx:I depends 
heavily on voll.l'ltary donations which are expensive and 1.11safe. Acoord i~ to a spokesnan of 
Speyw:>od laboratories, genetically engineered prodtr.ts could be a viable alternative, maki~ 
paid donors a thi~ of the past, yet in Eritain there is little sign that they are investing 
in the essential R&D necessary to enter this market. 

It is estimated that the current w:>rld market for blood prodt.Cts frcm the traditional 
source, hunan pla311a, is w:>rth about $1 billion a year. Prod~ts incline :..unan serun 
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albllllin, used as a blood exten:ier for treatirE; severe burns, an:i blood factors VIII an:i 
IX. Britain spen:is millions of ix>tnds es.ch )'ear imix>rtif@; freeze-dried plasna fran the 
Unitei State3, ~ich ti1~::tt: Ueif:' ceu·~-·ie.s a 5iiil.ll 1isk vf c..vu.;eyir~ m.rt.v-iAii&U;.a~ d~f!.~iar.cy 
syndrane, as well as hepatitis, 1'lich geneticlily erE;ineered i:roteins should eliminate by 
providing pure protein with fewer side effects. 

The American genetic engineer~ ccmpany, Genentech, 1ies the first to splice the gene 
for hlllla..'1 albunin, first into bacteria, then into )'easts. fut, this nation of beer drinkers 
has prod~ed sane of the finest experts in ~he world in contfawus fennentation (capable 
of rwning for mooths at a time) 1'lich seens the logical approach to prod~ing the hll1dreds 
of tonnes of albunin that will be required. (Sotrce: New Scientist, 25 August 1983.) 

Celltech links with Sankyo 

Cell~h has granted licences to the Sankyo c.cmp;my of Tokyo lotlich give it world-wide 
marketing rights for tWl therapeutic i:rod~ts that will be developed at Cell tech' s labor
atories in Britain. Celltech will receive licens11:1!; fees, develoµnent costs and royalties. 

The tWl i:rod~ts are hllllan tissue plasnin~en activator and calcitonin, a honnooe 
involved in calciun regulation. Celltreh has already cloned genes for both molecules in 
bacteria an:1 hopes to have the i:rod~ts on the market within four years. Sankyo will be 
resix>nsible for seal~ up prod~tion on camnercial levels. The tWl ccmpanies will ala:> 
collaborate in research on katacalcin, a recently-discovered oonnooe with properties similar 
to calcitonin. 

Tissue plasnin~en activatcr (tr-PA) is a thrcmbolytic agent that has ix>tential to 
replace urokinase and streptokinase, both of which have the disadvantage that their action 
is relatively unspecific an:1 that they may stimulate a trcxt>lesc:me i.mnn..lle reaction. The 
Jap:mese market for thranbolytics is valued at £100 million a year, altoo~h such prod~ts 
are m~h less widely used in the United States. a.it a cost effective replacanent with the 
advantages of t-PA might change that. At least two other ccmpanies, Biogen in ~itzerlan:i 
(collaborating with F'Jjisawa in Japan) am Genentech Inc. in the United States are also 
\.Prking on tnman tr-PA. 

Calcitonin is at present used in treati.1:1!; Paget' s disease and hypercalcaemia. It 
may also prove to be useful for osteoix>rosis, W'lich is a disease of considerable e'.!OOOOlic 
imi:x>rtance, beirE; the cause of many bone fractures in older 1oDDen. (Source: Nature, 
15 September 1983.) 

Britair. stays cool over genes in court 

British authorities seem mconcemed about the prospe:r. of a court battle over gene
splicing. No Wlrk similar to that wder way in the US is contemplated by the goverrmentr
f\.llded Argicul tural Research Cotncil (ARC), an:i industrial projects, if there are any, have 
not reached the field-trial stage, according to a spokesnan of the Genetic tinnipulation 
Advisory Group (GMAG) which advises the goverrment on reccmbinantr-DNA matters. The C11AG 
and other goverrment groups decided last year that the question of releasirE; genetically 
manipulated microbes to the atmosphere or planting genetically-tailored plants outside lo«luld 
be decided oo a case-by-case basis. 

Dr. Dick Flavell, a plant biologist at the Plant Breeding Institute in Cambridge, thinks 
that in any case the question of potential damage to the environnent revolves ar0tnd row 
robust these microbes will be in ccmpetition with the thousan:is of bacteria that normally 
lnfect the soil, lie on plants an:i float in the air. 

Ordinarily these strains of psuedanonas invade the plant cells at a certain tanperature, 
then secrete sane cheuical. which precipitates the formation of ice cyrstals aro1i1d than. 
Theae ice cyrstals physically rl.4)ture the cell membranes, cawsing frost danage. The basic 
principle of the /aerica'l experiment is to delete the gene 1n the bacteria totlich progranmes 
the prodootion of this chemical so the neutered bacteria will no longer "seed" ice crystals. 
(Soiree: New Scientiat, 22 Sept611ber 1983.) 

The British picture 

The opening up of Ministry of Defence research establistments a"ld the renoval. of the 
fritish Tecmolcgy Group (BTG) mcnoi:x>ly over govemnent--f\a'lded research is 1.1111.kely to 
result in a flood of new prodoots. 
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One of the most important differences between the lliited Ki~dan and the IB in the 
developnent of high-technology canpa.nies, is that Eritish canpanies CanrX)t offer the same 
share option schemes as their canpet1tors e>cross the ~i.l<S"1Li(;. Ii1e:1<:a5CS itt :;tare ·::::l:.:e~ 
under these schemes in Eritain are treated as inccme, incurring higher tax rates, especially 
for highly paid key employees, than in lmerica, where they col.llt as capital gains, al'li 
~cordingly taxed at a l~r rate. This is even mere disastrous for ti:~ fledgling bio
tectnology canpa.nies, of W'lich there are very few in Eritain canpa.red to the US. 'fut change 
is on the w:i.y. The first target will be Cell te'" ;., Iritain' s only genetic engineering canpa.ny 
supported largely by g011ernnent money and a r.onoortiur. of private investors. At the manent 
no more than a fe-.. per cent of the total share capi ta1 is in staff hands, but this may 
shortly be "slightly exterrled". fbwever, this ncM'lere matcres canpanies si.ch as the San 
Francis:>-based finn Cetus with repor~ly ~2 per cent of its share capital in staff harxis. 

A source within the British Govel'T1!lent' s progratlllle on biote~l'nology admits that the 
change in BTG's role will create more freedan and "a wider set of o~rtt.11ities" but he 
thinks that safeguards are necessary to make sure that pti>licly funded research does not end 
up being exploited by foreign canpa.nies. <Xl the other harrl, lbnald Colman (director of the 
Laboratory of the Goverrment Chemist arrl hea..1 of the IXiI 's Biotechnology Programme) said t!".a: 
biotech!:ology is pa.rt of an international market for skills arrl ideas, and that one canno~ 
expect safeguards. What one should do is create a climate in W'lich people will W3.nt to 
w:irk. (Extracted frcm New Scientist, 22 September 1983.) 

U.S.A. 

Navy launches five-year R&D programne to make stmtegic bicmolecules 

The U.S. Navy began a five-year, $13-million programme using biotechnology. To explore 
lotlat biotechnological areas the Navy should investigate, tre National Research C.Ol.llcil 
(NRC) brought together 27 ac~enic ~d tw:i industrial biotectnologists at a C.Onference on 
Bianaterials. 

The Ncivy' s needs inclu::le irmnobil ized enzymes arrl whole cells, molecules used in 
adhesives, coatings, lubricants, soL11d and chanical senrors, al'li industrial-scale chemical 
processes. The Navy will do its OW1 in-house biotechnological research at the Naval Research 
Laboratory in W::i.shington, D.C., the Naval Bioscience Laboratory in Oaklarrl, Calif., ard the 
Naval Air ~veloµnent Center in ienninster, Pa., contracting to industry and ll'liversities 
research with scientific merit arrl relevance. If any of the contract i.nrk is patented, tre 
patent will be assigned to the inventor, with the Navy retaining rights to use the i:;r0cess 
or prcxloct royalty-free. 

Ir. fiscal year 1985 the naval Air Syst611s C.ornmand - which is funding the five-year PMl 
pr~ramme along with the Office of Naval Research - wili exanine the research firrlill?;s. 

Research will cover a whole rost of subjects ranging fran medicine, corrosion control, 
food prcxlixtion, lubricants, sotl'ld and ctemical sensors, enzymes, adhesives and 1oE1.ste 
disposal. (Extracted fran McGraw-Hill's Biotechnolcgy Newswatch, 3 October 1983.) 

