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Tl1er ilris wilt"-.· tire liut :\ctfrity R<•ptwt rf tlrt> l11t<'rllati1mal C emn• Jiw Ge11:.-ric En.i:i11e<•ring and 
Biot<·dmology 1 ICGEB I 11·irlr 11 pnt<1.-e hy tire Director General of UN/DO is a .m11rn· of some 
.\t1tisJ(1t·tir111-Ji11· tlu· C('tltn· ..fi11· l'\"/DO 11111/ Jiw Ill<' penont1lly. Tire C e11tn•.pnmu1ted <1111l 11urr11red 
hy lS/DO sinn• tht· <'<1rly 1980s. nmu· oft1g<· in Fchmary /99-l 11·/re11 th<· 2.Jtlt State notified emry 
i1110 Jim·t· af rite S•t1t/llt'S. To<lay the t<·m1S ge11etic <'ngineering mul hiotedmology are lw1uelwld 
1wnk Tiu· 11111/1idiscip/i11aryjie/d.{ they nfer to 11-ill rt'lllain among the Jhmtier tedmologies of the 
1990.~ and llf:yo11cl. Tire C '.'llln·'.~ c111t1m11tny is <11rih111e wall tltos<' 11-/ro lull'e declit·ated themsefres v1·er 
tlr<• last sen•11 years to tli<• C\'f.T)O pmjt•c! that Jitrtltt•recl the objectfres for 11·/riclr the ICGEB w:rs 
estahlish<•tl. ,\'111 me s.1r1111/d <lo11ht that tire goal.~ 11fcreati11g cm i11stnmu•111 for stre11gtheni11g dereloping 
cmmtries tlmmgh research. d<·1·elopt11<·11t am/ training in this k<'Y feature 01ie11te1/ field Iran: been 
n·ali:t•d in a large 111,·11.mn'. 

Looki11i: hatk 011 1/1<• t'11l<'rgt'nt't' of /CGEB. it was UN/DO whidr initiated in 1981. under tire 
lt•aclasltip of Dr .. -thtle! Rahman Kltant•. the conn·111 of<m i111anati1111al ce111re i11 gt•m:tic engint•eri11g 
and hiotedmology. En·ms mm·ed q11idly tltereaJier a11d 011e must nm1plime•1t tltt• decision of rite 
repn•st•lltatfres of 2>; 11atio11.{ 11·ho fimmre<l tlte e.{tahlishmellt of the C<•lllre at their meetill.t! in 
Be/grad<• in 1982. Tlrt• Stat11tt'.\ oft/rt• Ct•lllre lffre a1lopted hy tire Ple11ipt11e111iary Meeting in Madrid 
tire Ji•llrm'i11g _\'t'ar. Tlt1111ks to the gem•mus n111trih11tiom hy tlr<• Goremmellts of lta~\· 1111d India. the 
mterim 0(1('rt1tiom of th<' C emn· .mined 11·irltin th<' 11e.rt tltn'<' years. 

Tiu· Clwirn11111 of tlr<' Pn•paratory Commilt<'<' Ji1r the Esrahlisi1111e11t of ICGEB . 
. -tmh.1.uc1tlor .-tdolji1 R. Taylhanlat .. {/1t111/cl he parrirnlarly complime111ed ji1r his .mstaine<I eff011s 
1/uring tht• pn•pt.1ratory _n·ar.\ in Sllfft'.~.~fully stt•eri11g the C<·nt1·e tmi·anl{ a11to11omy. The UN/DO 
St•cretariat al.w d<•mted comiderahlt· tinu• and effi>rt to tire promotion of ICGEB a11tl is proud to see 
its 1111ton1ml\' ad1it·n•c/. 

Tlr<' 1993 .ktfrity R1•pt111 .{lrmn /row t/1t• mai11 rest•arclr programmeJ rclt•1w1t to clerelopillg 
co1111trit'.\ /ra1·<• ht•en <lctil'ely p11r.mt•1l d•tring tht• /aJf si.r years a· th<' nn• Compo11e11ts of tl1t• Centre. 
Significallt pmgrt'J.~ lraJ ht."<'11 ad1ie1·<·1/ in researd1 toward.~ l<·1·e/opment of .~tress resistafll fiw 
crops. diag110Jtin agai11.tt AIDS. heflf.ltitiJ <111e/ malaria. in lll'<iasta11di11g tlr<• molecular l>iology of 
Pa11il/0111a 1·imJ and itJ rdati011 to cen:ical nmc.-r. a11tl i11 m.croh.al degra1lutio11 of lignin ro mejitl 
pmd1ta\. Tlrt• Cemre Ira.\ trai11t•d m·er 1.200 Jcit•11tiJtsJi·om .mme 35 dereloping n11111trit'.~ duri11g this 
11eriod. Eln·limt rnmrd1 p11hlicatiom l1a1·e appewnl i11 peer rt :ie11·ed jo11mal.t. 

Tlrert' an· f'l"OllliJing proJp<•ct.> of nm1111erci11/i:ing tire research re.mil.\. l11tlmtrial fimrs are 
afreat~\· raking a1/n111tt1g<· of ICGEB'.{ t'.\pt•rtiJe tlrm11glr 1·.1111raca with tlreC em re toclen•loppmd11ctJ 
or t<•dmolo~y an111ir<•d tlrro11glr licence.{. The ICGEB'.{ Din·ctor. Prof An11m Fa/aschi. 1w1 intlc·ecl 
tal.:t• priclt• in tire C('lrtri·'J <1chit•1·t'nlt'lltJ. Thanh an• dll<' 11/.w to tlw di.\ting11isl1t•d Panel ofSciemijic 
.-tdl'i.wn for acfri.\ing th<' Dirt'ctor .md tht' H<·adJ of Com11011t'11tJ in maim11ini11g '' lrigh /en•/ of 
·'' ·ielllijic <'Xcdlt·nn• at th<' Ct•llfn'. 

H'ith ./7 Jig11c1torit'.\ to th<' Sratltf<'J. 29of11·/iic/1 /:an· ratilicc: tht•m. ICGEB iJ attracting i11creasi11g 
i11tcrnc11ional <111emion. A 1111mher of other co11111rit'.\ cm· comidcring joini11g. Tire Rockefi•llt•r 
Foundation a11d tlit' \\'orM lfralth Orguni:ation a1mrdt•d grams to the C emre fi1r spt'<'ijic projt'<'f.\. 
l'NEP llY s tlw C ellfrt''.~ t'.\pertiJt' in bio.mfety trainin,: programme.\. ICGEB e.rpeni.te 11·as al.w 
ni1lt•111 in tlr<' Prt•parurory Commirtt•e lllt'<'tingJ of tire• United Natiom Cmifen·nn• Ji1r Em'irm1111em 
1111el Den·lopm,•llf I UN CED I of rhe Biodin•niry Conn·111i1111 of UNEP and at the Thi rel R1•1·ien· 
Cml{tn·11ct' 011 Biologirnl a11d Toxi11 H"eapo11.t Co11r1'f1ti011. 

Biott'dmology i.\ m11· of tht• ~ey tl'dmofogies that n111rrih11te 111 1'111·iro1mu•m11/ly smtainahle 
indl/.\trial dndop11wm. n·;1h its pmgmmlll<'J in .\frt•11gtlu•11ing l111111t111 r('Jo11n-es dnelopme11111f 
dt•n·loping c1111111rit'.\ in thi.\ area. /C(iEB nm1pltw1•11f.\ with tlw 11c·11· prioritit•J of th<' res1r1wr11r1•d 
l '.\'llJ0. / 111111lwn:fiw1· n111(td1·111 rh1111/lt' dos,· fi11h whil'h 1'."i.~r1·tl /l,·111·<'<'11 the• Orgc111i:ati1111 and th<' 
C('lltr1· 1rill he 111ai11t11i11<·d cl1:ri11g ,,,,. 1ra11.\itio1111l r·aiod and tlrereafra1111d fi,,-rlrer Jtrt•11gtl1e·111'cl. ThiJ 
iJ 11/:;o in lin1• 11"irh :.·,\'/D0'.1 mrn work m tlr1· TaJi Fora .\11111ag1•r. dnig11a11·d hY tlrl' lllfl'ragenl'y 
Cmm11i.\.\ionfiw •;mrai1111hlt• IJ1'1'1'1011mcllf in 8io11•dmology to help impft•mc•llf Ag1'11tl.1 21 d<•l'iJio11.1. 
( '.\"//)() i.11111rr oft Ill' l Al/JO(.'Sf:P H'/10 f"r\O \lorl.:i11g (;rt11t1' 11'hid1 den•lopnl a\ ·11/11/lfaryCode 
of Con1hwt fill' Rl'l1•t1.\I' of G1•111·ri1·all1· Jfo1fi/icd Org1111i.\lll.\. It lrm 11/.w eJtab/iJllt'd a Hio.wf1•tr 
/nfiw11111ti:111 s,.111·11r~ and A1fri.mr; Scrnl'<' H/.\":\S I to t11/i'isc dnl'loJ'ing cmmtric'.\ 1111 hi11.wfi•1r 
iu11n. ll11J'l'f11llr. /C(;fR 11'i// mmi1111c to n•t1J1<'fllf1· 11·i1lr (.',\'//)()in tlw.w· and othl'r 111'tiriti1'.1. 

{ '.\'/[)() 11·i.1hn IC< if/I nen· mnc.u i11 it.\ fi1111rl' c11dl't1m11r.\. 

:\1m1rici11 de :\faria ~ ( ';1111pm 
12.im:!!!r:S.irnl'.Ii!L.!!J~J 
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The year 1993 can be seen. fundamcnr.ally. as the time when ICGEB gained its starus as a fully autonomous 
international organizatioo.. There is no doubt dw. although the offici:J calendardale of the entry into force of the Statutes 
is 3 February 1994. ICGEB'sautonomy was the result ofthe import;.nt wort which was realizcdQning 1993. Without 
the solid base of the research acti\ities carried out by the CenlR. the intemalional recognition necessary for its 
establishment as an autonomous entity could llOl have been auained. Furthcnnore. signifJCalll Wldertakings which 
included the esrablishing and nunuring of conracts wilh Membef' Counlries gained ICGEB the number of notifications 
(deposited wilh the Secretary General of the United Nations) required for the enb')' into force of the Starutes. 

Moreover. 1993 was the year in which the pennanent premises(,( the Triesre Component were completcd and during 
which the scientific groups started to relocate to the new. stare-of-the-an -WW Building. At present. me Compo11ent and 
Din:ctorale occupy 5.700 square metres oflaboralory and office space and dming the course cf 1995. whe!i lhe AREA 
Science Parle - the authority thal administers the science park where ICGEB Triesre is located - has completed the 
restructuring of the temporarily meascd "Fl" Building. they will occupy a total aRa measuring 7,000 sqmre metres. 

Theconsuuction of the pennancnt premises of the New Delhi Compo11e11t (measuring more than 10,000square metres 
of laboratory. greenhouse. animal house and office space) advanced considerably during 1993 and it is expected thal the 
premises will be completed by the middle of 1994. 

The training and research activities carried out in both ConlpOOClllS continued to expand in 1993, thoogh they will 
Slabilize during 1994 in accmlance wilh the current availability of funds. 

Positive research results of various scientific projects implemented in the ICGEB laboratories are now starting to 
emerge. and patents were filed during 1993 by UNIDO. on behalf oflCGEB. Resean:h being carried out at the Affiliated 
Centtes in ihe framework of the Collaboralive Research Programme is also leading to very interesting results; as.the 
number of projects continues to increase. once again. an en~ section in this Activity Report has been dedicated to the 
findings of these researrll projects. 

Other scientific services offered by ICGEB to its Member Countries mnain operational and it is wilh grea~ plcagJre 
thal we witnes..'i the success of the most popular ICGEBnet: the ICGEB computer resoun:c for molecular biology. The 
number of individuals and/or laboratories wilh user accounts on the mainframe computer in Trieste (which provides fR:e 
access to scientific data bases and to the software necessary for their utilization) has illCIQSC(f from 40 in 1990 to over 
600in 1993. 

The information contained in this Activity Report shows. without any doubt. that ICGEB is becoming a rnanR, viable 
and intemalionally recognized organization. The entry into force of the StatuteS is a tangible sign of lhis recognition. 
Further acknowledgement is expected in the future, together with the welcome expansion of the ICGEB constituency to 
still more members -countries which will requi~ the services of the Centre or <".ountries which bel!eve in its mandate and 
it'i ide;>Js. 
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Undergraduate Student (Univ. of Trieste) Valentina POLONIO 

Senior Scientist 
Junior Scientist 
Trainee 
Trainee 
Trainee 
Trainee 
Trainee 
Trainee 
Trainee 
Pre-doctoral Trainee 
Technician 

Oscar BURRONE 
Marco BEST AGNO 
Dimitar EFREMOV 
Su.wna GIAMBIAGI 

Ileana GON7.ALEZ-RODRIGUEZ** 
Erqi11U 

Alicia PEDRAZA 
Mao Sheng SUN 
Tatiana TKACH 

frka AFRIKANO\'A 
Sabrina !v-'ANCARDI 

Research Fellow (from July 1993 Trainee) 
Research Fellow (Univ. of Trieste) 

Facundo BATISTA 
Sabrina PERISSUTI 

ON DUTY UNTIL DECEMBER 1993 
Research Scaff: I 02 

Laboratory Techniciam1: 28 
Administrative Scaff: 17 

TOTAL: 147 
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Research Staff 
(69.4%) 

Administrative Staff 
(11.6%) 

Technicians 
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Head of Component 
Executive Secretary 

Administration 
Administrative Officer 
Secretary to the Administrative Officer 
Research Management Officer 
Maintenance Officer 

Procurement 
Purchase Officer 
Procurement 

General Services 
Secretary 
Typist 
Senior Driver 
Plumber 
Electrician 
Messenger 

••Left ICGEB during 1993 
Names in italic correspond to ICGEB appointments 

Krishna Kumar TEW ARI 
Gita SRINWASAN 

Gurudas CHAITERJEE 
Tina DIAS 

Yashpal Roy SAXENA 
Alok Kumar SHARMA 

Vikas DWWEDI 
AshokKUMAR 

Ramchandra RADHA 
Pratibha CHATURVEDI 

Madan Lal YADAV 
Umaid Singh RANA 

BhagwanDAS 
Ramakant PAL 

ViewofthcalmosccomplclcdCnentCiscsofthcNcwDelhie;=localed11thcJ1wlhatlalNehnlUnivcnityCmnpuai11Ncw Delhi. 
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ICGEB Personnel 

Mammalian Assistant Scientist Shahid JAMEEL 
Biology: Assistant Scientist Kanury V .S. RAO 

Virology Research Scientist VijayKUMAR 
Senior Research Fellow i'ankatasamy MAN.'VEL 
Trainee Hakan OZDFNER 
Trainee Juan ROCA 
Trainee Kezban Tuly Y ALCINKAYA ** 
Research Associate Masood AHMAD 
Laboratory Technician Lalita VIJAY AKRJSHNAN 
Laboratory Technician Mohammad ZAFRUI.LAH 
Laboratory Technical Assistant Ganesan BALASUNDARAM 
Laboratory Technical Assistant Ravinder KUMAR 

Pl.~mmalian Assistant Scientist Virander Singh CHAUHAN 
Biologt: Malaria Assistant Scientist Fred Alexander S. KIRONDE 

R~ Scientist Pawan SHARMA 
Research Fellow ArunaSETH 
Research Fellow PratimaRAY 
Trainee Cemil CEUK** 
Trainee Fakhreidin OMER 
Laboratory Technician Ashima BHARADWAJ 
Laboratory Technician Ba/wan SINGH 
Laboratory Technician Archana MATHUR 
Laboratory Technician Sailaja Naga VEERANKI 
Laboratory Technician TapasMAL 
Laboratory Technician Vidhu BANSAL** 
Laboratory Technician Koma/ KAPUR** 
Laboratory TechnicaJ Assistant Naresh SAHOO 
Laboratory Attendant Narinder SINGH 
Laboratory Attendant AshokDAS 

Mammalian Senior Scientist Qi Song WANG** 

Biology: Assistant Scientist Navin KHANNA 

Recombinant Senior Research Fellow Dinkar SAHAL 

Gene Products Research Fellow Narayana JAYSURYAN 
Trainee Yong lie MIN** 
Trainee Hanying YUAN 

) Laboratory Technician Manisha MALROTRA 
Laboratory Technician Ganesh RAO 
Laboratory Atr.endant Joginder SINGll 

Plant Biology: Senior Scientist Krishna Kumar TEW ARI 
Chloroplast (Head of Component) 
Genome Assistant Scientist Sunil MUKHERJEE 

Senior Research Fellow Sujata LAKHANI 
Research Fellow M.K.REDDY 
Research Fellow Nyaya Swaroop KELKAR 
Laboratory Technician Dhirendra KVMAR 
Laboratory Attendant KedarS~NGH 
Laboratory Attendant Chandan S~NGH 
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Plant Biology: 
Plant Resistance 

Plant Biology: 
Plant 
Transformation 

10 

Research Scientist 
Research Scientist 
Senior Researdl Fellow 
Research Fellow 
Research Fellow 
Trainee 
Trainee 
Research Associate 
Laboratory Technical Assistant 
Laboratory Attendant 
Attendant(Greenhouse) 
Laboratory Technician 
Trainee 
Research Associate 
Trainee 

Senior Research Fellow 
Senior Research Fellow 
Laboratory Technician 
Laboratory Technician 

Raj K. BHATNAGAR 
Suhail AHMAD 

Madan MOHAN 
Angamuthu SELVAPANDIYAN 

SureshNAIR 
Le Thi Lan DANH 

Vo Thi THU 
Nasreen EHTESHAM 

Naresh .~ORA 
Prakash Singh PA1WAL 

Ramesh SHARMA 
K.MAJUNDER 

FarkadA. FAITAH** 
Anurag GOEL** 

Pedro MOUNA-GUEV ARA** 

Vanga Sfra REDDY 
Sudhir JAISW AL 

Sangeeta CHOUDHARY 
Girish CHANDEL 

ON DUTY UNTll. DECEMBER 1993 
Research Staff: 34 

Laboratory Technicians: 23 
AdminiSlralive Staff: 13 

TOTAL:70 
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· Research Pn)gra1lune: 
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l'he Trieste Co1nponent 

Molecular 
Characterization 
of Replication 
Origins of 
Mammalian DNA 

12 

Molecular and Cellular Biology 
A. Falaschi. M. Giacca, N. Tuteja, M. Comar, F. d'Adda di Fagagna, 
F. Demarchi, D. Demirol', D. Dimitro1·a. S. Dfriacco, G. Grassi, M. 
I. Gutierre:, S. Hn·atic, N. W. Huang, M. Krajino1ic, S. Kumar, D. Leder, 
L. Marusic. G. Mar:io, L. Mestroni, P. Norio, A. Ochem, D. Pedacchia, 
C. Peli:on, F. RUSS<J. G. M. Sel·erini, D. Skopac. S. Taf.uo, P. Taneja, 
L.hnti/in. 

The structure and organization of mammalian chromosomal replicons and 
the molecular mechanisms underlying the activation of new rounds of DNA 
replication during the S-phase are still largely unkoown. In particular, the 
identification of mammalian DNA replication origins (i.e. the chromosomal 
DNA sequences which direct the initiation of DNA replication) is still an 
elusive problem, largely due to the lack of a suitable functional assay. 

0-•erthelastfewyears. wehaveconcentratedoureffortsontheidentification 
of the start site for DNA replication in a human region mapping in the 
subtelomeric area of the short ann of chromosome J9 (band pl33). This 
region was selected becauseofits property ofbeing synthesized immediately 
at the beginning of the S-phase in HL-60 myeloid cells synchronized with 
aphidicolin. The region (which was originally cloned from a DNA library 
obtained fromsynchronizedcells)containsseveral transcripts with a complex 
pattern of tissue-specific and proliferation-dependent regulation. The data 
obtained are consistent with two tandemly-arranged aranscription units, the 
3' end of one separated from the 5' end of the other by a sequence of about 600 
bp containing an active promoler. The isolation and sequencing of specific 
cDNAs pennitted the identification of two genes, encoding, ~vely, for 
a B-type human lamin (homologous to mouse Jamin 82) and for an unknown 
protein. 

In order to precisely identify the start site of DNA replication within this 
region, we studied the actual movement of the replication fork in living 
synchroni1..ed cells. The method employed e· 1tails the purification of newly 
synthesized, BrdUrd-substitutedDNA from a lturedcells bysi?.e-fractionation 
on sucrose gradients and affinity chromatography purification with anti­
BrdU monoclonal antibodies. The abundance of selected sequences of the 
lamin B2chromosomal region within this population of short( I ,<XX). 3,CKX> bp), 
newly synthesized DNA fragments was evaluated through a newly developed 
technique of quantitative PCR in cells synchronized at the G 1/S border. The 
technique entails the utilization of shon DNA fragments containing the same 
sequence as target genomic DNA plus a 20 hp insertion in the middle as 
competitors in PCR experiments (competitive PCR). The competitors were 
obtained directly from the genomic amplification products through application 
of the recombinanl PCR technology. With the use of 9 different competitors 
scattered along the chromosomal area. we could obtain evidence of a bi­
directional replication start point corresponding to the region spanning the 
end of the lamin 82 transcript and the beginning of the othertranscription unit. 

The power of the technique is such that it could also be successfully applied 
I 



Research Programme 

to non-synchronized cells. where nascent short single stl?n in brief pulses 
should be highly emiched in (or even comain exclusively) sequences 
corresponding to origins. In fact. the application of this technique to 
asynchronous IU..-60 culrures confinned enrichment in the short BrdUrd­
containing DNA for the same sequences detected in synchronized celb.. The 
data obtained allowed for the narrowing down of the site of bi-directional 
initiation to the (J(X) bp area located between the two transcripts. 

The second part of the project (which is currendy being actively cmicd 
out) concerns tht: .dentifialion and characteri7.ali of the protein-DNA 
interactions occu."Ting in lhe origin area. For this purpose. we have stanal 
bodl in 1-fro anc ;" 1itro srudies. The in l'fro studies were performed by an 
in 1imfoolprintingtechnique~onligarion-medialec:IPCR. Thistechnique 
entails treatment of living cells with dimedlylsulf~ DNA extraction and 
specific breakage in oorrespondence of methylated guanines with piperidine 
(or. altemarively. I>Nase I treatment of isolated nuclei f~Jml by DNA 
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4180-

Fipre l.luitr0 fouqw ...... bJ llplh m fhUd PCR oldie ...... 82 ;epic .... ertpl ,..._ i. ..... all. 
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Study of the 
Molecular 
Mechanisms 
Regulating HIV-1 
Expression 

14 

extraction and clenaturation). primer extension with an oligonucleotide 
specific for the region of interest. ligation of a linker to the blunt-ended 
fragments generated. and. finally. PCR ai.. Hfication of the fragment ladders 
(Figure l ). Theresultingpanemsallowfortheidentificationofthenucleotides 
specifically involved in protein interactions. With this technique. we have 
identified several protein binding sitesoccwringattheoriginarea. These sites 
include a target sequence for the basic-Helix-Loop-Helix family of proteins 
(includingthe USFIML 1Ftramcriprion factorandthe Myc-Maxhererodimeric 
complex)and forthe NRF-1 transcription factor. These interactions have also 
been studied by in 1·itro binding experiments both with purified and 
recombinant prote.ins. Furthermore. other sites. whose nucleotide sequence 
is not homologous to the consensus binding sequence for any known factor 
andwhoserelevancefortheoriginactivaliooprocessisnowunderexperimental 
evaiuation have been identified. 

AtleastdU"CCtypesof experimental evidence point outthalthemechanisms 
that control HIV-I expression are involved in AIDS pathogenesis. Fust. 
although detectable viremia levels can be detected during all the phases of 
nalUral infection. the transcriptional activity, evaluated as proviral DNA/ 
messenger RNA ratio. is directly related to disease progression. Second. a 
large nmnberof CD4 I~ and macrophages are infected within the 
lymph nodes. several of which in a latent manner. Thinl. the HIV-I L 1R is 
an evolutionary example of a promoter which is finely tuned by. and highly 
sensitive to. the extracellular stimuli which nigger cellular proliferation or 
activation. 

In order to understand which L 1R sites are responsible for transcriptional 
activation in infected cells. we developed an in ri\'O footjJrinting technique. 
In the T-lymphoblastoid cell line H9. which is productively infected. several 
L 1R sites interact with nuclear proteins; in the monocytic cell line U I, 
considered a valuable experimental model for latency since viral production 
is inducible in basal conditions. the two Sp I sites close to the enhancer. the 
proximal enhancer sequence. the NF AT site and a purine-rich box within the 
Negative Regulatory EJement are occupied by nuclear proteins. Upon 
stimulation with PMA. the i~ in transcriptional activity is correlated 
with increased site occupancy at the downstream enhancer repeat. However, 
the kinetics of the accumulation of viral transcripts is remarkably different 
from that of the appearance of enhancer binding factors (NF-KB like), 
suggestingthat.afterarapidactivationstep.furthermechanismsareresponsible 
for the maintenance of the induced swe. Recent experimental evidence 
suggests that viral protein Tat is a likely candidate for this role. We are now 
in the process of confinning these observations by using recomb!nant Tat 
protein to trigger transcriptional activation and by studying of the interactions 
between Tat and cellular transcriptional factors. Altogether, these results 
suggest that the model for HIV- I activation by different stimuli acting on the 
infected cell. converge to the following cascade of events: rapid induction of 
NF-KB-like factors • transcriptional activation • Tat production from 
multi-spliced mRNAs • disappearance of NF-KB-like factors from the 
nucleus •maintenance of high transcriptional levels as the consequence of 
the direct or indirect interaction of Tat with residual amounts of NF-KB or of 
other factors which constitutively bind to the enhancer. Studies on the 
tnmscriplional activation in olherinducible systems (T cells ACH-2, U I cells 
upon stimulation with TNF-a. etc.) will be used to furthcrconfinn this model. 

We identified some novel binding sites on HIV- I L TR which interact with 
human prD(Cins. Between nucleoli~ -I 521-174 upstream of ttanscriptic,n 
start site. we characterized a binding site for members of the basic-Helix­
Loop-Helix (bHLH) family. to which transcription factor USF/MLTF 



DNA Helicases 
from Human 
Cells 

Research Programme 

belongs: the activity of these proteins downregulates HIV-I transcription. 
Recently. we purified USF/ML TF to homogeneity from Hel..a cells and 
COll.>b'Ucted a recombinant fusion prott:in GST-USF0

• We are going to 
perform in 1·itro experiments to srudy the interact.lons between the purified 
and the recombinant protein with the L TR. Moreover. we are testing the 
ability of these proteins to bend DNA llPQil binding to the L TR (preliminary 
results show that the bending degree is differem in the two cases): in particular 
we intend to investigate the role of bending in the control of transcription 
using in 1·itro transcription assays. 

~nally. we are investigating the role of post-transcriptional control in the 
maintenance of latency state. In HIV-i infected cells. more than twenty 
different viral mRNAs are synthesized. deriving from multiple alternative 
splicing processes. Either during the ;nfection of susceptible cell cultures. or 
in cellular systems in which transcritJ(ion is inducible. a temporal regulatioo 
of the synthesis of these transcripts i.idetectable: initially. short transcripts ar! 
prevalent. encoding for regulatcry proteins; subsequently. intennedia·~ 
mRNAs (em· gene) ar.tl unsplkal mR.'lA (gag/po/ and viral genome) 
accumulate. These observations suggest that the pattern of production of vrral 
transcripts is linked to the devei~t of infection and could represent an 
interesting marker for disease progression. We are quantitatively sturiying 
the different types of viral m.RNAs \\ithin cellular samples from p:dients 
infected by HIV-I using the competitive RT-PCR technique. This 2.SSaY is 
based on retrotranscripton and coamplification of the RNA of the sampie 
with a comp=titor RNA bearing the same sequences recognized by the 
primers. Forthis purpose. we have constructed an RNA competitor containing 
the recognition sites for four primers which correspond to regions that are 
conserved in themostcr.numnclinical strainsofHIV-1. One of these primers 
has the same polarity of the viral mRNA. and its sequence is present in all viral 
transcripts; the rema~ning three primers are complementary to the viral 
mRNA and are locali.zed within the gag gene. the em· gene, and downstream 
of the splicing acceptor site, respectively. Using the first primer and each one 
of the complementary ones. it is possible to detect unspliced. single-spliced 
and multi-spliced transcripts. respectively. 

DNA in the double-stranded form is a rather stable snucture that assures 
the integrity of the biological inheritance. However. for the most important 
DNA transactions such a'i replication, repair, recombination and transcription 
the DNA ha" to become partially unwound, at least transiently. to fonn the 
single-stranded intennediate template. DNA helicases are the enzymes 
which catalyze the unwinding of the double-stranded DNA to provide single­
stranded templates for most of such processes. Helicases generally bind to 
single-stranded DNA and translocate along the DNA into a duplex region 
disrupring the hydrogen bonds between the two strand". These enzymes 
contain an intrinsic DNA dependent A TPa4ie activity which hydrolyses the 
gamma-phosphate of ATP and provides the energy to move the helicase 
along the DNA strands. 

There are multiple DNA helica'ieS within a single cell and they have been 
isolated both from prokaryotes and eukaryotes. To date, at lea'it eleven 
different DNA helica<;es from£. coli. five from bacteriophage, seven from 
virus. ten from yea'it, eleven from calf thymus, two each from mouse and 
plant and one from Xenopus /ae\'i.f have been isolated. So far little is known 
about the ON A helica<;es present in human cells. We have started a systematic 
study of the human DNA helica'ies with the objective of purifying and 
characterizing them and eventuaJly cloning their genes and defining their role 
in different a<ipects of nucleic acid metabolism. 

Previoui;,ly. we have reported the purification and characterization of four 

15 
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A 

different DNA helicases from HeLa. cells. namely human DNA helicase 
(HDH) I. m. IV and V. Recently. \\IC were able to purify the HDH D which 
is a heterodimer of 72 and 87 kDa prorein. It prefers a fork-like structure of 
the substrate and proceeds in the 3' to 5' direction along the bound strand. 
HDH II is also a dsDNA binding protein which binds duoogh the ends of the 
DNA. The microsequencing data of the HDH D protein. its DNA binding 
activity. native Mr and m:ognition by specific annDodies showed that it is 
identical to Ku. an autoantigen recognized by the sera of scleroderma and 
lupus erythematosus patients; this molecule binds specifically to duplex 
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Medical Genetic 
Studies 

DNA ends. regard~ of their chemical structure. and then slides along the 
duplexinmultiplel.-opieswitha25bpperiodicity.Thehighabundanceofthis 
molecule (5 x ta~ copies exclusively in the nucleus). its high specificity for 
DNA and its newly demonstrated ability to unwind exclusi\"ely DNA 
duplexes point to a significant role of this molecule in DNA metabolism. 

We have also raised polyclonal anLl:xxfjes in rabbits against HOH I. D.111 
and IV. After screening the cDNA expression library with anti HOH IV 
antibody we have recently cloned a gene for HDH IV. The nucleotide 
sequencing of the cDNA showed that it is homologous to the human 
nucleolin. a major nucleolar phosphopruein involved in the early stages of 
ribosome assembly and transcriptional regulation. We have also confinned 
that. as expected. HDH IV can also unwind RNA-RNA hybrids. To further 
confinn this identity we have also started collaborating with Prof. F. Amalric 
of Toulouse. France. whose group is working on human nucleolin. 

We have also found that HDH IV (like nucleolin) can be phosphorylated 
by cdc2 kinase and casein kinase II (kindly provided by Ors. S. Pongor and 
L A. Pinna). The phosphorylation enhances significantly. and in an additive 
way for the two kinases. the unwinding activity of HDH IV. We are still 
investig:-.ting the significance and the possible functional role of this 
phosphorylation activation. 

AcollaborativeprojectwithDrs.C.SchneiderandE.RuaruoftheGenome 
Studies programme is in progress to determine the in 1fro role of different 
helicases by microinjecting the antibodies in S-phasecells and studying their 
)XISSible effect on replicative synthesis. 

In collaboration with Prof. Dr. D. Bootsmaand Dr. J. H. J. Hoeijmakers of 
the Erasmus University of Rotterdam. we are exploring the possible role of 
human helicases in the DNA repair process by microinjec..1ing them in DNA 
deficient cell lines from Xeroderma Pigmentosum and Cockayne syndrome 
patients. We have thus found that HOH I and IV cannot correct the defect of 
XP-B. XP-G and XP-D complementation groups. whereas crude fractions of 
HOH III, containing also HOH V, can correct the repair defect only in XP-B. 
This observation is panicularly interesting since the gene for this 
complementation group called ERCC-3 encodes a presumed DNA helica~. 
We are still continuing this study to check whether the correcting prolein 
corresponds to the pure HOH III or HOH V. 

Funhermore. we have also staned collaborating with Dr. D. Lane of the 
University ofDundeP. Scotland, U.K .• to determine whetherp53 protein can 
down regulate th..: human DNA helicase activity and also to study the 
interactions between the p53 and helicac;es. 

'.he cloning of the genes for human DNA helica'ies. a more detailed 
charac:~rization of their molecular and functional prcpenies as well as the 
purification of other novel DNA helicases are in progre s~. Raisit1g antibodies 
against other DNA helicac;es are also in pro~ss. 

Cardiolo&Y· For the last two years. we have impkmented a c:o:Jaborative 
research project with the Division of Cardiology. Hospital and University of 
Trieste, to study the pathogenesis of idiopathic dilated cardiomyopathy 
( IDC). a hean muscle diseac;e with an incidence of about 8 new cac;es/ I 00,000 
persons per year, which represents the first indication for hean transplantation 
in the world. 

Several long-lasting clinical and experimental observations suggested that 
emeroviral persistence (in particular coxsackieviruses type B) may underlie 
idiopathic myocarditis and dilated cardiomyopathy. We have developed a 
method for the detection of enterovirus-specific RN As in myocardial tissue 
ba11ed on reverse transcription and nested polymerase chain reaction. Our 
findings. however, in agreement with the results of other very recent studies. 
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suggest that the persistence of enteroviral RNA is not a major cause of the 
disea~. 

We have also focused our attention on the familial fonn oflOC. which is 
estimated to COilCern more than 2~ of the patientli, with a mainly autosomal 
dominant pattern of transmission. So far, 24 families with familial IDC. 
including 146 family members. have bet'n examined. DNA samples from 
these families are used for a linkage analysi~ ·tudy in orderto identify the genf.! 
responsible for the disea~. by utilizing highly informative microsatellite 
markers.Preliminarydataallowustoruleoutlinkageofthedisea~toaseries 
of candidate genes. including genes coding for contractile and regulatory 
proteins of the myocardium, genes involved in the regulation of the immune 
system (including the HLA region) and genes coding for receptors or 
intermediate messengers of metabolic pathways relevant for the myocardial 
function. 



Research Progranvne 

Pfwliatrig. Chronic Granulomatous Disease (CGD) is a rare inherited 
disease characterized by the inability of phagocytic cells (granulocytes and 
macrophages) to produce superoxidc. anion (02-) due to a defect of a 
membrane NADPH oxi<me complex. As a consequence. affected children 
develop fatal chronic bacterial and fungal infection of several organs. We are 
cmrently studying patients affected hy the X-linked form of the disease. 
caused by a defect of the large subunit (gp9 l-pho:c) of the o~ in order 
to develop a gene therapy protocol based on transduction of the comet gene 
in bone manow cells. 

We have established EBV-transfonned lymphoblastoid cell lines from 
three patients as a source of DNA and RNA to srudy the molecular defect 
underlying the disease. No gross DNA abnonnalities were defected by 
hybridization studies. while the level of transcription is decreased in two 
patients both in 8-cell lines and in peripheral blood granulocytes. Point 
mutations of the carboxy-tenninal portion of the protein appear to be 
responsible for the defect; one such mutation falls in a intron-exon boundary 
and is likely to be responsible for decreased mRNA stability. 

Contrary to EBV-transfonned 8-cell lines from normal individuals. 
which, upon stimulation. produce superoxide anion similarly to phagocytes 
(although I 00 times less efficiently) 8-cells from the patients are completely 
inactive; therefore. these cells represent an excellent model to test the 
functional efficiency of gene transfer protocols. We have cloned the coding 
portion of the gp9 l-phox cDNA in a retroviral vector. selected productive 
clones of packaging cell lines and used them to infect the lymphoblastoid 
cells of the patients. The transduced lymphoblasts show from 20 to 30% of 
the normal activity of superoxide anion production. We are now analyzing 
the ability of the recombinant retrovirus to infect bone manow stem cells. 
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C.Schneider.M.E.R11aro.S.Bonego.L. C ollmin.D.La-_aretic.S. Mor=inorto. 
R. Utrera. 

The aim of the research of this group is the dissection of the molecular 
events that induce and maintain growth arrest in mammalian cells. Through 
the study of a set of genes that are highly expressed in arresred cells and 
downregulated in ~~.,onentially growing cells (gas - growth arres1 specific 
genes) we are contributing towards this aim. The localiz.ation of the gas gene 
products analyzed up to now is quite diverse. 

Gas I codes for a plasma membrane protein that is linked covalently to the 
lipidglicophosphatiolylinositol(GPl-anchored). Whenectopicallyex~ 
in exponentially growing cultured cells gas I is able to block cell cycle 
progn..--ssion. (Del Sal. et al .• Cell. 70. 595-607.1992). We have recently 
shown that the gas I induced growth suppression requires the presence of a 
functional p53. this represents the first evidence of a growth inhibitory 
pathway that originates ft.>m the plasma membrane and is transduced via 
p53. 

Gas3 codes for an integral membrane protein with four transmembrane 
domains. It is highly expressed in myelinating Schwann cells where it seems 
to be required hoth for establishing growth arrest and for coordinate rnyelin 
fonnation. When ga'i3 is ectopically expressed in fibrobla'itoid cells it is able 
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to induce apoptosis. 1lte hypothesis has thus been advanced that gas3 plays 
a role in the induction of programmed cell death. this cellular response being 
strictly dependent on the specific differentiative cellular background. 

Ga<i6 codes for a secreted protein that shows homologies with Protein S, 
a vitamin K dependent protein (Manfioletti et al., Molecular and Cellular 
Biology, 13, 497 6-4 985. 1993 ). Its function however is completely different 
from its relative: testing the activity of the recombinant protein expressed 
mammalian cells has posed the possibility that it acts as a powerful 
survival factor. 

We are establishing new techniques for efficient subtraction cloning 
protocols with the aim ofidentifying genes that are differentially or universally 
induced und ·different growth arrest conditions. 

One of the .e genes is sdr (Gustincich and Schneider. Cell Growth and 
Differentiation, 4, 753-700, 1993) that is induced only by serum starvation 
but not by contact inhibition. 

21 
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Virology 

L.Banks, V.Boumrd,G.FaulknerValle.P.Massimi,M. Molinari.A. Piccini, 
D. Pim, A. Storey. M. Thomas, R. Wu. 

The virology laboratOl)'focusesitsanentionontheHumanPapillomaviruses 
(HPV s). These viruses have been implicated as causative agents in a variety 
of human cancers, especially uterine cervical cancers. Cervical cancer is 
particularly devastating in developing countries. with this being the second 
major cause of cancer related death in women worlJwide after breast cancer. 
The work of the group is primarily aimed at elucidating the~ by 
which HPVbringsaboutcell transformation. Thestudiesaredivided into two 
broad areas concerning either the mechanism of action of the viral oncogenes 
or regulation of viral oncogene expression. The results of these studies will 
provide the means for designing strategies aimed at the prevention and 
treatment of HPV associated disease. 

A key function of the E6 proteins from oncogenic HPVsappears to be their 
ability to bind to and induce p53 degradation via the ubiquitin palhway. 
Mutations in the p53 gene are very common in many fonnsofhuman cancer, 
but are extremely rare in the early stages of cervical cancer. The normal 
function of p53 appears to be to induce growth arrest of the cell in late GI 
followingDNAdamagethuspreventingincorporationofdamagingmutalions 
into the genome. This function of p53 appears to be abolished by the 
oncogenic HPV E6 proteins, thus pennitting uncontrolled cell proliferation. 

Other laboratories have shown the binding of HPV E6 to p53 in l'itro and 
subsequentp53degradation. However, the exact importance of this interaction 
in vivo has not been investigated. We have carried out an extensive site­
directed mutagencsis of the HPV-18 E6 protein in order to locate regions of 
the molecule required for: a) binding/degradation of p53 in vitro; b) abolition 
of p53 transcriptional activation in vivo; c) ability of E6 to cooperate with an 
activated ras oncogene to transform primary mouse cells. 

A total of 15 mutants were consttucted throughout the HPV-18 E6 
molecule. Most consist of short deletions of 3-4 amino acids; single point 
mutations were found at an early stage to be resistant to this type of analysis. 
This probably reflects a high degree of intrinsic stability within the E6 
molecule. All the mutants produced to date retain the ability to transactivate 
the Adenovirus E2 promoter confinning that stable protein is produced 
in l'fro. 

a) The first set of analyse.~ concerned the ability of these mutant proteins 
to induce p53 degradation in \.'itro. These studies identified 3 broad domains 
of the E6 molecule which are necessary for inducing p53 degradation. 

b) We then proceeded to investigate the activity of these mutants in vivo. 
A central activity of p53 in it\ role as a tumour suppressor is its ability to 
stimulate gene expression from promoters which contain a p53 responsive 
element. Cotransfecting HPV-18 E6 and p53 together with a CAT reporter 
pla~mid containing a p53 responsive element results in an E6, dose dependent 
abolition of p53 transcriptional activation. The biological relevance of this 
a.~say is amply demonstrated by studies where endogenous p53 was activated 
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by UV irradiation. Again. transfecting HPV-18 E6 into these cells abolished 
UVinducedp53activity(Gueta/ .• Onccgene.9.629-633.1994).Mostofthe 
HPV-18 E6 mutants which failed todegradep53 in ,·itroalsofailed to abolish 
p53 transcriptional activation. One mutant was found. however. whk.it failed 
to degrade p53 in ritro but was wild type in the in lfro transcriptional assay. 
This result indicated that degradation of p53 was not essential forthe abolition 
of p53 function. We investigated this further with a series of miaoinjection 
experiments. Plasmids e~ing p53 and E6 plus a p53 responsive CAT 
plasmid were coinjected into human cells and stained for p53 and CAT 
proteins. The results obtained are shown in Figure l and demonstrate that 
cells coinjected with p53 and HPV-18 E6can continue to express p53 protein 
but have lost p53 transcriptional activation asdetennined by the level of CAT 
expression. 1bese results confirm that the in litro degradation is not relevant 
for in ,·fro function. 

c) We had previously observed that HPV-18 E6 could cooperate with an 
activated ras oncogene to transform primary rodent cells (Storey and Banks, 
Oncogene. 8. 919-924, 1993). We then proceeded to investigate the activity 
of these mutants in this assay. Most surprisingly. all retained some ability to 
cooperate with the ras oncogene in this assay. Since we had shown that only 
oncogenic associated E6proteinscouldcooperate withras. we then analysed 
some chimaeric E6 proteins (half oncogenic, half non oncogenic) and these 
demonstrared that the carboxy tenninal half of the protein was essential for 
this activity. These results indicate that p53 inactivation is not necessary for 

PAblltl 

Aboli1ion <>f pSJ 1ran...crip1i011al ac1iva1ior by co-micminjec1ion of HPV E6 and pSJ. Sam-2 cells were micminjected wilh die pSJ rcspon,ive CAT 
reponer pl.nmid lpGIJCATI plus indicated l!Kpm,ion plasmids. Aflcr 24 ~. 1he cell' were fi.ed. and p'J and CAT pmleins delecled \llilh 
pAblROI and an1i CAT anlibody mcgively. 
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ras cooperation and that an additional. as yet unidentified function of F.6 is 
responsible for this activity. Current studies are aimed towards identifying 
this function and assaying the mutant E6 proteins for immortalizing activity 
in human c;.."Clls. 

A summary of the functional domains of F.6 based on the mutational 
analysis is shown in Figure 2 (Pim et al.. Oncogene. in press). 

Wild type p53 binds in a sequence-specific manner lo DNA and this 
characteristic is related to the ability of wild type p5~ to transactivate genes 
adjacent to the p53 recognition sequence. Using a 20 bp oligomer containing 
a consensus p53 recognition sequence we have demonstrated the ability of 
in 1·itro translated p53 to bind this oligo in a gel retardation a~y. We have 
demonstrated that in l'itro tran.~lated wild type HPV I 8E6 is able to disrupt 
p53 DNA binding under conditions which do not cause the degradation of 
p53. In addition. this disruption of the complex is probably due to the ability 
of I 8E6 to displace p53 from DNA to which it is already bound. This implies 
that E6's binding to p53 may be sufficient to prevent the transactivation of 
genes containing the p53 recognition sequence and that the degradation of 
p53 may not be necessary in this context. We are now investigating the exact 
nature of this interaction using the I 8E6 mutant~ discussed above and we are 
extending these studies to examine the effect of wild type and mutant J 8E6s 
upon the interaction of p53 with other tran~ption factors. 

The above analysis indicates that the F.6-p53 a~sociation is very complex 
and probably involves multimeric E6 and p53 molecules. With this in mind 
we have started to a~say the HPV 18 E6 mutant~ for dominant negative 
effects. Cotransfection of certain E6 mutants together with the wild type 
protein result~ in clear inhibition of wild type function in tenns of abolition 
of p53 ~nscriptional activation. Similar result'> are obtained when in 1·itro 
degradation experiments are performed. Studies are now currently underway 
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to detennine whether these dominant negative E6 mutants can abolish the 
function of wild type HPV E6 ir. cells derived from human cenical tumours. 

An aspect critical to viral induced tumourigenesis is the regulation of viral 
oncogene expression. The major regulator of viral gene ex~ion is 
encoded by the viral E2 protein. We had pre\iously observed that alternative 
splicing of this gene resulted in two forms of the protein. one being a 
transcriptional activator. the other a transcriptional repressor. Further. the 
shorter repressor form of the molecule is capable of inhibiting the activator 
function of the full length form ofE2. Using gel retardation analysis we have 
been able to show that the repressor form of the protein complexes directly 
with the long form. Hence abolition of E2 transcriptional activation by the 
repressor E2 is brought about through formation of heteromeric molecules 
and under normal circumstances activation is only obtained if the E2 
mola'Ule exists as a horoodimer. 

Work continues on the set of E2 mutants which we have produced. Within 
the transactivation domain of the E2 protein we now know of five distinct 
regions which are essential for the transactivation function. One of these 
functional domains is responsible for synergy with the glucoconicoid 
receptor. We are now in the process ofidentifying other cellular transcription 
factors with which E2 interacts. One of the E2 domains has homology with 
a known amino acid sequence for interacting with TAT A box binding protein 
and this association is currently underinvestiglltion. An additional domain of 
E2 also has limited homology with a common transactivation domain on 
c-fos and c-j11n. Work currently in progress is aimed at addressing whether 
this homology is functionally conserved. 

A critical activity for viral DNA replication is the association between the 
viral EI and E2 proteins. Using the mutant E2 proteins described above we 
have proceeded to map the domain ofE2 essential for this association.EI and 
E2 have been expressed both in ,·irro and as GST fusion proteins. A strong 
complex wa~ oblained when the two protein~ were mixed together. In 
addition. this complex could exist even when E2 was bound to DNA. Using 
the mutant E2 proteins. one short stretch in the activation domain wa~ found 
to be essential for the a~iation with EI. Interestingly. this mutant E2 
protein is also defective for transcriptional activation. This suggests the 
possibilityofacompetitionbetweenEI andanasyetunidentifiedtranscription 
factor for E2 binding. Current studies are aimed at a~saying the effect of E2 
binding on EI enzymic activities. In addition. we are attempting to Nock the 
E 1-E2 complex fonnation using synthetic peptides which correspond to the 
domain of E2 which binds EI. It is hoped that a viral DNA replication assay 
can be developed in the near future and this could then be used to a~y the 
domains of E2 which are essential for the replication function. Such an a~say 
would also provide the ba~is for a screen for any antiviral compounds which 
may block viral DNA replication. 
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Microbiology 

C. \'. 8mschi.J. Oberto.l.8ertani.M. Coglin-ina.A. Comino.G. M.Danek. 
D. Delneri. G. Degrassi. V. Hind11pur Nagaraj. A. Janousek. M. Gotta. 
R. Klima. 8. u Thanh. G. I.jubijanJ..ic. S. Nwaka. D. Santoro. F. Storid. 
S. Ugolini. Z. Wen,,. V. Yong Gon=ales. P. 7.accaria, A. 7.ago. 

Work has progressed towards the identification and characteriz.ati of 
enzymatic activities involved indegradationoflignocellulose. with particular 
focus upon the degradation of ferulic and p-coumaric acid. These two 
cinnamic acids form the structural bridge between hemicelluloseandphenolic 
components of core lignin and their degradation is an essential step in the 
resolutioo of the whole lignocellulose structure. 

A ferulic acid and p-coumaric acid decarboxylase has been characterized 
and purified from Bacillus pumilus which was found associated with the 
rumen fluid. SOS-PAGE analysis of purified protein showed a single band 
of 23 kDa. while the molecular weight of the native protein evaluated by gel 
filtration has been estimared to be approximately 45 kDa. therefore. the 
protein should be a dimer. The isoelectric point of the protein is 4.6 and the 
optimal pH range of activity between 55 and 65. The 23 kDa band from 
SOS-PAGE has been blotted oo PVDF membrane and the amino-terminal 
sequence determined by 1a1icrosequencing at the CRIBI Centre of the 
University of Padova The eighteen amino acid sequence obtained has been 
used to synthesize a DNA probe oo the basis of a Bacillus subtilis frequency 
codon usage programme. Since DNA probe hybridii.es with Pstl andHindlll 
genomic DNA fragments. it will be used to screen the geoomic library of 
Bacillus pumilus which is being constructed. The same probe has been used 
to screen Bacillus suhtilis and Bacillus licheniformis genome since they are 
also able to decarboxylate the two phenolic compounds. The probe showed 
significant homology only with 8. licheniformis and a comparison of the 
hybridizatioo bands suggested the presence of a DNA polymorphism with 
respect to B. pumilus. 8. liclieniformis. a regular inhabitant of the rumen. has 
been successfully transformed by electroporation with plasmid pC 194 and is 
currently tested fortransfonnation with largerclooing vectors. This bacterium 
will be used as a flOSt fOi cloned gCO('s whose high expression is desired to 
improve utilization of lignocellulose. 

Acinetobocter calcoaceticus DSM 586 has been found to be able to 
completely degrade ferulic acid and p-coumaric acid up to the fission of the 
aromatic ring. thereby representing an interesting candidate for new enzymatic 
activities. HPLC and NMR analysis (the latter conducted in collaboration 
with the Technological Biopolymer Laboratory of the AREA Science Park 
of Trieste) showed that the first stable intennediates in the degradative 
pathway are ~pectively vanillic acid and p-hydroxybenzoic acid. while the 
last intennediate before ring fission is protocatechuic acid. Biochemical 
characterization of the degradative pathway is in progress: transfonnation of 
ferulic acid lO vanillic acid ha4i been reproduced in l'itro using the crude 
extract of an induced culture with the addition of CoA. ATP. NAD• and 
fonnaldehyde. This is a key-step in the conversion of cinnamic acid\ to 
benzoic aci~ and their funher degradation. 



Plasmid Stability The exprcs.goo of al least 35 genes encnding enzymes in 12 different 
amino acid biosynthetic palhways isc:o-regulared inS. amisi«. Typically. 
starvation for a given amino acid not only induces an increase in the be! of 
the enzymes necessary few its biosynlhesis. but results also in dcvared levels 
of enzymes for the biosynlhesis of Olher-aminoacids. However. many amino 
acid biosyntherlc genes are also under padiway-specific conlrol. which can 
override the general oomrol. Thus. starvalion forooe or more amino acids or 
nucleotides affects the cellular metabolism. with pos.gl>le effecrs oo the 
maintenance in the cell of plasmid species carrying genes encoding amino 
acids. nucleotides or oda' nmters. 

To investigale this possab-Jity we constructed a series of 2 JD-based 
plasmids carrying genes for the synlhesis of ei1her amino acids (histidine. 
leucine. tryptophan) or nucleotides (adenine. uraal). These plmnids were 
individually inlroduccd in a recipient yeast strain and parallel cultures were 
grown in selective mediatodefmninethe growth rare. Wnh this approach we 
could not detect appn:ciabledifferences in the growdlraleof the transformed 
cultures. while Olher-paramefaS such as plasmid stability and plasmid copy 
nmnber are under investigation. 

The cell~vision-cycle gene COC6. important for yeast centtomere 
(YCp) and yeast episomal (YEp) plasmid stability. seam to influence the 
endogenous 2 J.111 DNA plasmid transmission as well. We performed our 
experiments in two ternperalUre-sensitive cdc6 [Cir•] strains from which we 
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oblained revertant colonies able to grow at the restrictive temperarure of 
37• C. Weobservedlhatin thesecolonies grownattherestrictivetemperabD"C. 
2 J.111 DNA pla.wid is lost in 40 to 60'.i- oi the cases. while it is I OOt;f stable 
in the COC6 wild-type strain grown at the same temperarure. These results. 
together with double-shift experiments carried out \\-ith the drug nocodazole. 
which affects function and structure of the mitotic spind1e. tend to confirm a 
possible second roleof theCOC6 gene in the segregation of genetic elements. 

Penicillin G amidascs (PA) of gram negative bacteria are industrially 
importantenzymeswhichcatalysedeacylationoftheacylgroupofpenicillin 
G.yielding6-aminopenicillacid(6-APA).akey intermediate in production 
of semisynthcbc ~lactam ann"biorics. These gene products have features that 
render them quite unique among prokaryotes: the proteolytic release of the 
functionalenzymefromapolypeptideprecursor.acharacteristicof eukaryotic 
regulation of gene expression. 

To improve present biolechnological methods for production of 6-AP A 
and to better understand the origin of PA's post-translational regulation. we 
decided to expres.s this gene in the yeast Saccharomyces cerel·isiae. Using 
different kinds of yeast expression vectors in combination with differently 
modifiedPAgenesfromE.coli (GoB4)andPro1idenciarettgeri(GoB2), we 
successfullyobtainedexpressionoffunctionalbacterialenzymesinyeast.An 
expression cassette composed of UAS(Gal JO). a-factor promoter. a-factor 
leader sequence and bacterial gene with deletion ofbacterial leader sequence, 
even when present assing!'!copy percell (oncentromericplasmid YCpGoB). 
gives a level of recombinant enzyme which is comparal>le to or higher than 
the level obtained by expression of the cloned P.<\ genes in E.coli (Figure la). 
The same expression cassette containing the gene GoB4 was cloned into the 
2µ-based high copy number vector pBLAST, constructed in our laboratory, 
which does not require selection for its maintenance. The very high level of 
expression of the PA gene under galactose induction is shown in Figure I b. 
The enzymatic activity is localized either in the culture medium (YCpGoB2 
and pGoB2) or in the periplasmic spa..-e (YCpGoB4 and pGoB4). This 
pattern of disuibution of active enzymes can only be correlated with 
differences in coding sequences between PA from P. ret1ge1i and PA from E. 
coli. 

As pan of the BIOTECH project of the European Community aimed at 
sequencing Saccharomyces cere1·isiae's genome, we are involved in the 
sequence analysis of the cosmid clone pBi2 IO. containing a partial Sau3 A 
fragment of approximately 37 Kb from the left ann of chromosome VII. This 
fragment spans the DS12 locus and, as we demonstrated by Southern blot 
analysis. includes also the PMRI, SUA5 and RAD54 genes. previously 
mapped in this region (Mortimer, R. K .• Contopoulou. C.R. and King, J. S., 
1992, Genetic map of Saccharomyces ct>revisiae, edition 11. Yeast 8, 817). 

DNA of cosmid pBi210 wa~ double-digested with Sall-Nori obtaining 
three fragment~ of about 13.0 (Sall-Noll). 16.0 (Sall-Sall) and 8.0 kbp (San­
Notl), which were insened into the: shuttle vector pRS426 to give three 
subclones called pBi 13, pBi 16 and pBi8, respectively. Funher subcloning of 
the 13-kb fragment wa~ perfonned to generate subfragment~. both ordinated 
and random, suitable for sequencing. All these fragment~ were directly 
subcloned into MI 3mp 18 and/or MI 3mp I 9sequencing vectors. The strategy 
of chromosome walking with synthetic primers wa~ adopted to r.equence the 
entire clone pBi 13. All the primers used. including those used ~o locate the 
random clones generated by shotgun and to cover the jun~tions, were 
designed with the computer program DNAsis (Phannacia Biotech) and 
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synthesized al ICGEB Triesle. So far. a lotal of 56.996 nucleotides have been 
read to give a final assembled sequence of 12.680 bp. which is fully 
determinedonbolhstrands(Figure2).Sequenceanalysisoftheentire 13-kbp 
fragment is in progress. At present. 6 open reading frames (ORFs). which 
represem polypeptide sequences longer than l 00 aa. were found. Computer 
analysis (PROSEARCH against the Prosite database) identified some 
conserved patterns of Serflbr protein kinases in two of these ORFs. called a 
and d. ORF-a lacks the 5' portion. being ttuncated by the cloning into pWE 15 
coslT'jd ,-ector. A search for intron-splicing signals revealed the presence of 
a putative intron of 634 nucleotides of length in ORF-e. This ORF is 
translated into a putative protein characterized by a high content of serine, and 
ishomologoustotheyeastYGL023putativeregulatoryproteinandDrosophi/a 
melanogastermaternal pumilioprotein. A search forprotein patterns revealed 
a characteristic sevenfold internal repeat motif in the protein encoded by 
ORF-e. This pattern is similar to that reported for YGL023 and pumilio 
proteins. The analysis of the other ORFs found revealed no significant 
homology with known genes. The sequence of subclone pBi 13 is now 
complete. 

We are currently working on subclone pBi 16 contiguous to pBi 13. This 
fragment contains already known genes such as DS12, NSP49, tRNALys, 
SUA5andaportionof PMR/,theotherportionofwhichisonsubclonep8i8. 
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S. Pongor. A. Simoncsits. S. 7.ahariel'. V. Bel'ilacqua. I. Brukner. 
A. Chagolla Lope:. M. Cser:o. P. Fabian. C. Guarnaccia. Z. Hatstigi. 
G. Percipalle.R. Sanche:. G.Simon. V. Skerl. S. Susic,S. Wang.J.Zhang. 