The American Type Culture Collection 

The American Type Qil tuce Collect1on, a non-profit making organiz.ation estabJ ished ir. 
1925, houses one of the most diverse collections of strains in the w:::>rld with over 31,00C 
different strains of algae, b~teria, b~teriophages, ftilgi, plant and animal viruses, 
antisera, protoz.oa and cell lines, plus a rapidly growing oollection of plasnids, recanoinant 
OOA vectors and hybridanas. Areas of regearcr1 focus on canparative microbiology, microbial 
systematics, canpute!"-assisted identification, freeze-drying of microorgani31ls and biologic~ 
reagents, culttre safekeeping, pla311id i:;rei:aration, mycolpla.311a testing, karyotypir.g ard 
virus purification. In addition the A'ICC serves as a p:i.tent cul ti.re repository as well as a 
cell information bank arrl hybridana bank. 'r."le A'ICC has al::o recently begLll1 a w:ir-kshop serie~. 
encanpassing a variety of topics. Address: 12301 ParklaW1 Drive, Rockville, Marylar' 20852, 
USA. 

Cente1· for Crop Molecular Genetics 

Center for Crop Molecular Genetics and Genetic Ehgineering will be set up at University 
of Illinois (Cl"lampaign, Il) with funds fran SOHIO - Stan::lard Oil Co. (Ohio) (Cleveland, 
Oh). The centre will receive -3bout $2 million over five years. Progr-dfllmes will focus on 
mol~ular geneti.cs of major crops, particularly corn aOO ::oybeans. (Source: Genetic 
Technology News, Septanber 1983, address: 158 Lini.«:>cxl Pla?a, P.O. Box 1304, Fort Lee, NJ 
07024, USA.) 

• 



- 45 -

Genentech links with Hewlett;,-fackard 

The Californim biotectnol~ canpany Genentech has sigred ~ with ~wlett-Packard to 
develop a range of instrunents ror use rn the maustrial application of biotechnology. Tne 
new organization, whose creation lSS agree:i on 20 July, will be mcnageci by ~wlett-Packard, 
which will be the major Olil'ler of the ne:1 canpany and which expects to contribute $10 to 
$20 million in the next five or six years. 

While gene synthesizers and similar equipnent may provide the rew canpany with something 
to make in the immeciiate futire, both partners emphasized that they have set their sights on 
the developnent of irastnments that will have a nattral pl~e in scaloo-up pro:loction 
processes. (Sotrce: Nature, 4 August 1983.) 

Genex links with Yoshitcmi 

Yoshitani PharmacelLical Industries (Jaµin) will jointly _·.·elop genetically engineered 
hunan interleoon-2 with Genex (US). The immt.11e mo:lulator may be 1..5eful to treat acquired 
immt.11e deficiency syndrone (AIIJ3). Imnune modulators control growth, differentiation or 
ft.11ctioning of cells in the bcxiy' s immt.11e system. li.lnan interleaun-2 is pr'.:"' ce:i by white 
blood cells, and may prcmote the growth of thymus-dependent lymphocytes or T-cells within and 
outside the body, thereby act~ as a virus-fighting agent. The sti>stance may als:> prove 
useful in laboratory wurk on ccwicer therapy and in i.nmulodiagrosis. (Source: Technology 
Update, 3 September 1983.) 

USSR 

Biotechnology effort 

While many Western canpanies have entered tne field of biotechnology to proou::e 
engineered genetic materials, the Soviet effo,·t has been far more basic. The main objective 
of the U.S.S.R.'s Oiief hbinistration for the Microbiological Industry (referred to as 
Glavmicrobiopran) is the mass prcxh.ction of feed proteins, arnim acids, and diet supplanents 
for the comtry' s livestock imustry, one of tne most U'ldernm.rished in the w::irld. 

A stu:ly recently put out by the <ECO notes that if the USSR could raise the crnount of 
digestible protein in an average kg. of animal feeci tran tl"E p-esent 85 g to 110 g, tre 
cot.11try' s feed-conversion ratio (the kilogrammes of feeci reecied to prodlX!e a kilogramme of 
meat) w::iuld improve by 30 per cent, thereby saving 25 million tons of grain per year, ard 
mald.ng grain imports al.most tnnecessary. 

Because the country's lam mass is so far oorth, the USSR has virtt.ally no chance to 
grow natural protein in the fonn of 3Jy ( \oklich requires a l<Xl!; growing seas:>n ard lots of 
moisture). Imports of roy and roy meal rave junpeci tran zero tD 3 million metric tons 
annually fran Brazil, Argentina ar:rl the U.S. A. in tre past five years. 

The U.S.S.R. now manufacti.res 1 million m.t./yr of proteins in industrial-scale 
fennenters, and hopes to dOl.ble prodtrtion during tre current 1981-1985 Five-Year Plan, but a 
series of articles in the Camnnist ?-arty daily Pravda recently noteci that actl.0.l danard wil 1 
be for 4 million m.t. by 19&5, aoo a:iJs that Cl.AV-MICRClHOPR(}1 has not increased outp~t 
appreciably in the past three }ears. In addition, the rul~ Politbtro noted at a special 
session in M:l.y that the Cllief Aaninistration "lacks a businessli.kf! attitu:ie ... arrl a sense 
of detennination i.tien it canes tD fulfilling state prodtx!tion plans, and introducing new 
technol~y." 

The basic Soviet tectnol~y for prodlX!ing feed proteins by woo:! h~rolysis is now almost 
16 years old. In this process, a cellulose s~ar is enriched with mineral salts, ard mLxed 
in a fennenter with a yeast cul tll'e, yielding a powier of about 50 per cent protein content, 
plus vitamins. Most Soviet research in biotecmology has been devoteci tD findir.g a hydro
carbon raw material other than cellulose to use as a feecistock. The most pranisine appears 
to be paraffin, which the Soview says they cc:.-1 reclaim as a by prodl.X!t of oil refinirg, or 
natural gas, a concept that is still in the experimental stage. 

The Soviets als:> claim to have developed a mass-pro:ll.X!tion p-ocess for making the amino 
acid lysine fran molasses, lotlich they obtain as a i.aste pro:ltx!t fran the col.rltry' s sugarbeet 
plants. One litre of molasses yields beti.een 40 and 70 g of lysine, and tre Soviets hope to 
gear up for the manufacture of 17, 000 m.t ./yr of the acid ty 1985. Soviet sc ienlists are 
also experimenting with rec<Nery of lysine tran acetic acid. (Extracted f'ran Chemical 
Engineering, 8 August 1983.) 
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Sweden 

Swedish/Hungarian team to maice food au<litiv~ 

!lreden and tlmgar7 have set up a joint venttre to prodt..Ce a bacterial prodt..et its 
manufacttrers say conserves fodder arx1 prevents enteric diseases in piglets aoo calves. The 
finn, ~nopffinn Ltd., prcxlt..Ces lactifenn M 74 fran Streptococcus faeciun M 74 arx1 conserves 
corn and grass silage by lo\ering the fodder's pH, thereby prevent~ the growth of 3)11le 
fU'lgi and yeasts. If fed to yoll'lg cows and pigs before their intestinal flora develop 
fully it can stop the growth of 3)11le pathogenic ~teria ~h as Salmonella, Shigella, 
and enterotoxic Escherichia coli. (Extracted fb:m H<Gra~ill's Biotechnology Newswatch, 
1 August 1983_) 

PATilll'S 

Genetic patents 

The Cohen-Boyer i:etent, for the basic proc~ss of genetic manip.ll.ation of bacteria, was 
thrust back int.o the 1 imelight with the filing of an lI'lUSual petition seekifll; to reopen to 
public view the Patent Office's action on the perxiifll; application. Altho~h i:etent applica
tions are by law confidential, Stanfbrd University and the lklivtrsity of California origi
nally waivoo their right to secrecy, but later tad the file closed t.o the pli:>lic. 

At the erxi of August the petition \IBS filoo to reopen the process to plblic view on the 
grotilds that the only justification t.11der the law for the secrecy of a perxii.fll; application is 
protection of trcw:ie-secret material; by giving access to the file initially, Stanford had 
already exposed any si.ch information. 

New York's ColllDbia University was last week granted a (BWnt that is widely viewed to 
be of sweeping importance t.o the futtre canmercial prodt..etion of proteins fran manmalian cell 
cul ttres. The process pat. "lted was developed by Dr. Richard A.xel ald his colleagues. It 
enables t~ new genes to be .,.-!Jultaneously placoo and acti·1ated in manmalian cells. Che acts 
as a selectable marker, the other prodi.ce~ a protein that is trlder stwy or cf C(]JllDercial 
value. 

The ability to intrcxii.ce selectable markers is a key to the ccmnercial use of manmalian 
cells in tiotectnol~y applications. The markers allow easy is:>lation of the transfonned 
cells. 

Mammalian cells will probably be used to prodt..ee proteins Uat are toxic to bacteria or 
tr.stable in bacterial systans; aanmalian cells offer in addition the Sli>stantial a'.lvantage 
of being easily indt.eed to secrete their protein prcxlt..Cts. Thus, ll'llike bacterial cells, 
manmalian cells do not need to be destroyed to harvest the prodt..et. The ability to maintain 
stable lines of protein-prcxiteing cells al~ allows for manipulation of envirormental factors 
to optimize prodt..Ction. 

Foreign patent applications for the process are perxiifll; in West.em llirope, Jai:en, Canada 
and Australia. Two a:iditiona.l US patents covering related 1i1:>rk on gene pranoters aoo anpli
fied genes are al~ perxi~- (Soiree: Nature, 25 August 1983.) 

Selection of recent patents 

Assignee 

Ajinanoto 
(Jai;an) 

~on C.Orp. 

Aj ioonoto 
(Ja(Bn) 

Upjotn 

Patent Nl.Dlber/ 
Title Date Issued 

"""trod for Prodt.eing L-Valine by Fermentation." 4, 391, ~7 
5 July 83 

"Hicrocapeul.es C.Ontaining Viable Tissue tells." 4, 391, ~9 
5 July 83 

"HetOOd for Prodt.eifll; :....Glutamic Acid by Ferw1entation." 4, 393, 135 
12 July 83 

"Cloning Plasnid for Streptanyce~." 4, 393, 137 
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Assignee Title 

Yale llliversity ~thod for Cloning Genes." (cmA synthesis frail 
mRM mixttre and identification of !"ransfonaant 
ccntaining desired gene). 

Fraicis C. &aka, "Heth:>d of Insert~ 00 into Liv~ Cells." 
Jr. am 
D. P. P"aµil'adjoIXJulos 
(inventors) 

Ethyl Corp. "L-Proline Fran l.lgae" 
Rictmom, Va. 

President and "Polypeptide Degra:!ing F.nzyme3" 
Fellows of 
Harvard Coll~e, 
Cambridge, Hass. 

Talres Develo~ent "Immobil i.2Jed &cterial Etha.no::. Prochction2 

(N.A.) N. V., 
Netherlands Antilles 

E. N. I. llite "New Sotrce of Uricase" 
Nazionale 
ldrocarburi 
Rome, Italy 

Takeda Cllemical ~thod for Produ::ing Citric Acid" 
fadustries Ltd., 
Osaka, Japm 

Universite Pierre "Prcmpt Diagnosis of Herpes Simplex: Virus" 
et l'brie Curie and 
Institut P"astetr 
Paris, France 

Enw Biochem, Inc. 
New York, N.Y. 
U.S.A. 

Imperial Cllemical 
Industries PLC, 
lorxion, United 
Kingdcm 

"Rapid local Treatment of Herpes" 

"Contimnus IX'ying Apparatus for Sir:e;le-Cell Protein" 

The Wistar Institl.C.e "!WA Which c.odes for Glycoprotein of ERA-Strain Rabies 
Virus." 

Medical Coll~e of 
Georgia Research 
Institlt.e 

University of 
California 

Colt.mbia 
University 

Shionogi & Co. 
(Jai:an) 

lmllnnex Corp. 

Shionogi & Co. 
(Jap:tn) 

~thod for the Direct Analysis of Sickle Cell Anenia." 

""'..ene Transfer in Intact ~s." 

"Processes for Insertir:e; 00 into fucaryotic Cells and 
for Produ::ir:e; Proteinaceous 1-Bterials." 

"Semi-Synthesis of ti.man Insulin." (C.onverts animal to 
htman insulin chemically and with Streptcayces enzyme). 

"Process for Prep:tring fllnan Interle\Jdn-2" (Prodt.Ces 
Il.-2 in hunan malignant T-cell line). 

"Semi-Synthesis of lbnan Insulin." (Same as 4,400,465, 
above, but uses different bacterial enzyme). 

Patent Nt.mber/ 
Date Issued 

4, 3~ ,443 
19 July 83 

4, 3~,448 
19 July 83 

4' 3c;(l , 624 
28 June 83 

4, 39J ,629 
28 June 83 

4, 393' 136 
12 July 83 

4,398,485 
21 June 83 

4, 389,484 
21 June 83 

Effi 084 013 
12 Jan. 83 

Ero 080 032 
26 Aug. 82 

Effi 080 277 
1 Nov. 82 

4, 393,201 
12 July 83 

4, 395 ,486 
26 July 83 

4,39),601 
2 Aug. 83 

4, 399,216 
16 Aug. 83 

4, 400, 465 
23 Aug. 83 

4,401,756 
30 Aug. 83 

4,401,757 
30 Aug. 83 



Assignee 

Harvey Rubin 
(Inventor) 

Ethyl Corp. 

University of 
MinneSJta 

University of Ioi.a 
Research Fotndation 
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Title 

"~tection an1 Isolation of Glt.eagcn mRNt\ Using a 
Synthetic Oligcxieoxymcleotide." (Hybridization process 
isolates mRM fran i:ancreas cells) . 

P::it.Pnt. Nunber/ 
Date Is3ued 

4, 401, 759 
3) Aug. 83 

"Adenine Preparation." (Cllemical synthesis of ccmpo1I1d) . 4, 401, 814 
30 Aug. 83 

"In vitro IIU~rotein Viral Assembly an1 Cene Cloning 
System." (~tmd for e~apsulating genetic material). 

~ne:tic Reagents for Generating Pla.<nids Containing 
~ tiple Copies of I:NA Segments." (Pla:mids wi. th 
sequ:mces containing 3 cleavage sit~s) . 

4' 403' 035 
6 Sep. 83 

4,403,436 
6 Sep. 83 

Stichting ~thod of llilti.r~ Hybridcmas." (Endothelial cell 4, 404,279 
13 Sep. 83 Dr. Karl larrlsteiner growth fact.or). 

(Netherlarrls) 

Steven Gillis 
(Inventor) 

Transgene, S.A. 
(Paris, France) 

Zaidanrouzin 
Nagoyashi 
Kogyogijutsu 
Shinkolcyokai 
(Aichi, Jap:1.n) 

fuW3.rd Florey 
Institute of 
Experimental 
Itlysiolcgy arrl 
Medicine, 
(Parkville 
Victoria, 
Australia) 

Bicgen N. V. 
Willenstad 
Curacao, 
(Netherlarrls 
Antilles) 

"Process for Prcp:1.ring M.Jrine Interledcin-2 in the 
Presence of Interleoon-1 frcm an Interledcin-2 
Nonr.rodu::er Mil ignan t Cell Line an1 Cell Line TI1erefor." 
(Cell line requiring IL-1 to stimulate II...-2 prcxit.etion). 

"Vect.or for Catecool 2,3-0xygenase" 

'\Jsing Microorgani3Jls for Bi.oreccwery of Silver fran 
Phot.o Film" 

"Cloning Porcine Relaxin Gene" 

"Prepari~ lllllan f'ran Non-Htnan Ins.tl. in" 

4,404,2!b 
13 Sep. 83 

ER:> 086 139 
27 Jan. 83 

ER:> 086 841 
20 Aug. 82 

ER) 086 649 
11 Feb. 83 

WO 83/02TI2 
ER:> 087 2J8 
7 Feb. 83 

(Sources: Genetic Tecmology News of August, Sei;t.ember and C:Ctober 1983. Adress: 158, 
Linlo«lcxi Pla7.a, P.O. Ibx 130!1, Fort Lee" N.J. 07024, USA arn McGra~Hills Biotechnology 
Newswatch of 1 2rrl 15 August, arrl 17 Oct.ober 1983.) 