The understanding of structural principles that underlie specific functions 
of proteins and their genes is the fundamental problem of protein engineering. 
The knowledge gained in this area is central in understanding how newly 
discovered proteins function and in designing new proteins forpractical uses, 
such as vaccines and other therapeutic agents. Our interest is centred around 
sbllctural domains and motifs th:u convey a specific binding function to 
groups of proteins which can thus be used to add a desired function to a new 
protei:i product. Such domains are required for binding proteins to receptors, 
to nucleic acids or to other ligands and the interactions involved play 
important roles in many natural and pathological processes. Interaction 
domains often evolve autonomously and many of them JPPCar to be 
independentfoldingunits,makingthemagoodtargetforengineeringstudies. 
Difficulties stem from the fact that ligand interactions may induce changes 
in both the binding domain and in the ligand, so the process ofinteraction may 
be more than a simple key-lock mechanism. In nature, interaction domains 
are the product of molecular evolution, a process of trial and enor by which 
successful domain structures are selected and maintained. On the other hand, 
conscious engineering of such sbllctures requires a rational understanding of 
the un&myingprinciples./n l'itroselection techniques based on combinatorial 
shape libraries (peptides, oligonucleotides or phage display systems) are a 
complementary, powerful method for obtaining binding structures. In practice, 
knowledge-based design and non rational selection methods can be combined. 
For example, rational design is used to select a useful protein scaffold, and 
randomization/selection techniques can be used to develop new binding 
specificities on the molecule. 

We are using four main experimental approaches: i) biocomputinganalysis 
of sequence databases: ii) molecular modelling and molecular mechanics to 
design and test 3-D models of the peptides and proteins: iii) peptides are 
produced by methods of protein chemistry and molecular biology and their 
activity is tested by in l'itro biochemical methods: iv) random peptide and 
oligonucleotide libraries to study ligand-ligate and protein-DNA interactions 
by employing affinity selection and binding techniques in l'itro and in vivo. 

The long term goal is the application of computational methods to the 
rational design of proteins and their genes. Our efforts centre around methods 
for building rational consensus models from existing structures, this being a 
fundamental problem of molecular modellin~. The programs are developed 
in C and run on UNIX computers. The programming environment includes 
the sequence databa'ies EMBL, Genbank, Swiss-Prot and PIR, the University 
of Wisconsin GCG package for sequence analysis, as well a~ public domain 
software such as FAST A and the PHYLIPprogram package for phylogenies. 
Part of this research is carried out in collaboration with the Institute of Protein 
Research, Agricultural Biotechnology Center, GOdollo. Hungary. 
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Techniques of lll('lecular gr.aphics and molecular mechanics are used to 
model peptides and to study their interaction with other macromolecules. The 
Insight and Discover of BIOSYM. the Sibyl package of Tripos. along with 
a host of other software are used for most of the modelling studies that are 
carried out on a Silicon Graphics IRIS Indigo XS24 workstation. 

This laboratory employs the techniques of solid phase peptide synthesis 
using the Fmoc strategy and aMilliGen 9050 automated peptide synthesizer. 
Weadaptedmethodologiestosynthesize~andthiophospho-peptides 
and to produce multiple antigen polypeptides (MAP) that can be used directly 
for immunii.ation. Progress has been made in the production oflong peptides 
with continuous flow solid phase technology. Peptides of up to 130 amino 
acid residues and analogues of the insulin A chain were produced with a high 
yield. In 1993. a total of91 peptides were synthesized, predominantly as a 
service to other ICGEB researchers. All peptides were purified by HPLC and 
most of them were characterized by amino acid analysis. 

Combinatorial shape libraries are a population of randomized biopolymers 
from which suitaNe ligands that bind to a si>ecific target can be selected. 
Combinatorial shape libraries can be prepared by peptide synthesis and 
oligonucleotide synthesis, and the latter can be cloned into suitable vectors 
and expressed. e.g. on the surface of filamentous phages. 

Semisynthetic combinatorial antibody libraries with human framework 
sequences were used to isolate human anti-hapten antibodies expressed on 
the surface of filamentous phages by biopanning techniques. Previously. 
similar libraries led to the selection of con~ensus motifs mainly in the H-chain 
CDR3. Our studies indicate that the L-chain CDR3 could also substantially 
contribute to the affinity selection. 

An in l'il'o selection method was developed for the selection of cognate 
sequences that bind to DNA-binding proteins or vice versa. This approach 
allows for the simple selection of specific protein/cognate pairs and thereby 
random oligonucleotide libraries can be used for altering the specificity of 
these interactions. 

Our research topics, described below. focus on two main areas: a) 
extraction of information from sequence databases; b) modelling of protein/ 
ligand interactions(protein/DNA interactions, enzyme/substrate and enzyme/ 
inhibitor interactions, etc.) 

Identification of new sbllctural motifs is a crucial task both in the 
interpretation of newly detennined sequences and in the design of novel 
proteins. Current sequence alignment algorithms are sufficiently fast in 
searching large sequence databases for homologous sequences. The 
interpretation of the results becomes increasingly difficult in the range of 15-
25% identities and homologies which are functionally interesting very often 
fall in thi:; range. The goal of this project is to develop search tools for the 
detection of distant similarities in protein sequences. Our working hypothesis 
is that the infonnation required is implicit in the database search results, only 
the appropriate tools of interpretation, or eventually, the modified databases 
have to be developed in order to find it. Conceptually, database searches 
return a group of homologous sequences and the experimenter has to 
intuitively determine whether or not this is a biologically meaningful 
homology group. The solution is straightforward if the identified group is 
identical to <;>ne of the known homology groups and is characterized by a 
known sequ~nce pattern. On the other hand, identification of new homology 
groups and qew domai.1 types is. by-and-large, an intuitive process and our 
efforts co~ntrate on tools that facilitate this talik. 
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We have developed SBASE. a protein domain library that contains the 
primary sequence of over thirty thousand protein segments of known 
structure/function that facilitates the identification of domains and potential 
functions in a newly detennined sequence. 1be domain sequences are 
grouped by cluster analysis methods that assist in detecting distant similarities 
between them. This database was added to the ICGEBnet computer resource 
and was also released for public use through the network. In 1993 we started 
an electronic mail server ( sbase@icgeb.trieste.it) that automatically analyses 
domain homologies in query sequences which are sent by electronic mail. 

In a parallel effort we ha,·e developed tools that detect recurrent patterns 
in database search result<;. Starting from an unknown query sequence. the 
programs produce a set of "interesting" sequence patterns along with domain 
descriptions which are potentially associated with them. 

Central to this approach is ageneralizedentity-relationshipdatamodel that 
represents molecular structure as a set of substructures and relationships with 
assigned quantitative and qualitative properties(Pongoc. Nature.323, 24.1987). 
Our future plans include the development of a logically coherent protein 
sequence database in which not only the sequences but also the textual 
information can be processed by computational methods. 

Sequence-specific interactions of proteins with DNA play a central role in 
gene regulation. 30 structures of protein-DNA complexes are now available 
for a number of repressors and it has been experimentally shown that short 
peptides derived from the 1eucine-zipper' domain bind to DNA in l'itro. We 
are studying the helix-tum-helix motif of the £. coli phage 434 repressor 
protein and computer modelling is being used to design peptides that can 
mimictheDNA-bindingunitsoftheseproteins.ln 1993weproducedaseries 
of peptides that contain DNA binding motifs in various arrangements and that 

8indin1 of a dr 11m·r1 dc:'iitncd. fully'~ nrhcrk. 1.10 rc:,i1luc: lnnl? llipartitc: DNA·llindinit,prn1cin 111 i" mg narc npcrnror-ire in DNA I lllur 1. The: lk:lkal 
re1ion• ofrhc: pm1c:in arr ycllow. rhc: rN j, green. The: .•ynthc:tk linker region j, •hown in aromic detail. 
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show sequence specific DNA binding activity both in vitro and in l'im by 
using peptide synthesis and protein engineering techniques. In particular. 
different chimaeric and functionally active DNA binding proteins have bee11 

designed and constructed. Random and rationally designed libraries of su.:h 
single-chain molecules with bipartite DNA-binding motifs are being stuc'ied 
usingbothin,·itroandin,·froselection.Thisisbeingdoneinconjunction..vith 
randomized DNA regions. in order to discover new specificities in DNA/ 
protein interactions. Chimaeric DNA binding proteins based on the helix­
tum-helix motif have been designed and expressed in £. coli. An in \'fro 
selection system for studying specific protein-DNA interactions has been 
developed. In this system. a single expression vector carries all the elements 
required for selection: the regulated gene for the DNA binding protein; the 
possible binding site (cognate DNA) for this protein; and. a marker gene 
which is placed under control of this binding site. A rational reJesigning of 
boththebindingmotif anditscognateDNAsequencehasbeene~~perimentally 
tested showing that the selection system is capable of dett.:cting binding 
interactions with new specificities. This opens the way toa random approach 
in which the binding motifs and the cognate DNA S'!CJuence can be 
independently or simultaneously randomized. 

Sequence-dependent folding and flexibility of DNA seems to be an 
important feature in many regulatory mechanisms. There is growing evidence 
that local curvature and flexibility strongly influence the mode of protein­
DNA interactions. therefore affecting important biojogical events such as 
DNA replication. recombination and transcription. We have recently shown 
that GGGCCC element~ in ds DNA are curved. We have also found that 
physiological concentrations of divalent cations drastically influence the 
magnitude oflocal DNA flexure. This finding has important implications for 
predictive models of sequence-dependent and protein-induced DNA flexure. 
since all experimental values used for establishing such models were hitherto 
determined under non-ionic conditions. 

Currently, we are developing a model for sequence-dependent DNA 
bendability. DNA bendability is a potential of DNA to adopt particular 
conformation imposed by interacting protein. This "potential" is determined 
by the sequence context of DNA. It is well documented that such 
conformationaVtopologic?! changes of DNA are coupled with replication, 
recombination and transcription of DNA. By using DNase I as an indicator 
for bendable regions in DNA and subjecting a large number of DNA 
molecules to digestion, we were able to deduce the bendability potential for 
eact: sequence motif. Currently. we are working on numeric models that can 
predict DNA bendability from sequence data by combining conttibutions 
calculated for the constituent di-, tri- or tetra-nucleotides. Our preliminary 
results show that origins of replication and upstream regulatory regions 
invariably show bendability profiles that are very different from those of bulk 
DNA or of coding regions. 

Protein kina~s phosphorylate oncogene products, transcription and 
replication factors in a specific and regulated manner. We have synthesiz'"Cl 
substrates of COC2 kina~ that were used to purify this enzyme from natured 
sources. A systematic study wa~ undenaken in order to a~:;ess the substrate 
specificity of cyc:lin-B/CDC1 isolated from human HeLa cells. using 13-15 
residue peptides with a central histone-like KKSPKK motif a\ a model. 
Replacement of the proline residue by any of the other 19 amino acids or 
D-proline drastically reduces or abolishes phosphorylation by CDC2. 
Changing the ba~ic residues to Ala on either side the of -SP- structure 
differentially reduces phosphorylation. Molecular modelling and dynamics 
~imulation indicated that the phosphorylation site may have to adopt a 
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tum-iikeconfonnationthatallows interaction withposrulatedhindingsurfaces 
within the CDC2 kinase active site. lbe substrate/active site models are used 
ir1 the rational design of specific inhibitors to COC2 and related kinases. in 
l:Ollaboration with Prof. J. Allende. University of Santiago. Chile. 

Semisynthetic combinatorial antibody libraries .d phage display 
technology offer a route for producing high affinity human monoclonal 
antibodies without the need for immunization. In this awroach. molecular 
diversity is generated in the complementary detennining regions '':DRs). at 
the DNA level using chemical DNA synthesis. In the reported .... dSeS. the 
heavy chain (ff) CDR3 was randomized in order that antibodies with altered 
specificity could he selected. Using a new strategy based on iterative 
randomization and chain-shuffling. we have isolated several human anti­
hapten antibodies with moderate affinity, which differ from the original 
antibody in the light chain (L) CDR3 only. In this manner, the specificity of 
the original antibody molecule could be changed so that it now binds a small 
molecular hapten, fluorescein. Molecular modelling is being used to study 
the LCDR3connibution to thehapten binding and :o predict further structural 
modifications to obtain high affinity antibody combining sites. It appears 
however. that the binding of fluorescein to this altered antibody may be very 
similar to that found in a completely different antibody/fluorescein complex 
studie.dbyX-raycrystallography,i.e.thein1itroselectionstrategysuccessfully 
reproduces antibody/haplen interactions. 1be success of the iterative 
randomization and chain-shuffling strategy shows that binding specificities 
can be built up in a successive application of randomization steps. 

Figure 2. 
Binding of an "' .. ;1111 developed anribody \'ariahle reFion 10 a ~mall l!llilcr.ular hapcen. nuorc~ein hrruc:rural model devek>ped by homoloay 
modellins and llll•le.:ular dynamic' retincmeno. The ;;n1i11cn hindin11 l110JI' of rhc li1Jhl chain 11.1 and h<:avy chain 1H1 are coloured in yellow and 
~recn. n:•p«•i\'C ly. 
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Figure 3. 
SllllCturc of a new lypc of a-amyla.;e inhibi1or C sttu..1ural model de\"clopcd by homology modclli11g ba.'ied on sequence and disulphide ron11CC1ivi1y 
dala). The ~sheet' arc represcnlCd as arrows. Ille disulphide bridges arc yellow. 

The Structure of 
a t~ew a-amylase 
Inhibitor 

Solid-phase 
Peptide 
Synthesis of 
Insulin and its 
Analogues 

Enzyme inhibitors are important tools of nature used in regulating the 
activity of certain enzymes. Peptide inhibitors are often quite short in 
sequence and still have a well defined 30 structure. so they provide optimaJ 
targets for folding studies as well as for substrate/active site investigations. 
The best studied group of peptides are the protease inhibitors. relatively little 
is known about amylase inhibitors. In collaboration with Dr. A. Patthy. 
Agricultural Biotechnology Center, GOdollo. Hungary and Dr. A. 
Blanco-Labra. CINVESTAV, Mexico. we have recently determined the 
sequence and the disulphide bridge topology of a new a-amylase ilh'libitor 
isolated from the Mexican crop plant, Amaranth11s hypochondriacu.f. This 
small protein of 32 amino acids has a weak homology to members of the 
squash family protease inhibitors. lt'i 3 disulphide bridges determine a chain 
topology that is characteristic of the knonin family of small proteins, which 
makes it possible to build a knowledge ba'ied model of the peptide for future 
engineering experiment'i. 

Insulin is clearly the most important macromolecular drug in use today. lt'i 
complex mode of action is a challenge both to molecular biologists and 
synthetic chemists. The key to this process is the interaction of the hormone 
with it'i surface receptor which appears to be a dynamic mutually adaptive 
conformational change rather than a simple lock-and-key mechanism. 
Insulin/receptor interactions can be best studied with insulin analogues 
labelled with noncoded amino acids. Presently, the preparation of such 
analogues is hampered by tile comparatively low yield of chemical insulin 
synthesis. In collaboration with Prof. Dietrich Brandenburg's group(Deut'iChes 
Wollforschunginstitute. Aachen. Germany). we have started the design and 
synthesis of insulin A-chain analogues for receptor binding studies. The 
preliminary results show that an optimization of the synthesis strategy 
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(selection of protecting groups and solvents) can substantially improve the 
yield of synthesis which allows the production of new insulin analogues for 
receptor interaction studies. 

Repetitive sequences are found in manynon-globularproteinsofinteresting 
biological and physicochemicai properties such as the immunoactive 
circumsporozoite protein of the malaria parasite or the adhesive and nucleic 
acid binding proteins of various organisms. A conunon property of dlese 
quite wide-spread repeats is that they contain a conformationally restricted 
amino acid proline. at regular intervals. While in search of a general strategy 
for modelling of repeat sequences. in collaboration with Dr. V. Chauhan. 
ICGEB-New Delhi, we started to build repetitive model peptides containing 
various conformationally restricted amino acids such as dehydro alanine. 
dehydro-phenylalanine, etc. The strategy consists in generating a large 
number of repetitive conformations under various dielectric oonditions and 
selecting those that correspond to ~fie chain symmetries and ff-bonding 
patterns. In the case of poly-dehydroalanine we found two major conformer 
families. one corresponding to a regular 3110 helix or type m tum, the odJer 
to an irregular conformation. 4>=-157 to ·I 7Cf. 'I'= -1 to IS' which however 
can be found in the i+2 position of gamma-turns. These data confinn that 
Mia may induce tum-like structures in peptides and also indicate that it may 
confer flexibility to the peptide chain. 
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F. £.Bara/le.£. Scodeller.R. Garcia.S. Tisminet:J..-y.R. Tuteja.J. Ag11iyi. 
M. Bara/le. M.A. Bonder. £. Burani. M. Caputi. Y. CMn. G. Dn·escoli. 
E.Donadel.E.Falasca.M.Gerotto.B.R.Gue_rra.A.laconcig.D.Kobal,A. 
F.Muro. \'. Polonio.F. Porro.R. Pariyarathu.M.Jtu,-.:ano.M. Schiappacassi. 
C. &rra. \'. Stoyanom.A. F. Yenidunya.M. Valenti. 

Cystic Fibrosis <CF>: We have continued our studies on the alternative 
spliced form of CFl'R mRNA described in the 1992 Activity Report. In fact. 
CFTR36 is produced by the irniertion of a differentially spliced exon carrying 
aninframesropcodon.ThisisanovelcellularmechanismaltemativetoRNA 
editing for the production of a protein that shares common sequences with 
anotherbuthasdifferenrpropertiesand functions. Thefirststepinestablishing 
whether CFfR36 is a functional prolein was to obtain cells which expressed 
it independently of other CFfR forms. We took advantage of the C 127 cell 
system. The CfTR- Cl27. a mouse mammmy epithelial cell line, was 
transfected with the CFfR36 cDNA (Melo. et al .• 1993) creating a cell line 
producingCFTR36underthecontrolcftheSV40pnHIKMer.Similarcelllines 
were oblained from Dr. A. Smith (Nature, 358, 761-764, 1992) producing 
CFTR I 00andCFTR100 L\1=508. We have carried out immunofluorescence 
studies which show CFfR36 behaving very differently from CFTR l 00, in 
particular, accumulating in large intracytoplasmic vesicles and not reaching 
the cell membrane in significant amounts. We are now studying the ion 
channels present in the C 127, C 127 CFTR36 and C 127 CFTR I 00 to see if 
we can detect differences due to CFTR36. A cell producing bolh CFfR I 00 
and CFTR 36 simultaneously is also being constructed. 

We have continued to study the genetic defects in the CF patients of the 
Friuli-Venezia Giulia region and have set up, in collaboration with 
Dr. D. Faraguna of the Durio Garofolo lstitute, a simplified screening 
method for the early diagnosis of CF. During this study a new polymorphism 
of the CFfR gene was found in normal subjects. It consist." of an A to G 
transition in exon 19 at position 3662 that results in a conservative Lys to Arg 
substitution. 

Gaucher Disease: We ha\·e continued our research on the molecular ~is 
of this glycolipid storage disease and have found a new mutation caused by 
an A to G transition at position 5985 of the glucocerebrosidase gene (Tuteja. 
et al., 1994 ). This mutation produces the replacement of a tyrosine tocysreine 
at position 418 of the procein. The Y 41 SC mutation ad<b one more cysteine 
to the protein in this critical region and this change is likely to alter the folding 
of the procein and advmely affect iL" stability and/or enzymatic activity. It 
may also be possible that the Y 41 SC mutant enzyme is poorly stimulated by 
a natural activator saposin C. a" ha" been shown for anodler mutated enzyme 
R463C. 

Eosj00j1hjle Peroxidase Peficjency: Eosinolphile peroxida"' (EPO) is a 
highly ba.\ic haemoprocein. one of the rnos1 abundant proceins of the 
secondarygranulesofeosinophilgranulocytes.lncomhinationwithH.Aand 
a halide. EPO calalyi.es the formation of hypohaJous ions with suong 
cytotoxic activity against bacteria, parasites and cukaryotic cells and ha~ the 
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ability to inactivate inflammatory mediators such as leukotticns. EPO can 
also act independently of its peroxidase a.'tivity by modulating the functions 
of o:her inflammatocy cells such as mastcells. monocytes and neutrophils. 
The study of an EPO-deficient subject and his family has yielded interesting 
results. The subject lacks the enzymatic and immunochemical characteristic 
of EPO. Analysis of cDNA obtained from eosinophil precursors derived 
frombloodprogenitorcellsre••ealsacompoundheterozygosityforthedefect 
with mutations consisting in a base ttansitioo leading to an ammo acid 
substitutioo (Arg 286 ~ His) and an insertion that. by shifting the reading 
frame. generates a stop codon resulting in a truncated protein. The Arg 28 His 

The !Xffilida\C cytochemi•lrY of eoe\inophile prec:uri.on al different 1imc• of culture. The pm:uNiro from the normal \ubj«t lldl column I were 
hcmloaeneou•ly reactive for perolida'IC with a hi11h degree of j(aining 1hmu11hout lhe obe\er.·a1m111imc I from top lo boltom day' 13. 21 and 27 ). 
The pm:ur.ion fmm the Ef'O.deficie111 whj«t fright column I were inilially le" po!lilive than lheir normal counrerpan• and di•played MllTIC 
heterogenc:ily in cell ,taining. Thi• hetcrose~ily increa\td from day l.l 10 21 and wa• panicularly evident al day 27 of cul1ure I right. bol1om I when 
rell~ al!TI0\1 1ocally negative for ixro11Ktze cytoehemi5try could he oblervc:d. 
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mutation alters the heme environment and affects the function and stability 
of the enzyme. This explains the presence of EPO activity in the early 
precursors of t.'ie subject and its totll absence upon m3IUralion (Figure I). 
Biochemical and genetic studies in the family members are compab'ble with 
an autosomal recessive mode of transmission of the defect. 

D.ysljpidemia: We are proceeding with our genetic studies on families with 
derangement in the lipoprorein metabolism (ICGEB Activity Reports 1991-
1992). A large prospective study in collaboration with the local hospitals i': 
under way. The results of this study are expected towards the end of 1994. 

We have also proceeded with the construction of transgenic mice and 
rabbits bearing Apolipoprotein gene mutations. These animal models will be 
useful for studing the complex interactions involved in maintaining normal 
plasma lipid levels. 

The Milan hypertensive strain of rats (MHS) de~-elops a genetic form of 
renal hypenension which. when compared to its nonnorensive control 
(MNS). shows renal dysfunction similar to that of a subset of human patients 
with primary hypertension. MHS and MNS were shown to be homozygous 
by multilocus minisatellite analysis and monolocus microsatellite nwktts. 
We have now ~finitively shown (Bianchi. et al .• 1994) that one point 
mutations in each of two genes coding for the membrane skeleton protein 
adducin are ~ated \\ith blood pressure in the Milan strain of rats. 
Adducin is a heterodimer formed by a and J.\ subunits which promotes the 
cmembly of actin with spectrin (ICGEB Activity Reports 1991-1992). MHS 
and MNS differ respectively with the amino acids tyrosine (Y) and 
phenylalanine (F) at position 316 of the a subuniL In the P adducin locus. 
MHS is always homozygous for arginine (R) at position 529, whilst in MNS 
either R or Q occur in that position. The R/Q heterozygotes showed lower 
blood pressure than any of the homozygotes. /n litro phosphorylation studies 
suggest that both of these amino acid substitutions occur within protein 
kinase recognition sites. Analysis of an F~ generation demonstrated that 
tyrosine (Y) alleles segregated with a significant increment in blood pressure. 
This effect is modulated by the presence of the arginine (R) allele of the 
p subunit. Taken together, tiles;; findings strongly support a role for Adducin 
polymorphisms in causing variation of blood pressure between the MNS and 
MHS strains. 

We are currently studying the mechanisms by which the lack of 
phosphorylation in both the a and p adducin chains affect cellular functions 
such as Na/K cotransport or cytoskeleton organization. 

Fihwectin <FN): Thisimportantcomponentof theplasmaandextracellular 
matrix has multiple functions in cell-cell and cell-matrix interactions. Some 
of its functions are modulated by specific FN isofonn synthesis and th...-sse 
polymorphisms are in tum generated by cell specific alternative splicing of 
a primary transcript derived from a single gene. We have previously 
investigated the splicing patterns of these regions during develop:"lCllt and 
aging in rats (ICGEB Activity Repons 1991-1992). We have now addressed 
the question of the mechanism involved in this regulation, particularly in the 
EDAexon. 

EDA is a facultative type Ill homology of human fibronectjn encoded by 
an alternative spliced exon. The EDA+ and EDA- mRNA forms show a cell 
type specific distribution with their relative proportion varying during 
development, aging and oncogenic lransfonnation. We have previously 
demonstrated that an 81 hp nucleotide sequence within the exon itself is 
essential for differential RNA processing. Fine mapping of cis-actingelements 
within this region ha~ been carried out to identify possible target sites for the 
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modulation of alternative splicing. There are at le.N two short nucleotide 
sequeOL-es involved. Element A (GAAGAAGA) is a positive modularocfor 
the recognition of the exon. its deletion n:sults in constitutive exclusion of the 
EDAexon.E!ementB(CAAGG)isanegativemodulalorforexonrecognition. 
its deletion results in constitutive inclusion of the EDA exon. This bipm-ite 
sblk.."1Ure of the splicing enhancer is a novel fearure of the mammalian exons 
(Caputi. Melo and Baralle. 1994). 

Vaccine Devekpnent Prommme: Production of recombinant proreins 
carrying Human Immunodeficiency Virus-type l(HIV-1 )specific sequences: 
The principal neuttalizing determinant (PND) of HIV-I lies within the loop 
forming the third hypervariable region (V3 loop) of the glycoprotein gp 120. 
The relationship between titer of anti V3 loop in immunized animals or 
human vaccineesand ''irus neutralization capacity is already well established 
This region has been originally defined as hypervariable. However. recently. 
funher analysis of a large number of isolates found two PND consensus 
(IGPGRA and GPGRAF> thal appeared to be present in approximately 60% 
of the viruses isolated in North America This sequence seems to be 
exttemely important in the antigenic structure of the V3 loop. In fact. human 
monoclonal antibodies (HumAb) displaying a broad neuttalization activity 
against several divergent strains ofHIV-1 bind to this region. A seven amino 
acidsequence(IGPGRAF)fromthisregionwasgeneticallyinsertedintotwo 
loops of the protein thal make up the capsid shell of the insect Aock House 
Virus (HIV). This is a carrier system which we have recently developed 
aimed at locating immunogenic epitopes on the smface of viruses or vilm­
like particles. The positions for the insertions were selected based on the 
known 3-D structure of the ,.iral particles and they are expected to expose the 
foreign sequences at the protein surface. The hybrid proteins were expressed 
in insect cells by recombinant baculoviruses. Three different hybrids were 
used as immunogens; two of these presented a single copy of the insert. each 
at different positions of the carrier; the third hybrid carried two copies of the 
insert in the same molecule. at the positions used for the single ones. All 
hybrid proteins induced a strong specific response in immunized animals. as 
evaluated in W estem blot against recombinant HIV- I gp 160. The sera of 
animals immunized with either antigen al.so showed a broad specificity for 
different V3 loop sequences and they were able to recognize peptides 
representing the PND of very divergent HIV- I isolates by ELISA. However. 
only one of these immunogens was able to induce a strong W!utralizing 
response against HIV- I (MN and IIIB isolates) in immunized guinea pigs. 
Our results show that a very small sequence of HIV- I can constitute a 
valuable immunogen able to induce a strong neutralizing response if properly 
presented to the immune system. 

Production of FHV-rotavirus hybrid~: FHV chimeric proteins carrying 20 
amino acid long epitopes of the rolavirus protein VP4 (trypsine cleavage site) 
are also being evaluated a~ immunogens. Hybrids were produced in bacteria 
as well a~ in insect cells by recombinant baculoviruses and were used to 
inoculate guinea pigs. In all calies the immunized animals showed a strong 
respc)nse specific for VP4. 

Production of FHV-HCV hybrids: FHV chimeric proteins carrying HCV 
sequ~nces were also produced. We insened. the sequence encompa~sing 
ami~o acid I to 20 and 21 to 40 of the HCV core protein, in several positions 
of ou,rcarriersystem. It il' known that in this region the strong immunodominant 
epitQPCS responsible for the seroconvertion in most infected humans reside. 
The!IC proteins. produced and purified from E.coli. are now being tested for 
their,capacity to recognize specifical sera from infected patients in Western 
and ELISA a~says. 
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Genol):pes of hq!atitis C virus in Italian patients \\ith chronic hepatitis C 
and response to Interferon thegpy: Hepatitis C virus (HCV) was clearly 
established as the major etiological agent of post-transfusion non-A non-8 
hepatitis. HCV is a positive sttanded RNA virus with a linear genome 
comprising approximately 9.400 nucleotides. A 5' noncoding region (NC) 
precedes the large coding sequence and represents the region of choice for the 
detection of HCV-RNA by polymerase chain reaction (PCR}. Analyses of 
different isolates have led to the identification of significant nucleotide 
variation. thus establishing the exisrence of distinct genotypes of HCV. To 
assess the prevalence of different HCV genotypes inourpatients with chronic 
hepatitis C. we amplified and sequenced part of the 5'NC of the virus in 21 
patients. On the basis of the data obtained. oligonucleotide probes were 
designed to be used in a more rapid dot blot genotyping test. Using this 
method. 79 consecutive patients were srudied. 42% of them were found to be 
infected by HCV type I. 45% by HCV type 2 and 4% by HCV type 3. Patients 
infected by HCV type 3 were significantly younger and had a milder form of 
liverdisea4ie, comp.iled to those infected by HCV type I or type 2. Regarding 
the response to interferon therapy. complete transaminase nonnalization 
during treatment was observed in 26% of patients with HCV type 1, 80% of 
those with HCV type 2 and in I 00£1- of those with HCV type 3. thus 
confinning that the genotype of HCV influences the ~. as well as, 
identif}ing in HCV type 3 a strain of HCV which is highly sensitive to 
interferon. Our results also provide information on the prevalence of different 
HCV genotypes in Italian patients and indicate the usefulness of the dot blot 
hybridization procedureforarapidscreeningoffiCV genotypes(Tisminetzky, 
et al.. 1994 ). 

Host defence and inflammatOQ' activity of human pha&ocytes: The 
involvement of cytosolic proteins in the exocytosis of the different granule 
populations of human neutrophils has been studied using a cell-free system. 
Proteins that could participate in this process have been shown to translocate 
from cytosol to isolated primary and secondary granules of different density 
in a caldum-dependent manner. Three of these proteins. of molecular 
weights 32, 35 and 68 k.Da, have been immunochemically characterized as 
annexin IV, I and VI, respectively. They belong to a family of calcium- and 
phospholipid-binding proteins whose specificity of action is detennined by 
their amino-tenninal end. We have found that these proteins Juve different 
affinities for primary and secondary granules. as well as different calcium 
dose responses regarding their translocation. These findings could have 
implications concerning the well known differences in the response of 
primary and secondary granules to cell stimulation. 
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O.Burrone.M.Bestagno.l.Afrikano1·a.F.Batista.D.Efremo1-,S. Giambiagi. 
I. Gon:ale:-Rodrigue:. E. Q. Ii. S. Mancardi. A. Pedra-_a, S. Perissutti. 
M. S. Sun. T. Tkach. 

Monoclonal antibodies specifically directed against human tumours are 
powerful tools to study and characterize relevant antigens on cancer cells and 
lhey could be extensively applied in diagnosis and therapy. lbeir use in 
humans is. however. limited by the rapid raising of human anti-mouse 
antibodies (HAMA) in treared patients. because of their murine origin. 

This project is aimed at developing chimeric antibodies (Figure I) which 
combine the mouse antigen-specific variable regions (V" and VJ with the 
human constant regions of both heavy and light chains <C.. and CJ. 

New recombinant proreins are at present also underinvestigation. utilizing 
various arrangements of the immunoglobulin domains, which can lead to the 
development of new molecular tools of defined specificities for clinical use. 

In collaboration with Dr. Jose Monloh. from the Campomar Foundation, 
Buenos Aires. Argentina, we obtained the complere chimeric genes for both 
heavy and lig.'1t chains from the monoclonal antibody FC-2.15. specific for 
a tumour membrane antigen. A different monoclonal antibody whose 

Thru dimen,ional rcpre\Cnlation of a mou\C lmmunogl • .ilulin Fab fragmeni !left I and rhc COl'T~ponding chimeric V mou\C.IC human Fiob molecule 
lrigho. Dark colour• cOl'Te•pond to H chain• and light colour. Iii l. chain•. In both ca\C:.1hc mou-e \Cquence• are in 1rcen and lhc human sequmcc• 
in blue. ' ' 
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chimerization has been successfully achiewd is the 6C6 antibody. which is 
specific ti.1r a human brea.'t cancer surface antigen. originally de\·eloped by 
Dr. Er Qiu Li from Peking L:ni\·ersity. China. 

Reliable protocols werec.Je,·elope<l fortheexpression of functional chimeric 
antibody molt.-cules in both CHO and SP!/O cc>lls. We haw established 
conditions to obtain tr.msfoctants of antibody pmducing clones which are 
able to secrete up to 90 µg/ml of the chimeric antibody protein. 

lnununotluore~enl.-e studies in ditlerent posith·e and negative cell lines 
and Western blotting analysis on membr.me extrncts performed with these 
two anti tumour specific antibodies showed that the pattern of reactivity of the 
chimeric hFC-2.15 and h6C6 corresponded in both ca...es to that of the 
original murine antibody. At present. their in ,fro acti\·ity is being im·estigated 

A third monoclonal antibody ( IORT-1 ). directed against the CD6 T l."ell 
surface markerl MW -90- HX> kDa l ha.' also been humanized. This antibody. 
originally de\·elope<l by Dr.JorgeGa\·ilondol Centre forGenetic Engineering. 
Havana. Cuba). will be tested for its activity in the treatment of cutaneous T 
cell lymphoma. 

The high specificity showed by the 6C6 antitxxf y for a 30 kd protein. found 
in membr.me e'tr.icts of se\·ernl cell lines. allowed us to successfullv screen 
a i.gt 11 cDNA ex pres-. ion libr.iry and to isolate clones in onler to ide'ntify ~he 
6C6 antigen: such clones are al present being char.icterized. 

Allergy is the most common em·ironmental disea...e aftecting more than 
209< of the world population. It is mediated by antibodies of 'he 
lmmunoglohulin E I lgEl cla..;s which bind to the high atlinity receptors 
I FcrRI) on mast cells and trigger them to release mediators of the acute 
inflammatory response upon contact with allergen. Despite the significant 
biological effect of IgE. its serum levels are three to four orders of magnitude 
lower than the other lg families. Elevatt.'t.l levels can be encountered in atopic 
indi\·iduals and during certain par.isitic infections in which lgE antibodies 
play a major role in the host defence. lgE-secreting B cells are abundant in 
the main sites of par.isitic invasion. such as the skin. lungs and gut. but can 
also be detected at extremely low fre4uencies among peripher.il blood 
lymphocytes 1PBL1. 

We have recenlly developed a sensitive RT/PCR procedure with which we 
inve,tigated the lgE heavy chain repertoire expressed by PBL in sewral 
norn1al and atopic indi\·iduab.. Nucleotide se4ucncc analysis of r VH and 
CDR3/FW-l regions showed that the lgE-producing B cell clones undergo 
somatic mutation. as expected for lymphocytes inrnh-ed in senmdar)' 
immune responses. Funhcnnorc. particular f CDR3/FW-l regions were 
found to be sharl!d byµ and rJ transcripts in the same individual. suggesting 
that a common lgM expressing B cell precursor gi,·cs rise to B cell 
populations that express lgE and lgG-l. This last finding could point to a 
possible: mechanism for modulating the allergic response since antibodies of 
the lgG-l subclass have recently been shown to act as hlocking antih<xfics in 
certain patients with chronic hclminthic infections which. despite high levels 
of parasite-specific scrum lgE. do nol manifest allergic reactions. 

further work in otir l;.1h<m1tory focused on the possihlc differences in the 
effector fum:tions of the \·arious f transcripts. A number of alternatively 
splicl!d f trnnscripts. differing in their J' i:nds. have been idcntitii:d in <Ill lgE 
secreting mycloma cell line I U2661 hy several invcsligators. Our analysi-. of 
ther transcripts expressed hy PBL111d~1lsothe U266cdl line identified most 
of these fomh. together with the cl•1ssical -.ecrctcrl and memhr•me RNA 
mokcuk-. •md se\ernl yet undescribed forms. lrn.:king different parts or the 
complelc r exon -l 1CH-l 1. The different forms idelllified in the PBL v.cre 
further invi:stigated hy con-.trncting mousdhum•m chimeric antihodics 
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1.."\llltaining a mou~ VH scgn~nt with •mti-~IP •1llinity and the difforent 
human f constant region-.. The 1.."\mstrm.-1-. ''ere expn.-s:-.t."\I in a mou~ 
mydoma cdl line tJ558Ll which pnlliu1..'t.'S only the light chain of th\." anti­
'.\:lP ~mtihllliy. Pul~-ch•l~ lahdling experimt>nts and immunotluorescenw 
anaiy-.is -.how1.."\I that the altemati\ dy spli1..'t."\I t'l llllls are retaint."\I anJ dt'gr.l<lt.-d 
in th1..· endopla.,mJtic reticulum while only the da.,sical St'\.~too form wa.' 
companmcntali11..>J in the Golgi and suhsequent!y sn~too. The tllllns with 
p<ll1ial and tot•1l dt'ktions of the CH-I. domain were unahle to form din~rs 
1.."\mtim.ing an imponant mle fi.lr this domain in estah!ishing the tel1iar)· 
structure of the lgE mok'l..-uk. Tilt."< data lkmonstrJtoo that the da.,si1..-al 
St'Cretoo and n"k!mhrJne-hllUnd lgE are the only completdy pnll..-esSt.'ll lgE 
molc:.:ule'. while the other isc.lfi.l1111s a~arto bc pnlliu1..·ts llfobcrrJnt spli1..·ing 
which <tre dminatt."\I by post-trJ11s.:riplional e\·ents. 

Future studies will attempt to char..k.1erize the human lgE repenoire 
atlinity hy clmstructing comhinatorial libr.lri1..-s with lgE spt.-citicity fmm 
PBL of nonnal and atopic indiYiduals. The h poni,m of the lgE amitxlliics 
will be exprcsSt."\I on the surface of tilan"k!ntous phag1..-s to allow for the 
1..·harncterization of the spt.'Cific V region gene usage and to the pm:ise 
mapping of the dominant epitopes of n.-combinant allef'~eri.... 

Molc:.:ular afl<ilysis of the immunoglobulin 1 lg> ,·ariable region gene 
segments m' pnl\ idt."\I important insights into the nonnal B cdl repertoire 
and in its malignant counterparts. The restrictoo usage of panicular hea,·y 
1..·hain ,·ariahle rt.'gion I V11 1 gene segments ha.-; ht.-en docun"k!ntoo for the 
human ktal repertoire among humanautoantihllliies. anJ for certain lymphoid 
111.."·opla.-;ms such as chronic lymphocytic leukaemia tCLL>. The r1..-cent 
Sl.'ljuence charJcteri1.atinn of a large number of human gem1-line V11 gene 
segmt.'nl' has enahlt.'ll the analysis of the le\·d of somatic mutation in 
panicuhir •mtihllliies. Studies penaining to tht' immunoglobulin expresst'd by 
ditkrt.'nt B-cdl malignancies haw shown an ahsenceof -.omatic mutation in 
8-cell acute lymphohl<l,tic lc:ukaemia t 8-ALLI and CLL On the: olher hand. 
somalic mutation ha-; ht.""Cn idc:mili1..>J lo difli:rent extents in follicular 
lymphoma. hairy cdl leukaemia and multiple mydoma. Furthcm1ore. 
imrndon•1I \·ariation was ohserwd ~1mong 1hc: seyuencc-. of V 11 gene: -.c:gment-. 
oht<tined from follicular lymphoma and hairy cdl leukaemia sample:-.. 
To~ether these data h<l\e giwn further in:-.ighl to the slagc: nf B-lymphoid 
dewlopment in which the malignant conYersion ha-. taken place: and. in the 
ca.-.c: of follicular I y mphoma. haw :-.ugge-.~ed a role: for ant igcn -.ti mu lat ion in 
the clonal e\olution of the: disease. 

Thi.' V11 •md V1 segment-. of the: lg exprc:s'.'Cd hy the malignant B-cdl done: 
in patient'.' with Wal<len-.trom':-. macroglohulinc:mia ta r•tre B­
lymphoph1-.macyti..: neopla-.m manifc:stc:d hy a monoclonal lgl\1 in the 
pl.ismal :.1re ..:urrentl) being inw-.tigatc<l in our lahor<1tory. Thi' stud) -.hould 
prO\"idc infonnation reg•irding don<tlity. pos:-.ihle som<lli..: mutation <1nd 
intrndonal \ariation •md addrc::-.:-. the llue-.tion of •mtigen -.timulation in the 
pathogenc-.i-. of the di:-.e•1-.e. Cnmparnhk d<1t•1 will <1lso l'l\: ohtaincd for mixed 
..:ryoglohulinemia. another lymphoprolili:rntin: di-.order also ch•1rncteri1cd 
hy the production of a monoclonal rheumatoid factor. A high freyucncy of 
hepatiti-. C \irn:-. infection ha' recently hc:en documented for hoth di,ea-.c,. 
StuJie-. de-.igned 10 in,e-.1igate a po.....,ihlc etiopalhogeneti..: role for the 
hepatiti-. C \irn' in lhe'c di,onkr-. arc in progrc-.-.. 

Till' lran"itiun of a tumour ..:di from non-mela-.tali..: to mcta-.tati..: is a 
compll..'\ phenomeno111ha1 in\ol\e-. a \aricty of gene,. We ha\e fo..:u-.ed our 
'lmfo:-. on the ..:hara..:1cri1<1lion of lho-.c g1..·ne' that pani..:ipale in thi' 
lran-.formation. u,ing mnlhl' lulllolirccll line-. with charnctcri-.1ic phenotype-. 
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of meta.,tatic.: beha\iour. 
Recently we ha\c ti.mnd that the CD-W gene 1 which c.:odcs for a surface 

trJnsmemhr.me protein l is differentially spliced in meta.,tatic.: and non­
meta.static.: c.:dk VariantsofCD+t whic.:h indudecx'm" I I to 1-t.and I~ to:.; 
wt•rc found to be assoc.:iated to the non-metastatic phcnoty fA: ( ri:;:~;i.: 21. thus 
'uggesting that 'omc of the domain-. a'sociatcd to those cxnns play an 
imponant role a-. rctcntio.1elernent-. when interJc.:ting withspl.i:ilicc.:omponents 
of the extrJc.:ellular matrix and when signalling c.:dls not to migrntc. 

Other genes also desc.:rihcd as ht.-en inrnf\·ed in the metastatic.: phenotype. 
suc.:h as nm23 and TIMP I. were found in our studies not to correlate with the 
metastatic.: c.:harac.:tcri,tic' of many different c.:dl lines. 

The metasta,in gene I mts I ) has al'\tl been a-.,oc.:iatl.-d to this proc.:css. Its 
exprc-.sion is found to greatly increase in metastatic.: cells. We ha\c recently 
found a c.:dl line wi1h extremely low k\·ds of nus 1ha1 is. newnhelcss. 
metastatic. Howe\-cr. since cells dcri,·cd from 1hese mcta,tatic foci were 
positi\c for nus I. we sugge't that ac.:ti\·ation of this gene c.:•m be essential for 
the c .. 1ahli,hmen1 and de,dopmr.:111 of metaslalic.: foci in the lung. 

Among the inli:ctious agents 1hat produc.:c diarrhoea. rola\irns represents 
the most C:\lended \iral inli:c.:tion afti:cting millions of children e\·er-y year. 
Rota\irn'c' <tre widely spread •md can inli:ct a numhcrof ,pcde' of mammals 
•md hire.I ... They •m: non-emdopcd ,-im'e' thal hclong lo !he remiri<li•1e 
famil) and ha\e a 'egmcnted genome composed of 11 .. egmcnts of douhlc 
'!randed R'.\A. Some of lh.: ,·iral non slnh.:tural proteins. which arc only 
found in\ im' inkctedcclls. arenol yet fully characlerizcd•md 1hcirfunc1ions 
arc 'till unknown. 

The rot<l\in" project tix:use' on two 1rn1in a'pccts: a) the hiology of 
rola\ im' replic;ilion: and. h > the de\ dopmcnt of c:\pcrimenlal rola\ im' 
'ac.:mc,. 

a> With !he aim of ohtaining rcrnmhin<mt rola\ irnl panide' carrying 
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exogenous ge~. we havel·onstructed a recombinant plasmid that tr.mscribed 
;,, , ·irn' with T.3 JXllymem.-.e. yields a JXlsiti\·e . ..ense RNA that. when contains 
the mtavirus gene 11 5' and .3' untrnnslated regions. which flank the coding 
sequeO\.·e of the CAT reJXlrter gene. It was tllund that this RNA was greatly 
amplified. only when tmnsfected into the cytoplasm of rota,·irus intected 
cells. In ac1..·onlanl"t: with the l·onserYath·e mode of replication of rota\·irus 
gene segments. we havedemonstr.lled that only the RNA JXlsitive strJnd-and 
not the negative stmnd nor the double stmnded - l"OUld enter into the ,·iru~ 
replicatiYe complex and become amplified. It was also JXlSsible to establish 
that the last 25 nucleotides of the .3' end sequence of the tr.mstecting RNA 
were essential to obtain amplification of the CAT activity. 

Further studies on the packaging of the foreign gene are at present being 
carriedout.Thiswillopenthepossibilityofim·estigatingtheetl"txtofspecific 
modifications to the different ,·irJI proteins and the relation to their functions 
as well as performing detailed analysis of the different signals fortmnscription. 
replication and packaging and a better understanding of the mechanisms 
underlying such processes. These studies may also prow to be useful for the 
development of new and safe rota\'ims \·accines. 

b) The two main comJXlnents of rota\'irus outer shell. VP7 and VP-t are 
the proteins against which neutrnlizing antibodies can be rJised. Se\'eml 
studies ha\·e shown that VP-l is an etlicient target for neutrJlizing antibodies. 
We ha,·e initiated a project for the de,·eJopment of rota virus rel..'ombinant 
\'accines through ditlerent approaches. One of our strategies is concerned 
with the expression of either the complete VP-l molecule or of its most 
exJXlsed amino terminus in Adeno\'irus expression vectors which direct 
intrJmuscularimmunization with plasmid DNA. Since membmneexpression 
of the outer shell protein VP7 has proven to be \·ery efficient in augmenting 
its immunogenicity. we are at present investigating the expression of 
different soluble and membmne forms of the VP-l protein. with an aim to 
obtaining high expression lewis and to compare their capacity to induce 
neutmlizingimmunity.Forthispurpose.ditlerentgeneshavebeenconstructed. 
in which appropriate signal secretion and tr.msmembrnne domains have been 
introduced next to the rot1\'irus SA 11 VP-l gene in order to in\'estigate the 
feasibility of its expression as an integrJI membmne protein. The different 
VP-l chimeric genes were used to immunize guinea pigs by DNA injection. 
One particular construct containing almost 8Wk of the normal VP-l upstream 
of a transmembrane domain resulted in the efficient presentation and 
inJuction of anti VP-l antibodies. which were detected by ELISA and by virus 
neutralization tests. Further studies on the characteristic of the immune 
response obtained by DNA immuni1ation are at present in progress. The 
ademwirus expression vectors will also allow to coexpress VP-land VP7 in 
the same cell. thus enlarging the repertoire of possible \'irus neutr.ilizing 
epitopes. 

\ ·;hrio Cholt•rac: The argemine ou1hreak of cholera intCction which 
slaned in 1992 was studied in collahorntion with Ors. Rodolfo Ugalde and 
Carlos Frasch. from the Campomar FounJation. Buenos Aires. Argentina. A 
rapiJ and reli<iblc PCR method for the characterization of \ ·. C/10/crm· 
toxigenic -.trains was est<tblished. The development of the Je1ec1ion lesl of 
both cf.\ A I <lllli cr.r A2-B regions <1llowed for a clear charncterization of 
p.irticular slrnins carrying toxigenic geni.:s. The two region mnplilication 
procedure was founJ 10 he necessary to ohl<iin complete correlation with the 
current immunological Cil\11-ELISA lcsl. These s1udics -.hould prove useful 
in controlling 1he inciJencc and spread of loxigcnic \arianl.,. 

Comr.lement Component CX: The complc1e C8 molecule is composed of 
three polypeptide-. Cl..~ and yof which r1. <llld yare cov<1lently linked through 
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<H.Jisulfide htidgc. In \.'ollahoration \\ ith Dr. F. T t.-d~·o from the 1Xr-1rtmcnt 
of Pathology. l"ni\·crsity of Ttie-.tc. Italy we ha\C initiatoo biochemical 
studies re!!anlin!! the nK-chani-.m of •t,sembh and St>cretion of the individual 
\.'hains and the ~10kl:ul•tr ano.tiysi' of ex~ ddit.iency in aft\.'\.'tt.-d Jl'ltients. 
IXtidcm.:y of the e8 \.'omponem of compkmeni is <lSSlll'iall-<l to the high 
indllen\.'e of repetiti\c meningitis. Two types of CX tlefil:ien\.'y ha\C been 
described: the exa-yand the exp deficiencies. We ilaw ~n able to detect. 
in both nonnal and aft\.>ctoo individuals a splice \·ari~•nt of the C8b mRNA 
leading to the coding of a truncatoo protein of a yet unknown function. At 
present we are auempling t'l char.tctetize •l particula1· mutated exp allele 
asslll'iated with an Italian famih·. 

(} Thalassemia: A study or" the factors affu.-ting the Hh F len~ls in 
j3-thal;,t,semia was undertaken in collabor.ition with the L~partment of Cell 
and Molecular Biology. l\ 1ooical College of Georgia. Augu~ ta. GA. USA and 
the Research Center for New T echnolo!!ies. l\facoooni<1n Al.."adenw of 
Sciences and Art-.. Skopje. F.Y.R. l\facoo;mia. P-Thal<tssemia is the n10st 
common single gene disorder worldwide. especially frettuent in developing 
countries. where it causes a major health problem due to the continuous blood 
tmnsfu ... ion n.-quiremem ... of mo ... t patients. In a suhset of paticr,ts. de\·ated 
le\·ds of HhF whi\.'h can substantially amdior.ite the sewrity of ihe disease 
are present. To further inwstigate the factors that can lead to incre:i...00 HbF 
production. we de\·doped a competiti\·e RT/PCR procedure with which we 
detem1ined the rdatiw amount ... of the different !!lobin mR!'iAs in 
j3-thata ... semia patients and in otherindi\·iduals with ele\·ated HbF le\·el'\. This 
procedure could also pron~ useful in monitoring the effects of the 
pharmacological manipulation of Hb F prodm:tion in patients with 
j3-thal;,1ssemia and sickle cell disease. 
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Mammalian Biology: Virology 
S . .lamn•/ .. \!. .-\/1111ad. B. Gal/( \Ii. R. Kumar. \ ·. Kumar. \ · .\la11in·I . 
. \I. II. O:dcm·r. K. \ · S. Rtto . .I. Roca. L \ iiayal.:ri ... Jm,111. K. T. L1ki11/.:aya . 
. \t. lnfnt!lali. 

Vir.11 hcpatifr, rcprcscnh one of the most common inli:ctious di~a-.cs in 
m;.m. The family of ,·iruscs that cause anttc and chronic hepatitis in humans 
now indudcs ti\c nk·mlicrs: hepatitis:\. B.C. Dand E \iruse ... 1 HAV. HBV. 
HC\". HD\ and HEV l. While HA V •md HE\' arc tr.msmim .. -d foco-orally a' 
\\ater-l)omc inf\..'l.'ti,,n, and kad to sdf-limitcd Ji,casc. HBV and HCV are 
hloo<l-h.,me •m<l katl tu chronic carrier ... tales in a significant pmponion of 
inti:ctc<l indi,·iduals. For HBV alone. lhcrc <?re an e~timalLu JOO million 
carriers•111,I JOO.()()() infection ... •tnnually amun<l theworld. On the other hand. 
HEV cause•, r.nnpam ... porJdic and epidemic disease in countries wiih a low 
socio-1..'l."onomic status and. in tenns of numhcrs. glohally represent.., th\! mo't 
1..·ommon fom1 of' ir•1i hcp<!titis. 

Thepmhknhaf\iml hep•1titisare not just limik'l.l tothcinfoction"a' fairl: 
se1ious posl-inkc . e se4ud<1e arc known to 1x:cur re,ulting in ... ignific•ml 
mrn1<1li1y r•:te .... Example-. of 'hesc •ire li,er c•mcer-. in HBV and HCV 
carri.~r-.. fulminant li,·cr failure during HBV and HEV infection,. etc. The 
inahility tocuhurehcpatiti-. \im-.c-. ha-. preduded<letaikd \iroiogical -.mdies 
hut the applicalion or molecular hiologic.al method-. ha-. 1..·ircurnwnted -.ome 
of th1..·s1..· prnhkm-.. The Virology Prngmmmc at !CGEB. :\cw Delhi i-. 
lix:u-.ed llll -.llldying thl' moki:ul•trhiology ;md immunology of .nesc \ irn-.c,. 

Herc. our •1im is to un<leNand the molecu!.1r h;1-.i' or HBV-mc<liatcd 
disca-.c aml to dewlop a mob:ular 'a1.:1.. :ne agaitM HBV inl\..-1.."tion. 

WearestudyingtheroleofHRV pn1tcin X indi-.ea,epathogene'i'. Protein 
X ha-. ht:en implicated in HBV-rc!.1tcd li\W injury and primary li,er cam:er-. 
hut the detail:, of it-. action and its intcracti1111-.' ith the cdlul.ir network arc 
poorly un<kr-.:ood. 

In orderto'til<l\ thl'rokof HHV protein X in !he tran·.criptional .acti\ation 
or' iral and 1.:dl•.1lar gene' and to identify the cdlular protdn-. with'' hich it 
intcral."I'-. X fw.il •n-. \\l'n.: gl'ncr<1ted \\ ith the glut:llhion\.'.-S-tran,fCra'e gene. 
These protein-. e\pres-.ed in r. n1/i ha\e now ht:e1l purified to homogi.:ncity. 
The transi:riplilln ·adi\ •lling do111.iin of X j, hcing mapped hy me•lll' of 
tra11'fc1.:tion e\pcr.ments employing a hallery of X mut<mt-.. 

:\'train of Sac" ·Ii· m 1111y1 n c ·t'l'c1 ·i '"''' l'\pre ...... ing tt:e JIB V nwj< 1n:m d1 '(ll' 
pn•h:in. the hcpatiti' B -.urfo1.:e ;mti,gi:n t I fB,,.\g l. ha' hcen di.."' doped. Thi' 
rewmhin;1111 I 1Bs1\ !. tile ha'i' for a hcpatiti' B '<1t.:ci1h'. is being p~tr,ucd a' 
one of the l."Ollltl11.:r1.:1al produl."h o. IC(iJ·.B. 

Our aim j, lo 1..'\;1111in1.." ... 1rat1..·gil:' for the 1k\ dopm1.:nt of epitopc-ha,1.:d 
\ al."1.:ine,. Taking the 11.:patili' B 'ini... a' a modd. initial 'l.idil'' fc11..'l1,1..·d on 
g1..·111..·rating a'~ 111heti1..· p1..·p1ide mi1111..·1i1.: of 1h1.: gro:rr-,rc•:ili1.: L"1nli1rma1ional 
epitop1..· pre,em on th.: '11rfa1.:e antigen t lllh,\g L \\'1.: \\l'I\.: -.tll'l."l'"ful in 
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FipR I. £lialac.Ylllrmlin ~iln ............ ace. 
A sdlemc for gcnn-linc antibody mediated regulation of immunodominancc between two 8 cell tpitopes CB I and 821 on an antigen is pRSeDted. 
Epitopc 82 elicits hip affinity Cand thcr.:tilrc higher levels I of antibodies which subscqucmly compere successL1:Jy with 82 epit.'lpe-spccific 8 
cell forantip m:opition. Thi~ leads to an anenuation of anti-82 antibody responses. In contrast. germ-line ar.tibodies to 8 I are of lower affinity 
as a result of •·hich free epitopc: on antigen is al•·ays a.-ailable for BI-specific B cell recopition. antigen cap«IR. processing ar.d ~talion to 
Th cells. The outcom: of the'iC intaactions is successful maturalion and amplificalion of anti-8 I humoraJ ~PJllSCS-

achieving this objective and. in subsequent studies, we obtained a lipidated 
derivative that was highly immunogenic. Next we considered the ~ibility 
oflinking this sequence with other functionally relevant domains of HBsAg. 
We anticipated that this would prove a useful model to evaluate the various 
structural and immunological parameters that need to be considered in the 
design of poly-epitope vaccines. For this a gene coding fora multiple epitope 
polypeptide (MEP-1) that included the above sequence. in addition to other 
selected immunoprotectiveregionsofHBsAg. wassynthesizedandexpressed 
in£. coli. With chemically induced disulfide-rearrangement we were able to 
regenerate the above described confonnational epitope in the context of 
MEP-1. A preliminary analysis indicated that MEP-1 possessed a number of 
characteristics requisite for a potential vaccine. It was highly immunogenic 
and immunogenicity was genetically non-restricted. Antibodies were of the 
desired fine-specificitie:; and did not include sub-porulatior.s that were 
directed against inter-epitope junctions. Finally the HBV-derived T helper 
cell epitopes were ali found to be functional within the context of MEP-1 in 
the murine model. 

However. in spite of the positive features described above, a major 
drawback became evident when we quantitated che relative proportion of 
murine antibodies against the various HBV-derived detenninants on MEP-1. 
A hierarchy of immunodominance within the different sub-regions was 
observed as pS J >S>pS2. This deviated from the idealiz.ed situation where 
one would expect co-dominant antibody responses. We therefore proceeded 
to examine the etiology of this relative intramolecular immunodominance. A 
detailed investigation reveaied that selective immunodominance was 
established as a consequence of maturation of the primary humoral response. 
This eventuality correlated with dH; inability of 8 cells specific for some of 
these epitopes to interac.1 productively with T helper cells, thereby receiving 
reduced help. This Interaction betw~n epitopc-specific B cells and antigen-
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A. 

experienced T helper cells was attenuated in the presence of early primary 
anti-MEP-1 antiserum and the extent of inhibition was directly proportional 
to level and affinity of epitope-specific immunoglobulins. These studies 
identified the genn-line humoral response to an antigen as a major player in 
the etiology of relative intr.unolecular inununodominance of B cell epitopes 
(Figure I). Subsequently we were able to resolve this problem by altering the 
mode of antigen delivery. A panel of nine mutants ofMEP-1 was generated 
where the immunodominantepitope was selectively modified. The influence 
of these modifications on the hierarchy of 8 cell immunodominance is 
currently being investigated. 

More recently we have also been examining the "naive" murine 8 cell 
repertoire against the immunodominant epitope on MEP-1. The outcome of 
these studies indicate that the virgin 8 cells are relatively degenerate with 
respect to epitope-recognition. This degeneracy ~ to be due to the 
presence of 8 cell subpopulations which recognize antigen through contact 
with a single amino acid side-chain. 