PUBLICAT~S 

~ew journal 

A new bi-monthly Jamal was latnctr.d by Elsevier Publications of CKnbridge, UK, earlier 
this year. Trends in Biotechnology ptblishes concise, clearly presented articles on all 
aspects of biotecmology arid Jl"CNides a convenient and authoritive fonn of COOl!ltl'lication. 
Their aim is to iresent topical review and feattre articles w-itten by invited eicperts, W'lich 
can be l.llderstood by all lotX> te.ve a serious interest in biotecmology, arrl to do oo witoout 
over-simplification an1 trivialization. The a1 it.orial board is an international group of 
scientists and tecmologist:s ~se expertise covers all a.spec~ of biotecmology and 1"lo tave 
links with tniversities, irrlustry, g01en111ent and research establishnents. 
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New report on the bioc~ 

Technical Insights Inc., have just issued a new report entEled Molecular Electronics: 
Beyond the Silicon Chip as the ninth in their Einerging Technology Series. The rep'.)rt 
provides an CNerview of today's molecular electronics, detaili~ problems, possible s:>lu
tions, prospects arrl obstacles; it deS'.!ribes what each research group is doing and gives key 
names and addresses. Key patents already issued in this new and rapidly maturing field are 
referenced, as well as major 1 iterature references. At $227 per ccpy plus $20 for CNerseas 
buyers its not exactly c!Eap, but if one orders a copy and is not happy with the content arrl 
valLE of the report one can reti.rn it within a fortnight and get the money back. (Address: 
Technical Insights Inc., 158 Linwood Plaza, P.O. Box 1304, Fort Lee, N.J. 07024, USA.} 

Booklet on India's biotechnology status 

The Department of Science and Technology's National Biotechnology Board has recently 
isstEd a booklet on the status of biotechnology in India. In order to co-on:linate the R+D 
programmes in biotechoology in different national agencies and to provide appropriate 
direction for future R+D and traini~ prcgranmes, the governnent found it essential to 
f0nnulate t!E long- and short-tenn plans in the field of biotechnology. The status rep'.)rt 
was canpiled on the basis of information provided by the various agencies and gives an 
accornt of t.reir ongoing research programmes. The booklet is available upon request fran the 
National Biotechnology Board, Dept. of Science and Technology, Technology Etlavan, New 
Mehrauli Roal, New Delhi 11CXl16, India. 

Recent UNilX:l publications 

The following is a selection of the µ:i.pers preserit.ed at the Ministerial-Level Pleni
potentiary ~eting on the Establistment of the IntematL.mal Centre for Genetic Engineering 
and Biotechnology, Madrid, ~ain, 7 to 13 September 1983. 

ID/WG. 397 /1 

ID/WG. 397 /2 

ID/WG. 397 /3 

ID/WG. 397 /4 

10/WG. 397 /4/Add. 1 

ID/WG. 397 /4 /Add. 2 

ID/WG. 397 15 

ID/WG. ~:17 /6 

ID/WG.397n 

ID/WG. 397 /8 

Language 

Report of the Selected camnittee E F S 

Financial M:ltters Relating to the International E F S 
Centre for Genetic Engineering and Biotechnology 
preµ:i.red by the UNIOO Secretariat 

Practical Considerations of the Operation am Work E F S 
Progranme of ... he International Centre for Genetic 
Engineeri~ and B~Jtechnology preµ:i.red by 
EUrke K. Zimmel'lll::.nn 

Dr3.ft Statutes of the International r..entre for Genetic A C E F S R 
Engineeri~ a'ld Biotechnology pr·epared by the UNIOO 
Secretariat 

Proposed Opt ions for the A.ssessnent of the International A C E F S R 
Centre for Genetic F..ngineering and Biotechnology 
prepared by the UNIOO Secretariat 

Annotations to the Draft Statutes of the In\.emational A C E F S R 
Centre for Genetic Engineering and Biotechnology 
preµ:i.red by the UNIOO Secretariat 

Provision'.':l Ageooa E F S 

Organizational Matters E F S 
prepared by the UNIOO Secretariat 

List of IX>cl.lllents 
List of Background IX>cl.lllents 

Statutes of the International Centre for Genetic 
Engineeri~ and Biotechnology 

E F S 
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Report of the Ministerial-Level Meeting on the Establis~ E F S 
ment of the lnternat1onai ~ntre for Genetic Engineering 
and Biotectnology 
Provisional List of Particiµmts 

List of doctments for the Second Consultation on the Phannaceutical Indust 
Hungary, 21-25 November 19 3 

IDMJ. 39315 Progress Report 

Issue ano backgrolll"d papers 

ID/WG. 393/6 

ID/WG. 393/1 

Contracttal Arr~enents for the Prodl.X!tion of Drugs 
- Issue Paper 

- Itans W'lich could be incorporated in contracttal 
arr~anents for the transfer of technology for the 
manufacture of those bulk d~s/intennediates in
cltrled in UNIOO's Illustrative List 

Issue and background papers (cont'd) 

ID/WG.393/4 

ID/WG. 39313 

ID/WG. 393 fl 

ID/WG. 393/8 

ID/WG. 393/9 

ID/WG. 393 /1 0 

ID/WG. 393 /1 1 

ID/WG. 393/12 

ID/WG. 393/13 

Reference paPers 

l[)MJ. 393 /17 

ID/WG. 393/16 

ID/WG. 393/ 

- Itans W'lich could be inclooed in contractual 
arr~anents for the setting up of a pl<11t 
for the prodtetion of bulk d~s (or inter
mediates) inclooed in UNIOO Illustrative List 

- Itans W'lich could be inclooed in licensing 
arr~enent.s for the transfer of technology 
for the fonnulation of phannaceutical dosage 
fonns 

Contracttal Arr~anents for the Prodl.X!tion of Drugs 
- Bacl<groll1d Paper 

Availability, pricing and t.ransrer of teclnology for 
bulk d~s and their intermediates - Issue Paper 

Availability, pricing and transfer of teclnology for 
bulk d~s and their intermediates - Backgromd Paper 

The developnent of d~s based on medicinal plC11ts 
- Issue Paper 

The develoµnent of d~s based on medicinal plants 
- Backgrollxi Paper 

The manufacture of vaccines in developing col.l'ltries 
- Issue Paper 

The manufactl.ll'e of vaccines in developing col.l'ltries 
- Bacl<grotn:I Paper 

Relevant topics to be taken into accol.l'lt in the 
prepiratory phase of teclnology transfer arranganents 
for the prodootion of pharmaceuticals 

Sl.lnmary of industrial property protection on 
phannaceuticals in developing col.l'ltries 

K.11 ti purpose plCl'l t for the prodtetion of UNIOO 's List 
of F.ssential Drugs based on raw materials and 
intenned iates 

E F SR C 

E F SR C 

E F S 

E F S 

E F S 

E F S R C 

E F SR C 

E F S R C 

E F SR C 

E F SR C 

E F SR C 

E F SR C 

E 

E F S 

ID/WG. 393/2 011 ectory of Sources of &ipply of 26 Essential Drugs, their 
chemical intennediates and 1D11e raw materials 

, 
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N_ew report on the biochip ~/ 
. }" 

Technical Insights foe., have just issued a new report entitled Molecular Electronics: :\l' 
Beyond the Silicon Chip <-S the ninth in their Emerging Tectmology Series. The report . . :;\" 
provides an overview of :oday' s molecular electronics, detaili~ problans, possible s:>lu- . • ,'t 
tions, prospects and obstacles; it de~ribes what each research group is doing arxi gives Irey .· .-·~,· 
ames and addresses. Key patents already issued in this new and rapidly maturing field a!"" .··- · ,, 

erencerl, as well as major literature references. At $227 per copy plus $20 for aver!'F:O • ·_ · l' 
rs its not exactly c~ap, but if one orders a copy and is not happy with the content~ , .. ·.~ l 

of the report one can rett.rn it within a fortnight and get the money ba::k. (A<': 1:·<' / 
al Insights Ir.c., 158 Linwooo Plaza, P.O. Box 1304, Fort Lee, N.J. 07021!, 1::-'.'. / 

~ ,•' .. .. 
issted a 
programmes i 
direction for 
fonnulate the 1 

status -· . 
~ ~ - .. 

. ' and Technology's National Biotectrtol~ Ebar-:' .... :-~< ';~ently 
t on the st;itus of biotechnology in India. In order to c~. • ;:·:~·;.t the R+D 
iotechrol~y in different national agencies and to prC".: .r_.-_ ;-'ppropriate 

ure R+D and training progrC111111es, the governnent fo1· /·· )ssential to 
and short-tenn plans in the f"ield of biotechnolog~. ;'-·;-,'status re!JOrt 

was canpiled on 
accoU'lt of their o 
National Biotechrx>l 
Hehraul i Roat, New Del 

basis of information provided by the various · . .. .,-.. ~~·tA and gives an 
g !"esearch programnes. The booklet is avail a~· ··~·.,;request fran the 

&lard, Dept~ of Science cwid Technology. :~~l-1.'0gy Etiavan, New 
1('()16, India. . ./ / 

.. "I.I _,.,,,., 
Recent UNIOO publicatior. 

..~?/. 
Th€: following is a su on of the pipers present!' -.\:'.•~ Ministerial-Level Pleni-

potentiary Meeting oo the F.s tinent of the Intemat.. i:-·t·~; jntre for Genetic Engineering 
and BiotecMolq<y, Madrid, ~"'" to 13 Sep""""' 1'/!'_"f' 

::::::~ Report of thd _ ~i ~~WMtlDral :·::~ 
'/['_;d Biotechnology 

iat 

ID/WG. 397 /3 

ID/WG. 3<J7 /4 

ID/WG. 397 /4/Add. 1 

Organizational Matters 

~ration arxi Work 
r.entre for Genetic 

pared by 

prepared by the UNIOO Secretariat 

List of Doct111ents 
List of Background Doci.ments 

Statutes of the International r.entre for Genetic 
E'l1gineer1~ cwid Biotechnology 

E F S 

A C E F S R 

ACEFSR 

ACEFSR 
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UNIOO/IS. 402 
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ID~.393/14 
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Water we 211d efnuent in the Pharmaceutical Industry 

Prospects for i:rod~tion of vaccines arrl other immtr1izing 
agents in developi~ col.Rltries 

The need of d~ policies 

Industrial ::irofiles of phannaceutical i:roduction tr1its 
for formulations arrl bulk d~s 

Report of the Meeti~ about Tecmical Cooperation Among 
Developing C.Otr1tries (Tunis, September 1983) 

E F S 

E 

E 

E F S 

• Two (ll.pers presented at the 8th !lteeting of Hec:rls of Tectnol~y Transfer Registries, held 
at Caracas, Venezuela fran 17 to 21 October 1983. 

ID~.40515 

ID~.405n 

Date 

4~ Decanber 1983 

12-21 Decenber 1983 

14-1 5 Decen ber 1983 

16 DecE!llber 1983 

20-21 December 1983 

9-11 January 1984 

16-20 Jamary 1984 

29 January -
3 February 1984 

6-10 Febn.ary 1984 

Restrictive clauses in licensing agreenents in the E 
pharmaceutical industry by J. Cieslik 

fobnitoring of tectnology transfer agreenents by E 
regulatory agencies - an overview of policies and issues 

Title 

International Semina?" on 'Modelling and Simulation for Safety 
arrl Risk Assessnent' , London, UK, (Dr. A. J. Jolilar, Information 
Transfer International, P.O. Box 62, Beaconsfield, atcks HP9 
2NY, UK.) 

XV International Congress of Genetics, New I:elhi, India. 
(Dr. H.S. ~inathan, Planning Commission, Yujana Ihavan, New 
Delhi 110001, India.) 

Symposiun on Scaling-Up Bioprocesses fran Laboratory to Can
roorcial Stage. C.Olunbus, OH. C.Ontact: Ruth Anne Gibson, 
Battelle C.Olunbus Laboratories, 505 King Ave. , C.Olunbus, OH 
43201, 614-424-5327. 

Cannabinoids their possible therapeutic uses? London, 
UK. (Ms. Barbara CavUla, c/o Institute of Biology, 20 Q.leen~ 
berry Place, London Srl7 2DZ, UK.) 

foblecular Variants of Proteins - Biosynthesis and Clinical 
Relevance, London, UK. (Prof. P.N. Campbell, Director, 
C.Ourtauld Institute of Biochemistry, The Middlesex fbspital 
!ltedical Scrool, Mortimer Street, London W1P 7PN, UK.) 

The Olilton Conference on Inositol arx1 Phospl'X>inositides, 
I:ellas, Tx, USA. (Dr. J.E. Blees:iale, Division of Lipid 
Research, Dept. of Biochemistry, University of Texas Health 
Science Center at I8llas, 5323 Harry Hines Boulevard, I81las, 
TX 75235, USA.) 

Advances in Gene Technology: li.lnan Genetic Disorder, Florida, 
USA. (Hiani Winter Symposia, P.O. Box 016129, Hiani, Florida, 
USA.) 

Recovery of Biol~ical Prod~ts, Sea Island, Ga. Engineering 
Folrldation C.Onferences, 345 E. 47th St. , New York, NY 10017. 

Protein Structt.re and Function, Victoria, Australia. 
(Dr. Richard J. Simpson, St. Vincent's Sch:>ol of Medical 
Research, 41 Victoria Parade, Fitzroy, 3065, Victoria, 
Australia.) 



13-16 February 1984 

16-18 February 1984 

19-25 February 1984 

20-22 February 1 984 

20-22 February 1984 
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Tith~ 

Str~ttre arrl Expression of F.ukaryotic Genanes, Victoria, 
Australia. (Dr. G. Miklos, Research Sch:iol of Biological 
Sciences, A11stral ian National University, GK> Box 4, Canberra 
City, 2601, Australia.) 

The Nucleus, Melbourne, Australia. (Dr. J. Cammakaris, 
ment of Genetics, Melbourne University, Parkville, 
Victoria, Australia.) 

Depart-
3065, 

VII International Biotecmolog:y Symposiun, New Delhi, India. 
(Prof. T. K. Cllose, Indian Institute of Tectnology, Hauz Khas, 
New Delhi 110016, India.) 

International Symposiun on HPLC in tha Biological Sciences, 
Melbourne, Australia. (Mrs. S.R. Tregellas, St. Vincent's 
Sctx:>ol of Medical Research, Victoria Parade, Fitzroy, 3065, 
Victoria, Australia.) 

Tl.lllor tltrkers in Cancer Control, Vienna, Austria. (Humor 'l\nnor 
fJarkers Conference, AMEX POB No. 790459, Dallas, TX 75379, USA.) 

(Sources: TIBS, September 1983. McDraw-Hill's Biotechnology Newswatch, 19 September 
1982 and Genetic TeChnolo~ News of August arrl September 1983. Mdress: 158, Lin~oo Plaza, 
P.O. Box 1304, Fort Lee, 07024, USA.) 

REPRINTED ARTICLES 

Bright future for the biological fix by Dr. Peter Cl!eetha.m, Philip Lyle Memorial Research 
Laboratory, Tate arrl l.yle, Reading. 

(Reprinted fran Spectrum 1983/No. 184/1. Copies may be obtained in French and Spanish 
fran any British Embassy, High Carmission, Consulate or the Central Office of Information, 
Hercules Rooo, London SE1 7DU, England.) 

Putting enzymes to practical use is a technology still in its infancy. Properly 
exploited, they will make an enormous impact on the \<o'Orld probl("lls of disease, malnutrition, 
energy and (X)llution. Especially pranisir.g is the developing tt':ctnique of fixing them in 
sane '.Tay to solid particles, when they becane !mown as inmobil ized enzymes. In that form 
they are !'lore stable, easier to handle arrl can be used again or used continoously. Moreover, 
recent advances in genetic engineering will make these versatile and hitherto natural cata
lysts available cheaply, abundantly and in improved versions. 

Enzymes are protein molecules, biological catalysts that play a vital part in a vast 
nl.lllber of natural processes. They can be harnessed to speed up a very large range of 
cremical reactions, allowing them to be carried out at lower tanperatures and thereby saving 
a great deal of energy. They are extremely versatile and are stereospecific, that is, each 
kind of enzyme recognizes and ~rks on molecule.<;i of one specific spatial structure. The 
molecules, or the material on W'lich they act, is called the substrate. Several thousand 
enzymes with different substrate specificities ar-:: known already and it is certain that a 
vast mmber still remain to be discovered. 

Enzymes have many advantages over chemical catalysts or fermentation processes. The 
advantages include the very wide range of reactions that enzymes can catalyse; the plentiful 
supply of many enzymes that can be obtained fran microbes or fran certain animals and plants; 
the precise substrate specificities of most enzymes and, most ranarkably, the very fast 
stereospecific reactions that they make p'.)SSible t11der mild conditions of temperatire arrl 
pressure and in the creapest available solvent, water. 

There is, however, one big disadvantage. Enzymes are U9ually unstable enough to lose 
their activity rapidly, especially when they are used at high tanperatures or in the presence 
of organic solvents. So one '.Tay of defining enzyme tecmology is to say that it attempts to 
exploit the advantageous properties of enzymes for industrial, medical, analytical and other 
awl ications while overcoming in 9alle i.ay their inherent disadvantages. 

) 

• 
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Fennentation an:i, to a lesser degree, the use of so ht> le enzymes have long been applied 
(!(!!!!!!e~i::ol ly, for ~~pl<? i11 t:hP ::ont_ihiot.ie'!s ;:ind :;tarc~processing industries. Recentl v, 
i.n:mobil ized enzymes and cells have begun tn make thefr mark in the food, bever;_ige arxi phanna
ceutical fields. (}}e important reason "'1.y enzymes are especially useful is that they do not 
need sl..r!h canplex stbstrates as do fennentation processes, in W'lich it is necessary to 
support the g.'Owth of microbial cells. Purification of the prodl..r!ts is simpler, too: fewer 
wastes, and less of them, ar~ prcxil..r!a:i and enzymic reactions can go on l.llder corrlitions that 
would rnnnally inhibit cell growth. 