An immunogen vector is being developed to direct the bacterial expression 
of a small peptide, enabling high-titer antibody production without the need 
for chemical coupling to a carrier protein. Two forms of the vector, for 
intracellular or periplasmic localization of the expressed protein, have been 
developed. As a test case, one 8 cell epitope from the HBV pre-S l region has 
been expressed. Immunological characterization of this is in progress. 

Hepatitis E virus (HEV) has been identified as the likely cause of enteric 
non-A, non-8 hepatitis. It is maintained in the population as sporadic 
infections, to break out occasionally into large-scale water-borne epidemics. 
Such epidemics have been reported from all parts of the world. In India, for 

•• 

+ c. 

1234115678 

Figure 2. The rhnwl monk~y mockl for HEV trallMllllAlon. 
Hepalili• E viru\ IAI pre\tnl in 1he •lool• of an en1erk non-A. non-B hepa1i1i, palienl wa\ inoculilted in10 rhc:•u• monkey• 18110 produce a 
ch;ir.Kteri•lic ri~ in ..:rum aminotran•ferJ~•. Thi• model wa• valida1ed by demon•lration of HEV replication in monkey liver 1C1. A ~rand­
•pecitic PCR mategy wa• u-ed 10 dem1m•1ra1e the pre.,.·nce of HEV ncttali\'C·,lrJnded R!llA. the rcplicalive intermediate for lhe viral ~ilive­
•lranded genomic RNA. P;in C: lane• 1-4. uninfcc1ed con1rol animal: lanc• ~-11. infe~1ed animal: delec1ion of pmili\·e-,1randed RNA Clanc• I. J. 
S. 71 or ncga1ivc·•Uanded RNA llancs 2. 4. 6. HI wa• carried oul in 1he pre\tnce Oanc• I. 2. S. 61 or abo.ence IJ. 4. 7. H1 or rcver-e tr.1n.cripia.c. 
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example. HEV infections conb'lbutc to about 5()«il- of the total acure viral 
hepatitis~ 

Our aim is to clone the getlOIDe of the Indian isolate of HEV for the 
development rtf recombinant di.lgnoslics md vaccines and to study disease 
pathogenesis in humans and model ~ 

To aid in the cloning of HEV. an animal model MS set up in rhesus 
monkeys (Figure 2). This has now been validared with respect to the 
replicalionofHEV in monkey liverz well z with thedevelopmenlof an IgM 
anti-HEV respo11se. 

The HEV genome is being cloned by means of nadtipleovertapping PCR. 
Using this strategy the cnlire genome has been amplified The cloning. 
sequencing and assembly of the clones is curreody in~ Pans of the 
genome. especially the structural region. have also been expressed in E.coli 
to aid in the development of diagnostic systems. 

A synthetic peptide-based IgM anti-HEV ~y that faithfully detects an 
acute HEV infection has been developed 82iedon the resting of nearly UXX> 
samples of infected and normal sera from India and other parts of the wortd. 
the test shows a specificity of 98~ and a sensitivity of 92~. Anemprs are 
being made to commercialize lhis test. 

In a human volunteer study ofHEV ttansmission (ICGEB Activity Report 
1992) we had observed HEV serum viremia early in infection and had also 
suggested possible parenteral transmission. as well as the feco-oral 
tra.'1Slllission. in endemic areas. As an extension of thal study. we have now 
correlated HEV serum viremia and the anti-HEV respoose in a number of 
patients with sporadic and epidemic HEV infections. Besides confirming our 
earlier observatbns. this study shows. for the ~ time. the presence of a 
prottacted viremia in about I O'l- of the patients. Such patients may represent 
the reservoir of HEV in endemic areas. 

Prior to the development of a vaccine against HEV. the correlates of 
immune prorection must be defined. Our studies involving patients from a 
large HEV epidemic in 1978 suggest that the IgG anti-HEV response is long­
lasting. In experiments with the rhesus monkey model. we have also observed 
complete prorection from challenge up to 6 months after recovery. Longer­
term prorection experiments are in progress. 

Genetic variation among viruses has important implications for the 
development of diagnostics. therapeutics and vaccines against these agents. 
It is being increasingly realized that local sttains and field isolates have to be 
evaluated prior to embarking on a control programme. We have chosen two 
viruses; th'! hnmaa immunodeficiency virus (HIV) and the hepatitis C virus 
(HCV). to address a study of their genetic variation in India 

Countries in South-East Asia. especially India. have begun to show the 
steepest rise in HIV seropositivity. Yet. very little information is available on 
the sttain(s) of HIV- I infecting this population. Based on sequence analysis 
of a portion of the gp 160 gene encoding the V3 hypervariable region. the 
predominant Indian sttain is divergent from the major North American/ 
European and African sttains. This difference is also reflected in the anti-VJ 
antibodies, which are type-specific. 

Based on the nucleotide sequencing of HCV isolates from around the 
world, a number of viral genotypes have been identified. These correlate with 
different states of disease pathogenesis and response to antiviral therapy. 
Since only limited information on HCV genotype distribution is available 
from developing countries, we have started mapping these in HCV-positive 
sera from Cuba, India and Turkey. The cloning, sequencing and expression 
of the core and envelope regions of HCV is also being pursued. 
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Mammalian Biology: Malaria 

\'. S. Cha11han. \!. Bansal. A. Bharadwaj. C. Celik. A. Das. K. Kapoor. 
F. A. S. Kironde. T. K. Mal.A. Math11r, F. Omer. P. Ray. N. Sahoo. A. Seth. 
P. Sharma. B. Singh. N. Sing/t. S. N. Veeranki. 

Malaria is acknowledged to be by far the most serious tropical parasitic 
disease, resulting in the infection of some 350 million people annually. Over 
the past decades, insecticide resistant mosquitoes and drug resistant parasite 
strains have rendered disease control increasingly difficult. It is believed that 
the epidemiological situation is likely to continue to deteriorate over the next 
few years. 

Malaria in humans is caused by four species of the parasite Plasmodi11m: 
P. falcipanun, P. ,·fra'l", P. malariae and P. omle. Of the four species, 
P. falciparom, the only one which causes death, accounts for most infections 
in Africa and for over one third of infections in otherttopical countries. Over 
two billion people, nearly half of the world's population, is at risk. The 
estimated direct and indirect cost due to malaria is expected to be more than 
US $ 1,700 million per year by the end of 1994. Vaccines represent an 
attractive, cost effective strategy for reducing the burden of infectious 
diseases. With the rapid emergence of multi-drug resistant parasites, vaccines 
are considered promising and. therefore, considerable effons are being 
applied in many research institutions worldwide to malaria vaccine 
development. 

At ICGEB. our work on malaria is focused on: I) identification of novel 
protective malaria antigens; 2) understandingeffectormechanisms in malaria 
immunity and; 3) developing synthetic subunit vaccine constructs. 

The results of laboratory experiments with several purified antigens of 
Plasmodium and recent trials of synthetic and recombinant immunogens 
encourage the expectation that an effective vaccine against malaria will be 
developed. Moreover, several recently described vaccine-candidate molecules 
are yet to be tested and only a fraction of potentially protective antigens have 
been clo.1e<l and expressed. At ICGEB, we have continued to conduct 
research towards the identification of novel antigens of Plasmodium 
falciparum. We are applying a new approach where we probe A.-gtll 
expression library of P.fa/ciparum wid1 antibodies raised against the rodent 
malaria parasite P. yoelii. The rationale is that P. falciparum proteins 
recognized by binding widl anti-P. yoelii antibodies (interspecies probing) 
will contain peptide sequences mat have been conserved in different species 
of Plasmodium. The interspecies conserved antigens are likely to be critically 
important forthe survival of me parasite, hence they may be very good targets 
for developing not only a widely effective antimalarial vaccine but also 
potent curative drugs. 

Development of the interspecies probing approach wa" based on the 
following experimental observations. When we incubated mouse anti­
P. yoelii serum with P.falciparum para~itized erythrocytes, it wa~ noticed 
that the serum antibodies bind to all dlree bloodstages of P. falciparum. 
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lmmunoblot as'.'>aysand merabolic labelling experimems identified at least 15 
polypetides of P-fi.1/ci11<11w11 c 15 to 150 kDal which cmss reat:ted with anti­
P. yot'lii antibo<lit"'. ~1any of the polypetides were bound with high atlinity 
and at high dilution of the anti-P. yodii serur:1. Eight of these polypetides 
appean.'ll to he integr.il-membm~ pmtdns potemially inrnlwd in memzoitc.> 
im·a.,ion and formation of the par.1sitophonlU'.'. \·eside. As obserYOO by others 
for malaria antigens. we have frlund that some of the interspecies consen·ed 
antigens were not synthesized throughout the bloc.xlstage cyde of the 
pam.,ite. Significantly. anti-P. _n 1':/ii serum l~>G potently inhibitedP.ji.11< ·ipt.11w11 
growth and erythmcyte im·asion. indil:ating that son"k! of the interspecies 
cross-reactive antigens are critically important for the par.i.,ite sun·ival 
in erythnll:yte'.'.. 

From Io" rt.-combinant dones of a P. ji.1lci/1<llW11 DNA expression libmry. 
thn."e dones lpd). pcT and pc71 were identified which express par.isite 
antigens recognized by anti-P. _welii serum antibodies. Two of the clones 
c (Jl.-Oand pcT containing DNA insertsof.l 1 kb.ind 2.8 kb. respectiwlyl were 
also recognized by human anti-P.falcif1<11W11 sem. Human antibodies affinity 
purified for pl.{) and pcT expression products bind to par.isite blc.xldstages 
:md specifically recognize distinct polYf.elides in P. fi.1/ci11<11w11 cell lysates. 
Both (ll.-0 and pcT haw been subdoned in the plasmid vector pBS. Panial 
nudeotide sequences of the dones suggest that ix-D and pcT express novel 
antigensthathawnotbeenreportedbefrlre.lmmunoatlinitypurifie<lantibc.xlies 
specific to pcT bind to schizonts. The two cloned inserts ha\·e also beer. 
subdoned in the pET ,·ectorand haw been expressed in Esc/u•rid1ia coli. The 
expressed product will be used in immunization as we!I as affinity purifkation 
of antitxxlies required ti.lr inhibition assays and other immumx:hemical 
studie'.'. of the novd antigens. 

Immunity to the de,·elopmental stages of malaria par.isites is stage­
specific and. for those living in endemic areas. this immunity is ,·ery slow to 
devdop. 111e exact nature and specificity of immunity in humans is not well 
understc.xx.l. being generally incomplete and transient. It is thought that both 
cell-mediated and humoral immune functions contribute to acquired immunity 
although there is no direct evidence to dearly support this ,·iew. 

Most efforts in sporozoite stage vaccine de\·elopment han! focused on the 
circumsporozoite I CS I protein. although recently a few new target antigens 
have been recognized. In comparison. a large numberof asexual erythrocytic 
stage antigens are being explored as potential ,·accine candidates. Merozoite 
surface antigens 1MSA-I and MSA-21. SERP (serine rich protein I. HRP II 
(histidine and alanine rich protein Ill. RESA (ring-infected erythrocyte 
surface antigen I and AMA- I (apical membrane antigen) are some of the 
major blood stage antigens that ha,·e '.'.hown promise for protecti\'e 
immunization in animals and humans. Howe\·er. immunization with the 
recombinant antigens has not prO\·ided the expected protection. The main 
reason for this appears to he the inability to present appropriate Band T-ceil 
epitopcs to the immune system when recombinant antigens are used. 
Synthetic peptide'.'. comprising immunodominant cpitopes offer an attracti\·e 
altemati'>e strntegy to de\'elop suitable ,·;iccine c~mdidatcs. Although. on one 
hand. synthetic peptides offer udvamages in 1e1ms of ea'.'.y. large scale 
synthesis. high purity. enhanced stability at ambient temperature. they are. on 
the other hand. mostly pmr immunogens. Other major concerns in their 
possible use as \<lccines are genetic restriction of the immune response. 
specificity of the immune response ~md possible generation of new epitopes. 
We are attempting toaddres-. these questions.\~ ith a long term goal tode\elop 
multiple epitope peptides as po'.'.sihle malaria \'accine candidates. 
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Our initial studies\\ en: tlx:uSt.'lion m.•jorhlood slage .mtigens. MSA-1 and 
RES..\. These two l·onsem:d major merozoile ant:" ~ens share im·ariant 
regions in lheir strm:tun:s. among ditfrrent str .iins of P .ji1lt ·ipamm and e\"en 
in ditlC:rem spc:cit..>s of plasmodia. !t is helie,·ed that these regions may be 
crucial fix tht! par..tsite's sur\i\"al. anJ for this reason we ha\·e frx:used our 
attention on such consern.'ll sequences. A multiple epitope peptide ( 52-mer> 
based on these lwo antigens was highly immunogenic in animals and showed 
good reacti,·ity with hlood samples collectt..'ll from individuals li\"ing in 
mal<uia endemic areas in India. The immune response in mice was not 
genet ical I y re-;trictt..'ll and. further. lhe hybrid peptide was highly immunogenic 
when inoculatt..'ll with alum as the adjU\·ant. Protn1iw immunization with 
this peptide in mice against a hetemlogous challenge has pnwided us with a 
r.itionale fi.lr using this appmach to de\dop peptide \"accine constructs. 

During the past year. along with our ongoing work with the bllxxl-stage 
antigens. we ha,·e f"tx:used on identifying peptide motifs from the conser\"ed 
region of another major malaria prolein called thrombospondin relaled 
anonymous protein (TRAP). first described lo be a blood stage antigen. It has 
n.-ccntly been shown that this protein is also expresSt..'li on the spomzoite 
surface. It is of great interest that a highly conserved peptide motif from the 
TRAP set.juen..:e is also seen in the region II of the CS protein of all the 
Plasmodium species se4uenced so far. We ha,·e shown \!arlkr that the 
antihc.lllies r.1ised against the motif peptilk ( W-S-P-C-S-V-T-C-G >completely 
inhibited the merozoite im·asion of the erythrocyte. Others ha\'e shown that 
the same motif is also in\'oh"ed in the sporozoite in\"asion of the hepatocyte. 
It appears that this motif represents a critical sequence im olved in the malaria 
par.isite im·asion of the host cells at both the li\"er as well a..; the erythrocyte 
stages. 

The 18 residue peptide P-18. which includes the ahc.we motif. itself 
inhibited the mcrozoite im-.1sion of the RBC's. This also may suggest that the 
conscr\'ed motif has a role to play in the merozoite internction with the 
erythnx:ytes. Rabbit anti P-18 antihc..lllies. also inhibitory to the merozoite 
in\'asion. n:cognized a 78 kDa protein in P. faldparum blo1.lll stage lysate. 
Although it was first described as a mcrozoitc antigen. there has heen a 
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contmvers~ on the ex•tct location of this amigen. Our n.-sults dear!~ show that 
this antigen is expressed during the blood stages I Figure I 1. Funhennore. 
support tl>r this wa.s pro,·ide<l by specific recognition of n.>combinant TRAP 
constructs. with and without the conser\'ed motif sequefll."l:S. hy antipeptide 
antibodies {figure I ). Ba.don these results we synthesized a 60-merpeptide 
I P-60: residues J3 l-390ofCS protein 1 which contained this motif sequen~"l:. 
flanked by at lea.st two T -t-ell detenninants and se\'er • .tl smaller fr.tgments to 
a.ssess its potential a.s a ,·accine candidate. 

I. IP-60. CSP1 

2. IP-32. TRAPI 

3. (P-18. TRAPI 
-t. 1P-ll. TRAPI 
5. ( P-9 TRAPI 

Upon studying the immunological properties of P-60. we found that it is 
abk to induce high titre antibody f 10' to Hr"I in sever.ti differem str.tins of 
mke without the use of a carrier protein. If these mice are challenged with a 
lethal stmin of P. yoelii. P-60 is able to protect up to 80Ck of the mice. We hm·e 
also lcx)k.ed for a T cell response to this peptide and find that it is able to induce 
the prolifemtion of T cells in different str.tins of mice. These T cells appear 
to be CD-i+ T helper cells which secrete IL-2 and IFNyfnamely Thi type I. 
Studies are currently underway to determine whether Th2 cells which secrete 
IL-l. IL-6etc.arealso inrnl\'ed in this response. ThemleofThl andTh2cells 
in malaria is not yet dear. 

To detennine the fine specificity of the response to P-60. we synthesized 
two more peptides: P-32 and P-18 as shown above. While P-32 was 
immunogenic. PIS was not. 60Ck of mice immunized with P-32 were also 
protected upon challenge with the lethal P. yodii stmin. A cross-rcacti\'ity of 
30-50'i( wasobsen·ed when seraof P-60 immunized mice were tested against 
P-32 and P-18. In T cell proliferation assays. howe\'er. cells from P-60 
immunized mice reacted only minimally with P-32 and P-18. Studies are in 
progress to delineate other regions of P-60 in response to which the 
proliferative response might he occurring. We also analyzed the capacity of 
P-60 to induce cytotoxic CD8+ T cells in mice hut have not ohtaincd any 
cytotoxic T cell activity using spleen cells from mice immunized with P-60. 
This probahly indicates a problem in the pr<x:cs-;ing of thb peptide in an 
appropriate fashion required to expose the CTL epitope lo lhc immune 
system of the mice. These issues will ha\'c to he considered in designing 
multiple epilope synthetic peptides as potential vaccine constructs. 

W c ha\'c also analyzed responses of scra from malaria infected hum•ms to 
P-60. 70'i( of P.j{1/ciparum positive scra and 55-70'1} of P. 1-ira.r positi\'c scr•t 
recognize the P-60 sequence. Studies on cellular responses from human 
peripheral hlood lymph<x:ytcs to these \'arious constructs arc in progress. 
Based on the rcsulls from the two constructs. described here. we now propose 
to design a single peptide coniaining immunodominant epitopcs from 1hc 
sporozoitc <ts well <ts the mcrozoitc stage antigens to study its immunologic~1l 
propenics and its po1cn1ial in pro\'iding protection •1gainst malaria ir:fcction. 

A purati\'e synthetic peptide \'•tccinc musl contain B cell dctcm1inanl(s) as 
wdl as Th cpilopes so as to oh\'i•llc the need for an cxlrancous \:arricr" 
protein with its •lltcnd<int complicalions such as cpilopc--.pccific 
immunosupprcssion. In this context. we las wcll <t' others I ha\'C pn:viou-.ly 
shown th•ll "uni\'crsal" Th cell cpitopes dcrivi..:d from \'arious proteins not 

55 



ICGEB Activity Report 1993 

Conformationally 
Restricted 
Peptides 

56 

only enham:e the immunogenicity of B cell lktenninants hut also lWen."lltrle 
genetic restriction of immune response and remain free from 
immunosuppressh·e activity. In particular. we ha,·e JemonstrJted that two 
"universal" Th epit,,pe~;. one deri,·ed fmm tetanus toxin 1tt8.3<>-s+t1 and the 
other from CS protein of a human malaria parJ.,ite. P.ji.1/cipt11w111CS.TJ. 
residues 378-3981. enhanced the immunogenicity of the parJ.,ite memzoite 
surface antigen peptide in se\·er.tl inbred str..iins of mi1.-e bearing ditlC!rent H-2 
har ~o~ypes. We ha\·e also shown that epitopic sequen1.-es in a hybrid construct 
may pnwide reciprocal helper acth·ity for antibody production. Furthermore. 
antibodies toa Thepitope need notdownregulate its helperactivit~·. Howe,er. 
no,·eljunctional B 1.-ell Jeterminants may be formed in such 1.·onstructs. We 
ha,·e now observed that the two "uni,·ersal" Th epitopes atxwe elicit similar 
le,·els ofT cell pmlifor..ition responses from mice primed with tetanus to:mid. 
A similar pattern of response with high stimulation indices was obtained in 
thnx diftC!rent str..iins of mice. namely. C.578116. DBA/2 and BIO.BR. Thus. 
the two "universal" Th epitopes. which du not share any prim~ structur..il 
homology. gener..ited strikingly similar respon..;es suggesting the possible 
mle of second~- conformational preferences in this behaviour. The circular 
dichroism spectroscopy studies indicated that both of these peptides display 
a tendency to acquire a common secondary structure motif. This may perhaps 
be irrportant in some way in theirbeing "uni,·ersal" Th epitopes. Our findings 
suggest that it may be possible to design immunogens which will gener..ite 
immunological cross-stimulation between tetanus toxoid and other 
hetemlogous las in our ca.~ CS.T..31 immunogens and ,-;a n'r.'ia. 

Short peptides display a wide arr.1y of biological acti,·ities and can also 
elicit specilic humor.ii immune response. Their role in cel!'..llar immune 
response has dr..imatically influenced the research in this fidd and has r..iised 
hopes for peptide ba.~d immunother..ipy in difkrent disease conditions. 
Contr..iry to earlier belief ... secondary "tructur.il motifs such as. (3-turns. 31 .. or 
a helices and amphipathic structures in these peptides are otien associated 
with their functional and/or immunological responses. Stabili1ation of 
secondary structures in short peptide st..'\luence could gi\"e rise to highly 
specific immune responses. and in the context of bioacti\t! peptides. may 
pnx.luce highly stable and ~tctiw peptide analogues. 

Following an ongoing programme of designing peptides with preferred 
second~· stru1.·tures. by introducing a.(3-dehydmamino acid" fjaal. we 
ha,·e successfully synthesized peptide modds for(3-tum and y-turn structures. 
L'sing more than one .:Whe we were able to stahilize 31,, and a-hdical motifs. 
Crystal structure and solution stmlie" I ~'.\-IR. IR and CD) ha\e revealed that 
ihe designed peptides ac4uin: the same structures in solution as seen in the 
solid state. Our n .. 'l."ent result .. haw shown that inclu .. ion of a single J.Phe 
residue is sufficient to nuckate a hdic~1l structure in .. hon peptides. Detailed 
N~1R studies including ROESY hawpmvideddeare\idenccthat B(~.:-Ala­
Leu-J.Phe-Phe-Ala-L:u-OCH, adopt' c1.-hclical structure in apolar soh·enb. 
In an exciting finding we ha\e noticed that the peptide. BrK.:-Pro-J.Phe-Ala­
_\Phe-Ala-OCH ,. adopt' a (3-hc:nd ribhon confom1ation. wherein the peptide 
ha(..'khonc as'.\Ullle' a near!) planar \' shape. maintaining the hydrogen 
bonding foatures of a ~hc:nd ribbon I hgure 21. This 'tru(..'tun: is no\d 
hec•mse in th.: ~i-hc:nd rihbon (..'onformation r.:poned so far alternating 
positions arc oc(..'upic:<l hy r.:,idues dernid of hydrog.:n hond donating !'i-H 
group I e.g. proline ). wherea .. in thi' 'tru(..'ture (.:On,ecuti\c 4--> I hydrogen 
hond' <m.· fom1cd. It is not.:wonh) that in ~111 other model pcptid.:' .. tudicd so 
far we h;1vc found that -J.Phc-X-J.Phc:- IX i' any amino add rc:,idu.: I 
sc4u.:ncc: 'tahili1cu :\ 1.,-hdil:al structure ... We ar.: now inw,tig.iting the 
uc .. ign clement .. r.:quircd forst•1bili1ing IJ-hend rihbon 'tructurc:,_ Furthcm11 )fe. 
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in theprc ... :nt peptide molecule the torsion angle'.'>llf some resi<luesf e.g. Ala3 I 
de,·iate from hdical values. prm·i<ling a novd structure which may he of 
\alue for pepti<lomimetic' with re,trictcd backbone mobility. 

l\ing isoaminobutyric acid 1.\ibl and dehydrophenylalanine f...lPhel 
residue a" inducer.. of helical ... 1ructure' we have designed and "'ynthe ... i1t.'<l 
two de•:en re ... iduc.: peptide' which contain tripeptidc 'equence motifs ... uch 
"' KEK. KEL and LEK. known to OelTucial for malaria pam,ite intemction' 
with erythrocyte . ..\ntihoJic"' rJi\t.'<l against thc...c "designed" peptides strongly 
rccogni1e the linear original ...cquenl·c, cont11ining the KEK motif. Funhcr 
work on the 'pccificity and efficacy of ... u~h peptide" is in progre,s. 
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I )ur pn •_;:r.1111111L· in\ 1•h1..'' tb: pn l\IU.:th •n 1 •I tl11..·r;qx.-uti1..·all~ imp' 111;mt 
pr• •11..·11" u'in_;: r1..·.._·, •rnbi11;1lll If\_\ 1t.:dm11(, 1_;:~. _ \, d1>1..Tilx-d .:arli1..·r t ICC iEB 
\.._·ti\ it~ Rq ... •11 !•JlJ21_ \\1.." h.·\1..' .. u .. :1..·1..· .... full~ prtl\lu1..·1..·d r1..·1..·11111'1inant hum;m 

·;-i11t1..TtL·r1 •11. Thi' ··i..111 •'' -h· ''' ·· i' 111 ''' lx·in_;: tr;m,kn-1..·d h • a 1..·nmm1..·r1..·ial 
p.1111k·r r. •r L11·_;:1..· ,1..·.1k- pr. l\lu1.:ti1 •n Pt\:-..:1111~ _ th1..· _;:n •up i' ittH 'lh·d in 1111..· 
pr1 "1.lu1..·ti11111 •I r1..· ... ·1 •lllhin;1111 hu111;u1 11t-.ulin. 

Ilk· 111;1~nit11d1..· ••I tl11..· 111..·1..·d 11 •r in,ulin 1:;111 Ix· ;1 .... 1..· .... 1..·d In •Ill th1..· fa1..·t that 
.._i.1-.1..· t•• 11_-•• 111 1h1..· \\1•rld l"'l'ub1i1•n ,uffL-r, fn•m in,ulin lkr11.·11d.:n1 
di;1lx·11.>. \ .... u111111_;: ;1 1111..·;111 d;1il~ inuh· 1 •f ..ic 1unit'1 I .h m_;: 1, 1f in,ulin ("l\:r 
l"-T'• '11 p1..·r lb~_ 1..'\ 1..·r~ d1;1lx·ti.._· r1..·quir1:-. ;tn •und h;1ll a _;:r;un, •f in,ulin 1..·\ 1..·r~ 
~ 1..·;ff. ll11..· !'• 1 .i 111111111 11..·quir1..·1111..·ni.. Ii •r 111 .. u lin ;tr1..· J 11-21 I I-_;: !i •r Japan. >I 1111 
!.. :: Ii •r< i1..·nn;111~ _ > 21111 !.._;: f, •r h;tl~ ;111d de,,,_. 1114111111 !-._;: 11 •r I ndi;t. Th.:r1..·f11r1..·. 
'' 1..· h;1\ 1..· 1.:111b;1rh·d 1 •n ;1 pre •11..·d 1 •I m;1!..in_;: r1..·1.:• •mbinan1 !mman in,ulin. 
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This pmjt.'\."t ha.' pmgn.'Sx'\I from gelli: J'-'Sign. doning and miniprep 
e\pn.-ssion to a pha.-;e of large scak e\pression. isolation of A and B chains 
and their assemhly inw chmmatogr..iphically. immunologically and 
hiologically pn.l\·en humo.m i1i-.ulin. The fusion partner 1 ""Y"" I ha.' heen 
'ucct.'Ssfully mutageniit.'ll to replat.-e all hut the '.':-tenninal o.md Y-.. VB 
junctional methioni~s hy alanine. These site Jirectoo muto.1gen~ were 
c;.1rried out to design a fusion protein which on site s~ifit. dea\age hy 
C:'\Br. would gi,·e a much larger fusion partner and the mut.·h smaller 
fr..igments of A or B chain. Thi-. ha.' oh\·ious ad\ antages in facilitating 
purification of chains. 

Dirt."Ct pmof of the successful mutagcnesis i-. shown in Figure I I inset. 
Cooma.,sie) where the CNBrdea\·age patterns of Y-B 1 '' ild type I ha,·e been 
compared with the mutated protein designated..._, Ym-B. As predicted. the 
dea,·age patterns are char..icteristic: a duster of small molecular weight 
peptides in YiB versus a marginally 1-3 kDa) shifted pmminent protein hand 
in Y m/B. The Western hlot in Figure I I inset 1 ha.-. confinned the appear..ince 
of B chain.._, a 3.5 kDa band. This hand is St..>en only in the lane where CNBr 
deaved pmtein was loaded. A tr..it.·e of undea,·ed fusion protein is also \·isible 
in the CNBr lane. The sulfitolyz'-'ll B chain obtaint.'li fmm CNBr deaved 
Y m-B hu .... tx-en purified to apparent homogeneity ..._, is e\·ident in the figure 
showing the re,·erse pha.-.e HPLC pmfile. In the HPLC system USt..'ll. a sample 
of stan<lanl B chain of sultitoly...e<l porcine insulin I BSS03 I could not be 
separ..ik'li from the rernmbinant human insulin BSS03 purified fmm the 
indusion bodies. It may he noted that the porcine and human B chains <lifter 
merely in that thecarboxy tem1ini of the B chain in man and pig are threonine 
and at.mine. respt."Ctiwly. The recombinant chain was subjectt.'li to solid 
phase protein sellUencing. Twenty one cydes which could be monitored 
confirn1t.'li the predicted sellUence as: F-V-N-Q-H-L-C-G-S-H-L-V-E-A-L­
Y-L-V-C-G-E. Amino acid analysis of the n:combinant B chain confinnt.'ll 
its purity both hy absence of methionine and isoleucine and by the occurrence 
llf other amino acids in the expt.-ctt.'ll r..itios. 

A mass spectrum of the recombinant human B chain <li-s-sulti.mate 
showed the predominant molecular ion peak at 3588.5 daltons indicating that 
this peptide has the expected mok.-cular weight of 3588 daltons. This has 
conlim1t.'\I hoth the int~grity of the B chain and also the presence oft\\ o S­
fulfonate moieties intn Juced hy post transl<itional chemical modification. 
Highly specific rndioimmunoassays for in,ulin ;.md its chains ha\e <ilso been 
dewlope<l for monitoring the assembly of rernmhinant human insulin. 
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shown to l.·ontain pmkaryotic pnm1oter sequenl.-es which direct tr.inscription 
and whil.·h pmbably function ;,, \fro as chlomplast promoters. 

The use of a functional approach through photoatlinity labelling of the 
chloroplast tr.mscriptional complex has identified the template and na."-'enl 
R:'\A-binding pmteins. The template-binding protein I 150 kDal binds 
exdusively ro chlompla.'t DNA containing promoter sequences and does not 
discriminate between ribosomal or messenger promoters. Through 
photoatlinity labelling. efforts are being made to explore the way in which the 
template-binding polypeptide inter.icts with the two str.inds of the DNA. 
Using dimethyl sulfate protection a.'say. contact points made between RNA 
polymer.i...e and ribosomal and messenger RNA promoters are also being 
identified and sequen~ed. 

The na...cent RNA-binding protein 1nRbpl has been identified to be a -i8 
kDa protein. This protein wa.' distinguished from other RNA-binding 
proteins by its ability to bind only na...cent tr.inscripts. The protein "tagged" 
by UV-cmsslinking with mdiolabelled nascent RNA wa.' separ.ited from 
other chloroplast proteins by :!-dimensional polyacrylamide gel 
electrophoresis. The r.idiolabelled photoconjugate was sequenced and the 
N-terminal amino add residues appeared in the following order: Met-Asn­
His-Ile-Asn-Gly-Thr-Ile-Asn-Lys-Val-Glu-Ala-Asn-Leu. After partial 
chemical cleavage an internal sequence Asn-Asn-lle-Leu-Val-Val-X-Asp­
Ala-Tyr-Thr-Lys-Ala-Glu-Pro wa.-. obtained. These sequences were used to 

Sequences of Primers 

S' - ATG AAC CAC ATI AAC CGI AO ATI AAC AC GTI CG - 3' 
T T TTG 

Forward Primer 

S' - CGC TCC ACG GCC TTG GTC TTG GCG TC - 3' 
GA C 

Reverse Primer 

4•511 bp 

PC R AMPLIFIED DNA 

I 1~m,· I Tht• l'hloropla•I na'l't•nl ll' \-himlini: pmlt•in i• 1·nrnd1·d h~ lht· n11dt·11• 
J>( ·w .1111phl11. ,lfl• 111 pf till' p.1rt1.il ~l'lll" pf rr.lf1'1:npl h111dm:.; pitl~ P'-'l'fHk nl dJl11r11p(.1 .. 11r.lll'1.. ripf111n \.llfl1rk\ rl·hl· ··~ ljllt.'Jh"l' 111 ftlf".\ .1rd dlHI fl'\ 1r..'f'l' 

pr1111L'f' " .. h11\U1 J'hL' 111'\.'f 'ho\\, ,1111phl11...1l11111 nl .1 ~IMI hp lr.1~11ll'Bf lrnm \,1r1n11 .. ff\.\ 
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dl·,i~n 11li:?11nuch:111idc primer' for the PCR amplili .. ·a1i11n of a p;111 of the 
n;N·cnt R'.\.\-hinding pn 11..:in gl·n..: from p .. :;1 gl·1111111ic ()'.\.-\.The ,...-qu'-·n'-·.._., 
11f till· priml·r, arl· 'h1'''11 111 Figure I. The '.\-terminal ami1111 a'-·id ,.._.lllll'll~l· 
~ idlhl till· f1 in\ anl prim .. :r and tl11: internal "'-.llll'-·nl·c ''a' u,...-d f11rthc r"·' .._. .. ,.._. 
primer in till· Y-:'' 11rkntati11n . .-\mplili~ation fr11111 p..:;1 nud..:ar D'.'\.-\.1'1\.'a h:;1f 
1i"u...- and ril·...- nuck;ir I>'.':.\ ~ i ... ·ldcd a fra,::m..:111111' ah1 iut 5112 np t hgur..: I 1. 

\, 1 ;11nplilil·at i1 in\\ a' 1 il1'cn "·d \\hen d1h 1n ipla,t I)'.'\.-\'' a' u,...-d ;1, tcmp!atl·. 
Thi' indil·all·d 1h;1t thl· chh in 1pb,1 nRhp i' c1ll·1 xbl h~ the n11dl'ar g"·n1111ll·. 

Thl· l·\prl·"i1111 of tlw nRhp g"·n"· ''a' c\:imin..:d in ,.._.,..:ral ti"u"'' n~ 
\11nh ... ·rn ,1111 hint anal: 'i'. Th ... · data ,IJo\\ '-·d that thl· nRhp ml<'.\.-\ i, pr"·,cnl 
in grl·l·n hud,. 111a1111·.._. kaf. l·ti11lall·d dar~-,::nl\\ n hud' and in ,.._."·dling 'tern' 
a' \h·ll a' in till· n111i'. Th ... · nRhp ml<\.\ \\a' 11111 found 111 Ix- prc,\.'111 111 
chlt1n1pla,1'. a' l·\pl'l'll'd f1ir a 1111ckar-cnc1ilk'll d1hin1pla't pn1tl'in. 

\\ • . .' h;1\\.• ilkntifil·d 111;111~ 11f thl• pl'llll'il1 l'lllllpo1l\.·n1' fl'ljUir.._·d fpf (l\.'a­
chlt irnpb,t I>\.\ r ... ·plic1li11n. ,ud1 a' I>'.'\. \-p11l~ lll\.'f;N·. prima,l·. hdil·a,.._·. 
It 1p11j,11111 ... ·ra, ... ·, l·k. \\ .... h;1\ l' :ii" 1 l''lah!i,h ... ·d th"· in 11rr1 • rqilicat i1111111" p .. ·;1 
... ·hlnrnpb,1 I>\.\\\ ilh till' parti;1ll~ purifil·d p1111l'in' ln1111 thl· d1l11n•!ila,i... 

1'11l:11l\.·ri1;11i11n h~ 1h ... · 111 ,,,,.,, r"·pli ... ·;1li\l' ,~,k·111 \\a' ;111lw r;11l· 11l<i)O 
nu ... ·kntid ... ·f, ... ·c and \\ ;.-. 111,c11'ili\ .._. 111 ...-h;iill-ll'rminator' lil-.l' 
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Jideoxynudeotides. arn -CTP and conlycepintriphosphate. Btllh str.inds of 
template D:'\A were synthesized and single strJndOO D!'IA templates 
underwent more than one round of replication. When sequences of either of 
the two chlomplast origins of replication IOriA or OriBI were used as 
te1nplates. the replicath·e intennediates were found to ha,·e sigma structures 
Howe,·er. with the template DNA containing both OriA and OriB ~equences 
together in cis conformation. the in ,·irro replication proceeded in the theta 
mode: tht: mode of replication usually observed in rim. 

At present. it is difficult to srudy the etlects of the individual components 
in the ,·arious stages and processes of in l'itro replic&•tion hecause of the 
limitt.'<.I a,·ailability of the components. Similarly. reconstitution of the 
defined i 11 '·i rm rep!ication system seems untenable due. primarily. to the low 
lewl of the protein:. required for pea chloropla'>t DNA replication. In onler 
to owrcome these problems. the present approach aims to identity and clone 
the rele,·ant genes and to express the products in the bacterial system to enable 
in \"itro assembly ot ~·hloroplast DNA replication. 

In an attempt to identify proteins necessary forthe replication ofrhloropla'>t 
DNA. we ha,·e purified a 69 kDa eukaryotic topoisomemse to homegeneity. 
The type I property wa'i dearly identified following the pattern of relaxation 
of supercoiled DNA both in solution and i11 sittt. The monomeric nature of the 
catalytic entity was established by glycerol gradient sedimentation 
chmmatogrnphy. The enzyme was sensiti\"e to topol-specific .nhibitors like 
·:·'llptothecin and 1'erenil. but unaffected by nornbiocin and doxorubicin at 
.:.e topoll-inhibitory dosage. In the presence of the enzyme. supercoiled 
DNA was nicked anJ the 3' phosphor) I end of the nick became cornlently 
linked with the enzyme I Figure 2 ). A tyrosine residue of the enzyme was 
responsible forthe co,·alent linkage. Rabbit antisern haw been rJised against 
this protein. Since the N-terrninal amino acid of this protein is blocked. we 
are attempting to generate data on internal amino ac;d sequen1:es through 
partial proteolysis. 

Eukaf)·otic type I topoisomerase is coded by nuclear genel s >and trJnsported 
to the chloroplast. Pea nuclear DNA has been used to generate an expression 
libraf)· in A.gt 11 phage-system and a genomic libraf)· in A.gt 10 \"ectors. t:sing 
the purified antisera. we are. at present. screening the expression librnf)· at 
present. Using internal sequences. when arnilahk. D~A hybridization 
prohes could be made. With these probes or other prohes from heterologous 
sources I topo I genes from Are1dihdopsi11 tlwlic111e1 or/and human DNA. etc.>. 
the pea libraries will be screened. U:;ing these multi-pronged approaches. we 
hope to done the gene for !he 69 kDa topoisomerase of pea chloroplasts. 

We have also detected at least one additional Mg"·-dcpendenl type I 
topoisomcrase activity within !he pea-chloroplasts which is antigenically 
di-.tinct from the 69 kDa enzyme. Anempts are heing made to purify !his 
enzyme to near homogeneity nnd to done the appropriate gene. 

Pn itcin-. with SSB activi1ies arc essential for the: initialion <tnd dongation 
of I).' · replication. In a prclimim:ry scnrch for SSB's of pc:a-chloroph1st-.. 
sou1;, "•'\lcm nnalysc-. of various fra1. 1ion-. ofrrude chloroplast-prolcins I as 
reco\-cred from DEAE-1:hrorrn1tography > were perfom1cd using denatured 
and inlact nick-translated DNA-probe-.. Strong -.ignals were ohtaincd with 
the dcnalurcd prohes at various rnngcs of molecular -.i1es. An array of 
proteins of the molecular si1c ~8-35 kD<t rc41ctcd strongly hut 1:1csc hud hecn 
idcntilicd 11s RN A-hind,crs in prc,·ious studies. Other polypeptides that hound 
DNA indudcd protein;-. of 17. -U>-45. 65 kDa. These protein-. eluted from 
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DEAE celluiose columns at 600-700 mM NaCl atier the reco\'ery of DNA­
polymer.t...;e. prima...;e and topoisomer.i....;es. Proteins of .W and 65 kDa size 
were hardly recognizable by Cooma.-.sie staining but bound to the denatured 
probes \'ery strongly. Attempts are being made to chamcterize these proteins. 

Peachloropla.-.tscontainedaDNA-bindingacti\'itywhichn.--cognizedonly 
the negati\'ely supercoiled form of duplex DNA. The bound DNA (complex) 
migrnted with the mobility equi\'alent to that of nicked or/and linear DNA 
species in agarose-gel-electrophoresis. The formation of the complex was 
re\'ersed by denatumnts or inacti\'ators of protein. namely sodium dodecyl 
sulfate. high tempernture. ethidium bromide and proteases. The binding 
acti\'ity wa.-. enhanced with zinc or cupric ions and the enham.-ement was 
abolished in the presence of high concentrntion-. of EDTA. The binding was 
coopemti\'e in nature and altered the topological status of DNA a.'i e\'idenced 
in bi<J\:hemical and physical analyses. The protein also acted on single 
strnnded DNA and compacted the substrate as re\'ealed by agarose gel 
electrophoresis of the bound complex. Henl.-e. the target site of action on 
supercoiled DNA seems to be the open orunwound regions. The potential for 
theformationofDNA-proteincomplexremainedthesameirri!Spectiveofthe 
size of the starting DNA. 

From glycerol gr.idient sedimentation studies. th~ nati\'e protein appeared 
as 50 kDa. The chloroplast extrnct containing the protein has been subjected 
successi\'ely tochromatogrnphy on DEAEcellulose. hepari1t sepharose. blue 
sepharose. QAE- and phenyl-sepharose columns. The active material from 
the last column still showed the presence of 5-6 bands in the sil\'er-stained 
SDS gel. Attempts are being made to purify the protein to homogeneity. The 
partially pure protein was successfully crosslinked with the substrnte DNA 
with a combination of formaldehyde and glutemldehyde. Using the in ,·im 
labelled DNA. we hope to tmnsterthe mdiolabel from DNA in the cross linked 
complex to the specific acti\'e protein. These experiments are expected to 
identify the subunit molecular weight of the DNA-binding moiety. 
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Glyphosate is a broad spectrum herbicide which kills 76 out of 78 of the 
most damaging weeds. Its action is mediated by inhibiting one of the key 
enzymes of aromatic amino acid biosynthesis. 5-enolpyruvyl shikimate-3 
phosphate synthase (EPSPs). Since the effect of glyphosate is non­
discriminatory between crops and weeds. the successful use of the herbicide 
necessitates the conferring upon the desired crop plant. of the ability to escape 
herbicidaJ inhibition. Through genetic manipulation the target enzyme can be 
manipulated to reduce the binding affinity of glyphosate. Tii.~ genetically 
altered EPSPs could be introduced in the crop plant by establisha! protocols. 

To manipulate EPSPs. the gene coding for EPSPs. aroA. was cloned from 
Bacillus subtilis by complementing growth of anA deficient mutant of 
E. coli. Oustal alignment of amino acid sequences ofFPSPs from B. subtilis 
with different bacteria and plants revealed several conserved homologous 
regions. Certain conserved residues which were candidates for substrate 
binding were identified and substituted by site directed mutagenesis. The 
following substitutions were generated: Kl9E. R24D. Rl04K. Rl04Q. 
Pl 05S and HJ82K. To investigate various critical kiuetic parameters relevant 
for glyphosate binding. mutant genes were cloned on pBSK vector and 
expressed by providing T7 RNA polymerase in trans- on a compatible 
plasmid pGPl-2. Using a heat inducible lambda promoter. EPSPs was 
expressed to about 30% soluble protein content. Six mutants as well as the 
wild type genes were expressed to comparable levels. EPSPs was purified in 
one step to near homogeneity from heat induced cells. Kinetic analysis of 
purified EPSPs of wild type and mutant genes revealed that the enzyme is 
strongly activated by ammonia and that the nonactivated form of native 
enzyme exhibits allostery. Hysteresis of wild type EPSPs is abolished by 
ammonia. Both of the substrates. phosphoenol pyruvate and shikimate-3-
phosphate. have multiple interaction sites. There are two sites for PEP 
binding. primary and secondary. Glyphosate competes for binding at the 
primary site and does not interact at the secondary site. Glyphosate in the 
absence of ammonia increases co-operativity of PEP binding and favours 
dimerization of the enzyme. Dimerization probably occurs through an 
interaction between the sites of PEP binding. The H382K and R24D 
substituted EPSPs exist as dimer in the absence of N"-' • and glyphosate and 
acquire tetrameric structure in their presence. Analysis of the mutant~ RI 04K 
and RI 04Q suggests that th~ guanidinium side chain of the conserved 
arginine is critical in discriminating between phosphoenol pyruvate and 
glyphosate. Conserved residue K 19 is proximal to the shikimate-3-phosphate 
binding site. Mutation at this residue increases affinity for shikimate-3-
phosphate with a con~omitant hypersensitization to glyphosate. Thus the 
binding of shikimate-3,-phosphate is directly related to the binding of either 
phosphoenol pyruvateqrglyphosate. Credence to this mechanism is augmented 
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Figure I . bolalell of B«i/1111 th11rinfi,n1il and B. • ph11'rlc111. 
A. C'ell•. •pore• and cry•l:ils of 8. 1/111ri11.~irmi.1 I IOOO x1; B. Para•porJI crys1ah of 8. 1/111ri11gie11.1i.< purified hy rcnogralin gradienl I 1000 x1; 
C'. ldcnlilicarion of 8 .. '.pl111rrirn.1 hy antibiotic -en.,ti\·ity profile. MO'lquilOcidal, i"1iate• arc re•i•tant to 1etracycline. chloramphenicol and 
•lrcplomycin and ..:nsili\'e 10 erylhromycin; D. Sporr• and crystal• of 8 . . 1p/1<1rrin1.1tIOOOx1. 
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bytheobservedincreaseinKmforshikimate-3-phosphateandbyaconsequent 
increase in Ki for glyphosate in the mutant R104Q. Based on the abo\e 
observations a novel approach for conferring glyphosate toleraik..--e to crop 
plants is being pursued. 

Each crop phnt is a host for several different types ofinsects. The pests for 
each crop plant are specific and may belong to different taxono!Tlic classes 
e.g .. Lepidoptera, Diptera and Coleoptera. Through natural selection, crop 
plants have evolved resistance mechanisms to insects but the modes of action 
are complex and poorly understood. However. a common biopesticidal 
mechanism ofinsectcontrol with parasporal crystals of Bacillus 1h11ringiensis 
has been described and analyzed in great detail. Insects of different classes 
are susceptible to toxic polypeptides of parasporal crystals. Toxins produced 
by different isolates vary in potency and specificity for different insects. The 
Plant Stress Resistance Group has initiated a programme on "Insecticidcl 
Endotoxins". Strains of Bacillus th11ringiensis have been isolated from 
terrestrial and aquatic habitats. 

Soil and water samples were collected from several sites at Manesar 
( Haryana). 60 km south west of Delhi. Strains of Bacil/11s thuringier-is were 
isolated through selective enrichment procedure. 

Following enrichment 31 isolates of B. th11ringiensis were isolated and 
typed in relevant morphological and biochemical tests. Parasporal crystals 
were purified in renografin density gradient centrifugation and polypeptide 
profile was analyzed by resolving ~lubilized crystals on SDS-PAGE gels. 
In addition. plasmid profiles of a few isolates have been established. Using 
standard toxin coding gene as a probe. the presence of homologous DNA 
segmentc; was demonstrated on plasmids of different isolates. We a.re now 
carrying out toxicity tests of parasporal endotoxins on these isolates on larvae 
of Heliothus sp. 

Local strains of B. sphaericus have also been isolated from aquatic 
habitats. Based on the near absolute correlation between resistance to 
chloramphenicol, tetracycline. streptomycin and adenine (N) utilization and 
the production of mosquitocidal proteins two isolates have been obtained 
through enrichment. The toxicity of parasporal crystals produced by these 
isolates is being 5'.Teened against Anopheles and C11/ex larvae. 

One-fifth of yield losses in the area of rice production can be attributed to 
insects.Gall.MiJgc(OrJeo/iaory:ae).adipter.m,isoneofthemostimportant 
of these pests especially in India, South-eac;t Asia, China and parts of Africa. 
The problem is compounded by the fact that there are at least 4-6 different 
biotypes of this insect in India and 4 more are known to occur in China. Genes 
for resistance against Gall Midge are found in nature and many of the rice 
improvement programmes, especially in India. are centred around breeding 
resistance to Gall Midge into elite susceptiNe varieties. Little is known about 
the exact process leading to resistance but it is known that resistance is due 
to a single major gene (at least in the cac;e of resistance to biotype I of Gall 
Midge). 

We have mapped the Gm2 gene on chromosome 4 with the intention of 
speeding the selection of resistant phenotypes in a breeding programme and 
ultimately helping in the fac;ter production of new resistant rice varieties. 
Restriction Fragment Length Polymorphism CRA..P) and Random Amplified 
Polymorphic DNA CRAPO) were used in conjunction with bulked segregant 
analysis on a set of 40 recombinant inbred (RI) lines obtained from a cross 
between two indica rice varieties. ARC6650 and Phalguna. (The two rice 
varieties, RI lines and the phenotyping data on these lines were obtained from 
our collaborators at The Directorate of Rice Research. Hyderabad, India.) Of 
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Of 520 primers. only 65 amplified bands were characteristic of either the 
resistant parent and resistant pool orthe susceptible parent and the susceptible 
pool. These primers were expected to be linked to the Gm2 gene. However. 
when these markers were used to amplify the DNAs from individual 
susceptible lines and individual resistant lines. which constituted the susceptible 
pool and the resistant pool respectively only two markers amplified either in 
all susceptible RI lines (F081100) or in all resistant RI lines (Fl Dt.oo>. indicating 
that these two markers were very closely linked to Gm2 gene. This was 
confirmed by using the amplified products as RfLP markers an<l with 
subsequent cosegregation analysis with the disease phenotype. With other 
markers the picture was not as clear. 

Based on the sequence information of pool specific bands. a PCR-based 
assay was developed to select resistant and susceptible plants. 1be R>81700 

specific primers selectively amplified a l. 7 kb fragment in the susceptible 
plants while FlC>mi amplified a 0.6 kb fragment in the resistant plants 
(Figure 2). This allows for accelerated screening. selection and subsequent 
faster breeding for Gall Midge resistance by utilizing marker-aided sela.1ion. 
Currently. we are in the process of determining whether these primer sets are 
population specific. 

Once a gene has been mapped between two very closely linked flanking 
DNA markers. the next logical step would be to utilize the linkage data for 
map based gene cloning. In collaboration with the Rice Genome Group 
(RGP)ofthe National Institute of Agrobiological Resources. Tsukuba.Japan 
we are establishing a cloning system for the isolation of resistant genes 
against Gall Midge. The availabiiity of a saturated genetic map of the rice 
genome makes it possible to map genes ofinterest and this information in tum 
can be utilized to map based gene cloning. This will require: I) a large 
mapping population to facilitate the marking of more reccmbination e\·ents 
between the resistance genes and markers cosegregating with them; 

AP I RI LINES I 

MCSRSSSSSRSRSRRRRS RSSSSRSSSSSS 

Fi11ure 1. PCR·blllled Scrm1b1a for G.al Mid• llcsilcant and SIPapelhle Linn in Rin. 
Ethidium brnmidc •taiMJ agarll\C i,lel 'lh<lwing ON A fr~;mcnt• af1cr a mulliplcud allelc:·•p«ific PCR p::rformed on 11enomic DNA• of the two 
parent~ IARCMSOand Phalguna1 and re.:rnnhinant inbred 1Rl1 Ii~• dcli~:d fmm am"' hclween rhc two parents. In the muhiplcited PCR two 
pai"' of prime!'. ca.:h 'Jll:cifi<: foro~ of the allele• I Re•i•rant or Su~cpcihlc 1. were u.cd in a •in1.1lc: reaction. 'The lane• M: Molecular weight marker 
11 Kh laddcn: R: R~•i•lan.:c allele; S: Su~epcihl~ ;1llclc; A: Su'4."tplihlc P'Jrent Al<CM~O; P: Re•i••ant parcnr Phal1.1una. 'The clci.cd arrowhead 
repre.cnt~ the ~u.cepcihle allele: ;1nd the open arrowheaJ reprc.enis the re•i•tallt alldC". 
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Figure .1. pNZF.25 is orpnind as a 123 hp repeal elmtml. 
Hinfl digNcd genomic DSA of 0. ory:ae wa.' fra..1ion:11cd on I .:!.'f agam...: gel. tran,fem:d to nylon membrane and hybridi1c:J to the 300 bjJHintl 
fragment of pNZE!5 or pt'\ZE!S a.' ~ribcd. 123 hp ladder f BRL l:SA 1 wa., u..ed a• D!"A •ile marker 1 Ian .. 21. 

DNA-typing of 
Gall Midge 

2) additional DNA markers around the gene; and 3) a very good Yeast 
Artificial Chromosome (Y AC) orcosmid library with an extensive coverage 
of the genome. 

Asian rice Gall Midge (Orseolia ory:ae) is a major pest of rice which 
causes enormous economic losses. There are at lea't 5 different biotypes of 
Gall Midge reponed from India in addition to a few which we reponed from 
other Asian countries. Different biotypes differ in their host range. 

During the la"it 15 years. international screening programmes have identified 
a number of distinct sources of resistance to Gall Midge and some of these 
have already been used in breeding programmes. Host plant resistance 
against insects is an effective and environmentally safe altemati'le to the use 
of pesticide. However. the durability oft.ost resistance against a given species 
of insect is always threatened by the emergence of new biotypes. 
Unequivocally. identification of Gall Midge biotypes is. therefore. crucial. 
We have been investigating genetic differences between different biotypes 
based on polyrr.orphism with respect to repetitive DNA sequences. Probes 
detecting changes in the structure of repeated sequence among individual 
biotypes and sympatric species will. therefore. have immediate at')plication. 
With these objectives. studies were initiated to isolate. characterize and 
document repetitive DNA sequence clones for potential use in DNA typing 
of different biotypes and for distinguishing between sympatric species such 
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as O.flm·ialis (paspa)um Gall Midge). 
Gall Midge biotypes were collected from different geographical locations 

within India. High molecular weight genomic DNA was isolated and a partial 
genomic library in pUC 18 was constructed. Clones representing repetitive 
sequences were isolated from this library based on differential hybridization 
screening. 

Two classes of repetitive DNA probes were identified from the genomic 
library of 0. orFae. One class. represented by clone pNZE!.5 has been 
isolated and characterized. DNA hybridiz.arion analyses demonstrated its 
ability to reveal RR...Ps between different 0. ory:ae individuals. It detects 
genomic sequences whose organization within the genome varies markedly 
between individuals and biotypes. In a glasshouse population this probe 
shows genetic uniformity within one biotype. Therefore. this probe can be 
used to a.~ the genetic uniformity of field isolates employed to create or 
maintain a greenhouse population of specific biotypes and for monitoring the 
genetic diversity of a biotype population. 

Theotherclassof probe is represented by the clones pNZE 16. pNZE22 and 
pNZE29. These clones detect sequences that are IDOllOlllO!phic between 
different biotypes of 0. ory:ae but polymorphic between 0. ory:ae and 
0.jllll'ialis. Furt.her analysis is indicative of pNZE22 being genetically 
conserved as "primordial" sequence. 

We are currently evaluating the utility of these probes to identify a lIUe 
alternative host of 0. ory:ae. 
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This group concentrares on two plants of ecooomic importance for plant 
ttansfonnation srudies: rice and cotton. The regeneration of rice plants from 
tissueculturehasbeenreported.Sincewe\tranttotransfonnricethatiswidely 
planted. four indica rice varieties have been selected; Phalguna. ARC 6650. 
Ruchi. and. Mashwi. All four varieties have been inducted into callus from 
malUrefurunarureembryoson MS lmal medium containing 2 mg/Lof2.4-D. 
Regeneration of plantlels was achieved from Ruchi and Mashuri on MS 
mediumcontaininglcinetinandNAA(I mg/Leach).Similarmethodswillbe 
applied to Pmlguna and ARC 6650. We are now in the process of generating 
suspension cultures from callus for eventual ttansfonnarior1. 

In cotton, there is only one variety which has been cultured and from which 
plants have been regenerated from callus. We have staned with the Pusa 8-6 
genocype. Several growth regulators. e.g .• 2.4-D. kmetin. IAA. NAA. Zeatin 
riboside were tried in varying concentrations and r.ombinations. z.eatin 
riboside 2nd 2.4-D were effective for callus induction from cotyledon and 
hypocotyl explants. respectively. Approximately a concentration of 2,4-D 
eighty fold higherthan the conventionally used amount was·.){ltimal for callus 
induction. Callus originating fr"11 meristematic zones close to vascular 
bundles is being used for regeneration. 

In higher plants. DNA. the genetic material is present in three organelles: 
the nucleus. the piastid and the mitochondria. So far the introduction of 
foreign DNA into the nucleus has been the most common practice in 
improving the genetic traits of crop plantf. 

Thereareseveraladvantagesofplastidtrar.sfonnationovertheconventional 
nuclear ttansforrnation as described earlier. Insertion of a foreign gene into 
a plastid genome may result in the amplification of 1,000-10,000 copies of 
the foreign gene per cell because of the known ploidy of chloroplast DNA. 
The codon usage of chloroplast genes are more like that of prokaryotic genes 
and are, therefore, a suitable place in which to express useful bacterial genes. 

Our extensive studies on the transcription of chloroplast DNA have shown 
that 16S ribosomal RNA promoter was more than ten times active in i·irro 
compared topsbA orrbcL promorers which have been used in transformation. 
In order to identify promoters for the optimal expression of foreign genes in 
chloropbsts, we have investigated the strength of I 6S ribosomal RNA 
promoter in transient expression and compared it with the psbA promoter. 
Transformation vectors were constructed containing 400 bp rRNA promoter 
or 412 bp psbA promoler coupled with j}-glucoronidase (GUS) coding 
setJuencesandribosome binding sitr.s. Experimental conditions were optimized 
for the introduction of DNA into tobacco suspension cells and in young 
leaves using microprojectile bombardment (Figure I). Histochemical and 
spectrofluorimetric assays were carried out to follow transient expression of 
GUS activity for 12 days after bombardment. The maximum expression of 
GUS using 165 or psbA promoter was found to be around 72 hrs of 
bombardment. The I 6S rRNA promoter consistently showed a three fold 
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increase in activity compared to , lie psbA promoter. These recombinants 
have been modified to contain flanking DNA sequences of chloroplast DNA 
for site directed integration of GUS into pl~ genome and aminogl~ide 
adenine transferase (aadA) gene in order to confer spectinomycin and 
streptomycin resistance for the selection of stable transfonnants. Using these 
recombinants. transgenic plants are being generated 

Electron microscopic studies have led to the identification of displacement 
loops(D-loops)onpea~DNA Therecombinantplasmidscomaining 
such D-Ioop sequences have been shown to replicate in an in \"itro replicatioo 
system. We introduced these D-loop containing sequences (2-4 kb) into 
transfonnationvectorsdescribedaboveinordertoinvestigatetheirroleinthe 
~ormationof plastids. Thepreliminaryresultsindicatethalthe~ 
ofGUSiscontinuedupto2weeksoftransformarionwhenD-loopcontaining 
sequences are present in the transformation vectors. wheras no such activity 
could be defected in the conttol vectors lacking D-loop sequences. In order 
to produce transgenic plants. an EPSP sygthase from Bacillus is being 
introduced into transfonnatioo vectors for selecting stable transplastomic 
lines. 