Restricting movement 

Immobilization means restricting the re~ movanent of the enzymes or cells, usually by 
attaching them to or trappfr:g them within an inert, solid support, th::ilf!;h soll.t:lle immobil iz.ed 
enzymes can be prcxi!X!a:I and are especially useful for treating macranolecular solid sub
strates. Immobilizing the enzymes or cells allows then to be used again or used con
tinmusly. It aloo ensi.res that they do mt contaninate the µ""odlX!t, for they can be more 
easily filtered off or collected by sedimentation or by using a centrif~e. S:xnetimes 
immobilization has the effect of concentrating the enzyme so that the reaction can take plxe 
in less time or- in a mere canpact container than loilen the soli.t>le enzyme is used. Moreover, 
the techniqoo may improve the stability of enzymes and cells dtring operation and in their 
response to tanperati.re, so that they can be used in i.ays that are kinetically and 
logistically more convenient. Nevertheless, it often meal's that a great deal of enzymic 
activity is lost an:i, of course, immobilization is an extra step in an industrial p!"'ocess and 
may be expensive and difficult to perform on a large scale. 

Many ways of immobilizing enzymes and cells have been dev-eloped in the laboratory but 
very few have been implanented Sl.X!cessfully on a canmercial 3:?ale. The biochemical support 
or the reagents may be expensive or toxic; immobili:zatio11 may be difficult to achieve on a 
large 3:?ale or, sanetimes, t~ im;nobil ized biocatalysts are not mechanically suitable. 

The various teclniqoos may be classified into the following main groups: 

Absorption of the enzyme or cell onto oppositely-charged support particles. 
Encapsulation inside semi-penneable manbranes. 
Co-valent boroing to chemically-activated supports. 
Aggregation or cross- linking of the cells or enzymes than:Jel ves. 
Entrapnent in polymeric matrices; gel supports prove to be especially favourable for 
immobilizing cells of plcrits and even of animals. 

Selecting the best way of immobilizing individual types of enzyme or cell is still 
empirical. The aim is to firxi a simple, cheap and ~fe way of yielding preparations that 
have the greatest po9.Sible enzyme activity, yet are stable enough for the process for w:1ich 
they are intended. 

The level of activity deperxis ~n several featires of the imnobil ization process 
itself and others that affect the access of the s1.t>strate molECules to the enzymes. 

In many instances it is preferable to use one or more enzymes st il 1 associated with 
their parent cells. This is often ~va'ltagoous W'len it ~uld be difficult or expensive to 
extract, purify or concentrate the enzyme in an active force and loilcn multi-step reactions 
using two or more enzymes working together ar-e required. 

Inunobil ized cells are especially useful in synthetic reactions that consune energy. 
In sl..r!h applications it is often neces~ry to supply nutrients to the imobil ized cells s::i 

that the reaction can proceed in a way that allows sooie growth of the cells within the 
supporting material. 8.Jt canplex or ~:;:-.~ . .:tic reactions are usually difficult to perfonn ir. 
corwentional and cheap ways, arxi the coocentration of enzyme in immobil iz.ed cell prei;arations 
is usually low. So far, all canmercially st.ecessful applications of immobilized enzymes use 
only one kin:i of enzyme to carry out a relatively simple hydrolysis, oxidation or isomeri
zation reaction an:i the enzymes are :10nnally extracellular, tl"Bt is, secreted fran their 
parent organi311. In these cases it is obviously better to immobilize the enzymes thansel ves 
instead of the cells that contain them. 

Enzyme reactors 

The container for an enzyme-catalysed reaction, with its associated punps, stirrers and 
sampling and monitoring devices i.s kno\on as an enzyme N'..actor. Its job is to µ"cxitx!e a 
specified sli>stance fran specific sti>strates at a set rate arrl as cheaply as possible. They 
might use ooluble or immobil iz.ed enzymes; they ~rk at, lo~r t€fnperattres than chemical 
reactors, and the proclt.et of the reaction does not catalyse the reaction itself as in fermen
tation. 
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An efLc ient enzyme reactor :Eould use as snall an operati~ volt.me as possible to 
procil£e a high yield of prcxh.ct fa a c~entrated fonn. &> it is very desira'ble to use high 
(;Ui-..::cfit.t-atiuus of scZst.raU; mid high cpcr-atL~ U::pc~:::.t~ee, ~rrl to ~hi.eve the g~-2.te!!t 
possible degree of conversion of sl.bstrate to Jrcxil..Ct. 

The main types are stirred an:i colunn reactors. Stirred reactors are preferred when the 
need is for gocxl muing of the:i.r contents, addition er gases or strict control of pH. Colunn 
r-eactors have '.:he ,J:tvantage of greater prodtrtivity and they keep inhibition of the enzyme 
reaction by procl.1..Cts to a minimtm. 

Industrial uses 

Immobilized enzymes and cells are chiefly used as hete~eneous catalysts in the focxi 
and phannaceutical industries. They are alro used as analytical devices strh as so-calla:l 
enzyme electrcxies, arxl in medicine for ranoir~ poirons frcm blood. Potential uses are in 
energy generation, disposal of '6ste ant its detoxification, arrl in many other fields. .9..lch 
applications soould be encot.ragm by recent advances in genetic ~ineer~ that pranise to 
make any enzyme availcble cheaply and ab1.11dantly. In pirticular, the modification of enzyme 
properties being pioneered in collaboration bet~en the UK Medical Research Col.Ile U 's 
laboratory of ~lecular Biology, at Qmbridge, arrl the Cllemistry Dep:i.rtlllent of Imperial 
College, London, will be a big advantage. 

The very first report of an .immobilUed enzyme cane in 1~8; it de~ribed invertase, 
which splits Sl.X!rose into gh.cose and fb . .l!t.ose, immobilized ont.o charcoal. Invertase wi.s 
also the first inmobili2ed enzyme known t.o be employed by industry, for it wi.s used in the UK 
by Tate arrl Lyle dtring World war II to fonn syr~s W'len the preft!rred reagent, sulpht.'T'ic 
acid, was mavailable. 

The longest-established exanple of imnobil ized-enzyme teclnology is in Jap:i.n, where the 
Tanabe Seiyaku ccmp:i.ny has Employed Aspergillus oryzae L-aniro acid acylase, immobil iz.ed 
to a stbstance kn<Ml as IEAE-8eJiiadex, for prcxitr ing L-anino cc ids fran racemic mixtures. 
The immobiliz.ed enzyme dis:!r:iminates between the tlo«> optically-active fonns of the acylated 
amino acid and has been in ccmnercial use for about ten years. 

Other systems being operated in a large scale in that co1.11try inclu:ie i:rocesses for 
procl.1.X!ing aspartic and uelic acids. In both instances the enzymes are immobilized in 
gellified particles canplete with their IJirent microbial cells. The immobilized particles 
are packed int.o coll.mns, slbstrate is punped thro~h and the i:rodtrt is eluted. About 600 
and 180 tonnes of the respective amino acids are prcxil.X!ed in this 1'BY each year for use in 
focxis and medicine. 

So far, tr.e most stccessful ccmnercial exanple of inunobilized-enzyme cechnology is 
immobilized gltcose i.scmerase. Its pre~rred substrate is xylose, aoo it is particularly 
suitable for industrial use because it requires no other 'co-factor' to lo«>rk with it, arrl is 
relatively stable "1en I.If'~ at raised t.Emperat1.res (of about 60oC) to keep microbial contani
nation t.o a mini.ml.ID. A good rot.ree of the enzyme is Bacillus ooagulans. Whether extracted 
fran the cells or still within them, the enzyme is used in large, packed colunn reactors to 
convert gll..cose syrups, derived f'ran com starch, into a gl1r;o~f'r1.etose syrup. The syrup 
contains up to 55 per cent frl..ctose arrl is s~eter than gltrose syrup or canparable stcrose 
.3yrups, is not coloured an:i does not contain the side i:rcxitcts generated dl.l"ing chemical 
processes. This process has developed rapidly in the last ten years, notably in the USA, aoo 
prodl.X!t has displacm Sl.Crose fran ir.any of its traditional markets, for exanple as a 
s~etener in s:>ft drinks. 

Semi-synthetic penicill~n 

Several acadenic g~ in the UK have pioneered the use of iDDobil ized enzymes and the 
developnent of enzyme tectn. -81· The efforts of a re~arch gro~ at University College, 
London, have led t.o the use by Beechams Pharmaceuticals of iJllDobilized penicillin acylase to 
convert penicillin G (benzyl penicillin) into 6-anino-penicillanic acid (6APA), which is 
useful as the i:rect.rs:>r for chemically synthesizing a whole range of semi-synthetic 
penicillin antibiotics. All of the UK's :Bli-synthetic penicillins are now made in this \illy. 
The enzyme, which is obtained fran E. Coli, is soaked int.o polymer beads, cross-linked into 
pl;ice and used in batches in Ltrge stirred vessels. Alkali is added contiru,.,usly, to 
neutraliz.e the acid i:rodtced dtring the enzyme-catalysed "'eaetion. The advantage~ <:Ner 
ccmparable chemical processes inclu:ie a higher yield by keepi~ side prcxioots to a mini.ml.DI. 

) 

.. 
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Several other processes in the UK have been developed a l~ way towards soccessful 
ccmner~ial application. cne good exanple is the imnobilization 01· amy1og1ocosidose (gloco
anylase) by Tate arrl Lyle: the enzyme is imnobili2ed ooto bone-clBr as a gel of enzymically
active protein by simultaneous precipitation with acetone and cross-linking with glutaral
dehyde. The 1Jlmobili7led enzyme is used in large colunns in starch-processing factories for 
t:.he rapid and almost ca11Plete saccl'Brification of pre-thinned starch syrup to glocose. The 
prodoctivity of t.ltis system is greatly superior to that obtainable tran earlier ()rocesses 
that use soltble anylQ!;locosidase. 

Pilot trials 

Tate an:1 Lyle have als::> soccessfully caupleted pilot trials recently on fonning 
is:rnaltulose tran ~rose, using colunns of illlnobili.zed bacterial cells. One important 
feattre of the process is the way the enzj'llle activity of the \tx>lP. cells Wis stabilized 
through i.mnobilizing them in alginate gel, using concentrated ptre socrose as substrate, an:1 
by attaining a high degree of conversion of socrose into is::>maltulose. The enzymes have a 
half-life of one year. 

Unilev~r are using liJBses ilrmobilized to celinte to convert glycerides to more valuable 
forms, inclooing fats that could serve as replacenents for cocoa butter. The substrate is 
dissolved in an organic s::>lvent such as petroleun ether saturated with \Ster am is passed 
through a colmm of the illlnobilized enzyme. 

The UK Milk H:irketing Board are carrying out trials on lactase ( ,6 -galactosida.se) , 
i.mnobiliz.ed to particulate silica be.ads, to hydrolyse the lactose in whey and similar dairy 
prodocts to make s~eter, more solwle and more easily digested syr1.4>s. 

Other pranising work inclooes the use of enzymes imnobilized to magnetic supports as a 
means of recovering ~more easily; using inmobili2ed yeast and bacteria to fonn ethanol; 
the develoµnent of enzy.a~based sen::r>rs and biofuel cells, am the i.mnobil ization of plant 
cells - especially cells that are able to fix atmospheric nitrogen. 

Obviously, the tecmology of j'."Altting enzymes to practical use is still in its infancy. 
Canparatively few convincing callllercial S\X!cesses have been achieved arrl very many important 
problens rena::.n .. .o be ::r>lved. They inclooe the use of Witer-inmiscible and insoluble sub
strates; use of olant and animal cells and membrane-bollld enzymes as catalysts; use of 
co-immobilized enzyii;~~ ~ cells, an:i the ability to regenerate co-enzymes to perfonn 
canplex, synthetic reactions. If these challenges can be overcane, the versatile and 
remarkable catalytic res:n.rce that can be harnessed will make an irrmense impact on great 
world problans si.ch as disease, malnutrition, energy aoo environnental pollution. 

• • • • • • • • • 

The following article, which appeared in Volt.me 1, No. 1 of Trems in Biotechnology 
(Elsevier Publications, Canbridge, UK) was written by Professor Irving Kayton, Director of 
the Patent law Program, The George Washington lkliversity and President of fatent Resources 
Group, Inc., of Wa~ton OC, USA. In consideration of the considerable interest in 
patenting of copyright protection, we tro~ht our readers may be interested in knowing more 
about the U5 Law in this respect. The article was adapted frcm tre <*-<' .. ;;.;; Washington Law 
Review ( 1982), 50, 191-218, wtiich presents mere detailed information on the legal am 
constitutional issues. c 1981, 19~, 1983 Patent Reoources Group, Inc. 

Does copyright law apply to genetically engineered cells? 

The t.A'.>rds yo'J are now reading are a t.A'.>rk of att.horship protected by copyright laws tran 
l.l'lali:.rorized reproduction. Genetic engineers may be surprised to learn that their manip.ila
tions of genetic infonnation within cells can als::> be t.A'.>rks of authorship which U5 copyright 
law protects fran lna\E.horized reprodoction. 

The idea that genetic engineers can make use of copyright law may be startling, but a 
close ex<111ination of the l5 Copyright Act of 1976 iooicates that tr.is law could have an 
illmense impact on b1otectnol~ical research, developnent and production. The central 
argllllents of this article are that virtually all original t.A'.>rks of a genetic engineer are 
copyrighted autanatically .tlen they are created; that scientists generally can enforce 
copyrights; an:1 that trose copyrights may provide mere effective irotection than patents or 
trade secrets. 
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Advantages of copyright protection 

;,t,at. is the val~ lli Wp)Tighti..-.g gencti~ i~fG~:?ti~~? U~~ ~tai~ (\ir("1m.~tanees: 

fran a practical as tell as l~al viewpoint, copyright protection may be the only or the most 
effective way an autoor can protect a valuable genetic w::>rk. F\Jrthennore, copyright 
protection offers l..ll'lusually attractive 1"611e:lies and lo~ life. 

The range of benefits open to a copyright owner is truly impressive. The Justice 
Department may prosecute anyone Y1o wilfully infringes a copyright for ccmmercial advantage 
or private gain. In addition, upon conviction a cot.rt may oroer the destrtetion of all 
'implanents, devices, or equi(Jllent lf3ed in the manufacture' of intr~~ copies. The 
convicted copyright infringer is not only out of the copying business, but also out of any 
microbiological business for l!Bnt of an iooustrial pla-it. A copyright OYier can recover both 
his own actual danages and the infringer's profits. 

While patent protection exists for seventeen years and trade secrets last for as long as 
they can be kept secret, copyright exists fran the time of the w:>rk' s creation l..ll'ltil fifty 
years after the death of the autoor. l-bst importantly, the copyright of w::>rks made for 
hire, e.g. by an employee of~ corporation, endures for one hundred years after the creation 
of the 'rKJrk or seventy-five years after publication of the w:>rk, 1'1ictever is earlier. Thus, 
copyrights last ml.Ch l<:Q?;er than patents and impose oone of the i:roblens or expense of 
safeguarding a trade secret. 

Copyright protection under the 1976 Act 

We now cane to the central ql.l:!stions: can genetically engineered organisns be copy
righted and, if so, can the copyright be enforce:!? The Act of 1976 provides copyright 
protection tran the manent a 'literary wcrk' is created. A work is created when it is 'fixe:I 
in a tangible mediun of expression'. In ttrn, a w:>rk can be fixe:I in any 'fonn, manner, or 
mediun as long as it is sufficiently pennanent or stable to permit it to be perceive:!, 
reprodoce:I, or otherwise camnmicated for a period of more than a transitory duration'. The 
act of creation may take pl~e in the quiet and secrecy of a i:rivate laboratory. Property 
rights immediately accrue, which may be enforced once the copyright is registered. 

Libraries of spliced 00 fragments and cul ti.res of engineered cells with a foreign OOA 
seq~nce are certainly fixe:I in pennanent and tangible media of expression. fobreover, 
genetic w:irks are stable en~h to be perceive:! and rei:rod1..Ced. Hei:rodirtion, in the case of 
the cell, is the entire point of genetic engineering and perception is feasible by DNA 
seq~ncing. Under the 1976 Act, perception may be direct or 'with the aid of a m~hine or 
device'. 

The cr1..Cial Ql.l:!stion now is ~ether genetically engineered cells can be considered to be 
'literary works'. At first sight this seems a highly unlikely supposition, but the defini
tion of a literary to«>rk is mi.ch wider than most scientists am ~ineers realize. It 
inchx:les 'w:irks •.. expressed in w:>rds, m.mbers, or otter verbal or nunerical syml:x>ls or 
indicia, regardless of the nature of the material objects ••• in ~ich they are entxx:lie:I'. A 
digital canputer progran or data base is a literary to«>rk; it can ~ expressed in 'indicia', 
SI.Ch as magnetic impulses or holes in a 11J11Ch card; moreover the tapes or cards enable the 
information to be 'fi.xa::I in ••. tangible medi(a) of expression'. Similarly, genetically 
engineered w::>rks are expressed in ':imicia', the m..cleotides of OOA. Genetic w:>rks are fixs:I 
in tangible media of expression, sirh as cells and cultures of cells. The term 'gene 
library' may be more apposite than genetic ~ineers have realize<i. 