TobKco leaf showin1 GUS activity after microprojcc1ile bombardment wilh plasmid consuuct containing chimeric GUS gene. Conditions were 
opcimiud for dc:iivmng DNA into !he leaf/su\l)C!lsion cells. Each blue spoc ~scnl~ an indcpcndc:nl 1ransforma1ion eve"'· Usin1 this method 
!he slmlph or 165 ribosomal RNA promoter was compared wilh psbA proo.JCer from pea chloroplast DNA. 
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The ICG.EB Collaborative . 
Research Programme 

~ Collahor.iti\e Re~an:h Progr..1mme of ICGEB is now entering its 
"mature" ph•t~. With ~\er..11 projl.'\:1" compkll.'ll and many more in full 
progn: ......... the Progr..unmc ha" hegun to "h''" its \iahility. through an e\.:r 
incre•1 .... ing numher of puhlil:ation .... hy the re .... ponsihk Principal Im e .... tigators. 
It j..., abo hoped th•ll it \\ill kad to .... omc patems for the rde\ ant ..\ffiliall.'ll 
Centre ..... 

Fo!lm\ ing •m analy"i" of it.... fiN year., of o~r..1tion. and upon spedfo: 
r"-'\:ommen<lation hy the Pand of Sl.·ientilk . .\d\i~r., . ..\fliliall.'ti Centre-. wen: 
rl.'t!UCsk'll lll increase n:gi1 mal .:lll lperati1 lll <lllll mg Jill~n:nt l\ tem~rC llUntrie ..... 
The re .... pon .... c to thi .... h•1" OCl.'.11 \Cry po .... iti\C. 

During 1993. from a total of 37 rese•:rch propo .... al-. .... uhmittcd. 22 were 
appron:d for funding hy ICGEB I Figure I l. for a total commitment of USS 
1.198.IMM>. Thrl.'\.' of thc"e pn,po-.<1b. originating from Mcmher C'ountrie" 
which ha\e not yet ratifo:d the ICGEB St•llute ..... arc "till pending the decision 
hy the Boa1ll of Gowmors of the digihility of Affiliaicd C entrcs locat~d in 
i.:ountril.'. .... which ••re not full memhcr .... of ICGEB. 

The progre"" of rhe C ollahorati\ I.'. Rcsean:h Programme from the time of 
it .... irn:eption i" pr..: .... ented in Figun: 2. \\hik •1 li .... ting of projects appnm.:d in 
199.~ i" giwn in Tahk I.:\ total of 35 Prini.:ip<41 lnw .... tigator.,. working on 
pn~jei.:t" financed with iCGEB fun<l ..... ha\e .... uhmincJ .... dcntilic report" which 
•m: prl.'. .... entt:d in the following page .... . 

Figure 1: Collaborative Research Grants Awarded in 1993 
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Collaborative Research Programme 

Table 1: Collaborative Research Projects Approved in 1993 

COUNTRY PRINCIPAL INVESTIGATOR 

Argentina Eduardo H. CHARREAU 
ir;stituto cJe Biologia y Medicina 
Experimental. Buenos Aires 

Brazil 

Bulgaria 

Chile 

China 

Croatia 

Cuba 

Egypt 

Greece 

Hungary 

Susana PASSERON 
Departamento de Ouimica Biologica 
Universidad de Buenos Aires 
Buenos Ai!"es 

Marlinda Lobo de Souza PINHEIRO 
Area de Controle Biologico. Brasilia 

George RUSSEY 
Institute of Molecular Biology. 
Bulgarian Awidemy of Sciences. 
Sofia 

Manuel KRAUSKOPF 
Institute of Biochemistry. 
Universidad Austral de Chile. Valdivia 

Ming-Guo ZHOU 
Department of Plant Protection. 
Nanjing Agricultural University. Nanjing 

Bing-4uan WU 
Schoof of Basic Medical Sciences. 
Cancer Research Center. 
Beijing Medical University. Beijing 

Drago PETRANOVIC 
Department of Molecular Genetics. 
Ruder Boskovic lnstiture. Zagreb 

Jose DE LA FUENTE GARCIA 
Mammalian Celt Genetics Division. 
La Habana 

Samia ALI TEMT AMY 
National Research Centre. Cairo 

Penelope MAVROMARA·NAZOS 
Hellenic Pasteur fnstitut. Athens 

!stva'.1 SIMON 
Biological Research Centre. 
Institute of Enzymoiogy. Budapest 

TITLE OF RESEARCH PROJECT 

Molecular mechanisms of progestins induction 
of murine mammary cancer. 

Molecular basis of dimorphism in the pathogenic 
fungus Candida albicans the causative. agent 
of candidosis. 

Molecular biology of virus-host interactions for 
AgMNPV. an important biocontrol agent for a 
major pest of soybean. 

Protein factors controlling DNA replication in 
mammalian cells. 

Studies of growth control in fish. Effect of 
environmental factors. 

Resistance of fudaria on rice and wheat to 
fungicides. 

Modulation of tumor growth and metastasis t;y 
IL-6 and IL-8 gene transfer. 

Genes and enzymes involved in the inhibition of 
recombination. 

Studies of growth control in fish. Transgene">is 
for manipu!ating growth in fish. 

New nNA techniques for identification of 
mutations in the beta glob:n gi:me in Egyptian 
beta thalassemia patients. 

Human papillomavirus (HPV) and cervical 
cancer in Greece: Epidemiological studies HPV 
typing, development of immunoreagents. 

Structural principles of repetitive sequence 
motifs in proteins. 
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Table 1: Collaborative Research Projects Approved in 1993 continued 

COUNTRY PRINCIPAL INVESTIGATOR 

Hungary 

Mexico 

Nigeria 

Poland 

Russia 

Laszlo HORNOK 
Agricultural Biotechnology Center. 
Godo/lo 

Edmundo LOZOYA GLORIA 
CINVESTAV - Unidad lrapuato. 
Guanajuato 

Michael 0. EZE 
Tropical Diseases Research Group. 
Department of Biochemistry. 
University of Nigeria. Nsukka. 
Enugu State 

Wojciech NIEWIAROWSKI 
Polish Academy of Sciences. Centre of 
Molecular and Macromolecular Studies. 
Lodz 

Georgii P. GEORGIEV 
Institute of Gene Biology. 
Russian Academy of Sciences. 
Moscow 

Mikhail P. KIAPICHNIKOV 
Institute of Molecular Biology. 
Russian Academy of Sciences. 
Moscow 

Sergei RA.ZIN and A11derj LUCHNIK 
Institute of Gene Biology. 
Russian Academy of Sciences. 
Moscow 

Tunisia Samir JAOUA 
Centre de Biotechnologie. 
Laboratar1 Biupesticides. Sfax 

Turkey Huseyin BAGCI 
Akdeniz University, 
.,,chool of Medicine. 
Department of Genetics. Antalya 

Venezuela Maria Gloria DOMINGUEZ BELLO 
:.ab. de Fisiologia Gastroin 1estinal. 
Centro de Biofisica y Bioquimica. 
Caracas 
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TITLE OF RESEARCH PROJECT 

Strain specification. genome analysis and 
isolation of genes ?ncocting lysing 
enzymes in the gunus T richoderma. 

Molec1Jlar factors involved in a plant-defence 
response. 

Antioxidants. red cell atpase. malaria and sickle 
cell. 

Biological activity of CFTR (Cystic Fibrosis 
T ransmembrane Reg'..Jlator) protein mutants. 

The role of the metastasin 1 gene and its 
product in cancer metastasis. 

Engineering of proteins with pre-determined 
structure and biological functions based on 'de 
novo' protein a:bebetin structure. 

Characterization of the domain organisation of 
the eukaryotic geno;r . .::. 

Bacillus lhuringiensi~ in crop protection: 
strains isolation and molecular characterization 
cind production of the entomocidal toxins. 

Determination of the spectrum 0f Ii· thalassemia 
gene~ by use of Southern and Dot-Blot analysis 
of amplified li·globin DNA from heterozygous 
sub.i'?cts ir. Antalya-Turkey. 

Study of the digestive microflora as a tool for 
overcoming nutritional constraints of tropical 

legumes. 



Collaborative Research Programme 

f"1qure 2: Progress of the Collaborative Research Programme 1988-1993 
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D 1989 (US$860,000) 

D 1990 (US$1, 119,000) 

D 1991 (US$1,005,000) • 1993(US$1,198,000) 

• 1992 (US$998,000) 

For 1994. 48 collaborative research propo:-.als were :-.ubmitted for 
consideration: the number of proposals per Affiliated Centre is given below: 

• Argentina 4 • Greece I 
• Bulgaria J • Hungary 4 
• Chile 4 • Mexico 5 
• Colombia I • Nigeri~1 ., 
• Costa Rica ., • Russia ., 
• Croatia 5 • Tunisia I 
• Cuha 4 • Turkey J 
• Egypt J • Venezuela 4 

Peer rc,·iewing of these proj>osals has comm.:nct•d ~ind a fir.al evaluation 
will be made in the third qm1.1cr of 1994. 
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Publkation': 
H.aedo. s_ Temporini. E .•. \han:'l. \I.E .• \fal"l.ioni. HJ.I-·. 

and Rosa •. \.I.. 1l<llJ21 \lol.:..:ubr donin;'. of ;1 ;'.<:11.: i. ff" 
.:11..:1..ling th.: ..:~h•pki-111i,· tila111.:111 pn•1.:in P5'1:\..: and it' 
g.:11<·ti..: rdati1•n,hip h• iii.- 'n••\\ll.tl.1.· l1•,:u' in \.-ctr•"/'"'"' 
t '"''"''· (i~n~ti~·, 13 1. 5-:'-:'Sll. 

H:iedo.S. \lautinn. \l.;,md Ro...a • .\.l .. 1 I 11lJ2 1:\11110;1!. Rid::1.· 
RFl.P p;111.:ni- in 1h.: .\.-111-.•'f'•''"'' '"'"1' 111ulii..:;:n1-2 '1rafn. 
Ciunfal Ci.:11.:1. :\.:.hh·n .. N. 2.~. 

Tetnporini. E.and Rnsa • ..\.l..1 I <llJ.~ 1 Pki1 •tn •pi..: anJditl.:n:mi;1I 
ph.:m •t~ 1~ 11f t\H' •111,1111\\ th!..: 1111u1;m1 ;1lld.:' in \.-w-. "f" .,.., 
''"'"'':;mah~' in h1•m11L1n11ti..: and h.:11.·n•l.;1n1•ti..: ,·dk 
Curr. Ci.:n.:t: 2.~. 129-1.~.~- · · 

..\h an:'l. \ u:_ Rosa •. .\.I._ Temporini. E- W nlstenholme •.. \_ 
Panzella. ( ;_ Patrito. I.. and \falYioni. HJ.1-·. Th1.· 5'1-1.D;t 
p<•I~ P<"Pli1I.: ..:111i-tilll.:lll 1•f S-1011111..:~ h•pla,mi..: til;1111.:111' in 
,.t'llr1t\f'1Wt/ I rtl\\tl j, a r~nl\a(~ 1..l~\..·arl"lt1\~ kl~. (i~Jl~ .~fl. 
25.~-2:\S. 

\lautino. \l.R- Hal'do. SJ>. and R1Ni •. .\.l .. 1 I '1'1.~ 1 Pll\ 'i..:;tl 
m;1pp111g ,,f 111.:i111i..: .n•"o\.:r t:\O:ilh 111 ;1 21Ml Kh .:1,in.:J 
r\."gi,1n,,f \t·11r'''i'',,.''' '"'''''1 l.in~~1~~Cin1up I. (i~n~li\..·, I .l-l. 
1077-IOS.~. 

\lautino. \1.R. 1 11111-l 1 . \ ..:nmput.:r pr11gram fnr ,·ir..:ul;tr 
r.:,lri,·tiun map' ..:11n,1ru..:1i1111. C.\BIOS ta..:..:.:pt.:d for 
puhli..:ati11111. 

ROI.ES m· POl.Y . .\\11'\ES I'.\ THE CO'\TROI. OF 
P.\R..\SITE PROl.IFER.\ TIO'\ 

Principal lmesti~ator: (,r;1.:I .-\lgr;111a1i. (n,1illltu J.: 
Im .:'tig.1..:inn.:' Biu1.1uimi..:;1' Tund;1..:1011 C;1111p.1111ar· .. ·\\. 
Patri..:i;1' .-\r::..-111in;1, ..i.~5. 1..io5 Bu.:m" \ir.:' . .-\R(iE:\TI'.\.-\. 
T.:1.- +5-i-1-ss..io1511'I. ra,: +5-i-1-sn:;22..i<i 

1 \ll>o c .. 111r.i1, '"· 11::. ::_,,::_ 
I<"< il:B R.-1.-ro111· \,. <"RI' IR< i<J::..11.; 
Kepu1nJ.,: pt>l~;unin..-'. /r,1•1111•""'"1' , m:i. l.1·i,/11111m111 

11/c'\lc tlfJ,/ 

.\bstrJl·t: During th.: pr.:,..-111 p.:ri1•I \\.:" h;i\.: im..-,tip11.·d 
dilfrr.:lll a,1-..:..:t' 11f m.: thr..-.: topj,·, im.:lud..-d in 11ur 11riginal 
pruj..-,·1. Th..- 111;1in ;1<:hi1.·\.:11J<:nh h;1\t: tx·.:n: 

I 1 .-\ D'.\.-\ fr;1::m.:n1 ,,f l.1·i,ft111,mi11111.- 1i1 '""' (>IX. !!t:n<: h;1' 
~.:n ampliti.:d ~~ l'CR u'ing appr11pri;1t<: prim.:r, .• 7nd th.:n 
d11n..-J in th<: plllu.:"-ript SK1 • • \ .:..:t11r ;ind ,.:1.111..-n.:.:d. Thi' 
fr;ign11.·111 \\ill~ la~lkd h~ nt<:I. tr•111,la1iun 11r r;u:dum priming 
11·..:lmi,111.:, ;111d u,..-.i a'" prn~ f11r h~l>ridi1.1tinn anal~'i' 1•f 
I n1•1m"'"111111 r11:1;and11th<:r p;ir;1,i1.:' D'.\.\ and for ,..-r.:..-ning 
.. r /. , ru:i. /.,·i,/111111111,1 1111·111 ""'' ;md < ·n1itidi11 /1/\1 i. 11/11111 
!!<:llllllli.: lihr;1ri.:'. 
• 21/.,·1,ft1111111111111n11 1111<d >Ix· ha' h..-.:n .:\l.:n'i' ..-I~ purili<:d 
and '"111..- of ih .:at;il~ ti.: and 'tr11.:tur;1I prop.:ni.:, ha\...- ~.:n 
im ..-,1ig;1t<:d . ..\('I ...-n1~ 111..- pr..-p;ir;1ti• 11i-..:1 •mpktd~ fr.:1.·1 •f..-11fo,·11 •r 
\\<:r<: nht;1in.:d aml th..- pm..:<:" of ..-111~ 111;1ti..: ;1.:ti' ii~ r..-,1urati1111 
h~ add11i1•n 11f p~ rid11\al :'' ph•"phat.: \\ ;1, 'tudi..-d. 

.l1 \\".: h.I\.: 1m..-,1i!!;1h:d difkr·:nt .:h;1r • ...-1.:ri,ti.:' and 
pr11p.:ni,•, 11f I" •I~ ;1111i1w tr:111'J'I •rt'~ ,t..-nh in/ .1 ru::. /., ·i ''"'''""'' 
111ni1 .11i.1 ;111,1 < ·,.,111id111/.1•1"11/11111 . . \ r.:!!ula111n m.:..:h;1111,11111f 
putr1.·~in<: 11pt;1lo..: in/.1·1,/1111111/111111.-111 ,m,;h~ 1.:.:,ih.1,·lo. r1.·pr.:"i' •n 
h;1' 1-.:.:n f11und ;111d ,i..-,..:nlx·d. 

Kad•~round: '.\.tin~ h111d11.·n11.:;il ,111di1.·, • •n hum;111 par;i,i11.·, 
h;1\<: lx·1.·n ,·;1rri.:d 11111 t11 und.:r,t;md th,· 1111.·1;11, .. r.,111 ;ind lik 
,·\..:k of th.:,,· 11r!!ani,111, ;11th.: 11111k.:11l;ir kh·I ''uh th<: ;iim 111 
r~ndin;: ;1ppr1 •pn.;,,. d11.·1111 •th<:r.11x·11t1..: 'tr;t1.:;:i1.·, .1;:.un,1 p;1r;i,111,· 

di'""'''"''· 
h i' lo.1111\\ n 1h;1t pol~ amin''' pla~ importanl ruk' 111 ..:di 

pn•hkr;11lon and d1tkr,·n11;i11011 1 lfa.:hr.1..:h. 1 · ;md lk11n1.·r. 
'I".'.\. I. Th1.· PIH 'i"I"!!' nf 1'11h .1n11n,·'· CRC Pr..-". 111x11: 1'1.·:::: . 
. \.I· ... «.111..-"': R,., ~s. ~~ 1 1. 'piss 1. Tiu, ..-.•11d1a-11111 kd 111 iii.: 
111' .:,11;:.1111111 111 p11I~ .1111111\' h111'~ n1h,·,1,. 1k;:r.1d;it11111 ;111d 
tr.1n,p11n '~'1,·ni- 111.1 \,1n1.·t~ 111 .-di-. .\mun:: .ill 1h1.· 1.·111~1111.·, 
,·;11al~ .111:: 1111.· d1l l1.·r,·111 't•'I'' 111\ 1 •h ,·d 111 rh,· h1.1,~ 111h1.'''' and 
11111.·r,·1111\ .:r,11•11111 pol~ .1111111<'' 111,·11lo..1r~ 1111,· ,·di-. 1 •rnlll1111..- .111d 
S·atl,·111"\l111..-1h1111111i.· d..-.-.1rh11\\ l.1''''· ,1, 11,·ll ,1, 1h1.· 
,l\·1.·t~ llr.lll~kl ,l'l'' 111 'i'l°ffllldllll' ,11id 'll\'rlllllll' ,II\' th,· io.l'~ 
c111~ m1.·, '' h1, h r.·;:111.11,· •h·· 11h11k p.1th11 .1~ 11!,1, h1 .1d1. I .111d 
ll.-1111,·r. \ \I llw l'h.,, .. 1,,~, 111 p,,1~.1111111,·'· CRC 1'1-.·"· 
I 11)\IJi 

( lrruthllll' .I,·, ,11 I"•\\ l,1,c I ( II)(. 1.!h1.' lll1 "' l' \ll'll,lh'h ,flldil'I ! 
,·111~ 1111.· 1 •I 1h,· f" 1h .111)111,· r .1th\\ .1~., .111 h,· 1,·;:111.11,·d 1i1,1d,· 1h,· 

90 

..:di at ditli:r.:111 1.:,.:1, 11f g<:n<: l."'·l'r1.·"i••n induding l""I· 
tr.1n,Ja1111n;1I 1111..lifi..-.1ti"11' anJ ;'n•1.:in d1.·gr.1da1111n 1 H;1~;1,hi. 
S .. < lrni1h1n.: lk..:;1rh11' \ Ja,..-: Bi1•h•::\. En1\ molllo!\ ;111.I 
'.\t.•k·..:uktr( i.:n..-1i..:'. P.:rga~111 •n Pr,,,_ I 1.Jsi.11. Th..-.:0: pn ·~ni1.·, 11f 
OIX . ..:;lll <:\pk1in \\ h~ thi, <:111~ 111<: i' ..:1>11'i1.kr.:d ;1put;1ti\1.· g1111J 
t;1rg.:1 h• hh ... :I. ..-di pr1>likr;1ti11n I>~ 11'1110'. 'p.:..:iti..: inhihitor' of 
l"''~•unin.: hio'~ mh.:'i' 1 \k{";mn. l'.P. ,., 11/ .. lnhihiti1•n 11f 
1'11l\;1111in.: \kt;1h<•li,m. Bi11l11::i..:al Si::nili..:;111..:.: ;111.I Ba'i' l\•r 
'.\<:~ Th.:rapi.:' .. \..:. Pr.:". (i.1s71. Thi, ;1ppn>;1..:h ha' lx-.:n 
h•lh•\\l'll h• indu,·<: 1ll•l~amin.: J.:pkti1•n in .. :di ..:ultur.:' a' \\di 
;1, ir. \\ lwk ;t11i111;1k In thi' \\;t~ it lu' lx-.:n l"'"'ihk in d1.-..:r<:;1~ 
th<: ::n•\\th 11f tunwr- in 1i1·,.1 ~i1;::,n1•rth . .-\.'.\. 1·1,11 .• C;uK.:r 
R..-,~ ~-~- ..io_~ I. ll/S.~ 1 ;111J h• hl1~!. p;1r.1,it<: pr11likr.1ti••n in 
inf..-...-11.·J ;mim;!I' 1 P..-:::: . .-\.E. ;tnd '.\!..:Cann. P.r .. ISi .\1(a, ,,f 
S..:i.:n..:<:: Bi.,,:h.:mi't;~·- pp. 11. ll/SS: Bit11nti .. \.J. ,·r t1f .• E'I'· 
Para,it11I.. M. 2.~-. ll/S-1. 

Dillt111r11m..-th\ l11rnith111.: t DF\101 and 01h.:r rd;1t<:J 
..:1•mp.•unJ, ar<: p<•i.:m 111hihih•r' nrorx:. It h;t, lx-.:n 'h\I\\ n that 
.\fri..:;m tr~ p;m1>'1llllt:' ;ar<: t:\lr.:md~ ~n,iti\<: h• th.:~ drng'. 
prohahl~ du.: t11 th.: ll!llhllal ,t;1hili1~ of th.: p;1ra,it.: 01x· 
.:ump;tr1.'l.I h • th<: ,!Jon lif.: of th.: 111;1111111;11i;m ..:di h1 "I <:111~ m.: 
1 Cuflino. P .. in Omithin.: D.:.:;trh<•\ \kt~: Bi11h>:!\. Ell/\ molt1:!\ 
;md \lok..:ul;ar <i.:n.:ti,·,. H;k~a,hi. ~-- EJ .. P.:rg:;rm•n Pr.:". pp. 
P5. l'ISl/1. 

\\<: h;1\.: 'ho\\11 that 01x· ,,f l..-i,fm1<111i11 111r·1i1 .111,1 i' 
r<:111;irl.;1hl~ 'tahk 111111·,11 S;in..:h.:1.CP.c1.1l .. Bi1>o:h.:m. Bi1•ph~ '· 
R..-,_Commun .. lh I. 75..i. I 'ISl/1;1nJ1h;1tth.:p;1r.1,it<:mult1pli..-.11i11n 
..-.111 ~ arr..-,t.:d h\ DF\10 \\ h.:n '\ nth<:ti..: ::r"'' th m.:Jium \\ ,., 
u~d. hut not \\it ii ri..:h 111.:Jia 1 c;,;n,,;ilo. :\.s . .-1111.. Bi11.:h.:111. 
Bioph~ '· R..-,. Ct>nnnun .. I Sil. 7•17. I 'i'I I 1. In th.: l;1tt<:r ..:a~. 
ahhough putr.:,.:in..- hio'~ 111h..-,j, i' inhihit.:d. l . .-i•lt111.mi<1 ..:;m 
o\<:r..:0111<: p.•l~amin.: d.:pktion h~ t;1lo.ing up 1h..-~ ,uh,t;m.:.:' 
fr11111 th<: <:\l.:m;1l .:min •nm<:nl. 

R<:..:<:nt.:\pt:ri111.:11hh;n.:,ugg..-,t..-d th;1t in T., rn:i ('l•l~amin.: 
hi11'\ mh.:'i' mi::ht irn uh .:ar::inin<:d<:..:.;rho'\ l.1,.:1.-\IX"1r.1th.:r 
1lwlo1x· 1'.\!alum.kr. S. ,·i11l .. J. Para,ih•i.. 7S. Y:'I. 1'1'121. 
1111\\ <.."\ <:r.11111~ ti-;r..:.:" •f.·\IX' ha\ ..-tx·..-n d<:t<:..:k..! i;; Tri1~m· "' •11111 
, ru:i 1.\!::ran;11i. I. D . .-1111 .. 111 Th1.· Binlo::\ ;md Ch..-mi,tn 11f 
P11l~;1111i1]..-,_ ICSl._IRl. l'r.:". pp. l.~7. 1•1<~11. and p<1l~;1111ln..-, 
migh1 !-..: prd.:r.:111i;11l~ uht;1in..-d h~ 1h..- p;tra,it.: from th.:.:\l.:rnal 
m..-dium. 1'11r 1!J..-,., r..-a, .. n, \\<: ar.: i1l\<:,tig;1ting th.: tran,('1•1111f 
('l•I~ .unin..-, and ii- r<:gulation in T. 1 rn:1 ;111.I / . ..,-.l11111m111 a' \\di 
a' th<: ,tm..-iur.: 11f g.:n..-, r<:h1t<:d h• p<•!~;unin.: 111.:1aht•li'm and 
1h.:1r ,·,pr..-"i11n in dilfrr..-111 f.,rni- of ht•th p;1ra,it..-,. 

Ohjel1iH-s: C luroriginal r.:,<:ar..:h plan im 11h ..-d th.: f111lt1\\ ing 
h•pi..:' rd.1t<:d to pol~;1111in.: 111.:t;1ht•li,111 ;111d th<: fllok..:ular 
1111.·..:h;1111'111' 1 •f th.:ir r.:gub1i1 •n in l.n •lt11111111.1 and Tnp11111 '"•Ill•' 
I rt1:i: 

I 1 S..-;ir..:h lill·a putali\d >IX' g<:n<: and,1udi,·"1n 1h..-r..-g11!;11i11n 
of ih ..:\pr"'·,,inn in fr.'P'"'"'on1c1 c ru:i. 

211'11l~amin.: 111<:!;1ht•Ji,111 r<:g11lati1•n ;md g<:n.: t:\pr.:"i"n 
~tlll~1,li~n1i.: ~1111..l pro1n;.1,tigotl" torn1' of l.c·i\l1111a111,1. 

.l 1 Tra1i-('I •rt'~ ,t..-n1'11f I" 11~ ;11nin.:' in r., 1 u:i ;111d l.1·1,/11111111i11 
lllc'\/1clflcl. 

Work Pr111:n"': Th..- pr.:,...-111 1..-.:hni.:al r1.·p11rt d.:"Ti~' 1h.: 
.1th ;1111:1.·, ;1d1i1.·\ ..-d in th1.· ah11\ ,. 111.:nriun<:d topi..:' d11nng thi' 
1x·ri11\I: 

I 1 In 11r,kr [II 11111!. fur th,· one in th1.· ! r~1'•"'"''''!.1!~1_fJl:J 
~111m,;, ,,,. h,1\1.' prq1;ir1.·d ;1 pr11h;1hh ;1ppr11pri;11..- pr11~ 
till' I>\.\ 111 an1•lh1.·r lr\pan1"11m.11id: \\l' h;t\I.' 11,,·d i.ri,f1111<'11i11 
llh'\111_111,1 pro111.1,1j~nJr:' for rhi' purp~. 

a .. \mplifkatinnof:i l.ei,hmania I>'.\.\ fra~mml h~ PCR: 
.\lt.·r .-11111pan,111111f 1111.· :.1111i1111,1,·id '<:lfll•'ll'''' ,·, •rr.:,p1 •11d111;: 11 • 
!>I)(' fr11m d1ff.:r1.·nt 11r;:a11i'111' 11110\ht:. ~1.·;1,1. ln1••111""'111•1 
,,,.,,. <"/ ~llld f.1·t\flll/<llll<I ,(,.1/,.\1/1//1 1\1.' h;l\L' ,.,..(<:,·11.•d '-t'\<:r;1I 
r1.·;:11111' ,1111\\ in;: .111111 "t ,-.1111pkll' ,,·q11,·11,·,· 1dl.'11lll~ ;111d 11 I.' ha\.: 
prq>.1r,·d '" 11hg1 •1111..: k11t 1d,·"·1•rr'''I"1111h11;: 11•1h..-,1.· p11I~ 1~p11d.: 
'l';!llll'l11'. ,·i1h1.·r '" thl' .-11d111;: 11r 111 1h,· ,-.1111pk111,·111ar~ II'\.\ 
,1r.111d. 

\\" h,1, , .. 1dd1.'ll 1lw 1111..-l.·1111,k '<"111,·11,·,· CC<i< i. \.\TTC 
1d11.-h ,·1111t.1111' till' 1·.,·u I< r,•,tn•111111 '"'' .11 1h1.· ~ · t,·r111111al 1.'lld 
.. 1 !Ill''' nlhl'''''·.l 11lr::u1111.-k11t11k' 11111rdl.'f111 lh1.' 1111, ,,,,. l11r 
, 1 .. 11111~· .. , 111" .1111pl1fi',·d fr.0;:111,·111'. 

I )rl f.:r,·111''111111111.1111•11,111 ,,·1"'' .111d .11111,l'n,1.· p.11r' • 11 1h1.·,..­
'~ nth .. :111., ,J1::1 mth. k·· 1t1dl'' '' '-'h: .I''·'~ •. :d ,,.., pnnh:r' 111 P1·I~1111 .. ·r·"""' 
Ch.1111 f~,· 1, t 1Pl1' 1 I'(· R 1, ,,m,·d 1111t 1111• '•'I dr 11.-1-..·111,-.111d1111111' 111 
.. 1n11:.:"·1h.~ u'ml-! I ,.,,;,,,,,,,i111111, ,,, 1111.1 I>'\,, .. ri.:111pl.1h.· 

\\ ,. h.I\ ,. d111,,·11 1h,· 11pt1111.1I .-1111d1111111' II h1d1 .0!11111 ,·d 1111.' 



;1111plili.::1li1 •n ••f .1 J_o 1imr.1111,1 I>\_.\ fr.1!_!m.:n1 "iih th.: ,·11rr,-.:1 
'i.I'.: 1;1ppn•\in1;11d~ 1711 0;1-..: paiP.1 a' .:'p..-.:1,-J fr-11111 th.: 
01i!_!1•nu.:b•tid.:' u .... -..1 a' prim.:r-. In l\\o 111h.:r .:;1-.,:, \\<: !_!•" 
;1111pliti.:ati11n 11f /_.-i1/1111,111i.1I>\_-\_1'lll 1:i.: fr.1p11.:n1' uhiain,-..1 
JiJ lltlf 111;11.:h \\ ith th.: 'i.I'<:' ._.,, .... -..-1.:J fn•m th.: prim.:r- u .... ...i. 

fl_ Purif1toation oftM ampliflt'd D'.\. \ lha.,nmt of 170 hp: 
\\".: li.t\•• [1<1<•k-..I '<:\<:r.11 pr.:p;1r.11iu1:' uf th.: ampliti,"\i D:'\.-\ 
fr.1!_!m<:nt ;111J ;1l"r.:r ,-unlinnin!_! it, put;lli\.: nu.:k••tid.: ,._-'iu.:n.:.: 
ll~ luol..in!_! ;1t uni4u.: -ii.:' ,·11rr<:,[1<•nJin!_! t.• Jifl",:n:m r.:,1ri,·1iun 
<:II.I'~ m.:,. th.: D:'\ . .\ \\ ;1' pr.-.:ipi1a1,...i \\ ith .:th;mol in th.: pr.:...:n,·,· 
uf ;umnunium a.:.:1;11.:_ Th.: ;unplili.:d D:'\.-\ fr.1!_!111.:n: \\;t' 
.:'-1.:n,i\,·h Ji::,...,1,-..I \\ ith ;m ._.,,-,...,,of th.: r.:,1ri,-1ion .:n.I'\ m.: 
fa·o R,:111d alll;ul Iµ!_! of th.: pnlllu.:t ohtain,-J \\;t, ,ut>min~J h• 

!_!d .:k-.:tn•ph• •r.:'i' u'in!_! a mi11i!_!.:l 11f ~·; Im\ m.:hin!_! point .:\Ira 
pur.: •t!_!•m•...: 1S.:;1 pl;14u.: (iTli a!_!;m•...:. F\IC1. 111.: !_!d h;mJ 
.:0111;1ining 111.: ;unpliti,-..1 [)\_-\ fr.1!_!111.:111 \\ ;1, .:\.:i .... -..1 und.:r l-\­
li::h1 anJ th.: I>:\_\ 1h.:11 u...:d ;1' ;m in-..:n 111 Ill: li::;u.:d It> 1h.: 
dJo...:n ' •".:h 1r_ -

'. In-Gel l.i~ation or the ILi.d11nania I>'.\.-\ fr.tJ!mmt to 
IM\t'd11rp81Uest'riptSK1-1andtr.111sformation: _-\f1.:rh.:a1in:; 
th.: !_!d '<:!_!m.:m ,·ontainin!_! th.: ;unplili.:J J • .-i1/1111<111i,1 D:'\.-\ 
fr.i!_!m.:111 for I II min at llX C ;111d ,uh...:4u.:n1 dilution. Jifkr.:111 
;tli4m11, of th.: in...:n D:'\-\ \\,:r.: li!_!:11.:J Ill th.: pBlu.:-.:rip1 SK1-
1 plt;1!_!.:miJ \ ,-..·11 •r pr.:\ j, •tr,(~ di:;.:,k-..1 \\ i1h 1h.: r.:,1ri,·ti• 111.:n.I'~111.: 
E.:llR,_ 

Th.: 1:!_!;11ion pn'llth:h \\.:r.: u-..:J fllr 1ran,form;11i,1n uf 
,·omp.:1.:mL c ,,fi XL- I Blu.:,-d(,;111J" hi1..-,-o(llni.:,pn:,um;1"1~ 
.:11111;1inin!_! th.: r.:.:ornhin;ml D:'\_-\ 1 pBlu.:,,:ript '.:.:tor "ith 
l..-/\l1111t111111 I>\_-\ in...:n 1 \\ .:r.: ,..-k-.:1.:lf_ 

J_ .-\nal~si'i of plasmid I>'.\_\ fmm tr.1nsformed colonies: 
_ \ numlll:r • •f -..:1.:.:t.:d ,·.,(uni.:' ".:r.: gn I\\ n 111 th.: pr.:...:n.:.: of 
;unpi,·illin 1 JIMI ~mfo ;111d minipr.:p' of pl:NniJ D:'\.-\ \\,:r.: 
llOt;1in,·d frc •Ill th.: 0;1.:k•rial I~ -.:11.:,_ .-\II p(a,miJ I>:\_-\ pr.:p;1r.1ti• •n 
\\,:r,· dig,·,:.:.! "ith h·11 R, .:11.1'~ 111.: ;111d ;1f1.:r d..-,·1rllphor.:1i.: 
;111;1f~,i- .•n ~'. agan•-..: g.:k th.: ';unpk' 'hll\\in:; a D:\_-\ 
fr;1!_!m.:111 1,.- l 711 op \\.:r.: d111,.:n ;1, tho'.: l."lllllaining 1h.: 
/ . .-11/im.1111,1 ():'\_-\ in...:n. \\".: h;I\.: .:llnlirn.:d thi' .:lln.:hhi"n "' 
;111;1f~ ,i, "f I>\_\ -..:!_!m.:ni- .. 01;1in.:d '' i1h dit"!-.:r.:111 r.:,1ri.:tilln 
.:ll.l'\111.:,_ 

~- l"urific-.tlion of n-combinant I>'.\.-\ and sequem:in~ of 
IMILi~lrmania I>'.\.-\ insert:_-\ ma,ipr.:pof pl;1,111id r.:.:111111->inant 
I)\_-\\\ ;i-11t>1;1in.:d frllm :'IMI ml llf ha.:t.:n:il ,·uhur.:. purili.:d h~ 
u'ing !)i:ig.:n r.:,in ;111d 1h,·n pr.:.:ipi1;11,·d "i1h i"•pn>p;11111L Th.: 
r.:di"oh.:d I>\_\ ""' ,uhrnin,·d Ill 1h.: ,..-qu,·n,·ing pr11tci.:ol 
u-ing S.:qu.:naw ,,.r,i11n 2.111T I>:\.-\ pol~111.:ra...:1and1h.: SK 
or KS prirn.:r'. l'I !hi'\\ ;i~ \\.: ".:r.: allk Ill ...:<111.:n.:.: ou1h ,1r;111d' 
, •f rh.: / .. 111n ;, .111.1 I>:\.-\ in-..:rt \\ hid1 ,iJ1 "' .:d ;1(1111 "t ..-11111pk1.: 
id.:ntil\ \\ ith ;111 hc>11111(11::1111, r1 a!.!111.:111fn1111/..·i1/11111111i11clom l\"tllli 

111;111,;•n. S_ ,-r 11/ .• J BioL C"h.:~11 .. 2'17. ~-150. l 1J<1~ •_ 
Th.: I.. 111ni1 .111,1 I>:\.-\ fra!.!111.:111 llOtain.:d "ill ti.· u,..-lf a' .1 

radilla,·ti\ ... proh<· in lhc• 'l\lfl"h r .. r lh.: ()[){" )!.:Ill" and ii­
.:\pr.:"1on in/_, m:1 I>,.-\ ;111d R\.-\ pr.:p;ir;11io1h. a' ".:II a' in 
th\." ''-T"-''-'nin~ pf /.c·/\/uu11111,1 lllc'\ff 111111 tHlf..I ulhc:r prnlt•/Otl 

::.:n1 •1111<: lihrari<''-
. ~I\\,. ha\ ,·.-hara,-1,·ri1.:d and 'IUdi,·d 1h,·,·nt\ 111a1;,- r.·;KlillJ1' 
i:_.:1;11,·d 1~1111i11.: h111,,n1fw,j, m 1.,-;_1111111111i11_111.-1i• •1'''' 
prll111.1,1i;:111<·,_ 

a_ Ornirhin.: d,·,·arl-..1' ~(a,.:. ilw liN ,·n1~ m.: in pol~ am in.: 
p;ulm .1~. h.1, h..·,·n p.1niall~ punli.:d ;ind th.: ,-11m·,ponding 
.1p111.·n1~ nw pr.:par,·d afl,·r ,-.. 111pk1.: r.·1111•\ ;1! llf p~ rid11\;al :'. 
pl111,pha1<· h~ 1r,·;i1111,·n1 \\ilh h~dro,~lan11n<·- .·\p111:111~11w 
pr<•para( h IJl' ,IJc I\\ l'l( ;lfl ;1(hc tltlll' r.:quirl"ll1<'Jll fc If lh.: ,., ll;al."(111" (c I 

r,·,·ll•<T •"Ill\ 111a11,· ;1,·11\ u-. _ Thi' r,·,1c•r•lli1•n .. r .. rrurhin,· 
d,·.:arl'<•\\la~,. ;1.-li\il\ ,,.,.;11, Ill irn11h,· "'111<' 11111.: an11!11r 
1<·1111-....ratl1r,··1kp,·n1k1i1 at:lf\ ;11i1111 pni.:.:".:' \\ hid1 a1,·..-111-r,·ml~ 
un1kr if?\<"'1J~;11ion in 11ur lal-..•ra1;1r\ _ 

h_ \\-,. ar.· ~.·11m.~ up ,-.1111hlh Ill' r. ;r;h,· 1111,,, ... 1r.ui-f11rm.11J1111 
frllll\ /,f'/\f11nllll1I (lfPlll,l'tl~O(\."' to ~lfll~l,((~llf\.'' ;md \II f'\ 1'1"\11. 

''~ 1a-ing -~ 111h,·1i..- 111,·,h;1 and d1.111;:111;.: 1h,· 1,·mp1:ralur•· 111 
,-ulrur<'' lr"m ~-L;11 C In_\~ "r .li C 1 Sh;1p1ra. \I_ .-r ,If. L\IBO 
J. 7. ~~ 1 1:'. 1•1ss 1 . \r rh,· ,.1111< i1111,· \\ ,. ;ir,· 111\ ,·,1i~a1in~ 1lwdk.:1 
nf pnl~.1111in,· 1kpk11nn nl !Ill' dilk1-.·n1ia1inn pi,.._-,.,~. 

.11 T!!LiJW.!!.-.'.[o,'.f!/,l!!_c•ll !1.f l'!1 1).iHUllJL1Gll\"!'••rJ_~)..'k!IJ'.JJ;_1' 
1_,.,·~·JL_t:_.!JJJ_\'.1L!.'.\ll .UL,,., 1/,111.1111,1 /lie" I,, 1/ll•l_.J.'I!.'IJl .• \'l'O.:~~~:-.. i!!tcl 
, , ~/1111111\111'/1/., ,,_., ((',f.IJ1l:~J1.;:.1~J1..'-;o 

.1. l>iffl·n·nlial propt•rtil'' or 1>111~ mnint· lr;tn'iporl '~ ,,,.m .. 
in T. l'm:i and IA"i.•l11111111i11 mr.ril'nll(t: ( >m ,111.!1.-, h,\\ ,· 111d1.- .11,·d 
1h.11 rh,· ,.,,11,1111111\l· 11p1.1~1· ••I p111r,.,,,,1,· .111.I 'l"'r1111d11w 111 

CollabOrative Research Programme 

T , m:i .:pi111;i,ti~1>1.:' ""' marl,.,·JI~ hi~h.:r 1han in 1_,.;,J1111.111i11 
111.-L'c-.ni.1. Wh.:n p;1r.1,it.: .:uimr.:' \\.:r.: 1r.:a1<-J f1•r a p.:rioJ 11f 2-
-~ !!.:n.:r.ition rim.:' \\ilh DF\10. •t!I irr.:\.:r-it>k inhioi111r 1•r 
11rni1hin.: J,·..-ari-. .. ,~ (a,.:. purr,·,.: in.: up1; I...: ",., ,1n111gl~ 
'1i111ul;11<-J in /_.-i1/r1111111i.1 ll\ in.:r.:a-.in:: .:on-id.:r.1hh 1h..· \"ma\ 
of th.: pn ,._.,...,,_ In .:ontr .. 1\:1. ·pu1r,·-.:in.: -Ir.in'!" •n in ;-_ , m:i \\ "' 
not afli.-..·1<-..I "' th<· -.:1111.: 1r.:;~tm::111_ 

Th.: 111.:;Mir.:111.:111, of p1•l~ amin.: upt:il...: in th.: ;1h...:n,·.: or 
pr.:...:n.:.: ••f 1>1h.:r pol~amin<·, aJJ,-..1 a' putali\.: .-omp.:till•r­
h;i'.: i11Ji,·;11,-..l 1hat al ka't l\u 1Jitfrr.:nt1r.in'Jl<'" '~ ''~m' mi~lll 
<:\i't in I~ pano .... 1m;itiJ,: 1>11<: '1'<-'l:iti.: l\1r putr.:-.:in.: anJ ;1110111.:r 
on.: for Ill •lh 'p.:nniJin.: anJ 'p.:nnin.: 1 Gon1;ik1. :'\S ,., 11/ .. .-\!1. 
.-\">.:- Quim_ .-\rg.:nt.. SI. 117. l•r->_11_ 

fl_ R~ulation of pol_\amine uptake in l.t'hl1mania 
mt':ric-ana pnH11a'>tq,11es: \\" ... h;t\ ... f11und 1ha1 pu1r ...... ·in.: uptaf...: 
1>f f_n,J1111.111i11 111.-1i1-.u/\I i' light!~ r.:gula1,-J h~ r<•l~amin.: 
i111ra~·dlul;ir I.:'.:"- Thi, upral...: .::in Ill: marl...:dl~ '1i111ul;11<-..I o~ 
Jl<•l~amin.: J.:pk1ion ;mJ 'ln•ngl~ r.:prc:,...:J o~ .:\pt"ur.: of 
f..,·i1/1111,111i11 .:ul!ur.:' 111 .:\og.:nou' putr.:-.:in.: or it- J.:ri,ati\.: 
Ji111.:1h~ lpulr.:,,-in.:. In .:ontr;t'I. 'p.:rrniJin.:. 'p.:rmin.:_ 
Ji;unim •pn •pan.: ;mJ,·ada\ .:rin.: ar.: unahl.: 111 J,-.:r.:a...: puir.:"·in.: 
tr.111'1"'"-

( )urnp.:rim.:n1' ha\<: ,him n that putr.:-.:in~ uptal...: i11Ju.:1i11n 
;i-" di a' it- 'p..-.:ili..: ti.-...-Jlxi.:I.. r''°(lf'''i1111 o~ in.:r.:a-.-..1.:nJ. •g.:m Ill' 
.:11n.:.:ntr;1ti1•11' 11f 1hi' [l<•l~amin.: r.:4uir.: pm:.:in '~ nth~'i' 'in.:.: 
th.:' ".:r.: alll1fj,h~J alkr ;1dJi1ion 11f ... , d11h.:\i111iJ.: for...:\ .:ral 
ho1ir,. Th.: r.:,uli- ha\.: indi.:a1.:d th;it iii.: pum:....-in.: tr.m'r<'n.:r 
i' ;i '1:iM.: pro1.:in \\hi.:h .:;m Ii.: r.:,..-r,ihl~ ina..:ti,ar.:J o~ a 
rd;lli\d~ un,tat>k r.:pr.:,,nr_ 

Puhlk:alion.s: 
Gonzalez '.\_'i .• <:eriani. <:. and .-\l~rnnti. I.I>. 1 19921 

Ditkr.:mial r.:gu(;Uillll ,,f ptllr.:-.:in.: up1al...: in Tnp.111 .. ,,.111,1 
, ru:i ;111J11th.:r1~ p;1111N1111a1id,_ Bi111.·h.:rni.:;1l;inJ Bi11ph~ ,i..:;11 
R.:...:ar.-h Communi.:ati1 '"'· I SS. 1211- I 2S_ 

:'\l••nte. :'\I_ Klein.S •• Ja.,ni<;. :'\I..-\_ l>a\cl. I._ .-\lgr.1nati. I.I>. 
and de l.11 .. tig E_'i. 1 l1NJ1lnhihililln11f l~mpho.:~1.: anJ 
IUlllllr-indu.:.:d an::i11::.:n.:'i' !" 1h.: aJmini,1r;1tilln "f 
dillu11rllrn.:th\ l11rni1hi1'~- Th.: Cui,·.:r Journal. h. 1-17-150 . 

( ;on1.lilez '.\_'i_l"eriani.Cand .-\l~r.1nli. l.l>.1 199_, 1 T ran,pon 
11f(l<•l~;u11in.:' 111 t~pan1N•111a1iJ,_ .-\n;if.:, d.: l:i .-\".._-i;1.:i11n 
Quimi.:a .\rg.:111ina. SI. 117-1~5. 

Gon1.lilez '.\_'i_ and .\lgranti. I.I>. R.:gulatillll 11f purr.:,.:in.: 
uplaf...: in l..-i1/11111111i11 111ni1·111111 proma,1ig111..-,_ To Ill: 
'uhmin.:d_ 

'.\ehH>rking: \\".: ar.: an.al~ ting our r.:.:,·111 r.:,uli- on th.: 
r.:gula1i11n llf pol~ ;1111111.: n1<·1alll1(i,m and tr;m,pon '~ ,,._.m, in 
1r~p;1111N1111a~id' and ,-omparing 1h.:m ''uh 1h .. ,..- 111lt;1in.:d in 
dilfrr.:m rna111111afi;1r c·.:f(, h~ pn•f.:"1•r C1rill11·, r.:-..:.ir.:h gr11up 
;111lw l "ni, ... r,il\ lll Tll·-in111 ltah ,_ 

Prof_ <irill<;·, c.:h; .. r;i,·1.:ri1;;tilln ol pol~;1111in,· 1r;111,pllr1 
111,·,·hani,ni- in I~ mp1 11...-~I<"' ;md h.:p;11111.-~t.:' .:an -.:n.: "'a 
11111<ld for tlw j,o(alilln llf pol~;unin.: tran,(l<•n,·r pn11,·in' in 
p;ir;1,i:..-, a;1d ... , ··ntuall~ fllr .:1 .. ning lh.:ir ,-.. m.--r< 111.ling !_!<"n ... ,. 

_-\( pr··,.:nt \\ ,. ar.: ... ,d1;1ngmg infor111a1ion Oil rh.: r,·,ulh 
ot>rain.:d and 1h.: 1,·.-hnil(ll<:' u,,·d in l-..11h our lalll•rnlori<·'- W.: 
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-J·'S·I!)\ ·-1!1\ ._, \·1-111!)-J..i 1-l!IV-lll!)-lll! )"'11-n.i·1·• \·1-, \·1-J,v 
-n1!>·•:1y-.11u-11.'·1-Pl\·\·11 :p.i11111u.ipp ''!" .,p11J.xt •n11 .1•' 
'lllllllU.'I • 1111\Ul! ·'111.l• "·'llJ'l'·'Jt 1;: Jtll ·'-'ll,\llh.'- ;im 11• '11• 1.J .'l(j_ 

·•~Cl'I 111 1111"-lr .l" pm!<! ·'1;:111, •' t'-''"''I' .ip11J.""1t.I 
l'·'~IU11J_l• 1 :1!)\",!-S<IS ··m11n1•1-''.)1'lll! · _)11<1 \11d1~;l,11rm11Jq.i 
pmb11 ·'·'lll~uu11p.'lt.I l(;llll p111: u11111!JJl~I I·';; \o.j l'·'llUtt_IJ.'"lt.I 
'I!\\ IU>lll~-'~11.llld "l""'jlj 11·''1-'lll-' l(ll\1 ·'Ji 1.l•"I '\rp <' \\l J'•'.1 
'l·'"'111u1t1.1.1 p.iun'l<.J•'·'J,," '1n;lp11u '·'l• 1;l11••:1111 ... 1 ·:.t1 :>i1-' \.it!Plll 
<'I '·'1•>;;11'l'llllll.i _111 lhll)1'1lll.'J.'J.Jll' ••.1111 Ill ·'Ill '·'l1'111111ll• 
pur ........ Ul~Jt.tttt,"'llll ,'\)tl~~l'-l~Ulh.1.'l 1: 11.I l I'IU1 '" '!IJ1ch I.J ii! '·~ '!l-"1~ 
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Plam \t.•k1:uk1r Bi1•!".:' 1. 
~ 1 T•:mp• •1:11 anJ ( -._.( i-S1~ -.:i Ii.: ( ii:n,· E \pr,-.. ,j, •n Jur ;u;: ( · • •Pn 

()i:\ dopntcm. 
W.: iJi:mifa-J .:l>'I:.\ d1•ni:' rq>r..:-.·:l!in;; pr,·\;1kn1 .:"rm 

111R'I:.\, h• -1u,I~ 1h,· ;;i:n,· i:\pri:"i' •1: durm;; .:• •nn •k' i:(, •pni.:111. 
C )1k.·.:D'l:.-\d1>t1.:. ll'l .i:n,·111.k-..1hi:,·ur.:11l111-rd;11,-..tc i I d1>l>uli:1'. 

Th.: TC I d1•l>uli11Cil mR'l:.\a,·,·umula1..:,,furi11.:i:~irh .:onn 
.t.:,i:h•pm,·nt ;mJ 1, ,·,lll.:i:n1r;1i.-J prd\:n:mi;11l~ \~i1hi1i .:1•nn 
api.:al ri:gion'. ,jmilar h• 1lu1 11f 1h..: { i I glol>ulin pn•t.:in. 111,· 
Tl'I !!h>l>ulin (i 1,l mR'I:. \ i' 11<>t J..:1, ... ·1aM.: \\ i1hi11 i.:;1\..:' an.Ii' 
rr.:-.:nl al ;1 \,·r~ r .. -.tu.: .. -J pr.:\ ..1k11,·.: \\ i1hin n""'· 

In -i1u h\ l>ri.Ii,r;1tion -1u,(i,-.. inJi.:a1.:J that 1h.: TC I d•>l>ulin 
Ci I mR'I:.-\ i' pr.:kr.:n1iall~ .:•>n.:..:ntr.11.:J in •••rm - -1ur.1;;.: 
p;ir.:11d1~ m;1..:df, ;1n<I i' not Ji:i. ... ·1;1l>k in Ill•"' 111'1.:r .:••nn ..:di 
1~ ll.:'. ll1..:.1h-..:11..:..:••fa TC I mR'I: . .\ ,jgnal u i1hin r• .. •h.:m.:r;;m;; 
fn•m ,1;1;;•: C-l ,·1•nn' inJi.:ai.·, 1h;111hi, mR'I:..\ pn>h.:1M~ h;1' ;1 
r,-Ju.: .. -.t (lr<:\ akn.:.: in lll•"t n"•I ..:.:II I~ f'I."'· r.llh..:r th;m l>.:ing 
hi!!hh ..:on.:..:111r;1t.:J in ;1 fi:\\ ,·di' \\ i1l1111 th.: n "'t. 

- .~I t ... •l;11i1•11 ;111J.:h;1r..1.:1.:ri,r;11i• •11 • •f f'••l..:nrial ;:.:n.: pn •1111•1.:r'. 
F, •ur ~~n' •nli\.· ..:lunr..•, ha\~ ho '-·n i'ok1h .. ·i..I frorn ;1 ~c..·norni"· 

D'I:.-\ lil>~1~ of tan •.:.>nil'. S..'\ju.:11..:in;;••lun.:1 if th.:m.:.:~ iJ.:n.:,-J 
llNI'; hnmuln!!\ h>lh.: 5· r.:!!i••llllf;1d)'I:.-\ TC I. Thi,.:fond1;1, 
;1 pnm101.:r-lil._: r.:;;1un pri:~min;; ;1 T.\ T.\ !>.•\ lit...: -..:4u.:n,·.: 
;111.I ;1 pn1..:111i;1I .-\TC i I\ •llou .:.I I>~ a -.:4u.:n..:.: uf nu..:k111i.I.:' 
..:n.linl,! fnr pn1.:111i;1l .\ T<i l\il(.m,-..11>~ ;1...:4u.:n..:..:uf nud.:••liJi:, 
.:• >JinJ,! for h~ Jn•ph• •l>i..: aminu a..:iJ,. t~ pi..:;11 nf ;1,ig11;1f-p.:p1iJ.:. 
.-\.~.II f..I> fr.1;;111.:nl ..:••lll;1inin;; th.: pn•1111•1.:r-lif...: ri:J,!i••ll h;1' 0..-..:n 
lil,!;11.:.I 101h.: B-glu,·un•ni.la-.· 1<il ·s1 g.:n.: i111h.: \,·..::.•r p(i\" 
1501 (iu, .. ~. Th.:-.: ti:'h ari: un.1.:rn;I\ O\ l>iuli,1i.: m.:1h ... t. Thi' 
..:11n,1rn..:1in11 ua' u1ili,r.:,l ll•r tr;111,(\;rni;11iu11 ,,f tul>a..:..:u I>\ an 
.-\J,!n>lxi..:1.:rium rn.:J1;1t.:.I -~ -1.:m an.I ~ ri:g.·11.:r;11.:.I plant~ ar.: 
l>.:illl,! ;111;1(~ ...... 1. 

R.:l\:ri:n..:.:: 
Th, ... ·r;1,ilp. S .. Hih •t-u~ ;t. IL 'l:al..;1.ill. S . '1:;1f..;1~ .1. K .. '1;;1L1111ur;1. 

Y .. an.I Kurihar;1. Y. 1 I 'IS'l 1. (', •rnpk·1.: ;1111i111 • ;i,·i.t -.:4u.:n..:.: 
;111,l ,tm..:lural ..:h;1ra,·t.:ri,r;1li11111 if th.: 1.1,ll.'·!llt l\lif~ ing pn >l.:in. 
mir;1,·ulin. J. Biol. Chem. ~!>-l. hh:':'-hh:'11 

Puhlkatiim~: 
lkzerrJ, l.C. de .\Imelda. t:.R.P .. de ca.,lro. 1...-\.8 .• 

'.\c.'Shich. (; •• \Mio. I .. and \ lnnte-'.\c."\hic:h. D.1 I 'l'J~ 1 T \\I• 

glul>uli11 i" •l11nn' ..:11.Jiti.:.J I>~ ;1 -rn;:k pr.:..:ur,11r g.:n,· fr11111 
l;1n• 1C ·,./,,, ,1,1.1 ,.,, 1d .. 111,1 I. S.-1111111. Suhmin.:tl 111 l'la111 
\luk..:ul;:r B111l11,;:\. 

de ('a..,lro. L.\.11.:l'amdro. \I .. '\l"hil-h. I>. de C\I. and 
de Paha.G.R.1 1 11•1~1. Spatial;md1.:111p11ral ;:.:11.:,·\pr.:"i1111 
pall.:rn' 11,...-ur .lurtn~ ,· .. rm d,·\.:(,1p111.:nt. Th,· Pl.1111 C.:11 ~. 
l:'~·J-155'1. 

ll>E'.\Tffll'\TIO'.\ (ff REc;n.noR\' •. \<"TORS 
l'.\H>I. n:n I'.\ l'.\l>lTI'.\(; Pl .. \'.\T-Dt:n:'.\SE 
KESPO'.\St: IH RI'.\(; Pl .. \'.\ l'-1'.\TJIO(Jt:' 
l'.\Tt:R\( 'TtO'.\S 

Prinrip;il lme.,liJ:alor: l>uk,· Lk11n.•r.1 ti,· Oil\ ,·ir;t. 
l.;1l>11r;11t•ri1• ti,· (i,·11.:1i..:a \lt1k,·11lar \·,.~,·1;11. lkpan;1m,·n1t• 1k 
( ;,.11,·11,·,1. I .11i\ ,-r,i.l;1d,· h·d,-r;tl d11 Ri11tl,· fan,·in o.Cl'hStl 11 Ri11 
,k fa11,·ir11. BR.\/11 .. Td ,\ L1\· +5~·~ I ·~'llMll I I 

I \l/JfJ<·,,,,,,.111 r \,, 11: ,,,: 
/< ·cd./l/fr;..,,.,,,, \., <Rf'/IH\ 11/.11/ 

l\.epu1nl .. : h111,;1111:r11!. ~··11,·11,·,. mt1k·.-ul;or h111l .. ~~. ;il.1111 
r,·,1,1;iu,·, .. pl.1111·p;11h11,:•·n 1111,·r.1.-111111'. -1~11al tr.111,.Ju,·111111 

.\ h<ilr:H'I: Th,· m,·,·h;1111'111" 1f;1,·ll\ ;1ti1 •111 •I !!•'II<'' ill\ uh .:.I in 
pla111 .i,·f,·11,,· r'''I" •n,,· ar,· 11111 : ,·1 u111kr,1t " .. 1."n1,· 'lttd~ 111 th•· 
r•·~11l;1111r: f;1d1•r- 111111h ,·ti 111th,·1kf.-11,,· r,·,p1111,,· \\ill p111\ 11k 
tilt' 11,.,,.",1r~ 111.1(, 111 111111.11,· .11k1.11kd .m.tl: ,j, 11l 1h,· pr,·.-1"· 
111,·d1ani-111' 111 pl;1111 ·p;11h11;:,·11 1111,·r.1.-111111. II \\ 111 .11111\\ 1lw 
tic•\ ,·It •pm,·111111 ,1 hr11.11l .1ppr. 1,1d1 lt1\\ .1rd' h1 .. , t1lllr11h11~. 'l'r,-.1d 
.ind 111kd111111 •I ph~ 111ph.1l1•;:,·111.-1 •r;:.1111-11i-. T ... · pr.-,l'nl pr••l•'d 
1, ,,,n,·,·rn,·d \\ 11h 1h,· 11k11111J,·.1111111 111 11t,· pl.1n1 !.!•·n,·, \\It'"'' 
,·11,·11\kdpn~l11d'l'·•l11.-1p.11,· 1111lw 1r.11i-d11d11•11 p.11lm .1: .:di\ .1kd 
1111\''1'"11'<' I•• 1111\l<•hi.tl .111.1.-I.. 