O:lrop..;ters output their operations in a nl.l!lber systan that is usable by people. Within 
the canputer thP. binary notation is converted to decimal just prior to printout. In a cell, 
the genetic infonnation contained in 00 is also transferred into ::anething usable - proteins 
( .tiich effectively rei:resent a different nunber systan than the I& triplets). Thus, 1 ike a 
canputer progran, a genetic w:>rk uses indic ia to transfer infonnation. "1ether the genetic 
scientist or e~ineer takes pen in hand, invents scmethi~ patentable or does both, he 
apparently authors a literary wrk ~en he applies the tecmic:p!s of recanbinant ~A to 
create original OOA sequences. 

Sane may argue that recanbinant I& work is not sufficiently original to be copy
rightable. Every OOA fragment ccmbined with any other am f!Nery plasnid introdt.eed into a 
host cell already exist in natire. This argl.lllP!!t :.s, hot.ever, anal~ous to one s~gesting 

.) 
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that this article is not original because the \oien:is the autror is stri~~ together are all 
well-knoW'l and appear in standard dictionaries. f'breover, the 1976 Act statPs t.Mt ::o. 
canpiiation or pre-existi~ materials may itself be original: 'A "canpilation" is a w:irk 
fonned by the collection am assenbling of preexisti~ materials or of data that are 
selected, coon:i inated, or arr~ed in SI.Ch a ;ey that the resul ti~ w:irk as a t.hcle 
constitutes an original \ooOrk of autoorship'. If each I:.NA fragment or plasnid wants for 
originality, each canbined by man with others does not. At the very lest, splicing of OOA 
fragments aoo intrcdl.Ction of 00 materials into a rost cell are original and often ~ovel 
canpilations. 

Registration of copyright 

A Al trough copyright protection 'subsists' in a w:irk as s:>on as it is created, that 
protection is not legally enforceable tntil the copyright is registered. For an infringement 
which took place before registration the copyright OW'ler can recover actwl danages but 
cannot generally obtain statutory danages or attorney's fees. 1\.lo registration requirements 
are of interest beca~ of the peculiar nati.re of genetically engineered \ooOrks: affixing a 
copyright notice to the w.:irk Rhen it is published, aoo depositi~ tw:> copies of a ptt>lished 
w:>rk or one copy of an t11published w:irk. The 1976 Act defines 'pli:llication' quite broaily. 
Publication inch.des a mere offer to distribute copies to iooividuals for purposes of further 
d istr ibut ion. 

Ordinarily, a copyright notice must appear on the \ooOrk when pli>lished. One significant 
exception exists, however, to this requirement. A copyright notice need rot be affixed to a 
published w:>rk if it ca~t be visually perceive:i. For ex.anple, a mo.rie s:>IZ!d track can be 
protected witoout affixing a notice of copyright to the f'ilm. Like movie so1Z1d tracks, 
virttally all genetic \ooOrks of interest are not vi.st.ally perceivable. As a general proposi
tion, therefore, a notice of copyright does not have to be imprinted upon a genetic w.:irk. To 
provide extra $e0urity, a copyright OW'ler could affix a copyright notice to the base of the 
petri dish, or use a fine pipette to deposit nuid oontaining the e~ineered cells on agar in 
a pattern approximating a notice of copyright! 

Al though the 1976 Act requires the copyright owner to deposit tw:> copies of the best 
edition of the work, it does not preclwe him fran depositing a W.ole petri dish with a 
million cells. There seems to be no need to ensure that the \ooOrks renain alive after deposit 
at the C.Opyright Office. Host importantly, the statute permits the Register of C.Opyrights to 
exenpt any category of materials fran the deposit requirement aoo thus the 1976 Act provides 
the C.Opyright Office with sufficient nexibility to cope with the registration of genetic 
w:>rks. 

Infringement of copyright 

C.Opying or reprcx11.Ction of the copyrighted w:>rk is an indispensable ingredient of 
copyright infringenent; if saneone other than the copyright OW'ler subsequently originates 
the very same WJrk as the one copyrighted, the subsequent autror is free to: (a) copy aoo 
reprcdl.Ce his own work, even trough it is identidal to the earlier copyrighted \ooOrk; 
(b) obtain a copyright on his oW'I w:>rk, altrough it is identical to the copyrighted \ooOrk; 
and (c) prevent others, incltxiing the earlier autror, fran making copies of or reprcx11.Cing 
his \ooOrk. 

If the work is long and detaile:i, aoo identical to an earlier one, for exanple, 
Shakespear' s fohcbeth, the probability is virttally zero that the stt>sequent author 
originated, rather than copied it. For this canmonsense reaoon, evideme of copying may 
be circl.IDstantial and yet very persuasive. If the autror/inventor inclwes in the OOA 
canpilation one or more redlZldant gene fragments that are totally unnecessary and l.l'lrelated 
to the fliiction of the OOA canpilation these 3'-called 'oousemarks' , if fot11d in the 
plagiarist's w:>rk, will be virtually conclusive proof of copying. In the case of genetic 
engineering, it is noteWJrthy that all the OOA sequences Wiich code for a specific protein 
must be at least tw:>-thin:is identical, even if the plagiarist makes full use of the 
redlZldancy in the genetic code. 

Perspectives in protection 

fot>st molecular biologist,s are, or ll'ltil recently r..ave been, employed by universities, 
non-profit research institutions, or govei rments. In the past, these employers rarely 
restricted the ~ientists' right to publish their w:>rk. The sitt.Btion has change:i rapidly. 
l.hiversit.ies recognize that gold mines as \.ell as test tli>es and Ehrlermeyer nasks are 
scattered aroll'ld their microbiological laboratories and that the gold is recoverable only by 
perfecting their properl..y rights. fot>reover, business arrangements between research 
institutions and i;rivate corporations always centre on effectively protecting innovation. 
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The net result is massive anbivalence on t.he part of the scientists and t.11iversity arrl 
research administrators concerning the right of scientists to publish imme:iiately arrl freely. 
Half of their being says publist. immediately, arrl half says be sure to obtain protection so 
that ft.11ds for further research wEl be forthccming. 

Fortmately, Um:e:iiate pli>lication anl copyright proi.~Liu11 an: Guuvletely ~~p.::ti~le. 
Since the creation of a genetically er.gineered w:>rk itself generates the protection provide:i 
by copyright., plblication of research findings on the day they are m~e will in no ~Y impair 
copyright protection of those results. 

<Xie may reasonably ask ~ether copyright protection, with its attractive rene:iies and 
lerl?;th of protection, is too great a re.ard for innovation in geneti<..: engineering. Slould 
the market have to pay that high a price simply b~ause of gore!Tillental fiat? W:>uld rot the 
same quantity and quality of innovation be fortrecming with fe\oer and snaller legislate:i 
re\oards? These questions have no easy answer, but surely a genetic engineer deserves at 
least the sane rew:ird as that given to the author of a detective story, cookbock, rockmusic 
record or canputer pr~ranme. 6. 

Perhaps more to the point is that copyrights (and patents) teach the w:>rld the state of 
the art rather than hiding it as occurs with secrecy. Those of skill are then enable:i either 
to take the next step be}'l:)rr:i (and then negotiate for an ex~e of rights) or to innovate 
arct.11d the protected wrk ro as not to rave to pay for its use. In either event, society 
benefits. 

Reference 

The Copyright Act of 1976, Title 17 of the United St.ates Code, Paragraphs 101-810 
( 1976 and !ilpplenent IV 1900) 

Assistance required: Assistance wanted 

We are inclw i.ng this request again because last. time half of the iten s:meoow dis
appeared in the wrks. 

<Xie of our readers has asked \otlether any research il'!stitution or canpany cai supply then 
with infonnation on the following: 

(a) Research t.11derway in the field of tissue cul tlre; 
( b) Institutions K>rki.ng on the subject; 
(c) Scientists willing to help Colanbia and its Association in R+D projects in the 

fields of genetic engineering <Wld tissue cul tlre; 
(d) The Asociacion Colanbiana de Olltivo de Tejidos Vegetales (AMEV) has a project 

on the subject of tissue cultlre techniques and is looking for ideas, s::ientists 
and cnnsul tan ts. 

If any of otr rea:iers has sanethil'l!; to offer on the matter plea.se contact 
LT-. Ernesto Velez Koppel, President, AMEV, Carrera 6, No. 77.Jj1, Ebgota, Colanbia. 
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