In 1(11, pr<11,·..i \\1· 11,,. 11t,· 1n11·1.1d1<'11 h,l\\,·,·n \1,1/.1,f.•f"" 
rlt.1'111n.1 .111d \.,,,,,,m,,1111\ 1 .,,,,,,,.,,,,, l11r 1h1.: ilk1111lh:.111n111,I 

h.';.!lll.1111r~ l.1\'11,r ... 10'111' t..:d rn llhh1i.:11t~ 11
11.: pl.111t ,kk11'"' '"''P• lfl't." 

\\ ,. h,I\ <'<''i.1hlt,lwd lhc· ,., 111d1l1• •l1' '" 1.11111, 1· I I({ 111 \1,1h1d"I"•'· 
11,11\~ \ i 1IHl/'1·,f1 ''Ill.I'' 'I'"'~ lllt1t.Tl.1111111 ()I 'l't.°"'l,il lllh.'h'..,f 

Collaborative Research Programme 

'' ;1' th.: tin.ling 1!i;11 1h.: llR j, al"• in.Iu..:.-.1 in pf;tm, \\ ith -. ... -J 
I" >J,. Tiu' !in.Im;; ;ill" \ ti- 111 .:;1~ 11u1 Iii..- ,,·r,-.:ning 1•f mu1;1i.-.I 
pf;u1i- ;11 thi' '!al,!-· .. 1 de\ dopm.:111. 

llw 11111.: ,·our-.: ;mah 'i"•f !!•'11.: indu.:ti•lll .lurini: 1h.:,l..-kn....­
r.:,run....- ha\.: -lw\\ n 1ha11r.111.:...rip1- .:;m ti.: 111>-.:n .:,.1;1, .:;1rl~ ·1, 
·•n.: h.•ur ;1f1.:r \. < ·,1111rn1ri• in111:ub1:1111. L1rg.: a11111unh 11f 
R'I:.-\ h;l\.: 1>.:.:11 i-ub1,·1i ;111hi, 1i111.: r•·in1 h• pr.:p;ir.: ;1 .:D'I:.-\ 
lil>r .. :r~ h• i .... •bt.: J,!i:ll.:' ''hid1 ;or.: i11.tu.:1,-.! .:;1rl~ during 1h.: pl;mt 
p;Uh11g.:n in1.:r..1..:1i1 ·n. Th .. • pn•ni.•t.:r- ,,f -11.:!1 J,!Cll<.°' \\ill I>.: u-.-J 
f11ri.I.:111ili..:;.i1i1•111•I r,·J,!11l;1h•~ t';:..:h•r-im ••h ,-.I in in.Iu,·ing plalll 
dd\:n-..: r.:'l"'ll...:. W.: pn'i""C lu ol>tain .\r.1l>i.l<1f"i' plam' 
1r.111,(\1nn.-J ~,11h -...I.:,·1;;l>k 111;1rf...:r' an.I r.:1">11.:r g.:n.-.. ,mJ.:r 
..:u111r11l nf r.:gul;111ir;- x'\ju,·n..:.:' fn•m g.:n.:' inJu..:.-.t during th.: 
plant d.:kn...: r.:-1\\•11...:. 

Raiq!nJUnd: ( )urf..n•"' 1.:dJ,!.:ati. •ut th.: pla111,k:kn-.·r,...,p1•11...: 
j, 'lill d.:111.:111;1~ du.: h• th.: kll.·f.. ufan ;1ppr<1pri;1h: Ill• >Jd -~ -1.:m 
k;aurin!! 1ra..:t:11>1.: 1t11•lt:..:ul;1r !!c'n.:1j,·, ;111.t .:a,ih '1u.ti.:.t 
r;11h1•g.:n-. ( )ur r.:,ulh ;111.t th .. -..-.... _..., ... r.tl olh<:r l,!rt~I'' 'hn\\ 
that . \r,1l>i,f, 'f"i' rh.1/t,11!,1 i' ;1 u-.:ful Ill• ..Id f, •r th.: ;111;11~ 'i' • •f 
pl;111t/p;11h<1J,!l."ll im.:r.1..:ti•••" 1•f 111;111~ '11"'· It h;1' alr.:;1.I~ 0..-..:n 
,h, •\\ n th;tl \.1h,11i.11i.1 i' ;1 h, ''I f1 •r-.:\ .:r.11 p;11hog.:11,;1, l>a..:1.:ri;,_ 
\ im-.:'. fun!!i ;11tJ llC!ll;lhl\k' . .-\111011!! lh.:r.: . .\'t111lfio11tol/,I\ 
• ·,11111••·•£Fi1 p\ , ·,11111>t·•tri" th.: ..:au, al a~.:111 11f M;t..:I.. rn1 nf 1h.: 
,·m,·ikruti- famil~. h;1, l>.:.:n i<i.:nti!i.:d;1' a (l<•t.:111i;1I p;1thuJ,!i:nuf 
. \. tirtli'i,111&1. 

Ohjn1he..: 111.: .,hj.:..:ti'.: 11f 1hi' :'f"i"''1I i' tu i.t.:mif~ th.: 
.-;1rl~ fa..:h•r- tha1 <!'" .:m 1r.111-.:rip1inn of ;;.:n.:' im 11h ,-Jin pl;u11 
d.:f.:nx• r.:'I" 111...:. 

Th.: pr11j.:..:1' indu.t.:, th.: f, •1111\\ in;; 't.:p': 
I 1 '" ll,lli• •n ;111.I 1111 ll.:..:ular ,·h;1r.1..:1.:•i,,.11i1 •n 1•f plam .td.:11....­

g.:11.:' fn•111 1t11>a,·..:11 ;111,1 .-\r.1l>i.l11p'i' pl;uu-. .-\11;11~ 'i' nf 1h.: 
,-,pr.:"i' •n pall.:ni- 1111h,· j,.,f;t1.:J g.:n.:'. 

~I fu,11>11 t•f th.: ..:h;tra..:t.:rih•d pn>!lh>l.:r -.·411.:11,·.:, [1• 
-d.:.:1;1l>k ;md r.:('l•n.:r g.:n.:' an.I inm .. lu..:ti11n of 1h.: ..:him.:ri.: 
.:u11,tn1..:h in 1h.: .-\r;11>1,lnp,j, g.:nu111.: Ii~ . I::,..,,,,,, f1Ti11111-

m.:di;11.:J 1r;rn,f11n11.11inn. 
·' 1 . \nal~ ,j, ,,f 1h.: 1ran,;:.:ni..: plant' ;111J r·.u1;1g.:n.:'i' ••I th,· 

I'~-.:.:.!' ot>t;1i11,·.I fnlllt th.: -.:k..:t.:.I 1r;1r. .u•nn;mh. 
~ 1 Sd..:..:1i11111 if plant nmt;tllh \\ h.:r.: lh.: l."\('L'..:l.:d <:\pr.:"i' >It 

pan.-rn ..:onf.:rr.:.I I>~ 1h.: u1ili"'"~' prum111i:r h;t, l>.:.:n ;ih.:r..-1. 
.\11;11~ 'i' 1 •f th.: .:\pr.:"i• lll ..:har;1..:1.:ri,1i,·, • •f 1h.: r.:('l •n.:r g.:n.:' 
a11.I d.:1.:nni11;11i1111 .. r1h.: dfr..:h 1ha11h.: 111u1ati1111 ._.,_.rt, in ••th.:r 
pla111 .ld.:11-.· ..:• •l11('1 •11nd'. 

S1111uh;tnl.'• •u,1~ . .lir.:,·1111111a;;.:r. :'i" 1f;111.-\rahi.l1 •p'i' \ ari.:1~ 
,(t,1\\ing h~p.:r,,·11,i1i-.· r.:,1><•11'.: It•.\. , '""l'•·,tri. \\Ill I>.: 
p.:rl11r111,·d and mu1anh \\ ith ali..·r;1ti1111' m 1h,·ir r.:'f'l '11''' 111 
pa1h11g.:n' \.ill I>.: ,._.1.:.-1,·.I ;111.J ..:har;1..:i.·ri,r.:.I. 

\\·nrt.. ProJ:rc..., .. : W.: h;1\ , . ._.,1;1l>li,l11:d till' ..:1111.li111111' 111 
in.lu,·,· rh,· Ilk i1; \ 1/t,1/i""'' 11,in;: .\. , ,,,,,,,, 1rr1' 111;1" -pr;1~ 
in1 .. :ul;1ti1111. C.-n .. 1in k;11ur.:·.11f ;111 f IR ha\,· 1>.:.:1101>,.:n .:.I in 1hi' 
int,·ra.·lilln: i I ;1p11.:;tra11..:.: 111.lr~ 11,·,-r11ti.: k'in11' i' rapi1l 1~~hr'.1: 
1111h,·r,·,1n,·1i111111fha.·1,·rial ~rt>\\ 1h i11;111 i11,··•mp;11ihk i111,·r;i.·1i1111 
in ,·11111pari,1111 to a ..:n111p;11tlik i111,·ra,·1t1111. \\'.: h;a\,. p.:rf1•rnw.I 
;t11,•\!.:11,i\.: ph.:111•1~ pr.-al. ni.•k,·ularan1l.:111: 111;11i..: i11,,·,tiga1i1111 
••I 1(11, I IR. indudin~ pbnl h;1..:1,·ri;1lgr1>\\ 1h.-un ,·,an.l..:1•111p;1ri" •I' 
!l.:t\\ ._.,.n ,·, •mpatil>k .111.I in,·· ·lllp;otihk 1111,·r.1.·1!1111'. Tlw ;:r11\\ lh 
,·un ,., 111 ,. , ,,,,,,,,.,r,.,, in th,· in,·· 1111p;1tihlo iill<'r;1,·u11n r,·,uli- 111 

.111 i111ti;tl ~ro\\ lh 1111111\\ nl h\ r;1pid d,·,-r,·a"'· Th,· ,·umpatilik· 
i111,·r.1.-111111' indu •. ,., r;1p1d ~r• •\\th \\ hid1 i,. h11\\ ,·\ .·r. ,11,1;1i11,·.I. 

In ~··na;il. 1h,· p.11h11~;.·11•·'1' rd.·.1,·d 1PR1 pr111L·11i-. ar,· r.tpi.11 ~ 
111d11.-,·d d11n11~ ;o111111:11111p;11u1k 1,·.1..:1i11r; nf pb111111 patl11>.>:•:ni,· 
1nh.·r1t( 11·l-!.1ni'm'. h1lllh.·tn~:-f11:lhlll!! '111.d~ 'i" 11f 1111.tl pn1h:in 
,·,tr.1,·1 "' •••1tlr1•I ;ind ink.·1,·d planh ,h11\\•·d 1lw pr.·,,·n,·,· 111 ;11 
k~''' f\\11 h· l .. l-~hh.:.an.1, .. · ''nlnnn' H1lll' h,1,il· and nn .. · ~h.:i1.li": 
1"1f.,r1111. B111h \~•·r,· -1r1•11i:I\ int111,·,·d l'"' da\' ;1f1,·r tnk.-111111. 
Th,· 11'\ ,·(, • •f p,·n ., 111."'' .1~·t;\ ii~ in..:r,· ,,., 5 I; •Id ;ill,·r I\\ 11 d;1:, 
1ll lllf"·"'·11nn. l·.1~·~1..·1r11.:-ln\.·lh'll~ illl.tl~'I' nl tht.• prnlt.•in ''\lr.i..:h 
,,( 111111,·.11,·d pl.ttth ;1ll11\\,·d '" 1d,·111tl~ .11 ka'l '" 1h,1111..:1 
IX'l'it\ld.t,,· hnl11n1h. lnl"''"'"ltnn '' 11h \ , ,,,,,,,.·,!1·1, 'trnn~I~ 
lll<T<'.t'''' lh•· k\ ..i, 111 lhr,·,· j,11l11rrn' .md 111.lu.:,·d 1hr,·,· Ill'\\ 
1"1fnr111' 

T\\,, d >\ \ hhr.trt<'' \\ ,..-.- prq>.11-.·d. 11111· \\1th 1r.111,.-11ph 111 
tt• •II llll ••·•tl.11,·d plalll' .111d.11h•lltd·\\ 11h 1111<\ \ 1 •I pl.111h tll111.·11la1,·d 
\I 11,h \ , ,1111;•1 ''' '' I< •r I hnttr I h1· l1hr,.1w•. I\, ... , • .- .. 11,1ru.-1,·d 111 
lh1· l.1111hd,1 I \I'\ 1'd11r '' ,1,·m • "!r.11."·,·11,· 1. ~··ttn.11111,;: \.~ \ 
111' .111d Ill pt11111~ 111111;•tt111.,,uf,11.·d .111d 11·1 .... 111.11,·,i°k.111·, 
r,·,p,·.-111<'h n1,· r.111dn111 .111.11~ ,,, "' Ill 1111kp,·11dc111 .-1<111,·, 
lr11p1 ,·.1.-h hhr.11·\ ,hn\\l'd 11i-,·11 ,11,·d \,rr:111~ 11<1111 II.\ ~h 111 
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m .. r..- ch.111 :' kt>. Th..: ;:111pliti..:;tU••n ,,f t-.. •lh lihr.1r;,-.. Ji.I lh •I 
..:han!_!..-1h..- !_!.:n..-ral p;1Ch:m. 111,· dh •...:n ,1ra1.:!_!~ i, 1h.: prq>.ir.1ll• •n 
••I a 'ut>tr .1'!•-J !tilt .in 1ha1 "111 !>..- ;111ah -.-J "' dilkr,·ncial 
....-r,-...nint: ti-int: ch.: tr.;n,..:riph uf ch..- k.n~' in.lu~·.:J "r 1101 "' 
pn>f'>.:,_ \\.uh 1111, .1ppn>ad1 ",., .. ,l''<-Yt tH i"•l.11..- ~..-n,··. "h1d1 ar.: 
indu.;,"\I .:arl~ durint: pl;t1U·p;1Ch••t:.:n i111.:r • ..:11 .. n. Tl"!t..· pn •111ut.:r' 
,,f ,udt ::..-n,-.. "ill !>.· u-.-..1 111 ch,· f.,[1.," up ••I th.: pn•f•"\."t ti•r 
id..-111ifr..:ali••t1 ••I r..-!_!11l;1h~ fa..:h•r' 111'""'-J 111 pblll r.:'1"'11...:. 

W.:ar.:;1~'f'I~ int: I\\•• 111ut;ili••n.1l ,tr.1t.:!_!i.:, t\•rch..-1d.'1Hiti..:;11i.111 
••f 111.: ..-;irli..-r fo..:tor- 111\ • •h ,-J in indu,·int: pl;m1-d.:kn.,... dunn!_! 
i111.:r.1..:ti•'ll !>..-t\\..-.:n \. rh.1!:.111.1 ;111,I.\., .11•1r•···rn, · i 1 i ... •laci••ll••f 
;1r.1hid.ip,i, muta:u' in ah~ p..-r-..-n,ici,,· r..-,p .. n...: "•th.: p;11h<•!_!.:t1 
.\"., '""f'•"'Iri• · ;md. !11 mllla!_!\."ll•..,j, Hf plalll cr.111,l\lf"ln,-J \\ilh 
"·hitn~ri\..· l'.'Ot1'tnh.:t' 1.:uruainin_:! n .. ·_:=ul .. 11or~ , f\-~1,·ting '4..~u.:n\.'.'.: 
ot>1;1i1i.-J fn•m !_!.:n.:' mdu..:,-..1 durin!_! plan! <kkn...: r..-,pnnx·. 

fur iii.: tir--1 '1r.11<·::' \\.: ha,._. ....-r,-.:11<."d ;1 h•l;1l ••f ~cnNI 
'h''"'-d E\IS mu1;1::.:n1.:..-J ..:••I 0 "-....i, i..111-0 i' ;111 \. lh.1fi,111,1 
,.,,•I~ p..- "hid1 ,1i.,;, 1h..- HR h • \. , .1111rc•trn 1 .. \li..-r ..._., ..-r.11 
,u.:.-.:"i'.: "-r,-.:nin;:'. l'I plant- r,-..l"'".1..-.! "i1h an all...:n..:.: 11f 
HR 1HR-·1 ;1f1.:r 'pr;1~in;: and 'h''"'-d ;111.:nu;11..-J ph,·m•l~P..-' 
"h..-n mfihr;i1,-J. Tim-..· pl;mi- 'h""''' a h~p..-r h~p..-r ...:1i-i1i,,· 
r.:a...1i11n 1HHR1 ;m,l fi,..- 'h''"'-J '~mp111111' mu..:h d11...:r h• a 
..:11111p;11illk im..-r;1..ii1Ht-. T"" llR ... tlm:•: HHR ;mt! Ii\.: 
,u....-..-piit>k ..:.111.litla1-.·, \\.:r.: ...:k-..·1.:J f11r ...:;:r.:;:a1i1111 ;111;11~ ,., 
;mt! mi..:ni....-.. pi..: ;m.1 muk.-ul;ir d1;1r.1..:1<:ri1ati11n. 

h >rill<." '<Y• >n.t 1mn;u11,1r.11.:::' . ..:hinJ<."ri..: ..:o >thlnt..i' ..:• •111;1inin:: 
ilk: ...:k..:1;1hk 111;1rl...:r !_!.:n.: 'I'; ~111.! nMrl...:r ;:.:n.: ::11' uatl..-r 1h~ 
..:••nlrol uf 1h..· pr11mo1.:r of\. ('lu111i>.1 ::01it"li'1 t>-1..~-;:lu..:;ma...: 
1::11/1." .:r.: in1n 'liu..:.:J 111 I. rf1,1lt.t•: .• 'i;1 I ::.-.. /~1.r • .,.111111t11<."tlia1.:.I 
1r.m,1i •m1.11 i• •n.111.: pu1;1li\.: 1r.ui-f1•nt1;1nr'1 "11;1i11..-.l ;ir.: ..:urr.:111 I~ 
llt1lk:rdt;1r.i..:1.:ri1;1li• •n h\ II( 'Rh•..:• •ntin111h;1t th.:' ;1r.:tr.111,::.:ni..:. 
u'in~ nli~•'f1U;,;h:u1i"l"'°'' :f".~'-.'.iti,; h' th~· lif>Tll ~'-"tl~- ... 

Puhlk-.alion .. : 
l.ummerihl'im. \I .. Sandroni. \I. Castresana. C. 

Olhl"ir.i. IU:_ Roh~. I>. and \"an \l1mtai:u. \I. 1 l•l'l.~1. 
ln.!u..:ti1•11 ;111.t d1;rr;i..:1.:ri1;1li••n ,,f th.: h~ p..-r"·n,ili'.: r.:.i..:li<•ll 
111 \r,1/•1.l.•f"'' rli.1!i<11i.1 I'\. \·. C ·,,,,,,,, .. ,,.,, ;md ;1 ..:h.:mi..:;11 
di..:ilor k;rd llllr.11.:. In: \kd1;111i'm' ot l'l;ml l>.:L·n"· 
R<·'f"'n"·'· I': .•-:'i. B. hni;: ;and \I. l.,·;:r.111.l 1bt,1. Kl1m,·r 
. \..:.1<k111i.: Puhfi,h.:r'. 

l.ummer1hl'im. \I .. Olhdra. l>.E.. (";a.,tn·,ana. C. 
\li~uen'- 1- l.cru7.ada. t:_ Roh~. 1>- \·an \lonlaJ:U. \I. 
and Timmerman. 8. 1 ftl'l.'1 l.l.:n1iti..:;11i1111 of ..:11111p;111t>k 
;md in..:11mp;11ihk i111,·r.1..:iion' !><:I\\ .:.:n \r11!1i.f, '/"" 1'1.1'1.111<1 
~ind ,.,lllft•IJlci' I ,;1111•··,,,.,, r~•lihnar '.1111111·\(I"!\ ~Uh.I 

..:har;1..:1<·n1;1li< •II 1 •f h~ p1:r,.:11'ill'.: f<"'I" •n...:. \I, •k,·ular Plam 
\li,·ro!>..- ltu,·r;r .lion' h: :'.•~-:'~~-

:\el" orkini;:: Dr. C .1r111,·n C ;1,1r,·,;111;1. C ··111 ro ,i.­
hl\ ._.,11;:.1..:101w' Biol11;:1<·;1' 1CSIC1. \1;1.lrid. Sp;rin. 

BULGARIA 
PROTt:l'.\-U:\ \ l'.\Tt:R.\CTIO'.\S I'\ n:u. '.\lei.I-TS: 
\ STl"l>Y WITH l\ l .. \St:R CHOSSl.l'.\Kl'.\f; /.\" HHJ 

l'rinc:ipal lnH..,lijti1lor: l11~aC i. l'.1,h<"' .1n,1i1ut.:ol\lok<"t1l;rr 
Biol<•::'. B11l~an;111 \..:.uknn 11f s,·i,·n.-,·,_ 111.1 '>11fia. 
Bl I ci.\Ki\ -j",., ·"- l'.l\: + ;:;•1:~. -~ ;:;o-

f \/i)(J(·,,,,,,.,,,, .. 11::11-PI 

IU il/l/frton1.,· \,. (RI' /II / 11/ .11/ 
l\e~"ord': prol.-111-ll'.\.\ ..:r11"1in~111;:. I.,. l.1,,·r. h'''""'' 

.h:1..·t\ la11u1L nhn,11111.d '.!1..'lh:'. \ 1h:lln~ ... ·n1n '..!l"ll,· 
. \h,lral'l: I la\ 111~ ,i.11\\ n •h.1111w· .1..:ll\ ,: nl'"'"m.1! ~··n.-, 111 

r.11 llllll• •r ,,.11, .1r<· ,,,·" .,.·1.11,·d \\ llh h~ p1:r,1.-,·t~ l.11,·.t 111,1.-.11,-,_ \\ <' 
lll"\I -1i;d1,·d 1h,· .1 .. ·(\ l.1ih•ll 111 h1,11111,·, l"•llll•.l In lhnx· nl 1h,· 
nho,unl.il :;1.:nc ,:nph.: .... 1h.11.m .. ·11r;.:.11u1t.:d :n nu\·l ... ·n,onh..'' .ind 
1h1111;:l11111 I...- 111.1,·1 I\, .. 1 nl: k,· 1h,· r,·,uh" •b1.1i:1,·d" uh 1h,· ''· hnk 
::1:rh.' popul.11111n. 1u1ii..:k·n ... ,,111 ... ··"r~.1n11i..·d nh"'""' I I>'\ 
'l''Jlh .. 'lh .. '\.'' \\ 1.'rl' f•'IHhf ·""""-·1.;h.'tl \\ llh J11,l1 'Ill°' lh,11 \\ \'(\' J1t ti 

h~ f'•."f.1<"<'1~ l.11,·d 
\n11tlh:r qu ....... 1111n '' 1.· .1dd1"t.·,, ... ·d \\ ,, .. llh: PJ:."""''"· ''••I h1 .. 1111h:' 

1111 !Ill' \ll<'lln::"lllll II ;!•"II< Ill""""'!"' 111~•11 lllllll,(h•ll \\llh 
11\''lr.ullnl. n11· .11.:111, 1.:I~ Ir.Ill'\. 11h1.:d ~1.:1:1• \\ ·'' lnlllhi '" h1.· 
·'''' '\'l.1h:d \\ Hh lt1,f1 111\.'"' ,,, \\ ,1, flh.' !l\'f IU,lfh.'fHI\ h"pt 1.'''1.'l! :0:''1h.' 

1·111.ill~. \\<' .. 11.ii\,,·,1111, ,.-l.1lll•lhl11p "•'l\\l'l'il l.11lllll,1 p1111,·111, 
,11\d IJ'\ \ ,11td d,•n;o11t,!1.1J,'ol tho· <'\hh'll•l' o>f l.111111• f)'\ \ 
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..:• •111pl<"',,., llf" •n irr;llli.11 iun • •f nu..: k1 "irh l. \" f;1"·r. rhti- pru\ in;: 
11tt •. ~ir 111 \ ll •, '-·'i,1in~ 1i..·• ••Ua":h . 

R:k~ruund: Th.: ;1i111 11! rh<· pn•j,-..·t i, h• ,lllJ~ 111..· Im!.. 
t....-1",-...11 th.: ..:hn•malm '1m,111r,· ••f .. om,· inJI\ idu.11 :!<~,..., anJ 
1h.:1r cr.iti'<·ripli• •n. W.: ;,r..- 1111.:r,-..1,...i in 1h.: fa:.:,·:· 1u,t;•11t.•, llf"'n 
1r;111-...·np1i••n ,,f !{'.\.\ l"'l~m.:r.1"· I and II ~.:n..-,_ Wli.:tl'k:r 
hi,1t•n..-, r.:m;1in t-..•un.1It•1r.m-...·ril-..:,1 "·-iu..-n..:.:' ;m.l 1f "'· "l1;1t 
i' 1h.:ir .1.;,·1~ l;1l1<•1i": .\r.: ch.:r.: ;111~ R'\.\ I"''~ 111.:r;1...: 111uk-..·uk-.. 
in '1..:11111~ It• hi,h•ll<" 111<•k..:11k<' .\ ...:p;1r.11.: ,llltf: aini- !<' !_!;1in 
an int\>nnari1111;it>.1111 cl?<: <"••Illa..:!" •f l;unina pr.>1..-i11' "ich D:\ .. \. 
1h..-r.: ;ir..- "'Ill<: iudi,·;uioti-. 1111t tinnl~ ('f•''<"ll ~,,_ 1ha1 l;u11t11' 
pn" iJ,· J'<•tnl' f,..- a11ad1m.:111 ••f D'.\.·\ h• nud.:;ir p..-rit-.,.~. 

h•r ,u..:h a pn>t>km to!>.· ,u..:..:.:"full~ 'tuJ1,-J., •• n,/11i1• •m•· 
'/•"'non i,h,pn..~n~in • u ''~'i,1111~ pn'l~in-D~.\ in1~r~ti'""'· 
.\ rdi;1t>k \\J~ It> 111•"\:I 'lk:h a f•"ljUir.:m.:nl j, "h> fr,.._-,._-· lh•'"'<" 
i111.:r.1<.1i,,n, i11 a ,._.~ 'h••n 1i111<: in orJ..-r tn ;t\lli<I pn>l.:in 
r.-Ji,1rit>u1i••t1. Thi' "a' ..:arri,·d lllll I·~ •T••"linl..int: pn>1..-in' 10 
D'.\.\ t>~ l .\. i.. .... -r. Thi' i.·,:hni4u,·. liN 111tr1'l111<.·,-J li•r in 1·11" 
,mtfi..-, in •lltr bt> .. r;11<•f' 1 '.\.-\R. I~.~:'~:'. l'ISl>: TIBS. lfl. -~~-~­
l'l'll 1 ;ill••", ..:n "'linl..in;: 1<" i..:..:ur m pi.;.,.,.,, •n.I tin!<." m1.:f' af ,_ 
l -"'"-r..:n "'linl..in;: in.:• •mllinaci• lfl" i1h imn1< >..:h..-mi..:al 1,...-hni4...._., 
for ...:k..:1i1•11 ,,f ,_.,,,;:km '"mpk-...., i.....-1,\,-...11 D'.\.-\ fr.1~n1<.'11t' 
anJ th.: pn l<i.:in • •f int.:r.:...i i, 1h..: .:\p..-rin1<:t11;1l ,1r.11<·t:~ u-...-J in thi' 
-1u.I'. Bridh. ii .;;ltl h\ 'lllllnMri1.:J a' ti1l111\\ ': I 1 lrra.liali•111 uf 
i" •l;;1<-..l nu..:l;...i \\ ilh l" \· la'<"rlt • ..:ru-.,fi nl.. ..:hr11m•"' •mal rr• >1..-in' 
'"I>'.\.\: ~I S...p;1n1iun uf 1h.: .;u\akllll~ linl...-J pro1,•in-D'.\.-\ 
..:••mpf.:,.,., fn•m nun-..:n,...,finl...:J D'.\.\ an.I pru1.:in' ll~ 
..:.:mrifu::;:ti••n in (",("I: -~ 1 S.:k·.-ti••n ••f I>'.\.-\ fr..::111.:11" 
,·ro"linl.:,f 1t• ;1 ;:i,,·n pru1.:m ll~ nl<.";ltl, uf 'p..-..:ili..: am1ti.'lli..-, 
1i111mun••-pr.:..:ipit;111"111: ~ 1 Purili..:;uiun ul inu11unurr<-..·ipi1;11,-J 
!>'.\.\: :'1 .-\n;1l~'i' nf I>'.\.\ 1hu' 11h1;1in.-.I fnr 1h.: pr.:...:n..:.: ,,f 
,-,,.lin~.r..-;:ul;11t•~ ;m,t. •lh,·rD:\. \'<"ljlk."O..:<.., t>~ h~lln.li1:11iu11 '" 
'p..-..:iti..: rr""'-"'· 

Thr, ,tral.:~~ i' p;1n1..-11l;1rl~ u...:ful f••r 'tuJ~ in;: im.:r.i.:11011, 
, •f !>'.\. \ "ith pr11t.:in' "hi..:h. tl·1.: h • th.:ir hi;:h afli11i1~ h • I>'.\.\. 
.;;m .:."ii~ f1•n11 anifa..-cual ..:11mpk\.:' in 1h.: ..:t1ur...: nl ';1ri• •ll' 
..:.:II lr;1,•i.,11;1li••11 pni..:.-Jur..-,_ Tl'k: fo..:1 1h.11 1 ·\· h;:h1i'a1.:r•,. 
kn;:th..:r• '"l111kin;: ;1;:.:111 hdp' h •.it1'11f~ 111111. • ,.,i,1in;: in1i111;11.: 
..:11nl;1<.·h !>.·l\\<'<"11 I>'.\.\ ;md "'111<" prnt.:in'. 

Ohjec.1hr.: .\, '"" 11;.-;;:1011,·•l in Ill<." tir,t ~.:;1r"' r.:(">11. 
hi'h >n.-, a'" i..:i;u..-,1" i1h 1h.: rit... "'•mal ;!•"II<."' ;1r,· h~ p..-r.t..:<1~ b1..-,1 . 
Th.: 411.:,111 •n i, \\ h.:1h.:r ;111 riti."' •111;11 ;:.:n.- .:opi.:' ar.- t... •un .. 1 t11 
;1 ... ·'-•t\ lat~d hi,ton'-·' Pf 1hi .... n1,-..li:i~.:~11ion i' n..·,tri,:1'-•d lo 1hu""· uf 
1h.:1i11h;11 ;ir.: ;i..:11'.: ;11lh.:111<•111<"111. To .ti,ti11~u1'h ;1.-ti\<" lr••tll 
in.1..:1n,· nt... .... 11111.11 !;.:n..-, in .1 ~i,.:11 ..:di pt",p11l;111un i' •.:r~ 
,(jfli..:uh 1;1,1... Tl1<·r,· ;rr,· ._., i.t,·n.;,· 1h;1I nud.:1N•111.:-11r::;mi1.:<1 
rit>."''111;11 I>'.\.\ j, in;i..:!l\l.". "hil,1 ch.: a,·11\,. -..:•1u.:n..:,·~ d111101 
,·,hit>ic ,udt ;m or::;1n11a1111n. Th,· 'IU<h ,,._. und.-r""'"- "·''tu 
;111;1h 1.: rh.: ,1.1r.- , ,j ;i..:.:I\ la1i1 •II ol h1,h ;n._., ;'"' i..:i;11.:d "ilh th.: 
nht,~01n~1I ~ ... ·1h..·, in J,,,J,,(.;,l oh:.:onLh.:ku"''n'-"'· 

. \f!.:r 1h~· d.:111on,tra1i11n 1h;1i 1r;lll'<Tit....·,I rit..."' 1111;11 ~._.,..._., .rr<· 
;'"'":1;1t.-.t I<• ..:••r.: h1,h•n•·' ;m,1111. 11 ";'' in1,·r··,1in:: j,, f••ll••" 
lh<· !;11<· <1f h1,h •11<.·, \\ h,·n .111 R'.\. \ pol II ;!.:n.- i' 1r.1;1-.-nt>..-.t .it 
'.:r~ h1;:h r;11:. < ln<· <"'l.;nnpk '' 1lw p..-n11;111,·111I~ r,·pr,·,,...-,1 ,:.·n,· 
for 1h,· ~ nlk pn •1,·m 'i1dl. •;:.:mn in n • "1,·r,: 1h.: ... lmi111,tr.111on 
1111._·,1r;1.liol in.tu,·.-, ;1 \.:r~ lu;:h <"\pr.:"ion 11! 1h,· ;!<"110:. 

Th,· ""'''·n,·,· 111 111 111" ..:nlll.i..:h ol l;unin.1 prot,·m, "rth 
I>:'\.·\ i, nut .k1in11,·I~ pn•\<".t m;unl~ t....-..:.111 .... · 1h..-.... · prut,·rrb 
,._,,.i, h111.I 1111111. • h •all\ I l'.\ \.Th,· 11,,. '•f ti ... .-r ,·r .. "h11l..m~ 1, 
th,· ;,1<·1h1"l 111 ,·h111.;,· ·i....·,·.111,.: 1h,· <"\lr,·111,·h ,hon 11111,: ol 
1rr ... h;1l1• •ll ,·'I.du.I,· .. pn •1<"111 r,·,1i·.1nh1111< •n I••• ... -~·ur ;ind. h._·,,.f,·,_ 
lh<' 'id.I ••I ,-r11"i111~.-.t m;11,·11.1l 1' h"n lu~h. 

\\ ork l'roi:n..,,: · . 
,\,<'I\ l;i11~•!.!.!.•LJ.11~.l!.'ll\'..'!A'.'.'~~J.illJ;tl\\ 1t!11!J~·_ul""' •l!hll;.:!.'.!!\"'!, 

tl1J!_ll[l'_~5;:.1 n I I ~t!!...!li J_lJ ~~ l_"'·-·-~"!~!HJ(.'. 
( ill4."rlll .l'l.lk'- IUUl"f 1,:4.'1(, \\ 4.'r'-· ~rt1\\ 11 Ill lhl· pr'-"'l"lh:\.· ol 

h111~r.11,· h• 1nl11ht1 111''""'' .i.-.1,·,·1~1.1111111 .m.I "'•·.I h• hol.11,· 
1111, k1. I h,·~ \\ ,·r,· .i.,:,·-r.·.t "1th m1.r• ..,., .,.., .11 1111.f,-.1,,· ,on<! 
p.1'''-'d 1hr1111~h .1 '""'·r'"'-' ~J.hh"·n1 \n 11h~nnw1 lr.tl·11n11 

dllll.1111111:.: nh•fln· .md t!inudi.·•"-'flh.'' nnh ''·•' .... 11,,.'"·14.·,l .uhl 
11111m111"1;r,·,·1pn.111·d \\ 11h .11111.1 .. ·1~ I .111111 ... ,.j~ p,,., l!'ll.11,·.I I)'\ \ 
,,,1, p11n11,·.l. l.1t....·lkd .md h~hn.111.-d 1••••><1111;: ,,.,,11,·nn·, ln•m 
111<· r.11 nl••"•111.1l I l'\ \ '"1""11. \I h1f h h.1, l-...·,·111nn11 .. h1h1,·d 011 
flh,·1, I h..: .-n111,·n1 "' 1h,- nil< ""Ill.ii ~,·n,·, 111 lh..: pr,·, 1pll.1h·d 
I I'\ \I\,,, ; :' lllll•'' '"\" ,·r 1h.u11h.11' '"'""' 1111 .. 1.111.11 I I'\ \ I Ith 
r,·,111! 111 .. rk,·d!\ 1111.-1,·.t 11.1111 1h.11 .. i.1.1111.-.I 11pn11 
lllHlllllH'(""','"' 1plf.1(H•l1 ••I 'flh'""~'itl h1,f••l1\' I,,\"''''""""°''''· 
;;.-11,·1.11,·d h\ l,1,:r on .1ol1.1llnn "' 1111.-l.-i. 11!1,·1,· .1 ·-1~11111, .1111 

' . ' 
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thllll'j"-IH'IJ ~··111 \q p.~11.~ljl'l I .I' _, .. ,.,\j 'ltl11•tJ.'.~ I! ljJI\\ 

p.'/ll'ltl! 'ii l'UI' P·'J.i1 .,,,.·'Ill 1/ll,1 l11 IJJ 'Ul'·'' Ill j'llll f 'ltl \\ l'·'l ... "'.~·11' 
'I'\\ \'(j ·''JI ''''\'·'!'1··1/\ 01 •11 J1IJ,'l"1'Jd,"l'h.ll p111' Jll:')'b.'I 

'11'"ll"'·'·'1111.'""J.'l•l' .. l I tn "'l'I '""''''''I ~ ... u:-.cu,1'f.111\\ 
p·u.1j1•u1 1u•'l'''·'.1 1'·'1111·1"1• • ·''II u1 J-'l'Ut' 11 , .... ,u ... ;: 

J1 •Jllh •HI• •I u."l'1lJ\ld1· p11.h•1 lit' ... , .. 111.'Jll'd 'IJ,1Jttlld· •.U '·'I·' uq.'1n1=-· 
1•• lh•l1t'.'1!dd1· ·'ll I J.'q11• .'lll •'I JI' \IJlll '·'lh• tth•IJ 11.' \,l p111· J.'q11 I 

·'111 •'1'·'t.'·'-1'111t111 ·i·''I''' ·''II 111 .. nu.':: .'th• uu11J 1tJ.'J·'IJ11' ·"-I 111 

\l \\Pll'f ,'\JI' lhll)l'I ~lt11t1,"'I pt.'1' t•U11t:t• p111• Ul,1J11Jd I'·'·"' ,l;-:1' h •J' 
i'·''l""IJ'p·i ... ' ... ,.,, 11J-'H1t•' II \,1,l••J••Jtl, 
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,uh-.lr.11.:, in...-luJin!! ;if\ I !!lu~1.-..i..k.: . ...-..-11;1hi"...: ;inJ ;1111•!!:L1'.n_ 

:X~l;a~: B~ ~d t~h;.11i .. n...-hr .. 111;ih•:;r.irh~.a1 k·a,i_~t"rn" 
1•! ,~l;,n;i...: h;1\.: h._..._-n "l'·tr.11,...t fr,•1111h.: ...-uhur.: 'up.:m.11a111_ 
T\\••••ftli.:...: \~l.111;ix-... • ...-.ilkJ _-\ .mJ B1 ~".: h._..._-n purili,-..J 1 .. 
h1•mu;:.:n.:n~ _ \~ l.m.l...: .\ h.1, ;1n 1•p~im.1I 1.:mp.:r.11tir.: ••f hll C. 
;in ••111i111.il rH .. 1-_o_ .1 mttk-..:ul;1r ".:i:;lu .. 1 _>_>JMll ;111J .1pl11f 
~5- \.~ bn.1"· B fht, ;in •'l'lllllUlll pH ,,f :'_II ;111.I ;111 •'l·lim;,I 
1.:mp.-r.1mr.: .. r :'u C: it- pl i' :'.11.1nd1h,· 111 .. l.:...-ul.u- ".:i;:ln 1, 
2_•.101_ 

.~.Ch min;; ,,f '\lanJx" ~~11'-°''· 
SJ...-...-11'ir1•m'.-.:'...-,-r.:' 1,i;i.: ""' 1r;111 .. 1i tfltk.-..1" i1h fun!!;il ( ):\_ \ 

,,, • tllt;.iin 'rr..url, ,,:;.1rJl°'k, ,.- X"'-·n:1inl! ":" I.111;.tx"'- St..·\ ~·r~il "'- 1, •11.: .... 
h;I\.: fl....._-n i" •l.111.-..I "hi...-h ....-.-r.:1.: "l.111.t"•' h •lit.: 111..-,huPt ( >n.: 
••f llk.·111 h;i, h._..._-n •IUJi;.'l.f funh,·r_ ·1J.11h \~ l.1n.1x·, _·\ ;i•1c! B. .1, 
J.:1.:n11in.:.I "nh .:1.:...-m 'l'h• •r.:'i' .111,I immun. •ht. •b .ir ... · f• •un,1 in 
iii.: ...-ulnm: 'up.·1 n.11.1111. ,u;::;.:,1111:; 1h.111h.:....- ;:.:n.:, .1r.:1 >r;:;u111.:J 
in .1 .-iu,1,·r. Th.: '~l.111;i...: ;:.-1i,i1~ rr. ... 111...-... -..1 i>~ 1h,: .-1 .. n.: i' 
.-dlul1•...:-fr1..·1..·. 

Puhlir.alinn': 
HidalJ:cJ. \I_ Sll'iM-r. J. and t:~z~uirrc:. J. 11 11'121 lk1.1-

~iu"'-'''''L1X" fr,1111 />ou, ;//i11n1 f,!t1p11r11:.:c·'!W11: rurili~aUon 
.m,I pr11p.:ni.:,_ B1 .. i.-...-hn .. l1•;:~ .111,( .\pp(i,·,( Bi .. .:11.:1111,:r~. 
\ .. 1_ I~ IS:'- l•JI. 

t:~1---=uirn.J_Sc.":1rp;a.J_Hc:landc._\_andSlriM-r.J.11'1'121 
Til\.· \.~ l.ul.&'C." '~ ..,[,:11\ 11f /,c 1111 1/flunt f1UIJ'lli, r:;t.·11w1i ( ·h~lpk•r 
.. 11h1..· h. ... 1.. ·\, l.m .. ;m.f \. d.111.1•1..<. \·h....-r. J __ Bd.lm.111. ( i .. 
i..:u,1,·r·-' ;m s; •111,·r,·n. \I_·_\ .. 111<.l \-.,r;i:xn. \_( i.J .. hh1 .. .-.: 
1-.1....:' 1.:r. l'I'- :'II:'-:' Ill_ • 

Stdm-r.J_Socha.( ·.;and t:~za=uirrc:.J.C ·u1rur..- ... 111dllh•ll• h•r 
.:nh.m.-,·.I .-..-llul;1"· pr ... 1u.-ii1 •n I>~ .111.111' ,. •lr.11111 •fl', 1:1o 11/111111 

f'"' 1•11r. 0 ::01111'/. \\ .. r11l ).,urn.ii 1•1 \h.-r .. h1"I";:~ .m,I 
Bh•!.:.-fm,11.,;:~. :•l'J~_ a...-...-..-p11..-.l 1 .. r puhh...-.11i .. n_ 

'.\1."l"nrkini:: \Ir, kann ... -11,· Si.·m.:r. l>.:p.1n111,·nt .. 1 
Bi1 .. .-h,·n11•lr' .u1.I \l .. k.-ul.ir B1"l":!'- l-.1...-uh\ 1•1 C"h.:1.•1.-.1l .1n,! 
l'h.1r111.1..:.:u11·.-.,1 S...-1 ... ·n.-,· •. 1 ·111\.:r-~;1 ... 1 di: (Ink. S.1n11.1;:" 1k 
( ·1111,·_ 

PRon:i' PHOSPHOR\ l .. \TIO' .\S \Kt:< a l .. \TOK\ 
\lt:<U\,IS\I H>K n:l.l.ll. \R PKOl.IH:K.\TIO' 

Prin\"ip;d lnH''>li=alor J .. r;:,· L .\lkn.l...-. I>.:p.u1.1111,·1t111tk 
B11 .. 11111111.-.1. 1- ... -uh ... I 1k \k.11.-111.1. I nl\.:r•11l.11l 1k Ch1k·. 
e,,,,11,. -1M1~h_ l11,kp,·11,k11...-1.1 1112-_ S.11111.1;:" -. C"lllU_ 
T.-L ,\ l-.1,- -:'t•-2--~-,,~211 

I \/l)f I (·,.,,,,,,,I\ .. •1_' ,,.;,, 
ft t ;/ /ll<.11,, •:.I \,. (RI' ( //1•1/-11_' 
Kl·~ ""rd,· pr. ·r.·in ~111.1,,·, . .-.1,,·111 ~m.1"· I_ .-.: ..... ·111 k111.1,,· II. 

.,,·(>'.\.\ "'·J,uun;: .... H ... ··chr1.·,:11.:d nu11.1~ ... ·n"·..,1 .... \, ''''f'IP /,,, ;;,_ 
/l1ll fl\1/1/ll!. 1 I I Ii•' 

\b..lrn..-1 & \\nrk l'ro~n..,, I h1.· pr .. 1,·.i h.1, •1;:11111,.111tl~ 
.1~h.uh:\.·(l 111\\,1rd' '' :: ... ·n,·r.il .11hl ... ,,·,:1l11r. ,,h,.,,·,:fl\l'' ••I :.:.111un;: 
n1,.•\\ L.n.•'.\J.,:d::"· .1llt•\it th,; ... 1n1t..h1r"· .and 1l1th..t1nn ''' tlh.' "·'''-'Ill 
km.,,,., 1( ·i.;1 ~111.I < lo;ll 1 .. 1!>1111.l.1111 pr .. 1,·111 km.,,,., pr,·,,·1111111h,· 
1111, l.-11- ••I .oll ,·11k.ar, .. 11, ,_.11, 

..:h:\ \, ,,.,(111~ ,;,,!It,· t\\" •llh11111l• "I '·''''HI k111.1,,· II lr"111 
\r ''"I'll'/,,, 1 r\ .~,·~ h:' h.1h' ll\:1.:n, l11rh:d .ind .... ,:q111,,.'lh.\.·,I .11hl 

!~ •lh r.;.- .. 1111>111.1111 pr. .1,·111, It.I\,. h,·,·11,·,pr,·-.,-.l111h.1,1,·n.1 I It,· 
l\",Pllll'lll.11ll .1,111.I h •llhlllllh h,1\<' i'<.'<'ll l'llllll\"" ,Uhl •ltP\\11 (ll 

111h:r.1 ... i ,,; • 1.'1.• 111 ..: .. ·1wr.111.· .1 hilh .i...11\..,' h1•l1•,;n1' nh: l "'"':: 
•\ 11tk11, l""f'll•k' II h,1, l'<.'\'11 ,It;•\\ II lh.1! (It,· It• •I; l\'11/\ Ill\' I·, 

pr\'k1,·1111.1lh 111h1h1t,·d I>~ l'l.'l'lhk• "11h !he· ' I "' ,., 111,· 
,,·q1h,'fh. \.0 I· ' ... 11, 1\\ 111; 1h.11 th,· l'fl/~ llh.' !°\'\'I •..:lllh.' ... t~ f1 1 ... ll1l 0 
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r"-· .... 1Ju~ .. , 1n .J ,11111!.ir i""ilH'fi. t'• , .. nth .. "' .1nJ lhr~·unnk.·, in 
,uh..:r.tt.:,_ lli.: 1 .... •l;i1,-..J.1,11hunn. l'k>\l.:' .:r_J,.._-... 11111 ,1iff.:r1.."llli.i1.: 
t...:1\\1..'\."ll tl'k."'1.." pqll1J.:, h \\.!• .1(.,,.1 ,f'kt\\11 tfMI Ci..:11 .-.int>.,,• 
!1•'1ihii...-..lh~ h·I~ I~ p••I~ ;:lu1;i111.111..·,k:1\;ik-...1h.11.ir,·1-r1..-...:111111 'rt,._ 

Tlk.· ,tuJ, , •! th.: ..-u ... -...-1 ,,f ni..1;11 i1 •11' .. n CKll .i...-tl\ it' h.1' 
,k·111 .. n•tr.,1,.Jd1.11\111- .m ... IC1• .-.inr.:pl.i...-.:\1{ .111J1h;itin1h.: 
1>r,·"·n,·,· .. 1 \In- 1111..· ... -n~~m.: u ... ·, (iTP n11•r,· .:ffi...-i.:1111~ !h;in 
\Tl' .1';1p!'k''rlu!.:J .. 111•r." hil:: !111: \I{ 1h.:r.:,.:r...:i,1m.:. Si1.: 

dir ... -...-1,-..l 111111;i::.:n.:'i' n._., .-h.111'-',-J 11-..: ...:rin.:, ~ ;111J -' .. f th.: h 
,uhunil h>r ;:1~:.-1l'k.-...1..·li1111na1m~ iii.: ;iuh•ph•"l'l'k•~ la1i1>n '11.:1•f 
1hi' •uhuni1. TI1.: mu1;11u h'uhunit 11h11..:.1nn••I t...: 1'l'k"pl'k~ bi..-..! 
~, n,•l ;.1ft ..... "'·1~'1 't~nifi"'·~uul~ 111 i1, \.'.";.1p •. ,K1f~ t•• in"'-r'-"~1 ....... ~ tlh.." 

...-"'"" 11 ... - ;h."11\ II\ "' th.: " 'uhtm1L 
,.;, ;.' 1l{lh:r111~1('1(11 l(b I >f lh0: h 'lihUIJil h;i\ ... fl..'\."n rn ...tu...-,...i ,lllJ 

""1.Jui:n..:1..-..I .111J 1h.:i1 .:ft". ... -1, 1•11 th.: lun..:ti••ll ,,f 1hi, .. uhunit i' 
t...:in;; k ,,,...i_ \h•1;i111 •n--, •f 1h.: ;1,uhtmit r.:pt....:in;: I~ ,jlk.-.. -:' ;inJ 
-,,. f, ir :;lu1.1mi...- ;1..:iJ, h;I\.: h..~n pr ... lu..:.:J_ 

Tii.: 111111.1111. < ·i..:11 " E -E '' ;i..:1i'.: ;111J fw, ,jmil;ir ...-"p;1..:11~ 
.., 1h.: "1i,l 1~ 1i.: ,,,hun11 h • int.:r.1...-1 \< ith h ;ind" '"nikar ;irp. 1..m 
"nh ..:;i...:in. H1•\\.:,.:r_ ci..:11 ;1 E. E j, mu..:h I.:" ...:n,;1i'.: h• 
inhihi11"11 h~ l"'l~.111i"'" ,u...-h "' h.:p;inn . ..:1•p.•I~ :;lu:1~r •-:I 1: 
l"'l~ l .. mJ ;: _ _; hi,ph1•,1>h";;l~.-.:r;1r.:_ 

·n,,· .1 ;111,1 h ,uhumb .,f Cf.i.11 fr11m th.: /,-Ir,-,, fi,h h;I\~ .11 ..... 
h..-..:1' ,-11111,-..J JI 1h...- ...-():\_\ 1...-,.:1 ;ind a11h.: !!1..·nt1111i,- 1.:,..-L 

1 h.:, ():\_ \ f. •r 1h.: _\, 11< 'f'I" .111J hum;m 'C-i..:1 h;1' h._..._-n ...-lt111.:d 
.1n•1 P"rti;1ll~ ""lu.:n...-,-..J_ 

~niu11d:Pn11.:inph••'t'h1~!;11i1Jf1and,kpl'k"pl11•r~l.11i .. n 
i' th,· lllll'I illl['I 1rt;im jll "l·ll ;111,f.tll1 •1>.1l m1 "lill..:;11i"ll llf pn •!.:in' 
in 1h~: r~·::ul.&ti••n uf rh.:ir Jl(,,l.,~h.:~11 ;.h.:fi\ in. 

\l1 •r.?1h.11121 M l.11ft.:r.:nt pn .i.:111 l..m;i...:, i1"' .... fl..'\.·n.ii,...-1 '' .:r.:J 
an.I h;1\.: h..~n 'h•"'ll 111 p;1rti.-1pa1.: in ni;,n~ fun,Lun.:n1;1l ,1.:p' 
.,f ,i!!n.1l 1r;m ..... lu...-1i1•n_ 

1'~1t1,·in ~in;1...:' pl.1~ I..,·~ n•f.:, in 1i1.: r.:;;ul.11i .. n ,,f ..-di 
pr•,hf.:r~11lnn .tnd 111;.u1~ , '"'"-, 'l!~·ni-.: pr• llli.."in, h~~\ ~· lx~n ,flt.•\\ n h • 
h."..- pr .. 1.:in l..111.1....: .1...-11, ii~_ 

C.1...:in l..in;i...:, I ""'I II ;m: .1hund;uu 111 th.: nu...-1.:u' 1•f .111 
.:ul...ir~"1i.- ..-,·II, .1n•I .ar..- l..11"'' h• rh••,rh··~ k11...- I...:~ pr .. 1,·in' 
lll\111\,·,1 in ;:.:n..:1i...- r.:pli.-;i1i11n ;u:d .:\pr.:""'" ,u...-h "'I>:\\ 
l"'i~m.:r.1...:.1. R'.'_\ ['l•l~m.:r.1....- I .1n,f ll. ():\_\ li;:.1,.:._iun. f1••-
111~'- 111;1\_ SRI'. Rh. p:'_~ T .u111;:.:n .,;· S\"-411 ;in,1 m.1n~ 111h.:r 
pr.•1.:in,_ Th..- r.:;:ul.11i11n .m,I fun...-1i11n 11f th .. ·...: 1..·111~ 111.:, ;ir,· 'till 
11nk111'"11.111.I r.:4uir...- lurth1..·r 11 ..... -h.:1111.-;il ;111.I n1t •k.-ul;ir hi1 •l1 •;:~ 
r.:.....-.1rd1_ 

Oh_it-cth ....,: Th.: ;;.·n.:r.d "hj.:.-ii'.: .. 1 1h,· pr111.:..:1 i- <!"in 
1111\kr,1.:11,lm;: ''" 1h.: r••k ••I "'1111..· 1111,·l.:.ar pr••l.:i11 l..111.1, ... -, in th.: 
..:111,1r"l "I .-...-llul.ir pr1•1ill:r.11111n. 

Sp.:.-111.-.111~. 11'1;>;: 1h1..· .-11111hm...-,1 1...-.-11111,111,·, 1•1 pr111.:i11 
... ·h1ro.·nu,tr~ .md nh1h.·"'·ul.1r !'lu1l11!!~. tnur 'f"-·'-·1ti1i.: ... u1 ... lh .. .., \\\."f\." 

pn•r'-'"-.... 1· 
11 Th,· •lru.-iur..-,;m,k'rr•·"1"11"11h.: \ /,i.-, ,, ;:.·11..-.. .-... linr; 

1 .. 1 '·'''111 l..m.1"' I .111,f .-.1 ... ·m k111.1" II 
~ • ·1 h\.· "'l'-"'-·111"" 1t~ 'ii ... uthtr.111..· r ... ·"'·' •::111111 •n tltr• •uz:h th""· u ........ 111 

,~mh ... ·11.- p.·p111k• .111.I 1111 .. kl 'llh•tr.11,·, .1111.l 1".:111l11-,uh•lr.11.-
1nh1h1l>•r, 

\•Th'"· ... 1n1'-·uir.1! .utd lun"'r"m.&I h.·i.1l1Pr1"'h1p' 11t ..... ,n ..... 
1111p .. r1.1111 .111111.1:11' .. 1 th,·,,· ,·111~ nw 1hr .. ~1;:h .11,·-.l1r.-...-i,·1l 
nnu.'~""·m .. · ... 1 .... 

~ ;-1 h...- rd.111••n .. 1 1h,.,,. pr111,·111 km.1,,·, 1 .. .-,·llul.1r 
1r.m ... l••n1\.1t11•11 t'l~ "'f"-\.:Jf11i. 1•1l ... ••~"·n1"'· prtt\.lud .... 

Puhlirnlion .. : 
Jl-dlidi.i. \ •• Hinril·;1,, \I.\ .. _\lh-nclc:. CC and \llc:ndc:.J.t:. 

1 1 •1112 •Th..- ,1>, \,.- ... Im;: l11r th,· .1iph.1 .ui.l h.:1.1 •11h11111h "' 
\, "''f'"' /.i11:• ,,,,,·111 k111.1,,· 11. I LBS I ,·n ~·1-. 2Sll-~S4 . 

Tl'lll"I. K .. \lll'ndl', CC and \lll·ndc:. J.L 11•11121 
I nh lpnl~ ;:h11.1111.1h \n.11";:,.-.111111!11h11.-.1,,·1n k111.1,,· ll 1r .. 111 
\, ''"f'I'' :,,, 1 n. 11.B., I ,·n llllo.. 11 ;_ 11 :' 

Cialil"il. \I .. tlinril·h,. \I.\ ... h-dlkki •. \ .• \lkndl·. c·.c·. ;ind 
\lkndl'. .1.L 1 1•111;1 I I r.-,1 .. : 1111..·1.11 '"11' .. n th.: .1.-ll\ 11\ .. 1 

,,,,,·111 km.o-,· II 1r .. 111 ' ' ""f'I" {,,,-.,, 11-.B ... I \'It \1~. 
,- .. 1--

llinrkh,. \I.\ ... kcllid,i. \., -h·llN. K .. \lll·mh-. ( ·.c ·.and 
\lll•mk .. f.t· .• (';•1; I \di\ II\ 1111,-. "111b111.11l1,,/f'/;,1 •llhlllllh 

.u1d h, ',1
1 

... uh11111h nf ,,, ... \·1n II lr••l\I \, ''''f'I'' ;,,, 11:. 

B11i...lw11H ... ll\ ;~,~~'- -~10 -;111 
' . 



(;;atic-.a. '\I_ J~lkLi. \_ .\llmck. CC ;and \llmck. J.1-:. 
1 I 'I''-' 1. \..-11\11\ ut 1h .. · I: I' 111111;1111 ul Iii..· ;1,ul,unii.1fl"ax-in 
loi.ma ..... ..,. II fru;n \01.•r11· f,,,., .,. ITKS l.,·11. 1 1..-,·q"'°'' ''•r 
pul'ili..-;,11,1111 

,rl,urlin=: C,1ll.11l\•r;111;•11 "11h l>r. Sand.or l'"nJ!"r ln•111 
1h,·Tn .. -..id~•"-~.1•·~ ••1111<.·ll "( iEBl1;t•lx-..-i1.:,1r.:m.:I~ 11111">11a111 
in 1h.: ,i...,.1,:11 ;111,1,~ntl...-,1, ••f l'"·"l'lll•k •Uh•lr.11~' anJ inhihih•r• 
;!h,I ;11-u in 1h.: in-..talt111 .. •1 "'a ..-.or.: fa.:ili1' loor mi.:ki..- a..-i,l ;u•J 
r":p1iJ..·,~ t11l1<..._i,a1i..l mi.-r .. ....-4li.:1i.:in;: i1: iii.:<. 11ik;111 Liii< or.ii.~. 

l>r R;ml .\,:uirr.:. "h••r .. -..·.:ih"lLlll llliLB f,·ll•""hiph>lh,; 
1'.111.:•" L11l\1r.11 .. n. j, '"'" 11...-1,·dmi,·.11.1rr .. i.:hor .. 11hi• fa,_·ili1' . 

. \..-11\,· ..-.. Hah<-,r.11i"n h.1• "'"' t>..-.:n .: ... 1ahli,h-J "i1h iii.: 
lall\1r;1htr\ ••I l>r. \I.in .\n11din ln•111 1h,· l"ni,.:r•it\ ••Is, ... 
l'aul•>. B~;i.riL T'"' 11...-mt>..·r, .. 111...- .-\11 .. ·n,i..-·' l;ill\or.1i .. n li;l\,­
'11<:111 ;11 .. 1;il "' .t 111 .. ntli- in Dr. . \m1dm ·'kill\ ir.11"~ in ~uJi.:' 
k;i.lin.: h• !h..: 1r;111•l•"\Clh•n "fl "loi.11 •nl'iunii... in anin1;1l .:dh. lir. 
.\m1<:11nh;1'"'"'' i-ii..·-1:1...-l 1tik;111 bh<>r.1h•f\ .. 111"'""'"'i"n'. 

·11...-. \11.:n.k ·, l;11l\ or;1h •r~ 11;1, pn '' i.l.. .. l po~l-.1• l\:h •r.1l 1r;1inm;: 
1 .. ;in IC< il:B li:llu\\. Dr. J .. ....- Lui' l>:111i.1ui. fr••m . \1.: .. ·111in;i. 
"h" (1;1, ""ri.. .... 1 in th .. · l'"lari••ll .,f 1h..: CKll ...i .. n:_:... fr.,111 
/,·fo·,1 fi,h. 

Pll.-\.\Etl/.L\ HLG.\RI.\: /.\" HTRO Rt:Gt::\t:R.\TIO'.\ 
.\:\D OTHt:k RIOTt:<·n"n.o<;n:s H)R mst:.\st: 
< -0'.\TROI .. \:\I> Rt:.o,;1~T\:\l ·1-: 

l"rinrip;1l lmt."'.'ltii:ator. l.1u \I. l'.:ra. <"•mil.:· ~;1ti1•11;1l J.: 
Bi .. 1.:.-11 .. 1 .. .:i.1. c,111, .. 1., .~ns. S;1111ia.:11. c1111.1:. 
T.:I.: +:'ti-~-~-.i.i:>_~-- LI\: +:'ti-~-.t'Hl-~'I • 

I \/[II, ( 
0

fll!/r'11 I \,,_ •1: :1 •. • 
/( ., il.ll /frf.-r1·•1. ,. \" <RI' 1 HN::-111 
il:t'\\\onl': 1•1r,, ... , •Ir/\ 111/::,111,_t>..·.m.111 nrr. ,._·uh11r.·.di-..:;i-..: 

n,.•,i,1•1~1 ... · ... •. fli,1h1:!f,,;.;1l ... ·1mlr.•I. 1ran .... f1•nn•ali1•n 
. \INract: H,:.111, .1r,· 1h .. · I•" "I h.1'1' l11r Ill• "I 111 11...- ll&:"l'k 

II\ in;: 111 I .. 11i11 . \1n.:n• .1 .m.I . \fri,·;o. Ii- pn .. 111.-li• •ll i, li111i1,_·,l l'i~ 
11~ ""rl,I ..... ·.ir.:i1~ 1•1 "'-'" \;iri .. ·1i,·, "i1h hi,:h l'"l<'nli;1l ~id.I. 
"lu..-h 111.:lu,i._., r .. -...i,1.111..-.. · .1~;mi-1 ph~ 111p;1th11;:.:n•. /'J,,,"·"/r" 
111/::,111\ .anll 11h"I ,,, Ill\." ,!!r~t1n k·:unh:'. •an: 'f"'."\.·i ... ·, \\lti ... ·h .ar ... • 
.-111i...i,kr._·,hlifli.-11h I" r .. ·.:.:n .. ·: .,,,. 1111111·, ._ Tli..·rd1 or .. ·. ;in d1i..-i,·111 
;111,1 r.:pri .. hi..-1hk r,·!!.:n .. :1;1111111 pnt1• ... 11I "..,,..._.111i;il h•r 'Hi.Ii.:' 
"hid1 ill\"h .. · ~··n .. ·11 .. · lll•'<lili ... 11i1111 h• .1..: .. r._-.,,,. ,11,.:q>tihili1~ 
;i,:.1in•I t>..·.111 p;irh"J!'-''"· I In rh,· .. 1h,·r h.111,1. 11 ' ' 1111p .. n.1111 111 
..-111 .. •-..· !h,.- h,·,1111,·1!111\l lnr pl.m11r.11i-l11r111;1111111.1111l .1l ... 1 h• tin.I 
;ih,·m:11.· • ._·, h• •••111rnl t>..·.m ph~ h•p.11h11,:.:1i- l'i;i.,,..·d 111 1h,·1r 
hi,1111~1.:.11 '"111r .. 1. Th .. · pr.·-..·111 r .. ·p••n mdu•k' r,·,ulh "" 1h .. · 
~'·~•" 1 .. r th ... • lir'I ~"'·~ar ,,, prn1'-·"·1. r,·(.ah.·d h• llh.· "''-" ,,t 
hh•("'·"·hnt1lt1;,:11o.•, 1h.1t 1.:nul,I 11nprn\ i.: h'"·~u1 ri..· .... 1,1.111 ... ·'"· -11 

ph~r·•p.1111 .. ;: .. ·n,. rlK· ,.,r .. :nm .. ·111.11 .1ppr.1;1.:h "·1' dl\1.t.·.l 11111• 

I\\,• n•~iin 1 .. pi ... ·,: 111' :111 '":ullurt.· ~md r1r..·;: ... ·n1·r.111un nl lx·•m' h •rlh\· 
••h1,·nl1o•n pf pr11i. ... ·1•I' lh.11 .:ouid h<: u,,;,l 1111r.1n•l"n11,·.I h..-;1n. 
~111\1 lht..• ''-"~lft.:h Pl Ulh."rth•f:!.llll,ll1' IP iil" l1'\..'d lor h\.·.111 
1r~m,:11n11.1lh"1 1 \::,,,,,,,, ;,.,.11,;,,. .md IPr hi11l,1~h.:.1I ""ntrnl 1•1 

lx·.111ph~11•p.1lh•·~··n,1d1i11n1•l~11.: n11,ri•·r~.1111~!1"1. 
Uack~ruund: 
I 1fo11:1 ... ~:11hur,· "' t>..-.111,: /111111 .. .:11hur.· .111.I r.·::i:n .. ·r.1l1t•11 

"' "'-"""· .ir,· ,111!;.1~1~-;:;-i~~;:I. ;1x·.I .1· , "1111'-ir..-d" 11h .. ih.-r pl.1111'. 
lx·.:.111x· .. 11h,·1r .!1111.:11h\ '" l'i..· r .. ·::,·11.-1.11.-d 1111111. •. lk.111m1 ,,, ... 
r,·,·,·n..-r.1111111 "·1' -111.!1~·.I 111.:lu~hn:: h•ur 1r1.11,: ·" .:uhur.· nl 
,,.n.thr~ 1 )nh.: .1\ '' ""'pl.anh 1, •1111 pr\.· :-:~:n11111.1h.'ll , ... ·nh. in I.•\\ h, 

1111r111.il B \I' 1 lk111~ l.u1111111p11nnc 1 .111.I Ill \ 1111.!1 •lft111m.: .1.:1.I 1 
,·1111.:.·111r.1lh '"' 1 '"111:: ' ' I 11r1nl.1 I' I.\ 1.111.t 111 h ''' , 111'.ur,· .t.11,·,. 
h1 ,·mhn• • .:ulrur,· 11; I••". :1o •r111.1I .ind lu::h B \I' •••n.:.·111r.1ll••1h 
11r-r11::.:~' lnr1 .. 1.11,1-..c·.,,,,.1, .. 11.111.tl•1111 .. I l.t1 . .-1,·111hn"111' 
·"'' ,:,pl.1111, 1.:111\ kd .. 11.1r~ n1"k' 1 111 l11~h B. \I' ,·1111,,·n1r.;11 .. 1i-
111,111;: ,., l••rh•l.1 l'I \ 1: .111.t .I 1 .1p1.-.1I n1.-11-1.·111 .:11hur,· ''h•••I 
.1p1"·L",' undi..·r d1lh:rt.:111 \'lh\ I" lh,.' ,·11n. .. :"·111r.111, •r1' 111 ... 111;: "'\ 

1'1111 .. I I~ I 
~ 1 1,.,J.1t1n11 .. 1 1!·n~.il 1,.,_·,il •11.un' \\h1d1 111h·.:1 b.,·,111, 

/ ,,,,,,,,,,,, ,,,/,,,11 .ar~d '' /, '''''""' ,,,/f,11 .irt.' .mh•n..: th .. · 11111..:.al 
p.11hn~,·1" lh.111111,·, 1 l-..:.111pl.1111'111 ( ·1i1t.- l'l.1111," llh '~ mp1 .. ;11, 
nl 1h1.: "'"''·''"'' \·.:u'"'" h~ !h"·,,· I\\ n p.11hn:,!'-'Jh \\ \"f1.' 11•.""" ,,, lh\.· 
'"111.-.· IPr 1lw11 .. 1>1,·11111111 I h,·1r 1tk111111 .. 111 .. 11 ",,, l"·1 l11n11··.I 
.111.-r ;:r•"' 1h 111 1h11,·r,·111 .-1111111,· 111.·1h.1 1 l'"'·'I" .!,.,,,.,,, .. 1;:.11. 
111,llf ,l:,!oll .in.If 
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/,ll'I\"~ 1~:.1r l l11d\"h."J Jlllll\" Ill.I\ 11.1,1nd lllh.'fth\'Of'I\' 

111o•1ph11I ... :,,·, I lw11 .1h1hl\ 111"'"°'1 l,.·.111 pl.1111, .111.I p11.111 .. · 1h,· 
,,ltll\' '~ IHfl(t •llh I Ill~ h'\"11 h1 •11"1\' I\\,,.., 1,·,f1..•d Jlh ~·1.1l,1! 111!.' lh\"IH Ill 

.1lr,·.11I~ ;!l"\\11 pl.111h ~,· i-11l.111n11 nl 111,· lun~.il ,11.1111, \\ .1, 
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1"-·rh'flth.-J tr .. 111 th.-....- ii;t .. -..1 .. ,l pl.1111'. ·111,·~ "'-·r,· ..-11111r-ir .. -J h• 
1h.: inill;1l i ... •l;i1 .... 1,1r.111h. 

.;1 l••.olatinn ,,f (,1'.·~ll 'l~1U1' ul \~1i_,!~1,_~·1j111.!Jll!!!.~l·!' tt"t!~ 
\ ::r .. I"' r.-rwm ha, t>..-.:n •••n,i.l..:r .. -J 1h.: n.11ural .: .. ·n .. -ii.: ,·11.:i1i..-..-r 

t>.....-.mx- ••f ii- ahili1~ h• irJlhli:r ix111 of ii- ::.:110~11<: ._·111ll;ii~i..-J 111 
;1 pl;i,1111.t. 1 .. th .. · 111ri:.-t..<I pbm 1i"u .. ·. ·ni..· i-..•l:t111111 ,,f 1 • ...:;11 
•lram' 1•1 \·~r. ''"· 1•1111111 '"" p.:rf•lf":U•"lf ljl..in;: llljl.:rial fn•m 
pl;1111- 1ha1 'h"\,,_•J 1~ p1..-:tl '~ mp11111i... .,f 1nri:.-1i.111 "' 
\~r,,f,,, 1.·n111n !1!111,·r,,, 101, L\hnunJ anJ P~~ir tn .. "l.."'' ~mJ 

;111;1i~1111,: 1h.:1r J,.,.,:i,1p11K·n1 in 111inim;1l lll•"lli;1. r.:'i'1;;1i..·.: 1 .. 
..-arl-.:ni.:illin ;111.t ahilil\ h• inJu.-.: tumor, in .-;1mt1 'h""'· h' 
fonl1<.-r.-h.:i:-.... 1 .. -ri1.111.111 ;, ..... h ... k:J di..· 1.1,.-111i1i,·;i1i• 111< •fl~ po .. tlk.·,-J 
''fllll\..,. 

.t1lkan111li.-..·t11111 h•._ \~1:"'"'' 1,-r111111TJ.!!11t:J.J.•~·m1h.-11....- uf 
\. 'J!.111-tl,!.!..if'l.'· fur Ilk.· intn"1u":tiun of r\.•,i,lan\.·.: l!t:n.:' into 

t..;;m' (1;t, t>..-..·11..-1 llNJ..-r .. -..1 "' ;1.:•., J alll.'f11;11i'.: Ii trlr.ui-lumtali• lll. 
B.:;m, '''. l'inh• 11.t. c, . ..._:-,,rr .. n. T,>11.,la l'L\ a1i..t '.:.:r" 
.·\r;:d • '"-"'·.: ,: .. -nnin;1t.."ll in 1!1<: pr .. -....-11 .. ·.: .,f \. 11111,..,_,, ,..,,,~ 11r 
.:.:n11in.11 .... 1t,.;;111•1-t ''"', 11(,lr '' .. ·r .. · lll•"-'Ul;11 .. -J \\ i1h 11...- lxt..-1.:ri;1 
rn pr.:\lou,(~ \\ttlllllkll h~ I'<"-.. ti~""'- do....-.t h• .... ti~ k"ll.lll•. 

51 l-..•lati .. 11d..-hi1iru1h 1i..- mi .. -n .. •r:.:ani,nh: d1i1in J.:;:r.1Jin;: 
111i..-r. .. •r,:;1m'n" ;ir.: u....-ful hlf" rh.: ..-omn•I "' l"'lh.1,:.:11, 1h.:1t 
... .. 111 .. in d1i1in in 11...-ir \\ ;111. s .. il ..... mpl.:' \\ .:r.: ...... r .. -.:n .. -J I\ ir th.: 
pr.-..... ·n,·.: 111 !-. llh fun;:i ;m,I l'i;11:t.:ria 1!1;11 .-.. u1,1 J!f"\\ in ,.,lj,( 

111,,11;1 .:••lllainin.: d1irin :1, 1h.: "'k .-ar"'•n '"ur.-.:. Tho...­
pr.:....-minJ! 1hi• ;1hili1~ '"·r.: funh..:r '1u.ti .... t 1iir th.:ir ahili1~ h• 

.:\.-r.:1.: .-hi1inax . .:n•\\ in.: rli..· fon.:i in ,ul'im.:r:; .. "ll .:uhur.:' \\ ilh 
d1i1in ·" 1h..- ,11(.:- ,_·;1rh< ~1 "1trr.-~. I: ,,.._·hiun71-.: ;...-1i' i1' ";1, 
111 .. ·.,,ur.:.i "' th.: rd.:a,,· ••I 1h.: ~-:i.:.:I\ ldn••"·"nin._; fr.•m 
d1 .. 1,.i,l.1I d1i1in. l:n.l1lt.jt1i1in;1.,,..· ;...-li\il~. ·;1~ \\O:ll ;" .:hi1in;"'-· 
i-..•I• •n1i-. \\ ;1' ''1im;if.:,1 in 11;1li\ ... I'.-\( ii: 111 "hid1 .:n.r\111.: 
:1.-11\il\ .-011(,I t..: .. h.,,..·n.:,I 111 an ;1t1\ili.1n irn .. ·;ilin.:1· .:d 
.. -, •1t1;1ii:i11.: ::h ..-.. 1 .:hi1in. T!t .. · ,·0111r11l 111.\, /,.;., ,,,,,,,, ,.,,/f;u '~ ;1, 
1.:,1.:.l .:i1ti.:r 1;,111.: .tir.: .. ·1h a .:ullur .. · lil1ra1.: 1 ..... 111.t\ .:.:nni11;11i1•11 
uf ..... -1.:r .. ti;1 an.l .pr.•t.:,-1;,,11 .. 1 t..;;111 ..... ·.:.f, fr.,m· ii1fi:.:1iun: ur 
p.:lki... ...... 111.1inin;: fon,:;il m~ • ..-lium. ;1l;:i11;1t.: an,l 111;ii1.: t11111r1 
in• ...:11l;11.:,l 1111h.: ..,iii :1!011,: "ith ,...·t..·r.11i;1 h • -111.t~ pnt1.:.-11011 uf 
t..:;in pkmh from ink.:ii,111 l'i~ .\.,.,,//\II. ( "unm•I• \\O:r~ p.:rf.,n11<:.t 
in ii..- ah....-11.:.:• •I .:uhur .. · lihral.:" •r ll..:11.:h. Tli.: uri;:i11:1I pri >Ii..._., ,1, 
.lll•I .l.:1;iil' 11l 1h.: ,.,('l..rim.:nl;il pn ... -.-.Iur._•, 11 ..... ·.t :ir.: :1• ;1il:1hl.: 
1111<•11 r .. ·411.:,1. 

Ohjl'Cli\l-..: Th,· ohj._·,·11'.:' fur 1h .. · lir'I ~.:;ir \\..-r,·: ;it ·111.­
•'\ ;1h1;111 .. 11 111 ''' 1111 .. .:uh11r.:' 1 .. ·.:hni,111.-, .I.: ..... ·ril'i..·.t in 1h.: 
li1.:r;i1ur.: 11 •rl'ft.1,,·, ,/,,,an.I pn >I•""'""'' ,·(11jl&:d h~ Dr. ll.:rr .. ·r;1 
l·.,1rdl;i", _:!r1111p. h• ,i._.\,_·l11p an i:lli.:i .. ·111 111 1111 .. r .. ·~.:n.-r;i1i11n 
-~ ,1,·1111 .. r 1,.._·:11 t..::111 ,: .. ·11 .. 1~ l'L"': h 11h,· ',0(;1111111111 h111;::1l l1 ... ·;il 
•lr;iiri- '' 111.:h ink..-1 t..;,111,_ f1 •r lunh .. ·r '111.ti._·, • •n (,...:al t..;;111 
:~,·111 ti~ I"-'':.: 11li..· 1 ... •l;iU1 •II• •I .:1111111;1...:pn .. 111.-in;: 111i .. ·ru •r,:;mi'm'. 
h• t>..· l•:,1 .. ·d ;1, hilll11!!i..-:1I .:11111r .. lkr• nl l'i..·;111 p:11hu,:.·1i-: d I !h .. · 
1-.. •lali1 •II :md .:h:ir;1.:1 .. ·n1;ill1 •II 1 •I 11 .,_·;11 'lr.1111' '•I \ :.:r• ·l~t• 11·r11m1 
1111111·(,1• ,, ,,,: ,· 11li.· ,_•,alu;111o•n nl 1h .. • 111r..-.. ·1iu11,·;ip;i,·11~ 11f (,...:;ii 
'Ir.tilt' uf \-.,:1"11/Jat. lcTllllll flllllc'f•l' le'll\ in fx•;lfl li''ll'-''· 

\ \ ork l'roi:n-.....: 
I 1Ill1111·,._,·uhur.: 1•lh1:an:-: rh.· r.:•1111, 1•llri.1l I i1111i,_·.,1,·d 1h:11 

1h,· l11::h .. ·-1 H.\I' ,·un.: .. ·111r.11i .. n 1,·,1.:.I 1.•111~/l.1. Ir .. ·.:"' ;111\in. 
~·" ... iii.- t>..·,r ,11, "'I r .. ·~.:11 .. ·r.1111111 I r1111i..·11!1kd;111;ir~ II• .. i..- ... 'pl;1111, 
.111.I 'h•••l m•·n,1 .. ·111,_·,pl:mi.... fr1•m lh•· 71h.l.1~ in .:uhmc·••n. \\ llh 
II•• -1::111li.:.1111h d1ll1·r.·11.:.·, h..·l\H'.:n 1h .. ·1111 ~.h .m.1 ~.'." ,1i .. u1.J 
,·,pl.;111. r.-'l"-''i" .-1~ 1. lk;:.mhnl! ,·11hur .. ·d.11.-.1h• •llJ!h Iii..· numlx·r 
••I 'h•tt•h f,,nn\.·tl \\·'' h1::hl·r \\h"·n ... ·uhnrrn:: "·ilfik·,l1•1?•1f\ lhtt.11,; 

,·,pl.mh 111 \1;1~ .1, .:1•mp:u-.·.i1 .. 1 i..·.: .. ·n1h..·r. i111, dk.:11111,:r .... ·1 .. ·.I 
\\llh 1h,· ::r1l\\lh r.·.:ul.1h•r·, dk.-1 ;ind ,·.,111.111 .. 1 l'i..· ;i11;1h1c·1I 
111.t._·,x·n.!~·1111~. I I•"-"•·' ,·r.11 •r '"'••I 111.:n•ll'lll •''l'l;m1'. -1:·1111i.::1111 
.!111,·r.·11.:._·, \\c·r,· nh"·n,·.t lx·1,,,.,·11 ,·11h11r .. · .t.11,·,. h..· •. 1~ \l;1\ 
.11" • 1h,· ,,..,1 11111 .. · h • ,·11f111r,·. In I i.-,·,·111lx-r .:11h11r.·,_ 111• •r,: .-.. 1111, 
.ui.I ri • •h '' ,·r,· ,i._., ,·I· •1x·.I lri •m llw ,·,pbnh I ·.pi•·• •I~ l.ir ,·,pl.111h 
'hn\\ ,·,I nu r1..•,po11, ... · lo,,, 11!1, I ,;11llUf\.". 

I n.1!- II .111.I Ill ,k111n1hlr.11.·.t rh.11 lin:h Ii \I' ,·11n,,·111r.111"11' 
I x •• r I h 111::1! .1 \\ ...... .1hk h• 111.tu.·,· 111ud1in::h.·r1111111ll\•r1•l ·h·••h 
lr11111 .:11llk1i1111.ir~ 1111.i,·, 11r ,11,..1 111,·n,i,·n". ,,.._·,·1.111~ "lwn 
:h,.,,. ,·111hr~11 p.1r1·. "'·r,· 1111: ,,·p.ir.11.-.1.1, 11hkJ"-·1hk111._·,pl.111h 
1r .. 1111h,· .:11111pk1.- ,·mhf\" .'\n,·r1hd,·"· rlw 1h""..r11111111 .. n.­
'"I' kd1 •n lr111111h,·.-111hr~ n.1hil 11 .. 1 pn .. h1,·.- ,1,111-11,·.il .t1lkr.-11 ... ,., 
111 .huol l11r111 •• 11n11 "·,11n,,,1h·d "' "111npkt"' .. ·111hr~" "·ulturt.: 

'1:.:mf 1, .1111 d1I kl\'lh , .... 111 ... h." 11 rt.·~,·n"·r.1f11111 \\ "'"·' 11h ... ,·1 \ "'d 
.illlllll~ ~•'ll"I\ , ... , ( ·111!1< ,II ·1 .. 11111,1 1'-1\1'l"d11, ,·,! lh,· hl;!h•·'I 
1111111h.-. 111 ,11,. ,,, 1 .• llM 1: 211 ; '"""", 1111111,·d 1l111•u::h 1h,· ""'~­
" l11d1 .111,·1 "'"''""'"'"I•\\ ,·.1111 .• 1,·.1, h .. 11,· 11l 1h,·11 .. \\·I' 1 .. rml'd 
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throu!!h th.: m.:mh1~111,·. 
h1;1.:\d1an:;..:: l1•n .:\..:h;mg..: "ith l>E-52 r..:,; : 1 \\"h;111·,1;1111 j, 

u...:-d to ;.d,orh th.: ,;11'<min'. Th.: ,·;1p;1,·i1~ of ti . ,·olumn in th.: 
r.111g.:1 •f4t I mg/ml. .-\n 1111puna111 prohkm r..:l..:r-tuth.: irr.:\ .:r-ihk 
;1J"•rptinn ,,f ,·ol1•ur.:1l ..:11mp••un1k Thi• h;1' h...:n r..:1lu..:nl h~ 
u'i1:;; 1h.: 1n1.:rnal p;ul of th.: h;1rl.. \\ hid1 j, \\ hit,·r. 

lk1fihrati1•n to r.:1ml\i: ,;iii-: th1· tinal '1.:r "ll• r.:1m•\i: th.: 
,;1lt- ll'<.'ll in thi: i1•n .:\1.:h:ll1!!1' 1hin!! Ji;1fihr.1lit•n \\ ith ltUMMl 
D;1lrun m.:mhr.111.:. - -

PruJu..:t pn•p.:ni.:': Th.: ;1\.:r.1g.: ~idJ ••fpruJu..:l i' I', t\\/ 
'' t. Coluur: ''hil.:-nn>\\lli,h. h' ..:1u:,p•"i1ion ..:1•mp;ir.:' ".:11 
'' ith th.: ..:0111111.:n.:ial pruJu..:t Qui I-.-\ from Sup.:rf.1,_ ISCO'.\I 
fonnatiun '' :h J.:111011,tr.11.:11 h\ Dr. K {);11,!!a;trJ. frum th.: St;11.: 
\".:ti:rinar\ l;i-titul.: for \" im' ·R.:-.:;ird1. lknm;irl... 

•I >11.-1;, limir.-,/ '/'•I• .-1.'1.- /i::w·.- i' ""' i11t -/ml.-./ i11 rl1i' \11ii in 
Rq>orr1 

Puhlit'<•lion.': 
Pen7~ c_ Parnt.J.l_()teni. R-t·ano • .-\_ Dals~aard. l\:.and 

San \lartin.R.t I •)I.)_~ t Puriti..:;1ti••npn..:.:" forth.:pn.Ju..:tion 
uf ,;1punin' frum {!11i/!.1i,1 '•l/'""''ri,1 '.\1111. ti•r it- u...:- ;" 
'a..:.:in.: aJjm ;mt-. In: Pn..:.:i:dinl!'"f th.: .~rd Latin .-\m.:ri..:an 
Biut.:d1nulu!!' Con!!r.:". CO'.'ICYT. Santi;1!!1•. Chik 
'.'11,.:mh.:r 1(;:19. p.7CI -

'.\ehu1rldn~: ln,tillll<' Butaman. S;10 Paul11. Bratil 

STU>Y <>I-" THI-: \\.-\ TER n:R'.\ .!..ZOl.L\ FOR 
\ll"'.\ll"IP.-\1. \\.\STER\\".-\ Tt:RTRE.-\ T\lt:'.\T .\'.\I> ITS 
l"Tll.IZ.-\ TIO:\ .-\S BIOFERTllJZER 

Principal lnnsti~atnr: han \"iJal. l"ni,.:r,idad J.: 
Con..:.:p..:ion. F.i.:uhaJ d.: .-\gnunia. Ca,1:1 537. Chillan. CHILE. 
T d: +:ih-42-22h27 I. Fa\: +:ih-42-221 :'07 

I \I/JO C. ,,,,,.,,, 1.\0. 9_; u•J.J 
I<"< iUl /frfi·r.-11t , · .\. •. < ·1-:P < ·1I/'J:!.-t13 
Ke\\\ords: ;11011;1. hioknili1.:r. \\;1,ti:\\at.:r 1r.:atm.:n1 
.\~tr.tel: .-\1ulla km .• 111 a•1u;11i.: plant h;1\ ing th.: .1h1lit~ 111 

Ii\ ;11m1"ph.:ri« ni1rug.:n i' h.:ing u,.:.i in \\;irm and trupi..:;il 
..:11un1rio:' ;1, a '11ur..:.: ut l1m-..:1"l hi11knili1.:r. In 1hi, pr11j..:«t th.: 
'tud~ gr11\\ ing 11t°;11uila ar·J it' th.: in muni.:ipal ''"'''-'"at.:r and 
a' hiuknilit.:r in th.: n1111h of Chilo: j, r-;op11,.:d. (ji,.:n th.: 
'.:ar..:it~ of \\ah:r ;u1d tho: pnnr "'ii 11u;11i1~ ti•r agri«uhural. a 
duunk h.:ndil j, .:\p..:.:l.:d h• !>.: 11htain.:d a' a ro:,uh uf ;v11ll;1 
u1ili1;:1iun: imprm .:d '' ;1h:r qu;1li1~ ;md '"ii li:nilil~. 

nack~rnund: .-\tulla. ;1.1ui..:l..-gnl\\ in);! krn.1..:.:ur, in pomk 
.li1d1.:' ;111d ri.:o: fi.:ld 11f lrupi.:;11 111 1.:mp.:ral.: r.:)_.!inn . .-\ 1111 uf 
aulh11r' ha\.: r.:pn11o:d ih 1".: for a:!ri«uhur;1I purpo'.:'. it­
.:;1pa,·i1~ 111 fi\ :\from lhl' ;1lllll•,ph.:r.: i' du.: lu '~ mhiu'i' \\ ilh 
a h.:1.:nl<."\,lolh :\-fi,in!! hlu.:-!!r.:.:n alda 1. \11,11>.1.-11111i:o/f,1.-1 
ll•und '' iihin 1h1· ";" itio:-, ur up(ll·r ;111d d11r,al loh.·, or ;1\ulla 
frond'. Lun. l'o:ll'r 1 l 'JIJ l t h;" indi..:alo:d 1h;11 fill" dnminant 
'~mni11111 in :"""·i;11i11n \\ilh \:,,//,, 'f'I' j, mnri:«h"d~ rda11·d 
tu .\,., ,,,, 'l'f'· lhn ll• fr.:.:-li\ in);! . \1111ha.-11.1 '/'!' Tarr;1pi.:11 
11 1!1) 11. h;1, al'" 'U!!!!.:,ll'd that n;i.:lria I ,,.,,,,.,,,,,,, ,..,., ar.: tho: 
third p;1rlnl'r 11f th~·'~ mhin'i'. hc·.:;111,.: 1h.:,._. ha.:ll'ri;1 \\ .:rl' 
;11\\ a~' pr.:-.·111 ;1, a ri:n•1.:no:nt llll'lllh·~r11fllll' pn•~ar~ ••lil"l"<lhlll~ 
al ditfrr.:nl 'lag.:' nf k;1f d.:\o:lupm.:.ll nf \:n//11 'f'f'-

h1 C'hil.:.unl~ lh<' 'P1'l"i<' \:,,f!,1 /lii1 111 .. idn L1111 t R1·1·1I. I %51 
ha' hl'1'll d.:-.·rrpl«d ;ind inf11r111.11i1111 ;1!>11111 di,1rihu1i1111. 
o:n\ in•nm.:1ll;il r.:•1uir.:m.:n1 and nulri.:nl ro:11uir1.·mc·n1 i' 
d11.:umt·n1.:d I \"id;1I and I .11n!!l'ri. I '!XX. I 'l'Hla 1. Tho: 'allll' au1h11r' 
h;1\.: .:1;1lu;111·d in 1'\pc·rinll'.nl;1I pond, 1h.: m11nlhl~ gnm lh ;md 
:\i fi\alinn 11!" :\2 1·.:111~ p1·, frnlll h ;1111lla 'l'•'<·i1·, .. 111 l"111ll1" h111h 
from Chik and fnro:i!!n 1"11lk..:1i11n'. Thl'\ f11und 'iimilt,·;1nl 
diff1Tl'nl"1"' rn );!n 1\\ lh a;1d arn11un1 11f :\ fi \t'li: lhl' h.:'l 'l~l'l'it· \\a' 
\:.,//,1111/,,-,,. n.1111<"11f :\1·11Z«aland1 \'id;il and l.11n!!tTr. I '!'lllh 1. 

R1'l"l"ll!I~. c"<11i-1dn.1hk· allt'lll111n h,1, ht·,·n paid·, .. rnini1n11,· 
1kp .. :nd.:n.-l' • lll llll •f);!an1l" n11r11)-!,·n k-rti lttcT. h,·nc·c 1h1Tl' i' a •it•cd 
l11t'\pl11r« lh1· 11""'hil ii''" 1l 1hlll!! and,., pandlll!! natur;il "•ur1.·1·, 
11lpla111 nu1ri1i1111. Tho: 1"1· 11fhi11lu;!i1.-.il nilnil!<'ll li\;1ll11n 1hr11u;!h 
a111lla i' ;111 ;i11,·rn;11i1c-. ( lllwr lht'' 111 ;111111.1 "'a d,·,·11111.1111i11.11ll 
Ill 'l'l\a!!t" 11"1'.llllWlll ,111d "' ,1111111.il f1111d. 

R.-,.,:,ll I~. \ .1rr1111' aq11.11 j,· plan I' 1 / ,, lif, ,,,,,, 1. .\1•11•"/,·/,1. 
1111m111r·11. /.c11111,1. \,If, 11111111111 h,1\ ,. b,'l'll pn 1p1hl'd11 • n.:11111\ l' ~ 

.111d I'. Th.- a11T.1;!C r.11111 111 \ 111 I' in pl.in!' " 111· 1. ·1 h11,. ,1 
t.1\ 1 •r.ihk up1;1~t· ••I :\ and I' h} ;11111.111,· pl.111!• 11111 hv, •h"-r11·d 
111 a ,111!111-.· ,11h111••1t 1.11111.11n111~ \and I' .11 .1r.11111111 ah11111 !ti: I. 
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'.'utri.:nt .:nn«.:ntr.11i1•11. h1 "'"' ,·r. \ ;1ri,-.. '' iJd\ \\ ith \\a,t.: \\at.:r 
tr.:;1tmi:n1 pblll'. In 1111"1 ..:a..._•, nf \\;1,1.: \\~11.:r trl';1lln.:111 h~ 
aljua1i,· pl;mi-. P nutril'nt ''ill r,·111ain ;1tkr :\ r,•11111\;tl. \\".:tr~ 
;11nll;1 ;1, ;1 J,-..:1 •ntamin;1111 uf '' ;1,1.: ";u.:r h.-.-;1u...: it !!r"'" h\ 
thing ;1tn1<"ph.:ri.: :\ ;111.t P rt•llll" ;11..:an h..· .:\(ll'l'lt'll 1:, .:n ;1h..:r 
th.: '.\ h;,, h...:n .:nn,111111'1.l. 

.-\/1 •Ila .:ulmr,'ll in '' a'l" '' ;tll'r .:an h.: h;1n1·,1c·d li•r u-.: ;1' 
!!r1..:n 111.111ur.:. funh.:r r1'1.lu.:in!! '' ;1,1.: "at.:rtr.:atm.:nt ..:n't. Thi' 
~-. •ulJ hi: ;111 ;1Jdi1i11nal h.:ndil ;,f at1 •ll;1 u .... • in ..._•,\;1!!.: tr.:;11111.:nt. 

Objedi\es: -
It T11.:\;1lu;11t• 1h.: 1-..•11•111ial of;1t••lb a' ;1 d1-..:nntaminant in 

-.:\\al_!.: tr.:;11111.:nt and m.:;N1r.: it- ninnJ;I" pn.Ju«tion. 
2 t T11 J.:tl'nninat.: th.: .:r1-..-.·1 of ;11olla !!rl'l'n m;umr.: un '.'\; 

upt;tl...: and ~ idJ 1 •f ri..:i: ;md uth.:r ..:rop'"... Tn ..:11111p;ir.: th.: 
r.:.:1•\.:ri.:' 11f :\ from ;111111;1 anJ in11r!!ani,· ti:nili1.:r "'ur..:.:,. 
lhin!! ·:-..; lah.:ll.:J n1'lli:ri;1k • 

3·, Tu J.:1<·11nin.:1hc· )_.!n'" th 111 "•1111· ;111•lk1.:..:11t~ ,..._.,in p;1JJ~ 
ri..:.: '' ith Jilfrr.:nt ti:nilin1i11n t P.K.'.\1!! 1. 

\\ork Pro~ress: • 
I 1Gnmth0L1111lla .:l'ol\p.;' in \\.:tbnJ ri..:.: \\ith P-K-\li; 

ti:11ili1;11i1•n. Thi' ,tuJ\ \\;1' ,t;1n.:J in 5 fann.:r·, ri..:.: fidJ ;11 
P;1rral. San Cirlo' ;11i1l Chillan 1Chil.:1. Th.: !!nmth ;mJ :\ 
ti \;11i11111•f5 ;v1 •lla,'l."l •t~ pc-.. un.k:rtlilkr.-nl ti:nili1:ui1 >n tr.:aun.:111 
\\ill hi: 111..:;N1r.:J. T '' n han ._.,, in th.: ._.:a,on \\ill hi: .:arri.:J uut 
anJ Jr\ \\,;:!hi. '.'\;',. '.'\; fi\.:J ;mt! foliar .:11n.:.:•11ra1i11n 
1 P.K.c;_'.\k~;1t ''ill hi: J.:1.:nnin.:d. 

E \p.:rini.:nwl pl""'' .:r.: l;1id 0111 in ;1 ,pf it pint .lo:,ign '' ith 4 
r,·piit·ation,. ·n1.: \\ h·•k-pl11t- \\.:n: a111lla .:..:ut~ P.:' ;md th.: 
'uhph •l 1"1 •n«•,ponJ II• t'-11ili1ation 1r.:;1un.:111. Thi: tr.:;11111.:nh anJ 
''"''I' u-.:J ar.:: 
- fa·ot~ pt~ 

l "C \ I h2 = . b 1/!.1 ru/Jr,1 I ni:\\ Z.:;1land t 
l"C\ I Ill=. \:,./l,111tt'\i1 w1,1 I C1lifornia. l"S.·\ 1 
l "C.\ IOlJ =. \:.1/!.1111c1i<-.u1<11 Br.11il J 

l"C..\ I Oh=. \: .. Ila fifi, 11/1 •i,/c, I Bratil 1 
t"ertili7.ation tre-.itment 
Conm1I 
p 

\\ ith11ut k11ili1ali1111 
hfl l..g P20:'i11ia ;1, trip!.: 'u1-..:rpho,!1hat.: 

P+K hO l..g P20:i/ha ;md XO 1..g K20~1a. ;1, tripk 
'up.:rph11,ph;1l.: anJ po1;1"i11m ,u(fo!.: . 

P+K+\lg : 60 l..g P20:'i/ha a' trip!.: 'up.:rph11,pha1.:. XO ~g 
1\.20/ha and 40 I..!! '.\h::O/h;1 a' rn;1!!n.:"iurn-
p.11a"ium duuhl.: :.111f;~l1'. -

21 :\itn>i;.:n uptal...: and r.:..:11\.-n fr11m 01111ll;1 ;md ur.:a in 
\\.:!land ri .. ·c· h\ i,nturx· 1.:dmi•111.:'. Tb.: d.:,..:rih.:d 'tud~ j, h• 

imi:,1iga1.: th.: a\;1ilan1lrt~ 11f a111lb-:\ h• ri.:i: planh ''h.:n 
inc-.1rpor;1t1•d h.:ti •rl' "'''in);! 1 •r \\ h.:n gn 1\\ 'imuh;m.:11u,1~ '' ith 
ri.:.:. Th.:'" ail;1nili1~ uf ;11111!;1-'.\ ''ill hc·.:11mp;tr.:d "• th;1111f ur.:;1. 
th.::\ ti:rtilitl'r u'.:d in Chikan ri.:.: li.:llk 

.-\ tidd ;11111 grl'.:nho11": .:\p.:rimo:nl \1.:r.: ..:11ndu..:1.:d 1"mg a 
rand11miA·d «ompkt.: hh ... ·I.. d.:,ign. In th.: tidd "'1-..:rimo:nt th.: 
lr.:alml'nh \I ilh 4 r.:pli.:ali1111' \\.:ri:: 

I. l'11ntn>I Withnut \ 
II. nm XO I..!!'.'\; 11 ·ro:a1/h;1 
111. t »m+.\411 411 I..~ :\ 1 l · r.:;11/h;1 + -Ill I..!! '."' 1 a1<1ll;11/ 

I\". l "411+.\, 
ha i1ic·urporakd • 
-Ill~~:\ 11 ·r,·a1/ha + .\111lla :!nm in!! 
'in11~llan.:uu'h \\ llh ril'.: · • 

\". t ·-111 -IO K~ :\ 1 l ·r.::11/h;i 
l'l.11 ,iA· \\;1• 111112. l'11r I :':\.,udi.:'. 1111.: 11.x,11.xm mia1•pli11 

11 a' i1i.1alkd nl'.1rli~ .:;:d1 main pl Pt. La.:h mi..:rt1pl111 \I ;1' 
'urr11und.:d 11\ 11.::!m hi:!h honkr 111ad1· 11f \\1111d. in,1·n,·d !11 a 
1k·p1h uf f Uni inh• lh.: ,;,ii..\ 1111-kr1il11l'r ..:01l!rPl lr1·atm1·111 \\ '" 
al'" mdud..:d a' 1111.:r11pl111. 

The l!fl:.:nh111"1' <'\p1Ti!ll..:nf h:id lhl' 'am,· li"<'alllll'llh and 
\11·n· u-.-.I p11t 11 ifh X ~;!'"ii\\ ith -I r.:phl"al.:' and till' tr.:atn1.:nh 
\\1..'I\.' ,,, folio\\': 

I. C11111r11l 
II. 1 ·x11 
Ill. l "411~.\-ltl 

\". t·.m 
I 1("r,-.1l;ihl'lkd\1ilh 
Y1l'ld.dn 111. :\'.;ind 

J'h • .'l'. 

With11111 \ 
XII~;! \ 1l·1-.·a lahl"lkd 1/po1 
-Ill~::\ 1 l 'r1·;i lahdkd 1/pt1I+ 225 mµ 
:\ 1;i111lla1/p11I 
22'i Ill\!:\ il · rt•;il;al"l\·lkd 1/p11t + \111ll;i 

f"I 1\\ Ill'.! 'llllllll,llll"I lll'" \\ ilh rlt"\" 
~5 111~ :\ 1 l 'rt·;i l.1lwll:-.i 1/p11t 
', ;t.t• :\ 

', ,lfPlll t"\l"\'" \\ill ht• 1llt',hlll1"1l 11l 



£0~ 

·zs1i1 ·0;:~·110~ .•JH 
'P.'llllS l'llll-'l.'"1 .. \Jlll.'11.11' UIJIMll I" lll.'JU.1111 l·'·I 'llJdl'.J;;°11JJl'I' \.1.) 

t;.lt J 'SL Z i.Z ·~ J ·r.;1111s 1•1111.'l·'S 
llllllllJll'·'J \ s I 11• lllJll'lll ~:1,1 .I" ,\JllPll.11' Jl'l":.I.' lhl '·'IJ'lllS 

:\IUl!Jl!.l!Jllllcl 

,,i,1111.111.11' t'Mt'J:"-'.ll·ll/ J'IW \.M\ (_·II/;: 
,1: p.1wu-'1'·'1' p111· .1w1p.,111.1.i1111 .11.1.11" 'II'' ll1J1l'111 1• 1 •111.11 •1 11.iu 'r 
p.1.1.1pi-i111.1,)j,, \\ lJ.11lJ II p.1 \.J,1''1' I ·'.I·'\\ ,1Jll!.1JIJI' .'IJ·'I" 'JJl'.t1 I'·'"\ I 
11.1u "''''Ill ZJl\:·.ILJ.J.tl\!J-.:.I\ JZ!J·.l·'SIZ\ Jllll! Ill .l·'S·J;:\· 
'lll"llllll .1q1 .1" 'I' \Jl'll1! ·'.1111-'llJI' \1•.1-\ Jlh• llJ ·111.1111.1d .'IJ,1l'"JJI' 
[JI' _II I 'tlJ.'lll.1J·' Jl'.'l"PJ.' ,11JI Jll \1Jl!lll '\PJd'IJ' 'J.'lllP\,'lJ lllJll'lll 
·'IJI WlJI J1·1JP,1 \,\J 'I' \Jl'lll' .'Jd11.1" 1.11.1."XJ, Jilli' 'I' \p:1w Jl!.1111-'ll.ll' 
\1•.1-\ llltUI -'111p111,1 111.1.'.\I .111111s ''fiii'Tiilil .i(f!il', Ill p.i\J,1''1" 

:'1i'Jj\.\ll1J.'llll ~IJ:'l"lfji'lllJ11'lll Ill ':>iJ\1 Jl'Jlll.111.11' \\.1\ It 
·p.1i.i1d11111.1 11.1,XI •"JI~ ,1 \l!lj IJJ,11JI Jiii 'I' \Jl!lll! 

\l!J-\ \JPlllllllj.'Jd ,11JI Jilli' p.VllJl!I' \J.1 ll·'·'lJ ·' \l!l( ·d,\· -~;:!J 
Jilli!,\· 1-1·u 'l!J\'· J Z\-' -'111pnJ.1lJJ 'lll.'lJI I" .i.1.1111 .11'1 •'S. ,,,IJ,1Jtld 
lllJll'<ll .111.1,1:.1.1.1111 ·'LJl •'I ·'WJ.'.I ('Jilli.' IU.'lll;;.1, Jl!llllllJ,11-\: llWl(.1 

·u 11. '·'111'1'·'.I WlJI '\\1111' .i.11•.J·'Y 1Jt1d.1.11111 ·''111!.1.Xt -'ull'·'J,11JJI 
:>1111h •t 'lllJ_ · '.tll J m1141• .I" \.'11.1111d q:iuJ 1: •"Jr '\1'1d-1p 
J'll1! p.1.1rJ.,.1.J 'I'.\\ lllJll'lll ,i\JWll .111 ll'\··tll Jiii ,\·J .111p1,.1J .I" 
u111111111-y11• I'. llll'J_I ·'\Ill' u•.1p 1! -,,1p1'·'H . '-'ll·'lt1d lJ:lllJ ,I• ,1,1'•: 
Jl!.1111-'ll.ll' ·'IJI ;;UIJ'lll'l'.l·'Jlllll Jlll Jll l,1'11 \.1.1 \ .1.11: ll'lJI \J·' \ ll-'·xJ'.1.1 
'·'Ill \11-'I! \\t >J j'lJl'l(;-:llJ Jl'.11'111111"·""1t.l LJ.'llJ \\ ,J.'UiJl'd .1J41!Jl'<hll1 '·' 

"''IJ'llll"-l·'''·.1.101.i.1.'tJ.L't •,J'o1d'\'-~ZHl'll1:1•,11<1J1.1\1-~ZH 
'I! IJ:l \\ ,,! '( \11111 I' Is .1" \.111.'l"d lJll \\I JI l 111! )- J Z\. Jilli! 1 lllJl1'lll 
.1" 1 .ot1 .1" \.111.1111t.J LJll" 1 111 •!J\"- J ;:v :iu1pnJ.'111 ·p.1.11'.d.1.1d 
U:'l."llj ,1\J'lJ ll>llll't1d ·'11Jll'·'J ,1llll!' ·'IJI II! l11lll1'llllll ·'lJl lllll.1.1 
\J:> \11.1.xJ,.1_1 \.iu.111 id \\t •J-lJ<lllJ lJll \\ ,_1,iu1.11~d 11 \\I ''!Jl!lllll·'(I I" 

:lllllll'lll 0.\0\ l(ll \\ ll<lllJ!J•lljl!Jlll.' LI( 'UIJl1'lll lll:ll1ill tJ:ilt11 t 
·d'\ pm! .1.is · \J! > \4 ,1101111111-<111' tJ:ino.1111 u'\'· J ;:\· .1•• d1111.1:l 

;:11v< >. >- .11yn-1111 \Jp!.,1111.i1p .i1J1.10 u11111•um111.' ·'!JI \y p.i.1w.1 
l'llf ,1JI! 'llJl'llllll ,1lJl Jll \IJJl'Jl!I' p:.11111.11J.1 ,1LJl .111 •llJ.1UJ.1.1tl1!lJll·' 

·'l(l :'1! p.VIJ1!Llllll11' •XI 111•.1 \l'Jl<jl!I' IJ:ll!J :>LJI tll l11lllJ!J.'.I 
Ill IUl'.111111 ·'·'JlJI ·"·'IJI llllUI U1•1ll!ll1Jt1llll J1!JllP1UI' llll'lll ·'l(l 
.,Ut•llll(•":-J , .. s·1 II! IJI'. P·'llllll.l-',.11' U:l.XI ,1\l!lJ 'IU 1zvd-v J'lll! 
m i.-v.1.is ·m i.-v 'J!J :impnpu1 • \11114 r1, q:l111 q11 ,, 'lll•'.111111 
UIJll'Ul ·'·'Jl(l.lll'·'Jlll.11u1' Jl!I' \J.' \1!.l-X 'lllJ11'U: ·'J<.11!1' LJ;';JH I Z 

·1111111'.Jt!d:>Jd \\.iu Jiii l(.1.11:.i. J.'LJIJHI ·'LJI Lil J'·"ll ·XI 1'Jl1t1.1 

l(.1!4 \\ Jl!dL'll!Jd 1! .ip1 \ti.Id \1".ll 'J.1lJ J'·' \J.1'40 '1(11'·'.I ·'l(l '1-':l.l_I.' 
p.i;iuo(tlJd:>LJl_ltl ,1,1!\j JI! •l•.•IUI' llWUl .1L(l·Xl•'l llJ:illt"llll' ,1.1.i,1p 
111d.ip_ 1! \4 p.i.inpu.1d .-.i l'Jll"L(' 111111.11!.1111.1J .1" \u.xlo.1d :-111 

pm~ \poy .'I.JI• •IUJ P·'l.1·'! · l '1'\\ 1111.itJ \\ u ""i' ""J' J.'llll!\,il( JHff I 
('Ul! IHH\" .I" ;llJ!J ll".111'1.'lt"'IP ·'IJI ·'Ylll J'JlllllJ' .111-u.i1.ir.11!LJ-' 
J'!JllPIUI' 'llJl .,J,1llW\.1lj ·'lJI _Ill ·'-"!J.111' .1q1 1111 p:>.11:.-...Jdt! 
'·'J11.1:>Jt1lll J1111ljt(:i!.111 ·'41 11.i;t\\l·XI •J'll<llj .1111111 .i:>JIJI \'(.1J.'lll 
p111:.1.iu11p1! 111z.1111.1:-1111u1••1 Zfi·111!>l'm: J :>J11.1.1J111u111 J fff·' \-1 
.Ill J fB-:iJt! 11.';"l\\l;\\j l"'lllJ".l Jll'J lllll Jl!lllll)IJ'J'I! 111! .I'' p.1"1t.lll111.1 
'I :>JllJ1!.'_l p:Jlll.11UI' :iu!'!IJI' ·'4.L ··'(ll.1,1Jlllll .'\IJl!ll ·'l(I lll ll!lJI 
ll1!l(l ·'J<.11!1' ;\JI >Ill 'I '·'11('1'.1.I (1'llllllJ.11·.) llll!l(-'·ff _I< I lllllll!UIJ1 •_1111 >.' 

·'Ll.l 'IHffl _111 11!41111 '·'Jlllt!,,I Jt'llllll' u \\t1\(' JHUV .l" .i.1111-11u1' 
p.i11~1.1.1 .141 · \p,11.1.x(,,i.1 Utllllll•"·'J \-' J 'Z p11r \" z 11• p.i11mu.ipp 

u.i.iy :t\1!4 ·IJHH'I' 111(11'lll lll!llllllJ·tfH'\·1 ('Lii! ttllB\"I 
Ul(JNI! 111!lll11lJ-I fB:iJV :impnJ-'lll ·111111'!11 :i111p1!-p:>:iuo111.1d 
11\\I _111 ':>JllJ.1JIJI' \t!J·X 'll!(ll'll! !'iu!J-1r-p.i;;1111(<1Jd 1 I 

:;im \\l llJ< l_I ·'LJI '1! 

p.V!J1'lllllll1' ·XI 111!.'"·'J:ioJd '!J• • \\ llll!JU ,11Jl :'-'S.lJifoJJ '!f.10\\ 
'llljll'Ul _.,, ,,11u;xl1ud ,11J,'l'"IJ'! \\.'II ·'Ill \111!!_1;xl'·' 'UIJ11'lll _ill 

dll('lllllll!J·'J lit 111.'llll_l·:lJlll.'IUI' ·'LJl< •IUJ ILJ:lMll \\.'II :iUJUll!!) If 
·;l11u;>.'!1t:i11:> UIJ1l'll! .1.1111.111_1 ••I II• 1111!UU1 •_1m pU1! t!,ip1 \\,111 :imp1 \•I.Id 
pm: ,m,:111111 _111,:>11.1.id• uJ p.i.1:-:-u1:lu.i.1.,41•• pm: LI• '!I:>•: p.i:lu1 •J11Jd 
.141 _Ill LLMllrl(.1.'lll J1!.Jnl-'1UI' ·'l(I ;-:Ulll!pl.111p 'lll(l1':ll :l\111'11 
,141 _111 11'41 j'lll! 'llll!llllll lllJll'UI _Ill '·'Jlll.11UI' (l!llt11'11,1llllj'-.i.1.141 
p:>11mu.ipp ;>L(I lt;l.1\\J.iy ':111,u1:Jm11.1 ·'L!I .I" '!'"4 uo 1 z 

.... ,1u.xl11.1d .1 \l).11!.Jlll! Ull!U-':'I P."'·"""' ('Ul! ~t,:>LJIU \--nu ..... 
Jo ;-:uu.i.1111;-:u.' m:>11ud \t.j p.iJrd.i.1d .iJ1'. l(.11l(\\ '·'\llt!\JJ.'P pm! 

'llll!Jl1U1 lt1Jl1'lll L-~.l•":t.1111-'tUI' p:1' \J.1 \1!.l-X :lmuuuJ.'l·"l(J 1 l 
:S;J,!t.»fqo 

·1.i.11\ud LJ.1Jl'.1',1J 

·'L(I .I" 'l''"I p11111" ·'LJI .1p1 \ti.Id 11-111( \\ ,,1 \1)1! \IJ;\(' Plll' 'lll1!1111l1 
11!111-m .l•' -11·1-u.1 1•• '·'LI·" 1: p.11111·140 ,,\, \pu.1:\1.1 pur .111111 
:luoJ •' .111111' .101.1.mp1u1' \1!.l-\ 1111 :iUl'tJ•'" u.i.XI .1 \l!IJ :imf1.1ff Lil 

u1 •11!.l• "l"J Jtl() ·.11!.1 •" p.iu11t.l.1.1,r" ,,11u.'ltl1 ud .i..1111.1• •1tNL11!11-i.1m 

1rJl1PIUI' ·'•ll •''I" 'J1!J.1.I \11111 '·'IJ'lll' \\.'J ":>J.'LJLI·' \.1~ .,_,u. •ll!Jl llj1!( 
.ituo• lll '1'·'4111 \, Jl!.11111.'4-"11'( pm: :luu.i.im:i11.1111.111 ud .l•' -m:.1m 
\y P.'Jrd:-.1d .i.1_,,, • \u.1m.i:i111111mm11 '"'I Jo· \.111.11• id .111 \11J1<.p:1' 
IJ;-:14 'll".11.'1: p.i;l11••J1>.1d "·""lll LJ-'ll( \\ .,,,\111'\IJ.1(' ll1Jll'lll \\-'II 

awwru6oJd 1.pJeasatj aA!leJoqeno8 

,lllh" '.II'.'\ 111·'·'·'.1 llJ 'Jl'll;-: .'111111.'I.'' ·''·'lJI Ill jl!.1111.'·' 'I .1111 \PlJ·''J 
.ll'JIL'·'J• llll "·'ll lJ.'11' 111 Jll,llll'IJ.'·'lll Jl'.llll.'11.ll' ·'lJI :il11Jllll'l'.l·'J'll. I 
'·'l·'lJ"IJ' j11 lll.'11111'.'.ll .'lJI .lllJ I '.'I·' \11.i111,,:i111111llllllll 

111 IJ \.'ll·'l"d p111• \11pq1't' q:i1q ·11111).'I' p.,;i1111:11.1d ·;Li I '·'Jl.l.id11.1d 
·'\IJ.W.l:Jl' llll'IJ,1.' ljll\\ 'lll·';il' .'lll1.id1•J,1ljl \\.'II ,lllh" ·'.l••Jd\,, Ill 

'1'1111.'I·'' .II 'I ·';ill.'JJ''IJ.' I' 'I II . .'Jl •.1·'.l.'lJ.l. 'l.llllJ' \.1., \ 'I l'llllJ.) ·'" 
Pll"lll .'lJl 111 lllJ11'lll l11 \J,id11' ·'IJI Jilli' ,,,;-:1•1111• \lll''IJ' 1111'.'l,1111'11' 
·'llh" ,1\J'IJ lhllll'.Wd.'.ld lllJl1'111 lll·''·'Jd ·'lJl lllfl '-'\1111111'1.jll' 
·111111 J'IW 'llllJ'll."ll·'.11 'I lllJll'lll .1" 111.1111.'.llllh,,.J 11'.11Jl.'lll ,11Jl 
''·'JJllllll 1.' 1.'lJlll Ill 1"Jl' J'lll' l'llllJ.) UJ ·'·'1111,,dl'.'.'IJl ·' \IJl!J•'.l ·'IJI Jiii 
Jl'.'111.1.' \p \'I \q.'.J.'IJl ''lll'IJ"lll '·'J.'<jl'IJ' .1•' \dl!J.'IJI ·'IJI J1 ') :ilUJ' 
.'l_IL'·'"' I' 'I lllJl1'lll -'IJl.'•lp.i111 Jl!.'llllJ.' ·'IJI llJ ''J·' '·'J Jl'.'l:lllJlll'\lJJ 
W II d.i.1"111J J'<l<IJ•J lll lll.1JlJll.' ·''"·'llJ:i ·'IJI 'Jll.111111.'· .;Jllll!lll IJ.'llJ\\ 
,,111111u11q u1.,111.1d u "' '11'1 II·'" 1! ,1 111J11'11J :1mn11J2l'1.ll!ff 

·111.,111.1d -'l.l·'l'"ill' Ill' 'I! lllJl1'111 .I" '·'.lllW·'.1 \\,111 ·'IJI \IJl'.J.1,x(,,1 
'lllJll'lll .1" dll('lll>IWJ·'J 111111.111111-.'JllJ.'ll.ll' .1lJI 111111 llJ:il,111 
\\,i111m•;i 111.1.11wq.' ,11Jl ·' ·.i;i 11,JI'. JJI \\ lllllll!:ill'·' \lJl ,lllJ. ''·''·Xll'IJ' 

111 l'·'ll'J·'.I .i.111.w.1d J"·'IJ'.'111 ·'IJI 11,l-'ll·'Y \1•u1 IJ·'llj\\ :1111.1.i:-111:111.i 
lllJl1'111 ·'IJI 111 lhlJJl'.lll.l".1111 J'lil'. ''.,1J'I 11.111 ·'J'l\llJJ IJI\\ 'IJl1'•'l 

·'IJJ ·p.iw:ill'·' \Ill ·XI JJI '' '·"Ill'. \u.ip 111p1'!11 111.,111d .111 ·'J<Jl!I' 
\J11:i111 p1w :i111J.'l'-p.i:i11111n.1d ,1\ll-'·'.1.1-' .'ltll!l ·'lJI .1111 :iUIJ!-'(ltllll 

Jl'(IL'·'Jlllll Jilli! 11:11'·'1' .11'.(ll.'·'Jlllll Jl!lllllWJ ·'l(l '.'.llllllJ,1lJIJ11-( 

'·'WJ'l.'llJ·' ·XI Ill II '·'.lllW·'.! \\,'II ·"·'l(I .I" lll'llWIJ.'·'lll ,1Jlll.'li.ll' 
·'Ill ·:-,,i1p 111 'i'l!<J 110 · \JIJ14"l' Jl\'1111.'IJ·' \111:i11J .111 \.iu:-111J 
IJ:ill( 'llt1Jl.'I' ("-'l:ill(• lh.(-J'·';itloj1IJ\l111 p.111'.J·'J '·'llJ.'Xlt 1.1J ·'i<Jl'Jl'·'J' 
·'llll" 1'·'"·1'"id pm! ,1,:>1p11\,1lll.'' \,J \p.11!d pm! :imp.1111:111.i 
111,1111.1d \'( ('-·'JJ!d:>Jd lll1'.l11lll lllJ11'lll .I" ,,11.1,1, 1' .1" '·'Jlll.'JUl• 
J1!ll1 >M1.i1111p-.1,1Jl(I ·'l(l ,11JJill.l,1J.'!' <II ''I' \11'111! Jl'..1111-'11.ll• Ji'.I' \J.1 
\l'J-\ :1111'11 \4 .,, 1.1:>11 •Jd lJ.1Jl';,,_,J Jill• .I" '1'1!1 1111'.lll :ll(l 

-,,,11.1.xl• uJ 

11.111 JllW ,1.1111-'ll.ll' 11.i.i \\l·XI dll('lllllll!J•'J ·'l(I \J.'1111!11 .,J; II \l!IJ·XI 
Jl'J11-':l(t1lll \\,111 LJ.111' .111 lll'llll'lJ-'·'lll J1!Jlll.'1UI• :>!JI J'lll'l•PJ'llll Ill 
Jl'.Jlll·'·' 'l 11 'Jl!ll:i .11_11111:>1.1, ·'':ll(I J< ':I . :>•II p!.11UIJ.' ,11Jl -'111 \llJJtlll 
.1011 ·.11.i \11.'Jll.'-'•1111111111111 '"'J • \.1u.111id.1.iJ11, p11r \11J141'.I' lJ:iHJ 
·111111.11: p.i:l11t1Jll.ld ·;i· ;\I '·'•1J.xlt1Jd ·' \ll.11'JIJI! Ull'IJ~.1 l!JI \\ 'lll·';l1: 
.11111.iJ1!J.1lJI \\;\ll ,1lllt1' ·'.I• >Jd\.1 111 ILW.1~1lll;l1, 'I 11 \J,111 •1 \<j() 

'l.ltllJ' \J;t\ '11'.UllJ.) _It> P'!Jl!lll ·'lJI Ill lllJ11'111 _111 \Jddn' .:>tjl plll! 
':l:i1!1l11! \pt:,1p 1111!.'~llll:lJ- .11111" pt'lJ 'J.' \,1 \\t •lJ '·' \1'.lJ 'lit •lll'Jl!d.i.1J 
UIJ11'lll llJ.1,;>Jd ·'lJl .,_11111;xh:.1:>41.i\Jl1!(.'J .11JI Jlll J1!.1JJIJ.1 \J.1\ 'I 
.i.11 •p.1.11JI ''·'l;'lt.Jl!lp_lt I Jll:llllll!.'JI ·'l(I Jt >.I IU.i;i1! .11111:>Jt!J.'l(I p.ip.if111 

Lil! '1! 1"'-11 'I UIJll'lll ·.1111.i1p:>ll! J1!.11l1JJ.' ,11JI UJ :pl'.JJ~\' 

,1, \p:ur Jl!J111-'11JI' 
\1!J-\. \.iu;>Jtid \JtJ:lllJ .Ullll.'1' p.i:itll>JllJJ 'UIJIMll '\p.10\\ \;J".lf 

~-u-uri.\11.) clH.) .,,, ·' 111.•.f.l/.W U:J!J. >I 
.\'tfl ff>··•.\ /.I/I.I/II•'.) ( J(//.\. / 

'LfsL;:-;:-J-t.Js+ :w:1 -i,;:~h;:~ ·1,:- u.m;:11;:-1-9s• :v1 
'\-'\:tH.) :10 .)rtH.ld:nt S.Tl<IO:ld 'JO!OOI :i111ft.iff 
·1.iu1'JC) :11•1: \1 ll!l(.) ·p1~ 'M llllll!(I ~I • .,_1u11s 1:uu.1p1:.i\ · .,_11, \ttd• llff 

_Ill ·'lllJJl'LIJ ·;lm:_\\ :ill:tl(.)-1'(1 :JOJ1?2l!JY.\UI tr.dpU!JJ 

\:rUS\:I \:\'l\:.lH 
.L\::uo,1 _\.IH!HH <I'\\' !)'\l.L.)\'·(l:i!)\:fflOlld 
.iO l\Sl'\\'l!.HI\ ·anu.L.l.UUS \:0 s:-11<1.l.LS 

VNIH8 
·o.11\.il '\ '111(1.'·'lll• 'I'\ ·1:1:int11_11!p:J .1p llJILP_) 

·" ~'mp1!.l:l1" 'd :•p111:l.'J". l ·11.1.1111111()• •JJ;lt.J• ''H ·,.1., '·'11.11:1.i;';.1ur 
··'IHD ·n,1::lr.111mv ·111.1.'1':>cl J·1P 0111111,111 ·1!1,r:ic_111111v :-p 

1irp1,J.1\1Ul ·.1.iU1IJ1(!) l!'1U:l ·'1!PJJllll.) ·'ll·'M ·,,,J.i."11:_) o;nq 
··'llLD ·m:1111n T111111111u:iv :-p p1!1Jn.11!:I ·un1.id:-.111t•.) 

.1p 1:p1'J·'''11.1 ·p,p1_\ Ill!\( ·u:-:lmq 'nq :2lup1Jo"J;J\ 
··'ll'J JI' \tlllJ,1J ·'l(I ;\JIN!,1UJ Ill l'•'(lhll1'' ;'lt.j Ill\\ 

IU.'llll.P ptm ·'11!J \"'LI lll:>PJJll' 1r p.xlumd ·XI ((I\\ .l.'11! \\ "l'r \\ 
-,lJlllllltl l\.iu ·'41 t:l 11111.1 •"I II'\\' \1!.ll \11.,1:J.,_1 .111frm 411 \\ ptn! 

.:.111'" ;-:Lil"' 'LI \J,n11um111.1 lll 1!1J1 Vr :iuu111J11.1 Jt 'l -111rJrd<l\-' 

·T .1 ·p111:p:.'z \\;\~ ·1'·"t'u " Zt.J 1 vJ. l 
1!11u1•_1111!.) ·vs.1 ·1•1111 •11.1111" 011 v.l.l 

h :J\"cf\:.) 'JUl!Jij '/'Ill' l/\,>/11 \. hOJ \-'.)_l 

·4 :IV.I~.) ·1111!JH ·'-'/'.1"1"'1/ 11 \. 'IOI \-'.).l 
·'(Ill.) ·m•tn(.) ·'·'/'.'''/" •1111 \' LI \'.1. l 

:l""n ;-:m.'llj ·'JI' ,.-...1\111.i.i ;-:urn••tl•'l ·'Lil ·.1.111!\\ ·'l'I'\\ 1rd1.1111111u 
p.iw.1.11u _ 11111pm:,pu11t.J 111 •111!11J141'1' u11 •.1.1 J.111'" ·'1'1: '' pxh.111111L11 
p.i11:.iJ_L 111 ·1 • ,Ot plli!J:ll!11U 11• •1111!•" I J• Ulll"..) t 1 .,.:>:>1111" J.'I" \\ 

~- :iuN1 .i.11: ·'" pm: 1111111'-'lll .I" 11 1 :i:111111!111<1.i 1 zm.' '" 1z 1 '\rJ1 
l(ll \\ :lm'j.'X' \\ ·'.11' ·'.\\ '1"'111'1!.'lll U.i.X( '' J .1(111.) I \1;.11:1-r:ir.,111111\ 
llll Uj :lunnn.1 .1;li: ''·" lll l(I \\llJ~ l'JltV1: ·'LJI lll.'llllJ.'llh.i '11111 \;>Jd 
.1111 ,,. ')lJ.11Ul1!,1JJ .1~1!\\,1' Lil llll'llllltrllh'-"'!' ,, ,,: "II"'",~-
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S."in.· ,-h~mur~p,inug.:n .·\ .\-rJ~ ,-~,!al ,,ru,·tun: ;ma(~,j, 
anJ r.:hn.:n1<:111 ,,fan.:" .:rhl;tl l<•nn ;ti I.!'.-\ r.:,oluti••n. J. 
'.\11•1. Bit•I. IS:': :''15-t>24. 1<1s5. 

c~ . ..ial ,[ru.:tur..- J..-1.:nni1Mti1•n 1•f J.·,ix"111;1-ix·p1iJ..-1 R2-B.~OI 
in,ulin JI 2 .-\ n:"•lutit•n. S.:i.:n,-..- ;n China. B.~2: 155-
1 fl:'. I 'IS'>. 

Cri. 'tal '1ru,·iur.: J..-1..-nni11;11i1•nuf 4 Zin..: t>..n in..- in,ulin at I .'I.\ 
0 

r•·,ohnit•n. S..:i..-n,·..- in China. B.~2: l.~OS-1.> 1-. I lJlJO. 
c~,lal 'lru.:tur..- ana(~,j, .... .-\2(.\,p-hmtt;tn in,ulin mutanl ;11 

~A . .\ r..-,olt11i1•11 . .-\..:ta Bioph~ ,j,·a Sini.:a. •): 211-25. 
StuJi..-, ••II .:ri. '!al '1ru.:1ur..- ,,f .-\21 GI\ -humJn in,ulin mu1a111 al 

2.fl .-\ rN•iu1i1•n . .-\.:tat>i•..:h..-m. Bi;•ph~ '· Sini.:a. 25: 22.•-229. 
Pruh•ng.-J-a.:ang in,ulin: mok.:ular J • ._ign anJ targ.:'I -ampl.:' 

pr.:parJtion .. \.:ta Bi••rh~'i.:a Sini,·;1. S: Nll-t>OlJ. 
S1ru.:1urJI lxt'i' ••f prntrJ,·tion: :\-rJ~ 'tru..:tur.: ;ma(~,j, uf 

B~ I . .\r:!-human in,ulin al 2 . .\ ••"'•lu1i1>11. S..:·i.:n.:.:' 111 Chin;t. 
2J: 2flJ.~7 I. 

. .\ n..-" ,,ru .. wr.11 I~('<." uf tin._· in,ulin ot>-.•ri. .-J in a mutant , •f 
1..\21. s ... rl-human 111,ulir •. P.:p1iJ.:-Biol1•g~ anJ Ch ... mi,1~. 
PP. 241-2~. ESCO'.\I. 14<,_>. 

'.\d\\orkin~: China ~;11iun;1l C.:111.:'r 1-.•r Bit•k-.:hnulug~ 
O...\dopm.:111. Lal>-.•r;1h~ uf Pn•ll·in Engin.:-.:ring. (r.,1iru1.: uf 
Biop:1~ ,j,,_ C.\S. 

Lu[;,\ 
TR.\'.\SH>RU.\ TIO'.\ Ot" SWEET POT..\ TO tlPO.\IOf:.-t 
B.-tT.-lT.-t /_J H>R l'.\CRE..\Sl'.\G ITS '.\l"TRITI0'.\.-\1. 
\"..\U •t: ..\S HDI.-\'.\ nxm ..\'.\D ..\'.\1\1..\I. n:t:o 

Principal lnustij:illor: Ciuilknn• •Sdman-H1>th'l."in. C.::n.:r 
for G ... n.1i.: En:!in.-...rin:! anJ Bio1.-..·hn1•l••:!\ . . -\\.:. -~kl l1JO \ 
15S. Ha\;111;1.C"l°B.\. T~I.: +5:;-~-21S4'1h.ra\: +5.~-7-21Sll71i. 
Td.:'\: 5123311 l:"CiE:"Cl" 

l ".\"//)(I ( ",•11rr111 I \·,,_'I/ 115!1 

/C"Cil:B R,.,,.,.,.,,. ,. \,,_ C"RP C ·1 B1J11.11~ 
Ke~\\onl.,: '".:.:1 P"lah•. 'f">r;unin. pl;1111 1ran,fonn;11iun. 

amin•• ;i.:iJ ,:.1m.:111 
:\hstrad: In I 11'1.~. th.:' \Wrl. ;1im.:J at , •h1;1inin:! :!.:n.:1i.:;11l\ 

tr;m,funn..-J \;1rian1' of ,\\.:..-1 f">l;1h• 'f"•r;unin. \\;~, :-ominu..-j_ 
S\ mh.:ti.: I>~.\ fr;1:!m.:n1 in....-niun I\ a' u...:J h 1.:nri.:h th.:'\\,.._., 
p;11;t10 nu1ri1i••n;1l \ ~1lu.:. '.\lur.:u\ .:r. ullt;1ining ;11 k;1,1 nn.: .:ultur.: 
lr;1n,f.1r111;1li1mm.:1l1.iJh;1,;t.:<(llir.:d;:r.:a1im(""•n;m.:.:h•f;1<.·ili1;11.: 
1h.: ;1.:.:umpli,hm.:111.,f1h..- lin;1l )!""I. In 1h.: ....-.:on.I ~.:;tr .,f :hi' 
pru_j,·,·1111L· r .. ·,uli- ulltai11L·d \\.:r,· -.;11i,fo.:h •r~ ;111.1 in a.:.:or1L111.:.: 
\\ilh 1h.: n('l."t:lal1<•11' lin.:.I in 1hi' ~.:;1r' 1•llj.:.:li\.:'. 

R.:(""•n.:r g.·n..-, \\ .:r..-111iliJ'.:d h •-.:t up1r.111,f1 •n11;1li• •n 111.:1h1 ~J,_ 
\\ ilh 1h.: 11....- .,f \ 1111111·(,11 i.-i1 •.fort\\' h\\<".:l (""•l;1h • ._·unmwr,·i;1l 
\;tri.:1i..-,. "'-"'id.:,.\\ uh 1h.: ..-mph•~ 111.:111 ol pr.:\ i••11'I~ oh1;1in.:'d 
dun,·, ··0111aininl! 1h.: ,\ 111h.:1i.: [)~..\ fr;i:!m..-111 . ..-11,-.iJin:: for 
limi1ing amin• • ;1:id, in ,f..•r;1111in .• lilfrr.:111 ~(, •nin;: ,,r.,1..-;:1~' ti •r 
,11.:h fr;1gm,·m in .Iitfrr..-111 '("•r.1111in ;:.:n.: ,ii.·,_ \\.:r.: ,1.:,1:;11.:d 
and ('l."rfurm.:.1. Th,• ,., •n,1rn,·11"11' oll1;1111..-,1 \\ ..-r..- ,,.,,._.,1 ll~ 

111 .. i....:ular m..-lh• ... i-. 
Bacli.Kround: Spor;1111in ;, th.: ma1ur ''""ag.: pr1 •t.:in in 

1110...r111h n '"" \\ i1h fll I-Sil', of lnl;al '"lullk pr .. 1.:111. \I h1.:h ha' 
;111 ;ipp;ir.:111111<•k..:11l;1r \\..-1,:ht ol 25.UMl,(.1lto11' 1I1. S(""•ramm,· 
i, .:on,id.:r.:.I a l.111.I of ''"rag.: pr••l.:in. an.I during th..- ,pro111i11;: 
of 111..-11,•\I _;!•·111:ra1iun 111, 'l'<···1fi,·.11l~ d.:_;!r•11k.I • I . .: 1. llut ii 111.1~ 
h;1\ ._. pro1<•;1'.: 111h1ilih •r ;1,·t1\ ii~ . .:1 >11,i,knn;: .11,, • 1h.: homolo;:~ 
l>o.:I\\ .:..-n .1mino ;a,·1,I _._.,,11,·n..-,· uf 'I" •ra111111 ;111,I l\unill I~ p.: 
tr~ P'in inhihi1nr, 1.~Afl. 'i(""1r;1111in '' ,·n.:•llkd h~ a 111111;._;:,·n .. · 
f.1111il~ an,( ii j, f"'"1hk h••li'llll)!lll'h ill'' 'ullf.1111i(~ c"lllhrt,:' 1-.,r 
'f"•ramin .\ .111d B. Bolh l~('l.°' of prnl.:111' ar.: 111111111nnln;:i..:.1ll~ 
,,·r~ '11nil.1r 1.11. l""·k.:1ric· (""11111' for 'Jll•r.1111111 .\ ;1n<I H .ar.: ~.I 
• 111.I 5.~ r .. ·,r<···•i•,·I~ 1'1. Th,· \onh .. ·m lllo11.:,1.km••lhlr.11 .. ·, th•: 
11"11,· 'P<·,·1fi.: ... ,pr•·"' •11 ,,, 111 ... ,, :-:.:n,., 11.-1..-..-1111;: 'f"•r.1111111-
111R\.\ 1111111-..:r, b11111 .. 111101h,·r ur;:.111, 1:'1. ni.: 1111prn\<•nwn1 
uf 1h,· 'tor.1):!<" pru1.:11111u1riri.,n.1l \aht<" ".1111111(""•rt.11111.1r;:.:1111 
plant ;:.:11,·11,· ,·11;:111,· .. ·r111:-: 11•. 7.s 1. On.- 11111-.. •rr.1111 ·''l"·.:t 111 1h1' 
~ind, •f 11 • •r~ '' 1h,· ..-111 ,,,._., •f 111,,·rtu •11 ,11,· 1111lw ,1. •r·•):!.: pr••t.:111 
;:.·11.:. ll.·.:.111,,· .1 dr."11,· ..-h.111;:,· 111 1h,- '(x·.:1.11 '1ru.:111r.- ..:011(,( 
pru\ olw h m prui.·111 ~ i,·1.i, nr prot.:1111k;:r.1,l.1110111 •11 l>1lkr,·111 
1 ,·r,1n1h .. l th<" lll•~hri,·d 'l'"r.1111111" , . ._ .• 111.il~ t•·.l lrnm 1111.-knlhk 
,,.(u1'd.1r~ 'l"ljlll"ll.;.: ,(rl!dllf\"' .111.I c"n11lp.1f<'.i II lih till" 11.11:11.11 
pn•l.:111. llw Ill••'( 1111pnrr.111t \\'hlllll "' '~1nh.:11 .. rr.1;:111 .. ·11! 
ithl•rllnll \\ ·'' d,·fl'r111111,·.I. nw llt1~h11.-.111011- ,,, th.: ,, .... r.1111111 

104 

::.:n.:' .:on'i'1in1h.· J.:k1ion .. r S4 t> F.•li - '.\llul fr.1:!111<:111 !:>\ 
~ut>-1ituti••ll ,,f NI t> S.11l 1Sl Mu111.:d1 - ~ml frJ:!ll~lll t't\ ~I 
hlunk-J .'IM 1 flp '~ 111h.:ti.: frJglll.:'111 . ..-11 .. ·1.J...-J for .:,.:-.:mial ;11i1in<• 
a .. ·iJ,_ Tiil: '~ n1h..-1i,· fr.1gm ... m \\a' rr•1';tn."ll a.:.: .. rJing h• lh.: 
._.,tat>h,h,-J m.:'thoJol• •:!\ 1 Ill L 

Ohjecthes: h•r th~·-.-..-.•nJ ~.:ar. th.:' l\\ll 111;1in uhj.-.:li\•" 
rn•1 .... •-..-J 11..-r..-: 

I 1 Cu1Nru.:1ion .,r fL"l.jUir,-J pla,miJ, .:\pr,-...,ing 111< iJiti,-J 
't"•r.nnin inf., ,.fi. 

21 E,1at>li,hm.:111 1•f 1ra11'forma1i••ll m.:th,.Joh•:!\ I->\ 
.·\. 111111.-r;i, in1n. Ot>1ainm.:•11 of l.m ,,._i,lalll plani-. - · · 

Work Pn~~'i: F1•llo\\i1tg 1h..- 'lrJ1.:gi.:'' J.._ign·-J fn•m 
pr.:\ i1>thl~ ollt;1in,-Jd1'l1.:'.:~ ing high.:0111.:111 ._.,_..,.lllial amino 
a.:iJ, in 1h.: '~ mh..-1i.: fr.1;:111.:111. a' \\.:II a' 'J">r.imin ,1ru.:1urJI 
!!.:n.: .:;1rri.-r• ·lun.:,_ Jifli..-r.:m lrJn,t< •rm.:J \ arian1' ".:r.:' olltain<-J. 
Su.:h frJ;!lll.:'111 \\a' hllall~. '•r pani;11l~ in....-n.-J in 111<: ';triani-. in 
ditl..-r.:lll J"•,iti1>11' \\ hi.:h a' ""1m.:1urJI pr.-Ji.:tiun' \\un ·1 affo.:1 
111L· ma;n pn•l.:in ti:alllr~"- . .\II lhi' \\l>rl. \\a' ('l."rt1•m1<:,I \\ i1h 111.: 
u....-1•f l'L"lri.:li••n .:'n/~ m.:' anJ pr.:li\L-J d••ning ,ill". Th.: 1hr,-... 
\;iriani- ,-h .. -..:n \\.:r..- 1~,1..-J throu::h r.:,tri.:1i1•n anJ al"' 
.... "llu ... n, .. ....:_ Th..-ir ._.,l"'"'i"n iri t:. , • ·Ii. I 1ttll1;:h JiJ nut r.:-J\.·h hi;:h 
I.:\ .:h. \\a' pn •\ .:n t>~ m.:an' .. r \\-.._1..-m -hlol. u1ili1ing 'I"" >r;~min 
'('<.".:iii.: ami!>..iJj,.__ Th.:-Jifti:r.:n.:.: in ,j,._._ a' r.:;:ard' \\ i1h nati\.: 
'f">rJmin..-. '"Pf"•n.:J •lllr ._.,PL-.:talinn, in rda1i11n \\ i1h 11-..: 
lrJ11,f-.in11;11inn maJ.:. B••lh '<"l.ju.:n.:ing ;1nJ ._.,rr•"'ion r."uh' 
.:nnlinn.:J 1h..: .:fk-.:li\ .:n'-"' of 1h..- \ arianh u-.-J. 

.-\.:.:••rJing h• 1litr li"u.: r.:g.:n.:rJliun \\nrl., nn ,\\<'1.1 ("llah• 
\ari.:1i..-, ._.,j,1ing in our g.:nn••p(a,m •••lk-.:1ion. an.:\\ 111 .. 111<.J 
for lh.:' \ ari..-1~ J.:\\ d \\a' ...:1 up. 1i-in~ '.\IS l->;1-al m.:dium. an,1 
•••mt>ina1inn t>f 8 . .\P ;111J ~.\.\ h•inll•>ll<-"· h•r 1h..- \ari.:t\ 
CE'.\IS.-\ iS-.~54. \\ht.:h •>..:.:ur' ••\.:r 50', nf ,\\._.._., f"•la1;, 
.:uhi\al.:J lanJ, in Cut>a. ii I\;\' llL°l:L"'I~ In appl~ hom1nn.: 
.:nmoina1inn' ,11_.h ;1, 2AD ;mJ Z..-;uin. ll.-.:;m-.: i1 i· \ .:ri. 
r.-.:akilrJnl \ ari<1\ 1" 11ha:!ain..t •>r:!•llk ".!•'11<."i' anJ .:milli•".!.:llL"i~. 
In t>..11h \;iri,·1i,< 1h..- 1•piimum 11111 .. • ti•r .:1.pl;1111 .:....:uhi\ali1>n' 
\\ i1h . \. r11111<·f,11 i.-m \\ ;1' 211 h, lllr' in Jarl.n.:" ;11 2S C .:(,ju, 
d.:gr.:•"- Th.: g.:n.:- u-.:.1 a' r..-(""•n.:r in 1h.: 1r.1n,l-.lfll1a1inn .,ft>..>1h 
\;1ri.:1i ... , \\;1, ~PTll: 1h.:r.:ti•r.:. 111.: -..-k .. 1ion "f ;1pp;1r.·111l~ 
trJn,f.,nn.:Jdon.:'' 1\a' maJ..-1h~ou:!h Km r ... ,,,1;m.:..- ;:1.liff.:r.:111 
!.:\ .:1' in 1h..- ,·ultur.:. hi!!h..-rlhan 1h~ na1ural r.:,i,tan.:.: 'h'm n in 
pr.:\ i"u' .:\('l."rim.:ni-. -F .. 11••\\ in;: lh.:' ...:k.:tilln ,,f Km r.:'i,1;1111 
di 1n.:,_ 1h.: '' •nlinn;1li• >111•f1h..-ir lran,:!.:ni.: .:h;1r.i.:1.:r \\ ;1,, ·;1rri.:J 
oul u'ing PCR in nrJ..-r h•;nnplif~ 1h.: i·r.1gnll:"lll .:•>rr.:'f"lll<ling h• 
th..- \PTll ;:.:n.:- anJ S. ll!lh..-m-hl• •!. h•<l.:k-.:1 •h.:-.;ur:.: in.:••rr>ra1,-J 
g.:n.:1i,· inli•rm;nion. Th.: r.:,uli- ,,f hoth pn..:..-,tur..-, prn\.:d lh.: 
df.:.:11\.:n.:" ••f 1h.: 1ran,f••rm;11ion m.:1hn,h u...:d. 

R.:kr.:n.:..-,: 
I. '.\fa,·,(uma. '.\I.. S.1,al.i. T. and _\,h;a,h1. f. t l'IS51 

Pit\ h ... -1i..-n11,1ri. ~4. I s•ri. I '1112. 
~- Li. its. ;111.1 ot;;1. K. I ('IS51 .-\i,:ri .. -. Hi1•1. Ch.:m. I r .. i.~nl 4'1. 

J. U;tlh•rim. T .. '""hid;1. ~- ;111,1 \;1l.;11nur;1. K 1 I 1JS'I 1 1'1;1111 
'.\l"I. Hinl. IJ. :\h_;.57~-

4. Br;1d,h;I\\ Jr.. U.IL U1•llid .. J.IL Par-.111,. T .. Ci;1rl..:. ll.<i.R 
and (iord<ln. '.\I.I'. 1 J 'ISIJ 1 l'lanl '.\lnl. Rini. 14. 51-511. 

5. '.\l11ral.;11ni. S .. lfam.ri. T. an.I \;1~;11nur.1. K 1 l'IS"'.°1 l'l.1111 
'.\1111. Bu•I. 7. -'--1.l-.':":'i. 

'1. Ran. ·\.S. ;111,I Sin:!l1. R. 1 l'IS'11 TIBTECll ~- lllS-110. 
~. J;1\ll._.,_ J. .mll 1>, ... id,_ J. 1 llJS°71 '.\.;\\ S.:i.-111i,1 17. h2-1'4. 
s. 1>.:·n.:r11 .. \. \";m<k\\i.:k. '.\I .. \";111 [);1111111.:. J.. Ciu,·r.:h.:. I' .. 

\";111 \lunt .. ·!!u. '.\I .. \·;111,kl.,·r.:~ho\.:. J. .and Kr,·llt>..:r,_ L 
I J11'1011'(;111i ('(i\,inl. '14. 'l"'.°fl.<17•1. 

'' ll1•ffm;111. '.\I .. l~>nald">n. l>.I>. an,( lkrm;m. L\I. 1 l•JSS1 
l'l.1111 \lul. B1"1. 11. 717 --: ~'I. 

I 11. J1111,·na. \· .. ( i111111il. L. h·rr. I: .. l·o1111rn•d1,·,_ ( i .. \··'"(ll•·t . 
'.\I ... \rr.:.1~a. \ .• 111.I (i;1\1l.•ndo. J. 11 1111111 B1n1,·,·n .. J.•::1a 
\phc·.111.1 7. I ~~-14X. • 

11 fa\lll°'. J.\1 .. Yan::. '.\l.S. hp111u1.1. '.\ ll ;md 1>,~1,k J.11. 
1 l'iSt., Tr,•n,(, 111 li1u1,·.-h. -l. 11.1 .. ;:11 

l'uhlicill ion': 
Clun1n:: .. r thr,·,· 1hlkr,·11: ,-.,11,1ru.-t1011' ,·.,111.1111111~ 1w .. 1t11,·.I 

'Jll>r.111\111111 / I""· '"'(f,lc"( n .... ~ pf the .~fd hit,•fll,l(IPl\Oll 
( .. mkrl'll<'<" 1111 Pl.mt B11•1,·,·hnnln~\ S.1111.1 Cl.11.1. Cnh.1. 
Jun,· l'l'I l. · · 



R ... ·~ .... 11'.~r.1U,•n ,.f pbnh thr•tt.1;:h nr:!an,,;: ... ·n ... ~1' ..1nJ "''nwrK 
.:1111>t1":;•'ll<''i' int\\•• •\\<'l.'t pu1;1h• \an.:11•"· .\l>-.tr.i .. :t B.-•L 
, .f th.: .'rJ l111.:m;1ti"n•1I c .. nkr.:n.:.: "n Plant Bi• >1 • ...-hn"I' •:.:•. 
Sa111.t Clar.i. Cuf-.i. Jur1<· I•Jtt_;_ - -

\U:CH.\'\IS\I o..- n:u_ TR.\'\SH)R\l.\TIO'\ Hl 
HP\-16 

Princiral lmt"'tiJ:ator: Sil-.1" E. P.·r.:a R • ...t.-i:;u.:,_ C.:111.-r 
ti>r Biulu::i.:;1( R.:...:;ir.:h . .:illk l.~-fr: :.~ \ :5 Cuflan.i .. :iln. Hil•ana 
flllllh_n 'k-\. T d.: +:'.~---: ! -:--~:_ b,: ~:'-~---: 1 su-o • .,. _~_~11l\_ 
Tdn: 51 Ill'.': Cl"B\CIR 

l .\//)( u-..,,rr.11: \,, 'I: 11511 

IC<if:H R,·1,·n·11. ,. \,. CRP Cf Hli/-11-J 
K~\\u1nl'i: IF'\ 11111.:rkron 1_ ISRE 1 int,·rt<:r .. n •tinmbt.-J 

r.:•po•rt....:d.:111.:1111. HP\ 1 human l'•lf'illum.;n im-. 1. ISC i1 im.-rti..'fl >n 
•timulilt<-J ::.:11.:•1. ISGF 1in1.:rti..-n>n •timu!a1 • ...i ::.:n.: tn:h>r•. 
IRF- I 1 im,.rf·.:n •r: r.:::ulillon fa .. :tor I t. I.CR iJ, •11:: ..-. ~n~ol r.:::i• >r1 •­

RS\" 1 R"u' Sar.:1•11i;1\"im~1. I.TR 1 L••n:; T.-n1imal R.:po.-~11 
Ahstrad: C••n.-.,11in:; ti~ pn >lla"1.:.:1•n11<-.:ti• •n t..."t''•"-"11 HP\. 

tiiulo:;~ anJ th.: IF'\ -~ •l.:m. \\<.: ha\C: f>rC:\ iuu·I~ r<l">rl.:J ii 

partial ph.:n1>1~ po: r.:\ .:r•l••n••f Hd.a.:dl• ti~ l<>ri:,!·k"Tlll 1r.:a111~r.1 
\\ ith alph;1 Ii''\• in il•">.:iation h• lh.: J.•\\ n-r.::;ulati•>rl uf HP\·­
IS mR'\.\d. lF'\ R.:•. I.~ .. ~n'>-Yi:'. l'l'l.~1. Th.:purpo•....:nftlt.: 
pn•j .. ...-t i• 1:1 iJ.:111if~ mor.: int.:r.i..-ti•>ri 1ar:;.:1- h.:t\\•'l.'n :;.:n.: 
pn>Ju.:t• fn1111 Human P"pillonM•iru• 1HP\",1"ith11. ... 1 :;.:n<" 
ill\oh.:J in .:.:11-:;n•\\lh .:untn•I a• a pot.:mia! 111 ... ...-hilni•m nf 
111ali:;11an1 lran,funnatiun J1,pla~ ,-J ti~ tit.."<: D'\.\' iru-.. .... .-\I·-•• 
''.: ar.: in• .:'11:,!iltin:; h• '" J.,.:, IF'\ ;1lph.;1 ,-uulJ r.:pr.:" th.: hi:;h 
ri•I. HP\" <.:\f>r<'"i1•n U•in:; Jitfrr,·ut 111 1 irr .. ,·.:II 111t>J.:k In 
,IJ.•n-t.:n11 •tuJi.:'- ".: •>ll....:f\.:.l that IF'\ illpha :ti r.-Ju,·,-J th.: 
HP\. - Is mR'\.-\ on H.:L1,·dl- in ;1 tim.:-.I.:l"~n,km "'1~ flut thh 
inhitiih>r~ .:fli..'l.·t "a' Jifkr.:111i;1l ti>r hoth 'ir.il tr;111-..:ri1'll• iln,: it 
\\it• 111;1\imal i1lkr ~S hour• .,f in.:uhati1>11. -~-~ Kh mR'\.\ "a' 
,i.m:1-r.::;ul;11.:J ;.itiout :\II', .:ompar,-J lo I .n Kh mR'\.\ \\hi..:h 
";1• r.:.lu.:.:d ;ih.•ut SO'.. Simult;lll•'"l""- 111.: :-:> Oli::•• ,\ 
-~ nth.:la'.: :;.:n.: "a• ..-:.:;1rl~ in.lu..-, ... 1 "' .:.:lliikar r.:•f" >n...: n~irl.:r 
t-' IF'\ il.:li• >n. Th.:1."1.p.:rim.:nt• ti-in:; pn 11.:in -~nth.:''' mhitiih >r• 
•u:;:;.:•t.:,l th.:t th.: on:; .. 111:; pn>1.:in ,,mh.:•i• i• r•'\1uir,·J f1•r 1h.: 
HP\"- IS mR'\.\ inhihition pro .. lu..-.:.1 I>~ IF'.' ;1f1.:r -'S hour• ol 
1r.:i111l~lll. E\p.:rim.:ni-h.:11.:r.:1•111r .. lk<I h >r,f.:i.-n11inm;: \\ h.."tlt..-r 
IF'\ r.:.lu.:.:' Ill'\. -1 S mR '\. \ .:ith.:r "' i111.:ra..-11on "ith th.: I.CR 
"r h~ -1im11li1t1011 uf tr;in-.:npt' ,i,·;:r;1,ii1li••ll ar.: .:urr.:ntl~ 
un.l.:r\\.1\ 01h.:rn i...:. flp\· - lh on< ·,1Sl..1 .:di- r.:m~11n.:.I It• ti.: 
r,·,i-1;1111i .. 11''\1r.:a1m.:n1. llo\\.:\.:r_ 1h.: :-:> \ ••nth.:t.1....: ::.:n,· 
"·'' 111.111..-.:d ;ih,·r s ho>11r' ;m.I mR'\.\ J.-,d~ "•·r.: tunh.:r 
m;nntilin.:.I 1111111 -:-: hnur• lhth 111,h..-.11111:: that l.i..-1.m:: of IF'\ 
n.:•p .. n-.: "' ,·r 1h,· Ill'\.· l 11 tr.111-..·npti"n ,; .1• "'ti du,· 1~ • n.·ith.:r 
th.: ;ifl....:11..-,· "' I~ po: I II''\ r.:,·.:p:or, nor ii .l.:ti.:1.:nt II''\ •ll!llal 
1r;111,.lu.:111 •11 p;ith\\ .1~. \\ ._. hil\.: iii-.• ""....:n .:.t ii r.·Ju.:ti11n 111 
111'\"-lh mR'\.\ "~ 111 '"" .1.lmini•tri1li1•n o•l 11''\ .1lph.1 :ti m 
"i• •r-•.:• 1.11.,·n fr, 1111 im .N, ,·..-.1r.:111• •111.;1. \\·.: h;1\.: ;11" •p.:r11 •rm.:,1 
1r.111-l.:.:ll1•11' .. 1 lkp-~ .:di• 1.1 l.1r~n:;.:.1I .1 .. l.:nu.:.rr.:1111•mil .:di 
Im,· ,,.n "'ll•Ulh' I" lh.: ;111ti' 1r;il .1.:li\ ii\ .. 111''\ 1.111.I RllEK-1 
.:dl,1 l11;111i111 l.,·r.11\ n• "' ''' 1" uh.:• •n-m1,:,, \\,·..-l1 >n.-1k1 •lll.1inin:: 
Ill'\. - lh l'.h.•r l·.·'·;ilon;" uh n.· .. ,,;,·n,· m t;m,i.-111,Jri,.:n "' Rs\· 
promo1 .. ·r-.:nha11 .. ·,·r. c;.n..-o:min;: "1h.: 1r;111,f.-,-11 .. n \\ ith (1 •. "•' 
i•lll;i:,·,l I\\" ..-lo•llo.'• lr"m ikp-: illld Rlff.K-1 .:di' \\hi..-h ;ir,· 
r,·,j,1,111110XIMl11::11111 .. .-c i~ Is. ( >n E~ 1ran•kd1nn thr.·.:,hlkr.:111 
.:Ion,·, \\,:r,· .. ti1.;1n.:d from RllLK-1 .111 .. 1 .. 11,· ..-1 .. n,· fr.,111 lkp-: 
,·.:II' 11,in:: 1h,· ,,,111,· .11111ti1 .. 11.- ""'.: Tho: h11•lo::i..-.tl 
d1.ir;...-·1.:n1.;11 .. n lr"m r,·,r":,·1" , . ..-1 .. n,·, in 1111.t,·rn .1~. • 

S111111lt.1n,· .. 11·I~. nn tr"11,kn1 rr.111,f.-,·11011 .:\p.:n111.·n1• ll•llll! 
Rlff.K-1 ,·.:11, "" h.l\•' """·n.-.1 rh.11 l'.h.111.I l·.i i111 .. ·rkr··· "i1h 
Iii.- 111.l11,·1h1h1~ of lx·ia II·'\ promor,·r h~ ..-l.1··'" 111.111,·,·r, hi..,· 
s,·n.1;11 'mi- "h,·n Ii. •th ..,11i-1rn.:1- ''· , ... , . .-11-rr.111,f,·..-i,·,1. Th,.,,. 
r"·,ulh \\t.'h." ... 111111..rh '"·"'·n \\ lwn '·' \." ll'"·d ~1 ":nn ... 1ru":1 \.·11111.1111111~ 
1h,· ti111.l111:: •H•' o•I .IRl'-1 1.11.,·n lro•lll 111<.' ::11.111\ l,111·-h1111hn~ 
pro1,·111 prn;lh •l<.'L fo .. ·tf fl>(. \ I" ,111,J ,1!,11.Jf I\ <.'ft h: f 11\.1£1111<.".tl<.·;I 
I.Tit S11111l.1rl~ I· - .1pp1:.ir' !n fllt>t:I.. 111,· 1n.l11.-i1nn "' II·\ 111 .. rw 
ISRL hdn11::11w 1t• :'-I' ::1·11,· 1.111 IS<i• lu,,·.f 111<" \I" R,·,11lf, 
hhl.1111,·.I Ir• ;1111~.1n•k1111r:111,1,·.-t1nn' \\ill ti,· .-nrrd.11,· \\ 1!h thn,,· 
o•ll<'' pflf,1111<.'.i Pll ,l,thf..- ff,111,l<.'.-1,1111 
, Hacki:round ll11111.111p.1;,1ll••fll,l\lrlh1l!f'\,1,ar,· 11,,·111l 111 
"·1t11fr11I 1111.:d1.1111-.1n 'tud11.·, 1•f :.!"'""' ,·,ph: ...... 11111. h"·,:.11h,; 11 .. 

lr.11h"·npl1ttn pr11:.:r.111111h: .1pp"·.1r' tn J,.· dn,._·!:. h11~1.·,l 1n ... J"-'1. 1111.. 
1,.'\ "'f1f' h 1r tilt'" 1 tr11r1 •I 1 ti :-:rn\\ rh .md d1fh:1 .. ·ru1,1t111n "' ''I"·""' 'II' 
\'l'llhd111111 1'.rrt 1, 11l.1rl~. I ti'\. Ir. .md · Is .• rr,· 11· 11.111~ 1111,·;:r.111·.I 

Collaborative Research Programme 

1111 .. 11< '-I .-hn •111<•-. •Ilk."' 111 .i 'jX'l.·iri..- "a~ th.11 .:n,ur,.,.1ha1 En aJ 
i:- .:.irh :!•'fh." .II"< xk'l."11•.:h r,'la111<..-J anJ tr.111-..-rilx-J. IF'\, ar.: 
.i lan111:: ,;lp"l~f".'J'l•d.:r,"'l".;1....: nll>J1th.'l'\\hi.:hnhihi1amr•1r.1L 
alll;!ln•hkr.111•.: .in.I immun.•n1<>Jula11n:: tun.:ti•>ri'. RinJin:: of 
tr'\·, h• 1l1<..·1r r.-..-.:r>t•>r• m:;:;•"'"' 111<..· a•....:-mhl~ ,,fa .:~h'f'l.1-~111..-
1''"' >1.:111 .-.. mpk' ;m,111, 1r.111•I• ... -a111 •n h • ti~ nud,·u,_ "h.:r.: th.: 
• ...-11 ... 11.-J .:ompk\ .:an rromo1.: 1r.111x·ript1•lll ti~ tiinJin:; h• 
1SRb. < >nh •Ill.: ••I tr..: thr, .... ".:ll-.:h,1r.1<:1.:riA-J ISRE-tiinJin:: 
fiKh•I ,_ ISCiF-.~- -..-.:ni- h• h.: Jir,'\.·tl~ r.:-.pori-1tik f.,r th~ 
tr.111...:ripti•>rial a..11\allon ,,f IS(i,_ .\ la~-i.. 1•1 r.:•f">n-..: h•\\aN 
IF'\ h;1' !x'l.,l i11tritiu1.:J h• an impair,-J inJu.:ti••n ••I ISG· in th.: 
.:a...: of IF'\-r,.,.i,tant \ arii:nl• ••!Dau.Ii .:di' anJ in .:01111<..'l."ti"n 
"ith h.:p;illli• B 'im• .in.I aJ.:n•" iru• inti..-.:1i .. n. In th.."<: .:a-.. .... it 
h''' !x'l.,l l""'ihk l\I •h"" Iha! tlh.· '11.kno\ inh EI:\ ;.nJ Ii~ 
h.:p;11i1i- \ iru-. t.:nninal rr• •t.:in-. r•"l"-'l."li\ d~ - 111.:Jiai.· th.: 
ah.:rr.iti•>tl ••f IS{i in,lu.:tion. 

Similar!~ . .:di• .:\pr.:--in:; EB'\.-\: ti>r Er-1.:111-8;1rr 'iru• 
ill"•.:\hitiit a r.:•i•lalll ph..-1w1~p.: I•' ti~ ilntipr .. likrati•.: df,...-1 
,,f IF'\ "hi.:h ""' n1<..-Ji·11.-J ti' itll ;1h.:rr.11i1•n 1•f ISG inJu .. 1inn 
"ith•llll ma..-ti•al11•111•flSCiF.~.-EnJo::.:nou' h..'ta IF'\ anJth.: :-:' 
uli:;" .\ -~ ntlt..'ta....: 1 an ISCi 1 x-.:m• h;pla~ ilrllk in th.: r.::;ula1iun 
nf .:di ::n•\\lh anJ IF'\ h;;• !x'l.'n rda1,-J h• .:di .Iitf.:r.:ntiali••n 
pru..-,.,.,-,111J am:•tin:; in (ill/GI pha....: Jurin:; .:di .:~d.:. 

()hjedi\~: Th.: llli1in .. tij,-.:ti'.:' of rh.: f>r"i•'l."t .:11UIJ h.: 
-ununari,.:J "' ti'""": 

I 1 t,k111ifi.:a1ion 1•f .:dlubr lar::.:h f.,r HP\"-111 Et; anJ E7 
mainh a111t•n:: IF'\ •ht.:111. -

: , -1.I.:miti~ati•>n .~f 1h • .....- 'ir;1! :;•·n.: proJu.-i- r.:fat.:J 10th.: 
r.:,i•tan.:.: h•\\;rrJ IF'\ 1r.:a1111.:nt ;mJ th.: nk.'.:h;111i•m, in"''''°" 
''" ... u ... h ph.:lk,nk:nun. 

-~ 1 T" l.n"" hu\\ J,.._.,. IF'\ .:uul.I r.:pr.:" th.: hi:;h-ri-1.. HP\" ... 
«.."'\('rt:,,l\IO _ 

\lorl~~'i: Th.:.:urr.:nt •lillll'••f1h.:pn•i•-.:I indu.f.:,th.: 
r .. 11 .. \\ in:: 0111.:0111.:•: 

.\lrh.;~ IE\ di.:it- ,1.m11-ri:;:ul;11ion .,f !h..- HP\" -IS rnR'\.-\: 
. \lph.;1 IF'\ .:fti.:i.:ntl~ inhiflii.-J tli.: flp\· - Is mt<'\.-\ I.:\ .:I- .. n 
Hd..;1 .-di• all.:r ~s h•lllr' uf in..-uh;11i .. n. Th.: inhitiiti••n r;11.: 
.. ti....:n.:.I f1•r I .n Kti rnR'\.-\ ""' ;1hom Sii', .:ump;rr.:J '" th;u 
•>hl;ull\·.I ft•r -~-~ Kti \\hi.:h \\;1-onh ahttn 511'' "h.-n ~11.:1Mli1n.I 
ll U 1ll·11111 ".:r.: 1,·,1.:J. Th.: .:tfr.:i" ;1' tim.:-.l.:p.:n.1.:111 illl<.lilf1,·r 
7: h1 •ur' "ii• n• >I furtli.:r lllillllli1in.:J. 

llP\·-1i; mR'\,\ inhitiiti•>n ti• ;1lrh.;1 IF'\ 1kr;nJ, on 1h,· 
on;; .. in;; pro1.:i11 '' mli.:•i•: R.:,uli- d.:;irl~ in.li.:;il.:.I 1h.;11 1h.: 
llP\·.1s mR'\.·\ inhifli111•n oh-.:n.:.I ;ifl•:r -ts h1•ur' .. r IF'\ 
ir.:.11111.:111 \\i1,.:••rnpk'ld~ ahn•:;ilt.:d ''h.-n th.: pn>1,·in ·-~nth.:'i' 
mhitiih •r" ii• in..-lu,t.:.I in th.: 111~·11h.1:i• •n. Th.: r.:•ult• al-.• •u::::.:•I 
1h.11.111\ fo.:h•r intl11,·.:.t "' IF'\ tlunm: 1h.: tir-i Ii\.: h1•111·, i• lil.:h 
""uh ~ti on •11.:h r.:::ul;1i .. n .:fl.:,·1 - -

S1u,li.:• .,f IF'\ .:ft.:.:1 ;11 ih.: JI!'\"· Is I.CR k•d ;1r11.,,i:r 1h.: 
-1atiihl\ 111 'ir;1I tr;111-.-rir1~: W.: ;ir.: """ p.:rf1•rmin;: 1r;111,J.:111 
trilfl•k.:!ion .:\p.:rim.:nt• .,f RllEK-1 .-,·11, "ith ,-.,n,tni..-t• 
,·nnt;1111111:: Ill'\. -IS I.( 'R fo-..·1l10C\ T !!.:n.:iUl<lnth.:1 ,·11111muin:: 
I .• 1, / .lri ~ .:n fl~ < -~ h •111.:J!al•" Int• pn ,,;,, 11.:r ,·11!1;in..·.: r m • •nl.:r I;• 
1h•nnal11.: 111<· 1r.m.ti:.-1i11n dli,·i.:n,·~. 1-. \jX'nm.:ni- 111 llP\. -1 s 
rnR'\.\ •l.1h1h1~ '"II ti.: n11rmah1.: 11-in;: a p:'.~ d>'\.\ pr••h.: 
tx·.-.111-.: 1111, ;:.:n.: '' 11111 Ull>tlili.:,l ti~ IF'\ a11h.: 1ran-.:np111•n.1I 
I.:• ,·I ti111 r.11h.:r p. "1-1r.111•l.1111111.1i. 

11· '\ ;1ljlh;1 d• ''' n·ro:;;11l;i1.:• iii.- Ill'\. - l h mR '\. \ i,., d' 1111·p .. : 
l'r.:l1111111.1r~ ro:•:tlt• 111,h,·.11,·.I 1h.1t irur.11111h..:t.1l.rr an.I 111pi.· II·'\ 
.1.l111111i,1r.111nn .l11nn:: 1hr,··· ,,, . .:1., r,·du.:.:.I rh.: Ill'\. - I h mR:\. \ 
k' o:J, ln•111 fl11•p-1.:' i.1J..,·11ln•m1hr.·.-111' ,,,;," ..-,·n 1\ ,·;ar.:11111111.1 
pa11.:n1'. S1rn11lt;111,·011,1~ 11p-r,·;:11l,11101111t 1lw ~-:' .·\ -~ nth.:ta....: 
;111.I pl'•S mR'\ \ Ind' ti~ ff'\ lr.:;11111<'111 \\ ·'' "'"' "' hknr 111 
p;i11,·111• \\ h•> .ltd n• •I r,·, ,.,,.: II·'\ .1.lnnni•lrali••ll 1h,· dk.-r \\ ,,, 
11 .. 1 , .ti-..·n ,·.I 1wi;lwr . •11 th•· 111'\ ,·,rr•'"'"n tll >r "n 1h,· ISC, 
111.lu.:111•n. 

!!l'.l.Jl>ll!__,11!!LL:_1!!!.•:rk£L!h,· mthl\·itiilll\ "I ~..11:'.'.i 
~.'!!!!.•tD: 0111r.11i-knt 1r.1n•kd11•11111 Rlll.K-1 ,,.11, li.•!h '1r.1I 
pn•1,·111• 111 .l1lkr,·111 ,.,,,.,n r,·.i .. .-, . .1 rh,· 111.lu..-111•11 "' lx·1.1 II':\ 
pn•1111•11·r h~ \,·11.l.11'1ru' In ••r.kr h• l·-•I.. '' h'...'lho:r IRl·-1 "111.:h 
'' 111' "",·.I 1111 th,· .1..-l I\ ,111nn Pl lhh pr"m"r,·r h~ "' 111.!11..-,·r•. ".1• 
.1lk<1,·.I h: 'ir.11 ;!•'11•' pn>th1,·1,_ \\<" ,·n-1r.11i-k.:1,·.I .1 ,-,.11,trnll 
.- .. 111.1111111,: 1h,· IRI·. I hm.1111;: •11,· 111'-tr,·.1111lo•1h1· I II\ 1ru11.-.11,·d 
I TR .111.I l11rtlw1 111,,·tf '" < ·y1 .11,.11;: "uh .. 111,·r, ,·,pr,·--111;: l·.h 
••r I" 1111.kr R'i\ ,·11h.111.-,·r \\,· .1;:.11n ••h,,.,,, . .i ,11111l.1r r.·,ulf, 
-11::::.--1111:: th.11 1111, 11.111,.-r1p11 .. 11.1I 1.1""' ,,.111.i h,· ,, pu11·1111.il 
1.1r::1·1 1 .. 1 Ill'\ It. 111 .. ;nr 11.111,l1•rn1111:: pr .. 1,·111, 
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•I 11 11 l••/l'lll' llttlJl'J'lll'JI \ \>jlll 1•' l·"'-'1-'IJI II' '.111.''<• '-'ll'l'll'd 
1w·1 ....... ,,. I'-. ut th11 ..... ,,J\I\,, ,'lu,i:: ~ 'Jll::' 11• 11•11t1t•."' ·'lit '·'lll·'l( '' 

.'1111111-'l-'<J "l'"llllll-'l'I U.l.'<i '"ll \ '"1.-: '"""'I '111~·!.ll.' \tllll' ·''·''I" 
'·'1''"11·.I 1111·1·1-.\1· I\ 111 \ 'l'l;i I•' uo111q11:.,,1 ·''II \plll\ 1 = 

"\l \ 111 \11U1Hllttll ,"li\iJ.'.lJt1Jd ~lit "Uf'lll UI 

'-'l'lld.xl J,llJl'l-'lil l""'·'U.l \ll·'·'ll•' -'1!11'·'.J \1t 'IUS>11111• p,o•l'.ll 'Ill 
1111" '·'l'lld.xl ·,,,1p11q11111· <I .I. >IS \ •1<f;;.11111• :iu"" · \ 11111.,p1 I'"" 
,,,11;;o1p•111• ·'1'11,1.xl ·'"'·'lJlll \s . i lllllllllllll ·' \11.'·'ltt.td :iUt 'lll'lll Ill 
'·'I'll.I.xi :i111uw111o•.'·<11,. >IS t·•1<l:i '""·'"·'"'·'·'II" ·''ii''·' I 1 I 

j111 \\0(11•1 

·'Ill -'JI' I·'·';. tJ.I ·''II I" '·'\I l.'·'''I" Ull'lll -'II.I. ... \\!P•lf'IO 

,,,1•m1·11111''·'I '" \1h'J.'lll"'""ll·' ·'"' >ll ''""'""!"·'I 
111 1'"111.'1•14.I -'111 11o•t.I'·' o11 ' ' p·1•:i ,no ·''l'!Jl'.'J1111 1••t1 ·'ll!.'·'1"111 
,1111 1111 1'·"1'1.f .'lit.'·"'',. I" l·'·"l"tJ.I ·''II ·''1""' ,1111111'1·'1'''11"' 
Jl'.'l).ll11.'lll J'lll' 'IJll'•'.l Jl'lll 0'lll1J.lt.h.' ·'1•11'111' \I' ·'Ill ·"·'1·'111.1-' \.'\ 
. ·'ll'l'Jl~.I ·'IJl 111 >l.1..1" ·'-'lll'IJ• ... 11111 ·'Iii lh • .'1'''111.llj 111'.''ll• •l'llf .'lh >.' 

IUJlj .lJ••.l·'l.f p.lJlllh.lJ ,, llttlll~tllJttJlll ,lJ11lll q.'lllll . \p1'.'f.) 

·1' 1111::.•1• "111-'11. )"1111\1 T•1o1.1 "lh•Pl'IJ.'l"Sl'lll'l'jl'/W '"·' '.IJS\··· 
:~·1• "111.lll.) 'l"'H ·r 'tNiiol 'llllJWIJ,ll••s I'll" l'jC/jl'\".\I lttl•"'·'·'' 
UIJ.l,lJ•lll~JI >jJ. t •1111 11111/' /.I"/ ·'!(I .l/IJ.ll.ll'Jl'IJ.' J'lll' l'·'~llJll.i 'I '-'ljlltJ.ll'I 
·'"'ll ·'" 'IJ"'' 'n""·'J.I m11 111 ·,,,111:i11•1·11111Jd :•1111•1tt1f''·' I 
1u1~1'~'·,J-.'ll~~un.1.,u~ ... u~ fiJ\I~ _10 uouqn;t,J pur uu~''·"J\I'·' 
·'Ill \pill'·'\\ 1.'.lt.l•.'I '1111 llf ",l,llll~IJ• ..11111 Wl''·'IUl'lllll''·'l .1' 'I'·' \I IJlf 
·"! \1~111 11111"·'Jd\,l 'II ·'Wfll:i,lJ 11''.JI 'J<'l.'l'I .I" lltt!ll~.'~11111.lJ'I 
·'Lii ''~ II·'" 'r '·"lO~~l'•~UluJJ nn~l'~'·"J·;;tup U! uo~''·"J'"·' 
,,~ ·''' uu~11~:i!)'·"\lli ·"lll pur UUl).'\.'\_IU~ /)Jlll'tl11J''·'"/ UI ''"'·"I' 
11~.'IJIJ.l Ill ·'Jll·'·'f•'lll \.l'j I~ .lt.j ttl p.lJ.'pl,lltl.l 'I !·11<f;i 'J,l\11.lJoll\ 
., ·111.l\I.) "l"IH l 'Zhhl "I'' J.I 1111p1:1J.lJ<1S I ... ti I "' \1111111111111 
,l\IJ.',llt1Jd :iU1.ltlpllt 111 l•·'f'lld.xJ :i111111r11111.' - <1.1..>!SI ll•'l'·'llf'1' 

IP" tt>d:i llh IJ.I 1'·'11-'l"'lll ·'·'I'''"·"' .llJ,'lflll \, .I" "·'II·' \IP.'IP 
.'I.fl,,,,.;;,,,,,"" 11111111: ·'''I'"·' '"I' ''1- ·1s:. \:'111011111111111 't'hhl 
·11•p:i1w.1,. :•Lt ·l'·'I'\ """I "f'IN•hl "f''J.lllllf'Jl'f'.tltf ·1••1m1111111 
·r ·ssh I J.,pur'·'IV pm• ll·"'nM 1 111111"·'.1111 ·'"''''" ·1 i-1111~:ir 
lh llJ.l.'l"J" 11•1u1:d ·'·'llf'lll • •1 II \\I.,,, pm~ l'·'~llJU.'f'I 11·'·"1 ·' '1'11 t•lll;i 
Ullfll \\ '·"'"'!'b ll·'·' .L. \1111.'.'·'J ·'J"I\ .,-"Ito "''·'J II·'·' .L 111'111111).1" 
JI 111:111m11' JU.'I•"' 1: :i..i • 'l l'·'U• "'·'J •I 't•i"-' ·u.,0:1111r ·'ll•l~J1:d l'·''f'lll' 
\pfll \\·'II() ·11t.'llllft1f·''·'f' .lltl.l.lt!\ Ill ·'lll<j!JJllll.l frlll •."U•.J•.lJ 
'II"" 1- p:1.'~l·'ll·"'I 11.'tP 1" -'pnp111 11!111 '·'f'•iJ."1 pm~ •1t1·''' •.kl 
·'1"1!.ll:J p.llt~Pf'.l•llh 1111!,lHflll.lf'I ;l\11 ·-mu .... "-11•"''-'J ·'l '·" 'lf"lll \1 
j_ -'~II·'""' lh• JU.'f'll.'d.lp ·"! Ill 'Jt:.lt.ld1! •1,t!llWlllll''·'f J•' 'llU••J 
111~ IU<IJ.1 U.' \11.l,lJ ""'!·"'" 11:.ltlllt·' .... ·':illl:t .'I.II ·'ll"'·'Cl "1"'·'11 
111.,:iJ11111: "'J 111 'Jr.lt.ld1! ·,;iiup "·'11 l'lll~ '·'Ill.'.'"• ·,1,t~llll'llllf't-'I 
l'lln!;it! 'f•'<•I 'l"Jlll"·' .1•• 111.'lll'l"l·''"I' ·'111- :puncu;i~ 

"lfl\\\)j~ ''.11111:/ll/\l.•"J 

un \l<IJI .1•' ·'l"J ·'lll .I" ll•lllt!:itJ•.'\111 f'UI! J111J,l.l,lJ lllJJ,ll•lll!JI 
l'llll'llllf'l.>-/ 1'1111~0:1! '·'l~l<jlllll! !l!Ullf.'<lltlllll JU ll<llJ.lllfl<>Jd t t. 

·,l,lll,lllUI \ 1'1111'1111/\IY/ lfll \\ 11<1111'1·'""·' J'UI! 
'·"'~'·~.n~J )Ul~)'~'·"J·~·ur U! t"t>d~ .... , lit '!''·"JJ\."I ·"l)J .I'' 'l'"IS t;: 

"lh'!l-"·~IU~ l'_ll1l,llll/'.1.r1 l'll~I~~'~ lh'!l·"·"l''Jd 
;;lllll!!P.'111 Ill 11:1111.,1<.J Jl.'ljl .I" Ul•lll!O:ll'-''111 )'lit! IOSht t:.'..'I' 
·111.'lf.) ·1··19 ·r ·'"" 1 p• P nurr•J.'1< 'S 11 • LI<>1d.'.'-'J ,,;:.,11d11J.ll!111 
••I ;i111p1t•<1 t·4<f;i .I" Ull!lltup u .. 1-.•11pr IP" ·'''i1:111" ·'Ill Uh•JI 
P.'IP~'lll''-'l''I""" ;i111Ull!Jllll.'-(l.l,.MS.l"t"9";i.1"'''"1flll \~; 1 f 

:p.'11,Jlhl ,lJ;l\\ '·'Ill \ll.ll~ ;i111 \\Uif•'J ·'111 fhhf Ill 
·p.'l";ill'·' \Ill '"II! 't '·'11'1".ll'd IUl!l•t•.lJ-:itUp Ill t'l'l;i .I" 

tkll''-'J<l'·'.llll't f (lh I · "'' L.t" ·""''' \\,lltd<U 1,1,1~1111"-ulf't-'l.l"·'Jll.' 
pm~ lU.'11111~.lJI 111.l"·'·'-'11' .'I.II 111·'t-'l!l'lj•'111: "'I "l 1'-'J·'J"'U11.' '' 
·"-"'111~1'~'-."J ~1up ..... ~1~' ·J·"'' t.."J' \I\ -,~,1~1Ur>llll)'~·'l l'li!•~~c \1~ununu~ 
,,\11.'-'l<IJll JOI '·'11!ptp111:.l ~,.,;; "JllJJ.'.l.'J tllJJ.'.1'111'11 ·'Ill pm: 
ft}ll;i ·-.'fll.'\.lllllll .'llr.Jljlll.'1.111'111111111/'l '"J ••\\I J'' '·~lllWU \l'·'lll llo> 
P."n.''"I 'I '!Jll\\ Jll() ·,p;iJ1:1 .'IJl'.'.it:J.'lll<'lll-'\I" 1r.1tll.'I< 1<.I Jll/l'Ut: 
,,,rtur.tulf''·'l l'un:;';r. -'lit·'-"'\ 1• .i• • 111.'111<.t. •p \·'l'·'I' J• '.I '-'l'1'tl'u".' 
l""';i ·"In) ,,\nJJ l'lllll\\ TU.'1!-1·' tl'.'l;'i1111•Ulllllllll 1'llr. p:unil-'llt1J 
lll<lll U<1 fl."1:<1 ·11~111 •11.,:i11111~ ·'111'.Jljlll.'lll l'""'""l''·'·/ .1•• \pn1• pm• 
Utllll!.l~llJll;>pt ·'Ill 11·'-"l ·'\1'11 '1 ... 'J.'Jlll UIJ.ll ;i11<•t Jll() :J.ll"..Jl"'f\" 

.k•)<l.'.l.'J 
UIJJ.'.l'lll'JJ 1•1111'1111/'1."f 't"l/<l;i 'l'llll'llllf\IYJ : .. p.JO" \;,".Ii 
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\11·11 "lll'Jll\ 
.,, , II'·''·'>! I'' •1;;"l"·'''lllJl'IJ.f J• 'I ·'llllll'llf 11;;.,, "'"'I\ . \J .. 11'1• "II' I 
;;:"l"'H Jl'Jll.'''', ·1·111·1·'< 1 1·11·'•!''•1r1 t<I :tu!11..10"1.,, 

1111111·''11"1'11-' 1"'11' \ll.ll'·S,( I "I 'II·'·' 'l\cl 111·1111111 I" Uotl'-'111''' 
-'111 l"'l•l ll'llJ '·''l'"•flllll' :iul.'lll'""' 'l'llh•p!l•t \11111;-i1,, i'-'11'1.'U.':i 
.l\l.lf .i\\ "'1J·"'·" l'llh1lil"l·'!111ill\\ p.VIUlllltllll ·''llll ;1l11 .... ! tt 

p.o,i• 'I·' '·'I' , 1· '' 1111111.'lll"l'll·' I '-'I''" pr 
••I ... II·'·' \.l\d I•• lh11""·''11"° ."\II ·'J1',l".'Hl 1•J \1• ... ,1• 1

1 111111111\. c~ 
.\1!" f IJll \\ ltttlJI' \IJ.ll' Jl.'IJI l1tl '·'JllJ'.l.'<tJd 

.'Ill ''~ 11·'" ,,. ·l'·'"l'l''1'1tt'I' •I''' 'II·" ll'IJ·''ll"l'll·' 111':111111 
pl•"' 1'"''1'•111111 , .. '·'J•lllll.l \Jl'llllJd I" llPll.'111~ I.Id ·''I.I .• , 

·p."lJIUh:w ... 1'\\ "J11},'\l~:l 'J'tlJ.'\,,, 

11111111.1.1111 \\ Uo>IJI~ \IJ.ll' l.'Jll' '·'lll·'·'l"lll 11"1'·'111"' II·'·' 1·~·1·''flllf'll·' 
:i111"·'ld\.l "ti ,.,Tl!\ ·'1111 l'llh•Ul'l·'llt 111·1111111 ·'11.L Ii 

T·'llll'i•I" "·'·"! ·'\I'!( '1111'-'l :'111 '" '11".I ·''I.I ....... 1..l~l..lcl 'l..IU\\ 
..... '\I )'IJ."ll.'l~Jt~ll·' 

\1.'.ll'' pur \.ll'.'IJP Jt.'l{I ·"l'.'J.'111 111 t.>pJ" 111 "l'U.'J.ll'lj 111 
,111.,111:i1·J1 '·I \1"'lJ'lll'' llll'll·'"'l;i111, .1" 111.,111.t"l·''·'I' ·'Ill l!::1k•J111 
Jo• '•.'llhllllJ-'·'I. ll• •IJl'/IJ,llllll!·'. \,I J.'1111·' ·,,,tlhlUl{.'·'I :iUIJ.l,lUl:iU.' 
.ll).lt1.':i \4 '·''1'•''111111' l'~ll"l-'••llttllt ll·'ll' ''''"'Ill ".I. t \. 

·'·'ll'<l<jllltr 1''llllJ.'<•U1>lll 
·'Ill \q f'.l/IU:itt.'.'I '·'Jll.l.'111111 .'Ill .l/IJ,lJ,ll'Wl(.l "J. '' 

"'If-'·' l''lJ·'llltlf'll·' IWtlllllf l'-'11~\ll.ll'·lll\111•'1'11.l 
"''IF·' \:l'\cl Ul'ttlfil{ .l"ll"l'·'llfll~ ·'Ill• '.Ill 1 '" ;i11t'f"'l<l l•'-'11.fl~dl'.' 
'·''l"'lJlllll' fl~ll•'l·"'ll"UI ·'•llUlll .1" l·'lll'd ,. ,lJrl.llt,l:i ".I. I I 

:'-l\!P.lf '10 
·'I'"';; tf-'"' 1111 l'·''''ld1t1.' \111~111:.,11...J ·"I "'I" 1'111"-' ·ru.,1.•1:'1 

Ill \;;11f11U1f.'-'l \\<I Jlll~llh.jlll•l.l.lJ \<j Jll \lft'.'IUl.llj.'<•l<j J.'llJl,l 
f"'-'llJ'< •J•I '•lll.':tt;'irJ.1 \t" l<jllll\ · ·'·'" 14.l.md 11.'n' J• •I 1111."11 ·"I 
••Ill""''' \111'111.llUU.xh.l ""·"I ·''I'll '·''f"l<jlllll: p:th•f·"'ll")'\ ·.rl 
·'lll l'UI! '·'I \.'<t'jll,lJ .llfl \lj l'·'"·'Jd\.l 'Jol.J,l.l,lJ JU 'f'lll~:i11 J,llfll,l 
lfll\\ :illlJ.'l'J.lllll '·'111·'·'!••111 \q f'-'111.fllllll ·"I 111'.l f'lll' ''·'111'1"1 '·' 
\.k 1Jl'll11111lllll llll \\ lh llll' \ll.lt!J,lJ.11'. r1 .'lfJ \o.j l'·'"•lhl\,,"•'lll.l.lf1 l\l1 
·'~ll.\,x), \lj l'·'ll!lfl.llll •I lit ll•.'IJf'I' ,lJ \ '< •'jll,l" l "l!llU,lll·"l ll~lf'Jl".l\I \Ill 
f'll" 'l·"''I' .•11.I." ·,,,.1:."'I' \J"l"J••"-'1 :i111p11p111 '-'t:i11t"lllt:d .1•• 
\pu1~' 1: Jiii ·'Jiii'·'·" 11,f .,1111.xh:i.'O\ll ·':'11:11p• \ 1~ ·"11'1""" l. >:I I 'IP·' 
p:tplfl•'l'll·' 11111111•.'lfl'I' ·'I\.'< •'jll-'1.1• • lhlll!lj!lflll Wlll ·'l".'tp1111:wp 
Jl'Jll.'llllJ."1\ "I ""11• l\f,_,J Uc •ll!lllllll:lllll ·'Ill .I• •-"·'I' l'J~l ·'lfl .l"·'ll" 
•111m11·''I" •ru., "'II"' '·'I '·"''111·'1.I" 11111'·"11'\ · :puno..1~ 

·'·'ll• \J.,Wllllllllllll 
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·111·'1'·'''S 'llll"ll'l·"'ISI ·'llllli'lll "'l'llll"l";i "'-ll Ill lll.'IUIJl:t.L'(I 
\:i1111•1J.'J·"'H ·"1111' J1i.u;i,. llll'<J"! > lll'.\ '·'IV 1111" 111•111:1,lll1'll"·' 
m dn1>J:i Jll•• llh•JI 1.,.f1q Jt'lll() "J(I \1.j P·'lllJ11p."1 ,lJ,l\\ 
111.'l111r.'Ji :\:11 PJ" '"'I .\<Ill.I• "'·"r"1"'J .'lfl• •1 p.'11:pJ •111."'l\uu.,h.' 
.'\Illus ., \U1'llU.'!)1 1'1.l(I '"llllr.I'\ \1.j '""l'l\UJJ \1Jlll1'1 ."\l,l\\ 
•l.ltUNIO.l j_ \ .. )-M. )') i.:1- \,111 ·1 '1·'\ll.'l..'llf .... ,J .::.:1-trdplll'lj:1-tr.l 1 

'>I '.\,Ill lll<UJ _"I 1'111' <I] "·'Jd\.' 11.'111" •J.'111<• pur ·"'·';'; l \".)•'I 
l'-"HI M. )")'I 1- .\cll I •'I l'-'l"t-'J '·lll•'-""lll ... 'l'lll.'11111 "ff]!). >I ·'lfl 
11: Jll.'llll.11'•1.'( I ;;;,.,.•JI.\ .ll.ll llh IJI 1"'1111'1<1" ,lJ.l \\ '·''ll·'U.ld\,lJll<• 
Ill 1'·""11 ·' \\ 'II< •11.lll.ll•lh •.l .'IJ.'11·';; .''111.I•' .ltth 'S :;tu!'l..l''"P\: 
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"' "lll".Jr.·' '' _"I ;iumir11111.' ·''"'!1: p."l\jU ......... ,, 1i.>1J.ltUJ•11<•' ·'Ill 
Jl'lll ll.'\J."lj<' •"11' .l\l!ll ·''' 1-~"JllM th> •lk•IJ.l.'l'lll'JI lll·'l'llt:JJ 
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"l'""1d IJl I\ J'lll' -1111·1.J l.'IJ;;llJ Ill ""'Jdll hlll'Jl ·'"·';i "'·'J '1111 l" 
111,ltll'IJ-'·''" Jl'Jll.'.'1"111 ·'Ill I '"''I' l·'l''"' "l d1.11111' \\ '·''l'"l' ·"·''!I 

I 'I·' I• 1nJ '\ 11"·'1 "'1.Jl'p '\ Hl~'I 1 '"''IJIJ'lh•." 
p'.'l;:u11 •I' \ttd '"' •IJI' \ .l.'pllll 1 1 'I 1 rt/ 111.'l!J .'11J.lJ.'l'Jl'lf' 1 •I pu1• 

... 1u.i111Jd ;-;1u 1."P·,Ul'JJ '"' 11 w, ·"·''II ::u1p~ • '"·' ... ,u.,;-; ·'lll 1• • tU.'ll1'd 
lltll"·'J•h·' .'Ill ·'llllllJ.'l·'I' uJ pll.'1111 .1\\ ·'JllJlll JI'·'" ·''Jl Ill •t 
:1,J1 •I.WI 11111Jd1J.',lll"Jl I '111-'l•IJd :itllJ'llllJ·\ '\(I J'·'<JIJ-''·'1' ·'"•'''JI' 
·''ll ;~u1pu.'t1.' ,,,u.':O: .~UJJi'l•"I 111 p.1;;1·~u:• \pu·"'·'J,J .'JI'·'\\ 1 t 

:'·'lllPI' '11111 ,11,11:i.iJ J.i11111111Jd 
I 41·.) ·''ll "l 1'111•! \11'"-'IP.'.'•1.1' 11•q1 ,111.i1,.Jd ~:111p111•1·\ '\<I ,,..11111 
,1, \p•1w 111•111·111111ptw111•111'pJ•'J.'J I·';-; \,J f'.VIJ.'J.'l"Jl"ll·' ·' \\ 1 ~ 
:;i111111uJ11••1 p111· "''' 1111 \lj 'lll.'111.'I·' :i111pp.,1.i ·'IJI 111 ·'·'"·'"h·'' 
·'I'll• '·'J-'1111 f'lll~ Uulll" 'll J.'1"\.i .i1p p.iu1pp \1111·'-'·'J ·' \Plf ·'.\\ I I 

·u"1"·'Jd\.' p.i11•111:i.'J l"'I·' 111·1p1~.'JI.' J11.1 pt11' Ut1l"·'JJ\., 
J'·'·'"l'111·111j11 J•'.I ·11"'"·'J•I\·' ·''l'"·'d'·l'"·'I Jt1I '·'·'"·'"h·" 
\J1111~1n;i.'J·''" ·'•II .v1p•.•11 Ill 'II 1'·''"111" 'llWIJ .'tu.ij,llt"JI 
Ill'·'"·';; .'IJ.'1"111111·' l'·'l.'IUJ,1111.-· '"'''I '" I",,, \11'111· ·''IJ 'llJ.'Jll"J 
lh )l''·'JJ\,l '·'1duu '·" 'llll u~ I'·' 'I'' \UI ,."l.'U.'llh.~' \J• •Jt'pt;L"'llJ ;iu~).'1~ 
.,,_, ll!J.' '·'' J'•'ll~J.'I' ·' \' 'I' \jl'ltr llll"Jlllll II• llJ.'J-'J' . ~ \lj J'IW p '·'I 
t11111J1J."lll~JI ·'Ill W l'·'IJ·''·' '' ll111Wl•lj.'J ·'llJ ''P"I-' IWIJ'l".'JI.' 
I! \lj !'·'ll~!'lJ'•llll J.'l!IJlll JllW \4 J'·'l 'lf'.'111 '' JI ·.il.Jl.'.-.J' ·'ll"ll 
pm: 1'·'1 1:111~.'J 111~11 •.1 111.i111JJ ju1p111 l 41'= JI \11d11J1 •11p J11h~111 .i111 
j111p11.iu., ·'ll·'j 1·4".)1r.'tl" ·'IJl .1" 11.11"·'Jd\.i ·''1.l :pr.JI"'!\' 
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'·'IJ.'Jlll"'\ '·'·'ll"l'llS '·'P·'1111111. >·'I' 111111,111 ·oJ.'! >-• •JJ."J• •M "'11':1'\ 
"J(f llH \\ uo111:J11ljl!1!•'-' 11! 11111 p.iwt'-' '' '·'ll'l:Jt'd llll'l'''·'J-f.1up 
th• 'IJ"" ·'IU · \J,11r.J1 "Ir.I '. \ouno.) «I '.l".ld t ""' f.uunp p.i11'" 
'lllllJI"" ll'J"cf '·'l·'U·'cf 'J(f 'l\.'lllll.'.'lfl Ill "f'·'ll!IJIUl ll."1:1<j \jlll·'·'·'J 
'"lf .,,,.,1 \.'< •pu.i .111 \pn1' .i111111 .i-1u • .,..h.i f.1111,1•1 ~111111' '"lf "lf" 
"l'l·"'IUij ·1111.1 \f.1111118 IP.)" \~ll(<•lfl"J J1'Jll·"'·'l•'f'\ J'lll!J1'11111-'.) 
,111 ·'111111,Uf l''ll"ll"W·'llll 1 \oun11.) ·'"·''d ·_1;u,1_111 uo11"..l•llj"I ·''II 
l(JI" ll11111'J•'4"11''" I! .i-11<i.111J ''lfl ".l -."llJ.iJ\.i I'll" \f.0111111p.i1 
\J"·'"'J.,1111 1111J1.i.ip '·'ll'"·'·'·'11 I·' '-'l p•Jnp1u1,1:J11n ·'lfl 
11: !1111111111/' •.•·1111 =':I .I" :>yJ<ln :>l(I pue uw.i_1,ur.J1 .1" ''"'I\ ..... •PU·' 
p:>11'1p.i111-H.l ·''II.I" \pnl' ·'IU ·1·'·'·"""l!) '1'UIUU1:111_111 \11,J.'\lll_l 
· Ul,1111;\lf.) .1" llPlllU1'd.'(j 1 '"Jf.'J"'l''S '.) "".l•HJ .I" JnoJf. ·'lfl 
l(ll u P.'11'111111 11.i.."J \J'"·'Jjl! Wl( ·ic ISht I :_'I;:' ·111·'lf.) ·11119 . f .. ,,, 
"'n11p1'u.i111s 111,111e.'11l!•lli" 111 P.'1111'-'J '"ll 11:111 ·u1111t'-"'<l''ll11.i 
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\lj l'·'-'11poJd .... J.> \\ }l.l l'.'~:unJ '•I 'lj\-'111 f.t11.'llJ'IU.I ·,t:UIOJ'Ulj \11 
·'14"1' Jll":I ·'IP" ~1111•1.i\111 ·"tllllll th Is tJll u P."111 ·'J·'" 
M.L 1•1111•11111""'/ l'·'l"I' "''Ill u p.i1111111m111 .i.i1111 "ltr 1\-'H .1" 'II-'·' 
11·'-'t.l' \tPLIH ·~J t'IUl'llll/''·'·J •'I '4\·111 .1•' 11011'111"'.lcf ·4 
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Jl'lll l'·'='·'"' ·' \\ 'lJ"''"l '11"" 111 ( J I< I , .. ·""·''•I'' ·''I' Ill l'·'Jllll"' 
'·"Jn;";IJ'l'tt11tJd ''I !'·'Jl'\h1t1• .. \h•l''·'hl'' M,I I J1t 1 ,IJf 1'"111(1" 
J11 ,hl',ll.'lll lll' UI 'Jill'.i1 ltllllJ'.ltlJ ."1111Jp1.l ·''ll Ullllf lhllJ,lfd•'I' 

lh •JI Jl'lll I'·' \\lllj\ () I< I I" ·""·"·'·•.I J•' ·""·'''I'' ·''Jl UI l'·'J!IJJll.' 
... 110::11,l'UloJd llti p.'1t1J1 •JJ·'\I HIJ.1.'l""llt' JI· I~~· 1 ::u1 ... u ... \1•,,, . 
:iu1pu11f \I·' "l·'·"k'J ·.irn1111.' ·''II 111 \ I '·"I 11.''P' l'·'J"l'·'J 
\111·1u1·.t J11 \1.'Pld111u.' ,,. 11 • 1 11\li~~ J ::u1uw111"" 111111p.i111 111 
p.'.!111111.' ''·'ll'l'Jl'\l I" 111 \\UJ:i ·'11.J '( j I( I l!l"IJI 111.i1.i111.i ,iJ1•111 ·'JI' 
tlkl.) J'lll' I I '·'""I'll \Jd \ \llJf' \11 ·'Ill ;;lllJl'.'IJ'lll \p•"·'I" 111 \\llJ.,. 
·'ll'"J1•d ',tJ~ \,J l'·'l'•Jllllll \1.' \11.'·"l'·'J ti Ml.) pur 1·1 '( M< I 1• 1 
l'\lilt~ J'lll" j\li~- '!\lilJ~I l"ll pip tlM(.) Ju J'I '() J<l l'·'l'"JJ.'l·'J 
'1".'J·''I \\ lh•lll'"I 1u.ip11:1\J.ip ·'"'I' 1• 111 u11tJl'.'lld·'J .i1u:i11,1•uu•J<I 
'" ·'ll"J ·':JI l'·'·'llf'.'J 1'·'''1 'J••ll"l·''I" ·'·'lip II\ ·p.iJ .. lllhllll 
... ~\\ lfll\ll(;i "·""Ill ·'•111111 •tlMI.) p111· !'I '·'""J'U\d\\11Jp\11 
pu1· < H<l' ,J1111·i·''I" 1111J1 .1" l"·'IP ·'•!1 ·pu.' ,a11 "I. ·1•1111•1111r '·"I 
l'lllt";:r J'·"ll ·'4 \1•111 \j.ill"JI' 1111111• \Ud.'J' llHJI Ill" J.'111·'11 \\ 
.,111111r\.i 111 111oin1" '11111 ·' \\ ·uuJ.'.i'lll'JJ \,J l'·'I'' 1uJJ ·'l"'"11'1I 
·'•JI I" ·'I·' \.i ·'Ill ·'lJl 111 'Jll.'tt1.im1h.'~ t1t1JI 'l'·';i;in, '-'l11:111,r111111d 
1111111/Ut/\l.l"J \l•l }i1 _Jo ."l.'U·"·'JJ ."tllJ. ·'·"'111;-;iJ'l"lllUJlJ 11!111'1111/\! ,., 

J•, lfl \\OJ; 4 '-'" 1 tll ·''IJ lh 1 lh )j~ .t•' ·"JUJ ·""lll Jt 1 uo111·;t~1,."I \UJ .,. 

., M.1.• Jt1lJ·'"·'J lllil·'.l'lll"JI 1•1111•11111''·"/ 
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., .iJ\Jl'I"' '"'J·'' JUl~l'''·'J·:IS .1•' ·"'"·'llUI I ·'Ill lit ·':itWlf.' 
llll".'~1111~1' 1' UI II"'·'-· I< 111J'lJ'llt11".'Jd\.i t"}ll~ Ul ."l".'J.'lll J'·' \J."lj•' 
·'Ill Wiii l'·'l'·'jjn, ·'-'ll·'lllJI \ .i111;i11,1'11111Jd IJll \\ 1101"·'JJ\., 
tydj ·'ll~j.'JJll.' PJ 'ldllf.'11\' ·'·'lt1;:11'1'111"Jd Jlll'J'l'•'J·:fS Ill 
ll• ,,,,,,JJ'·" fl,J~ u~ ·"'r.'lJ."Ut P·" \J."'-~• 1 ·"lll J• 1_11un• '·"·"I" \1~u1 J• ,,_,,~_I 
Pll"l ·'lll .1• 1111 llll'Jl;;:,,Ju "''(I · J111.w1111.i111JJ r \lf 1du."t11'JI 1-.,Jj 
,111u11111~n114r1'1r111 •11Ju."ll"Jl· I" Ill" \<1urJ1111'"·'1 11" J'·'l"'l'·'lll 
·"! '1:111 t'<Jllj .1" 11111".'JJ\.iJ.' \II .'IJI .• 'J• 1.l·'J.'llJ .,_,111j11,r111t1Jll 
llWl'''·'J·:IS lit unu t'S 111 Jn l'·''"·'J.i111 J'lll'. 111111 ut '"" 
.iJ \IJ'JI \\ ·'111111 ~.'I I \'\;}llll t'<}llj f'·'lrlllll'·' '((Ill.' \tUllUll.'1" 1111 \\ 
'·'l"'~J1~d ~lllW.'JI J.'1.1\' ·.-.J \1p1111 ·''fl I" l'l"I ~ \j.'1"1tll\11JdJr 111 
'·'ll'"J"J 11w1'1'·'J·:IS .i111111 \'\:l'l'" t'Jll~ .1" 'l·"·'I ·'11"1' \pr.ii, 
·'lJI ,1• 1 ·""·'J.'lll lW lH J'·'IJll'·'J ·'J'lllll\.'11• 11.' \.' lfll \\ '·'l11j11,1•11111JJ 
n11• '""' '/' .. ,.xi \1p11upm:11w1'1'·'J·:1s.1• • 111.i11111~.,J .l '\''\Miil 1·yJj 
Ul ·"l:.'J-'l!I m~ 1111 \\ 1m:u111111.iu11.i '" \\ '·'ll'l"J1'J llll"l'''·'l·:IS UI 

lll.'I• 1JJ f\}ll~ .l• I 11111111111~ ·"lJI Ill .""-1:.iJ.'UI ·''II Wiii i'·' "'Ill' 'I' \j"ll" 
1"1'1 llJ.'lllJ"'\ . \p 111.i.-.J'·'J ·"' \1p11 \\ '11'J .... \ '·'l";:'l''~lllllJJ 
111111 111111''·"/ lut'l"'·'J-_-IS 111 111.,111JJ 1-.,.1~ .1" u111"·'JJ\.'J·'"1 
ut~ l'·'lt"..11'11"111·'1' ·'.\\ ·'·'l"~'l'"u11uJ 1•1:11111111""1 • ...i \1p11 u pm~ 
111"1'1'-'Jt :IS 1111f.unput' 1111101"·'.iJ'·' t•id~ I'·'\ .... un'·' 11:i.p_\\ 
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'•"lJ!'Ei1~J llJl~l'~'·.,J U~ fijll~ _IO UU!''·"JJ\."'J."t \t • ,"alfl _JO llll!ll~f • .,.Ut.t."\ 

put~ '·"'l!''~.n~li ttu~l'!'··u U!~un.1.,u~s u~ fljll~ J" lit ,~,,;\JJ\:I c z 
'"-'J~11Jd Ill \\\•II '! '·"f'llJ.-.J 

5um11,11111.'-<P.. HS 1.i11111 ~111,n '111.i111u.-.J'·' .1• 1 '·'LI·" \ · ·,lfll'·'J 
~mf.r.Jll• '·"'!'·'"'~ 111111."'.lll! .i~u·'ll"IJ.' l''lll·'llllJ.-....l\.i• 11 \uummut 
.i11p.i111JJ .1•• 111111.'npm J••.1 "·" 1 111 P·'l-'llJ'll"-' '1u.i1uu.iJ,:1 
··''ll<>J'·'J ·'11'J."IJ'lllll \J.'I '~ J'•'\\•llf' 'll•llll'J1'd.iJJ ·'J'llJ.-.J 
'nout~\ 10 'uol)r.JJU;\."U•'-" p.,p1~J;1 l'tu1~;11~ ''./J/.t 111 '·""Utlt..l'·"J 
·' '!1i:.i.i11j. uJ lll<;J.1 p.iJ-."P-'1111J'.'llllllllllli111111J.l 'il·'-'·'J'l'll l!J111,· 1 
'I h "'·"'.\' lhhl lillll;i J'lll'J·'~lllll] 1.iJ1111J."ll-'-'·1U Jl"'l.'1lllll1''1' 
P.'J.'J'l'll• ._,,1..,.iu;ml-." '!'ll ·m.i111JJ pt•''' 11-.mn~1.i1.'l11_1•1.i.'lJ.inh." 
·'IJl.1<11 ~\:IH\:.:fl;i.\H.l6l1>S·ss '·'llJ'l'·'J pm•fl}d.i,111.:.~1-11~1 
,..,nr''-'J• 11 P."l't1•..i .... '"' '·'·• ;ot\:IM\:.-r t;ot .\lu6· 1<>c1.\. l!SVl '·'11• 1 
.iu.iu1111.' •~ ·.ip11J.-.J l'l'.lfl ·"IU -f•Jd~ .I" ·'II' ""''·''ll'"·(J.\.HS .'IJI 
p .. 'lm,11111-'1 H.l.\.\M.lYt<>cJ.1..HS\-'l 't4l ·c1~ I pu.,1 ·1<xHMS\-'I • 
.:.~1-o~I '·'lll'''·'J t11 ~lllf'll•i<l'·'""·' ·'·"PllJ.-.J oui ·'IU "'·'1111 
5111111111111111! J••.1 J""'n ·'J·'" ·'"JPJ'~'l'~S '.) ·_1•1Jcf J1111:.i''4"ll"·-· 
Jll•• \<1 t11J1•,1·'llflll•"111 -.i111111rnh ·'~J1'f Ill p.i.in1i.u.l ~1111111:m11.' 
-<J.\.}JS 111.'J·'.IJll' .'\'Jlfl 'lll,.,11t1J.-.J\.i .I" ,.iu:io. 1'-'~1 ·'lfl Ill 

-\1111111111111 ·' 111 ..... i111JJ :\11!1.mpu1 111 
'·'r11J;>J :;mun~11111."-<1.\.MS f'l'l:t.1•'"·"11·'"1-""".IP-'lfl 1'·'.L 11 

:!i~ilcUJ '!f.IO.\\ 
._,_.,JUI 

_I•' ,11111."'Jlll l''IU.'UIU:xi\.i Ill 1111.11 ,111 ·'l•U ·'lfl ·'11'~11"''lll ·p~·'J 
Jl:.lllJ.'tUl'l:.J!ln pm~J"lll·"'l•'111."lfl I'" -.'I• •~ll'"llh>JJ 1'1111•11111• !.''/ i:lj 
111 u1 .1• • ·""-'PJ p1w ·"l'~1dn p.>11~1p.>1u-111"·'.l't1rJ1 \pn1s ·u· 11pun1 
'II '!-"'Ill 1i:t11 'll\·111 J11_1 u.i..iJ."'- pm'. M.L 1•1111•11111•1.•·1111 'lf\-'111 
·'-'111"'.lc:I -.i.inu .1" 111111.'·'.llll Jl'.J11.i111u.'<h.' 111 p11r '·'ll•f.11,nu.uJ 
f'Ull'llll/'1"'/ ,111 lJIWIJ~ ·'IJl 1111 lhlJI ,Ill ·'111.1.'ljl ·'11~~11'-.'\lll tf 

..... , •. , .... 1, 
111111111//f' IY/ lll!!l'l'•'J-_-IS J.'IJI< l Ill lh >l"·'.t.J\.i tl/..J~ \J'tll' I ''Jl~ Jll \\ 
·'.\\ .. '111 Ill ·'·'11.'JIUI' l'~IU1'1llll''·'l 1Jll \\ '·'ll'1:.J1'd llll'l'''·'J -.-IS Ill 
t'l'f;i.11• lh'l"·'-l•l\.iJ,l\11.'lll ·'l"j.'.1111.) 'fl.'ll'lll;i.iJ \1Jt"ll1 •1JlllJ."ll1'JI 
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d1.un- :11r,,·1m;: th.: ''l'''""h'll "' th.: C.1r- l _;:.::i.: Ju.11.:h•u• 
'''~f\.'.'\llf'-"''i,111 ''r 1nhit-ui,•n ,,, ch .. • ~ ... ·1k.·, 1..·n"'°'"'hn:.: th"· tr .. m,. 
at..""ti:t~ prttt'-·fn ... nt'''""'I .... · .. ut k\.t"l 1;, 1h ... · f,...-111 .. 1th~n ,,f rh•\ ... ·I 
r ... ·~ulah•r~ \.·1r ... ·mh i~•r l='""tl\." .. ·\prt .. "''h•t: UP hl~h-.·r pl .. uu .... 

R;ad.i:nMtnd: In "ur r..-..... ·.1:.:h pr•'l"'''l "' ...._., th .. · .11111 1•! 
::.1inin:: 1111 .. r:n;1th •II .11'< "'' th.: li::iu m,(u,·,._1 •t::n.11 t: .u1..Ju.:ti• >n 
(11.un;k,1.Im.;: 1t•1h,·tr:111 ..... ·nrth•~1.1l ad1,.1tht1l•~f:'1,·l -;ii--! ;:.:11<.·. 
( )m .. "f""'11"tk· \\;.t~ lt• ... 1 .. ·n 'u'""h ... luJt""' l' h•h..ll."rV·~~ \.·i,-r'-·~ui .. it· ·~ 
""°\lllti:ll\.·\.--.... \\hi,·h an .. · ll\.'\:\."'"""'l~ f,1r f1 •• ·~ub1.-.,,.[ r:,prl."''h•ll .in,l 
•U"x"l.fu.:n!l~ P i.l .. ·nut~ th .. -..· 1r:111-.·n1'"1t•n 1 ... : ,. .• ·.du.:h 
'l"-"\:ilt.:all~ "111'1h•111<.· .:1• r.:;:ukth•~ ..... • .. ·u.:n.:.:• ,.. .. :.1r::,"1 
llft•tnoh..·r. Tran,·ripti,•n;.tl .. h.:ti\ah•r' ;.ut-.i :..:pn.:'''': , .: tx~,\ 
l."\r~n'l'd' -.tlh.h'-"\.l ln ,lfll\."r 1o."Uk~1"''li" ... \ ... (1..·n1 .... _ 1 

.\l,,.""\c.."f u1 
hi==h.:r pl.1;11- tlu• !in.:• •f r.:-...·:m:h h.1~ ;u,: 1-...:..-n •l.u~ ; ti-..: 1-.1•t 
f.:" ~.:ar•. R.:;.:ul.11t•r~ pr•>t.:111• in1.:r;1.:1tn;: '("-".:1f1,.111~ \\~lh tli.: 
pn•111<11.:r• ,,f pbm '1r.1l ••r nu.:k.ir ==.:ti.:• h.1'.: lx-.:n .k-...·nt-.·.i 
h>r ,-,:unpk. "-•th rt-.:S .u;d C;i" pn•111<•<-·r- .. 1.i1.:u1 pl:ml• h..\\..: 
t-.-.:n 'h""n It> llin.I x\.:r:il ,liff.:r.:lll :iri~.:in- 1(i1-l. <;Hl·-1. 
.\ T-1 •in .1 "-"\fu.:n.:.:·•p..·.:ili.: m::nn.:r. Tit,· pr,,.,..._. rt'!- ••I th.: ..... · 
fa.:h•r•in li-..:r.:;:ula1i••n1•ltl-..:...:pn•lll•>l•·r· i- 11•>1 lulh :111.l.."f'>it>tJ. 
:1hht>u::h i! h:1• ".:.:n •11••\\ n that mut:1li••ll • ·' rh.->--:tJlll:: •it.:• t.•r 
l iT-1 ;~n.I< iBF- I 1r.m-.:rip1i.'11 l;i.:1•1f'r,-..uh- m l•"'"k~pr.-..,h>11. 

\\.: •h• '" .:d tl1a1 th.: "lk.·;1! Ca"- I l'f"llh •l.:r. 'nmbrl~ '" 1h..: 
1 .. t-.:.·.:•• C.1M: pn•m•>1,·r. .:t>111ai1i- "''.:ral \\dl-J.:ti11<.-..I .:i•­
r.:==ulalt>~ ...:4u.:n.:..:d.:m.:nt•." 111.:h rr,-.Ii.i- 1ha1 ':tri• tt1• I>'.\ \­
!lin .. lin;: pr. •1,·in• "111 int.:r.h.'t •p.."\:ili.:;ill~ "i1h 1h,-.....· "-"\fll•"l1'X' 
i11 "''' In ..iJ.1111<•11. •lllf .L11:1 • .i..t.1in.:d '" I.tr "' an.1f\,in:: 
1r:111•;:.:n1.: pbnt• .:k.irl~ 'h"" 1h;111h.: imp••n;uu .:1~-r.:==ui:11t~ 
. ...._•llu\."nt...· i..·', •f 111, '"'"-"'ti 1 \\ hc..·~ar • ~nh.l 1..li"·' 11h"°'''""t.."t'1 ( -atl rr• •Ilk •h:r' 
d" 11•>1 •l1;m: -i;.:mti.::u1111u.:k••l1,k """'lu.:n.:.: h••lllt>I•·==~. ~.:t th.: 
"ik.-;1t l";11l- l ==··n,.- 1• f;ntl1foll~ ,-,pr.:•...:•1 in tr.111•.;:.:ni.: h>li.i.:.:" 
plant-. in,li.::11111;: .1 .;t>1mnun r.:;:ul.th ·~ 111.:.:h:nll•tll Ill ,Ii,,,.,,_. 
pbni-. 

\\·.: im.:111 h• ..... 1.11.: "•Ill•"• •I lh.: 1r.u1 ..... ·npl1t •n l;1.:1t•r• m' "h .:.I 
111 1h.: r.:::ul.llh>ll ••I rh.: "h.:.11 C".1"- I ::.:n.:. \\.: .1-.um.: 1h.111h.: 
int .. n11:1i1 .. n ••lit.un.:11"1!1 hdp '" ,i.:i.:nnin.: 1h.: •lrn.:lur.: .u1.I 
fon.:lit>t• ••I lr;m-.:nr11un r··;:ul.1lh•ll Ill hi;:h.-r rl.1111-

0hj«thri: \\,· pr•'l"•-.:11 i..-

l 1 1ktln,· 1h.: ,-,,1, I I" "llh •n .m.l nu. i.:1 •lt•k -.·,111.:n.:.: ••I 111,· 
.:1•·.i.:tm== ,-1.-m.:ni- ••I th.:" lw.11 ( ·.11'- I pn•lih•t,·r: 

~' i ... •l.11,· .11111 .:h.ir.1.:1.:n" ::.:n.:- .:n.;.,.lm:: ll:\ \·"m.lm:: 
rn•i.:i:i- 1h.11 •p.:.:1li.:;1ll~ 1'111.1 .-•• 1h,· .1ti.I\ ... ni.:nllt>ll.:.I C".11'_.l 
rrnnh•li..·r fi.."_7hlll': 

_; 1 ,ki.:rmm.: th,· .:'pr..-.-1 .. 11 p.111,·rn "' 111,· ;.:.:n.:• ,·n.:•>thn;.: 
1h.:-...· '.1ri• •ll• I>' \-"m.lm;: 1lr.111•-.1.:1111;:1 pro1,·m-; 

..t I ti.·h~lf,h.:t"·n11..• (hc..·,i..· .lll ... -.a..:Utlz! fc..'~lli.1htf~ pru(i.."Uh Ill\ lii • • 
un,kr '.trit>ti- ph~ ,,,,(,•;:1.:;:I .;1111.11111111• 1 h;:h1 '' d.irl... k.11 \' 
fl"'' t."h.:.1 

\\nrl.. Pntl!n"': 
I 1 Ct•· .111.I 1r.lll•·.1.:u11;; r.·;;ul.1h•r' ,·km,·111- o! 1h,· "11<.-.11 

LJ!i-1 j'f••lllt>l\T 
In ''llf 1.,,t 1n11..·nn1 ri.."I" 1n \\ i..· ,ti.."·-.:nlx·d 111,k·t.ul1 •ur pn 1;.:ri..•,, 

111~1,h.,· 1n ,,,:J.111n:: \.'.I'· .1n,I ;,r.m, ..... :un:.: r11..·~ul.1h•f\ 1o..·k11Knt' h•r 
1h,· .:ir.;;,.h.111 ,i."...-i.. r,·'l'"ll'l'-" ,·,prc·-. .. ~11•1 th~· <".11'- l ;:.:n,·. 
Dunn:: 1lw l.i-1 ',·.1r \\ ,· 1u11-h,·,l1lw.:h.11.•.:1,·ru.11h •ll ••I .:i--.1.:lm:: 
.:klll\";lh .111,I ~lll"illllll\"<( l!l,lllll'\·npt- I S,,-11 , I ,1/ • l>.11im,U1;l 
.-r cil.11h-.:u-.m:.: 111.-..., 11.11.1. l'ro::r.·-- h.1- .11-..• ti..·,·n m ... k m 1h,· 
i.k11111t\.11l1•11 ;~n.I .:h.1r.1.:i.·n1:111t•11 ••I 1r.111--.i.:1111:: 1.1,1 .. r­
m1,·r.1t.·tm;: "11h 1h,· .;1,.r,·;:ul.1111r~ ,·km,·nt- 1 prnn.:nl~ "11h 111,· 
•.:qu,·11,·,- mnlll• ( ·.1h-I-. .111.t ( ".11' I)•.\\,. ''111.11.:.l .m,I -.·qu,·11.;,·, 
''' ,·r.1! d>' \ .:lun,·, ,·11.:11.!m;.: pnt.111,,-1>, \-h111tim.:: pn~.:m­
( lur m.111 •r ,·r I• •rl .11 pr,·,,·111 '' .nnw.1 .11 1tkn11r~ m;: 111,· 1'1t •l• •::i.: .11 
fu1h.:t1t 111 ,,, thi..· ... c..· r1..·~11l.11"r~ pr1 •li..·1n ... 111 \ n,, "''":!' fr.111,::11,.·ni" 
plant• .m.l 1111.;r.•·111,·.:111111 

~ 1 "[I)_,~ Jllh:L!,J!~•L.t:\"!_\\_,\'11Jii,·.0f,_,11JJ_,)!! _,_l,_>t,J ,lJ.llJ llt.­
ch•!!!.~r.,:~\:C!'.'!:.!'h~" 'l.:!tf'.!!!.t•: 

\\ .- 1111111.I 1h.11 th,· ..ir, .1.11.m .:i11d. 1;,,·lr " r,·,;ul.11c·.I I-\ 
ph~ 111.·ln"11"·· 1h,· m.q .. r r.-,1 r.1r·r,·.I ·'""'rl,-111;: pl.ti;, 
phu111r,·.;,·p111r. I 11r1h,·mh•r1-. \\\" pr"' 11k.I ,., 1tk11 .. · rh.11 1lw 
,:n1o:.nl..in ,;In"·~ 1..0 \lll~'H' ,1111.'\lf\.'l1h." lid11 ,1..·n,lf1\ :I'. lh"·h:ft'h." 11 
•h»ul.I 1,. r.·;:tt!.11,·,l I" 11t,· ""'~ I.11' 1.!u,·r. .. · 1 \I(,,,.,!"""'. ·•I 
i'h~1 .. ,:1tr""""''·•;.'.' .1.ii .. 1•1<1:_ I''\\'"'·"~'"' r.~•111 

(', 1 lurth1.:r, h.11.h:h."n1,· 1h,· 11111..-1 ,,, f11111 ll\.'I\' ,·,·n 1h1..· ... lh .1d1.1n 
,·t.,:k .111d ph:. Ii ~:hr• 1111,·. '' \' ,,,1l.1tt·d .ind '""hl·,l 1h,· 1..'\('r1..· ..... ,, 1n 
p.llh.:111 ... ••I f\\1' l11h,1,,~, ::,·11,· .. \·n ... 1..,f111._. 1.'I"-" \ ph\l1"'h11•111,· 
I \d.1111.r.1! l'l'l:.1'1.1111 l'll\,11•1 1111. 1111- ; '"'' \\,. ·h••\\,·,I 
1h.11 1h,· L''.J'l\'''h•ll 111 tlh:" ,,,,.,\I .11hl /'h1 \~ ::-.·11,· ... I' J1111 

r\·:.:1d.11,· •. I b: th\· , 11,·,l\li.111 , ''"' k ' \d.1111 , r .,; ... uh1111n,·.1 111 
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l'l.1111 J,lllnt.tl I. 
hn.1lf\. "'. •>lit.tnh.-.1,·,1.I.:1...-,·1!t.11 m .... 1J1H••tl h• h::h1.1h..­

.:1r.;.:,h.11l,·1,...-i.. ..... 1 .... r.:==u1.t1,...i ll~ .t•k' .:1.,-nh.'lll.11 l'"'";~.anmi..·. 
\\.: '11""'-.I 1t .. :11hi• l:.;:l11 mJ .. 1x'!lJ.."1ll r.:;:ul.1th"1 ~.111 !x· r.:.ahl~ 
._i...·111'>1i-tr.tk"\l 111 :"un;: ~l-;:n•\\n -. ... -..nm;:• \\,· .11"' l"'''•-J 
l11Jt di...unt...·l ""-1,-r1..·:;ul.Lh~ l'""•tt1tt.'lc..I c..·lc..-nk."nl ... .:.re.· Ul\t•h"'"-J 111 
m,·.I1a1in;: 1h.: h;.:111-.I.:p.·11,i.:111 .1nJ th,· h;:l11-m.I..·p.·11J.:n1. 
.:1r.:.iJ1.1n .;I, ...-r.. 111<Jul.11,-..1.:,l", ... ,1 .. :1t •t 1h ... · 1 ·,,; •. / ;:•-n.: 1 t...•IJC 
, ~ ,1! .. •u"111111,-..I h• "' \S1. lli.: .ui.11,,.._,.11li.: 1.111,, r,-.,:ul.1h>n 
d.:m.:nt •• .:un,·mh t-.·111:: un.l "11.11.. .. ~. .. • 

In .1 ..... -par-al.: .... ,;, ... ••I ;,p.:nnk."111• ",. -tu.11,-J th.: ,·,pr,-.., .. >11 
1•f nth.:li..·Jr ~c..·nc..' 1n li"h.· ,1iJ~·,:1;,11:, n1utJ'll ••t Mk\ \\c..· 
,km.•1;-11a1,.-;.l 1lw1 ( ·,,f, mR,.\ \\.t• tr.111-...·nt-.-..l .11.1 l"" l~'d 111 

th.: mu1.1111 ,·..-fl, .:•>1ll.1mm,: nt-. .... •ni.:-J.:ti,·1,,11_ "hu,· pl;i-11J,: 
h""'''r. C,1/• tr.1n-.·np!t•>ll -.1111 r.-t.mi..-.1 11- h;:h1-11i.lu.:1M.:. 
.:1r.:.1J1an _.i,,.;!,. 111 .. ..tul:u.:.I .:h.u-;i.:t.:r \\.: 'h."''-J 1h.t1 111..· 
.:ht .. n•pl.1,1 -......-111, h• ".: tlk.- •>r1;.:m ••I .1 •t;:n.1l .:lum 111"';.,-J 111 
1h.: r.:==ul:tlh >rl ••t 11-..: ·"'l""'"l•>rl •• : l ·,,;, .ui.I udi..-r nud.:..r ::•·ii..-.. 
d1<.·1i.x ti-..: It•\\ k'd "' ''•"'-..'1"n m th.: 111111.11111: ho•\\,.,,,.. 
h1;i.;11 .. 1ul pl.1-1i,I pr.~..:m "i·"~ mli..-..1, ;in.I plto>I·"~ mh..-..1- JC.: 

th" l"•"T•"l.flli•1l.:• f1>rth .. ·.:ir.:..J1.u1 r,·==ul;it1•>1t .. 1 l ·.1i•1r.111-.:n1'lh >11 
1 lf,.._, .-r ,,; __ \t .. 1. < i.:n. ( i..'li..1 .. lll l'f• .... ''· 

Puhlicalillll'>: 
'~· t·_ 1--..-jn.L \\ mmr~rr. 8_ Dallman..G_Sctaafrr. t:. 

1 I 1l'I_; 1 Th.: .:ir.:.i.h.111 ,,..._·1i1.1hlf ... r,·::ul.1i.-..J "' .i -..-n I"" 
llll\.·n.;,·r ..... pom-...· .. 1 pll~1i...-hn>1tk.'lll\\ .. h.:.d Pr • ...:. '.111. \.:.al 
S,:i. l ·s \•NI_ h~lll-h~'l.t. 

\d:im. L l>riL \I_ "41~. S_ lllua. '.H- '~· t·. 1 l•l"1;1 
S...·"IUc.."llt..."\."' '•f ;t h hb:t..."•' 1 \ 11 • 1!1,11111 1.1. ,1itt1m • :'"·n...· .·t .Jut:= r. ir 

_ 1~p.: \ ph~h...-hr .. nk.'. Plam Ph~, ... 1 1111. 1.t11-.: Ml.\. 
.\dam. t:_ rt al. Th.: d-:'d•>pm.:nt;il .. mJ pli.>1 .. r,·::ul.11.:.I 

._.,pr.:.-1<>11 ••I th..· h>li.1.:.:•• ph~ \ ==.:n.:•. 1Suh1m1i.-.I h• Pl.1111 
Jt>um .. :h. 

Kolar. l-- rt al. C1r.:a.l1.1n .;1,...-r.. r .. ·,:ul.11 .. ...i ,.,pr.-..,1,~1 .. 1111..· 
"11.:.11 C".1"- l :•.:n.: 1, nh.-.11.11,-.l ll~ .1 •k' d»r1n·n1.1I pr"·;r.1111 
1 Su"llllil•"\11» P'\ \ "i •. 

Ill"' ... \\ .. IL\liillrr.a...'~'···-ROrnrr. T.• l'l"I_; I Rt!i.N•ffk ... · 
,kli.:1.:n1 p(;i,11,I- .1lk.:11r.111..,.·np11• >11,.I h;:ln-ni.lu.:,-.J mi.:k.u 
;:•·n.:• ;:.:11.:ll.: ,., 1.k1h.·1· h>r .1 pl.1•ll•l-,l.-r1,.:.I •1;:11.11. \1 .. 1 
( i..·n. ( ;.;11<.·1 . 111 i"""'"· 

n:u. nru: ("()' TKOI .. \'\D t:\IBKHK;t:'·~~•s " 
so\l.\Tll" n:a.L~ ot· 1man:R 1'1. \'Ts 

l'rilkipal lnu .. 1i~lt1r ().:n.:, 1>11.h1-. hi-11111i.· »I l'l.1111 
B1»l»::'. H1 .. l••::1.:.1I R.:-.·.ir.:h t ·.:ut.:r. llun::.in.m \,.i.kn" 
1•! s,;,:n,,·,_ P°<l B"' ~~!. ,.-,ll \,.-::.::1. Ill '<i\R,. 
kl,\;. 1-.:, .• ;h-f>~ ... p;p.t . 

f \I/It I ( · .• 1111,1. r \ •• •1: "'' 
/C1;//l/(,r,.,,,,, \ .. 1 Wl'llf \•1/.••I 

Kr~'"'"'' .1ll.1ll.1. \k,h,.1;!"· ,,.-11,~ 11.:1tr .. nu.11l»n. p '-' 
l..111.1 ..... · . .;~,hn . .:ll' \. '"nh.:rn.1n.1l~-1-.pl; ·.11111111~ t-ni.lm;:. 
.lll\lll ,11 ........ 

\ho.tr.ac1 lh,· pr,., t• •1i-l~ ,·,1.1"11-li..·,1 ,·mhr~ »;.:.:m, .:uhur.: 
-~ -1-·111 .111.t rr• 1t.hll"lh •11 "' 'll' \ hhr.1r: 1r .. m .nl\ lll·.k ll\ .11,·.I 
.:di- .11l""•"1l u• 1 .. 1.t.:11111~ -.· ... ·r.tl h•lflll .. 11'" r,·,1"•11'l'•' d>' \ 
,1.m,·, lh.:\l,l'RI' .:ll' \,1-rr,·•1"•111l•l"·'l""''lnk.·nd1pr1<1,·111 
1h.1t h...·h •n:; ... h • .1 ;:r• ... r ,.! "· .. ·II·\\ .all pr• .c .. ·1n ... '.\1th n,·\\ .1111111'• ·"-"' 
rq-...·.11 m»lll n1,· 111R' \I"~""!' I\\ .1- r.1('hll: .... 'llllllll.11.:.l .111.-r 
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1 .. rn1 -111.111 .1111n1mh "' pl.1111 111.11,·n.11 

\\or&.. l'n..:n-...~ \\ ,. h.1h' 1"-·r1 .. rm, .I '''l'·rim,·111, .11111,·.: .11 
p.1rt1.d tr.an,1 ... ·r , 1f lh\· 1111h1, lh •ndn.d ;: .. ·rh•1n\,,· +\,, h1•nd111•n\ ... ·1 111 
:-.. 1 1)1tt,, (,•,1r ·l"'l'J.1,lldl~ lttfl.~,, 11 \ :, ••f:11t:1i /,1/w,11 lfnl I 

",,1uh1n.11a.•rh. \\ h,·h.·"' ~ :.•pl.1,1u1, 1n.1l: ,1,·rahr~ 1( ·\I\) 111.11 "-1.:d 
1h"· pr"'"""'lh."'''' .111\,,·n.,,, h••n,ln1•1n"· 1111h,·. l1•n••r 11r~1111 \ 1111./u/.1r,11 
I .1ra ... 11.:111, ~ !11rl.1,1111r.111 .. r..:r h ..... h\.·"'·11 .1 .. hi\:\ 1.:d h~ .. ,:kd1nP l••r 
.1pl,1 ... (l.,l111.1rli.,,,-r 1.1nt1h111li, r"''..,hl,1111i.1i." I. ,HI ,l('J'ft•,h. h h.",Ullll1'...'.' IP 

••"' ii Ml'. 1.1itr.m ... h,:r ••I ( ·\:\ In th ... · 111 ... 1111 ... 1••11 "'"'l'-'fll1h'lll .Ill 

.ill, •pl.1 ... nu .. '''"·''", ,, 1111\· 1,·.1rin~· '11"....'ll1• •1tl f'\'t.d1 '"' ,f,li1h.'f1'. 

p1 ,.111, ,-,l h~ h.1, k \ r1 ........... \\ ,, ... 11 ... ~·, I I• 11 p~1 •h •pl.1 ... 1 f 11 .. 1t, 1 \\ 11h 
\\ii.It~('\" 1t•h.1,,11 \11 I · l 1 •l•1 ... r 111 .. 11111 d1..·n,\·d1 ('\I\ pl.inl. 
r1 ""\''"lfl~ f11h,I\ \ti'- hlPl11pl.1'I" ,llhl ,! h'1i. Hl11hlf1 lflf ,·ht ~11ilrlnl1h." 

109 



ICGEB Activity Report 1993 

lllh..ltth."\h.1h .. • (,•(\\\.Yil th ... · h.·n1k· 1 :,;:,t. :u': 1.Uh.f l .,,,I !f!!d,I•··'~·l' 
t~ p ... ·,_ \\ ..... lh>.."\.l 111 I anh .... ·r tu ... h•r. 1...·'p'"·t ttlh.:nt' f·,1~ .1 

..,·l1 .. u-.. tt.:ti.."1"1/'.1[ti•n ,.r t!h.· ,._·!h•n,;rh•rtk..·. J ,·,it11p~:n ..... •n \\,.t, 11w"k.: 
1'1\\•_\.·1• th ... · iu ... h-ti·"krt\ .... ,f lnh.."' .. 11i-.l tl'I\.· fu,h•tt p .. m ... ·nh u .... 1n:: 

1111i.,·h .. 11.ln.1l I>'-\ 1 nhll'\: \: lt.1,:111,·•u 1'-111,·ni- :;:•""l:,·r; .. 1;.,1 !>~ 
ti\cr ... ~rh.:th'll":tt...i,•nlh.:h.;.tx'. ' .. tt ... ~ .. 1 ... l!~x· .. tth."tt( 1u ... 1·•n tt .• Ht'-r~:r 
.~.A.·k-tu .... ,.!l i,,1 tlk,: l\."tttk· l~iX"•. th\.0 IU,h•n-,k,·ri\ ... ,1 r I~· rl.ttth 
,b,.·ntt•n ... tr .. 11t. .. "\l turth'-·r nt1ll' \ r"·,-,11111'-utJlhlit' ''-"'uhrn!! 1:1 

d1o'f1,lm•m;....,. mu..:h ni.•r,· -um I.tr to• tli.: krt:k 1~1": 1th,: null'-\ 
p.tlh.nh ... ·,.nt .. uth."\l I..·,, Hn .. !:1!· .. 1:,1. 'I'"--'\. ~ti'-· ,; .. 111,i 111'•1\.· :,11,,, :tru· 

'1'•·11i,· Ir .i:;ni.:nt- • lli.: ..:h••lklf'••llk...,. .. f rnJI\ 1,lu.il ltM• "' · 
,1,.-ri,,·,I rI.uth ""r,· ;1( .... ,hrf...-r..:111 fr.•m ..:;1,:h •oflt..""1". :"I.I"''"' tit.: 
l';.1111 .. • •1:'· • • r\."Uo.1111o.-,.l 111.1k .. i..:nk l>t11 'h""'"f ,htkr,·m r...-111 .. 
••I ..f.tlll•""ll llLlfl•'f llLlll\•ll'' 'lll=lllC'l.l·('..:l.11• :1,I. 1"-1.tlo •1,l·,lt;'.lltc•r,I. 
t":t;1l• •i,I. ·'rr"" .11,· ... t..-,.l 1. 

\ pl.u;t l>...-;trtn;'. tlh." ni. "' !r,"\ju,·nt t1'"'"rr~ 1"-·'" uh ('•""lai< •1J. 
,u~nh•h.l ... t.uth..·n·.., '' ·'' u ..... ·,f Itt .in .u.!,1i[1,•n~tl ~1'-·l .. fu, 1on 
,.-,j-._·nni.:111 S:rrpn .. 111,:I~. th,· )l 1;111,l.•1:11~ d1t•-...·11 I' 1_;1 pf;uu ... 
• irk.I d~·n '4..·'\u.11 I- l'lf''~t:n~. fll\\.--...ti~.th.·\l '11'•\\\."\l "'' ''~11' ••I 
lurtl1o.·r•111lf\ \ r,·,·,•mi>111.1th>11.mJ 1l1o.·rr !l••\\..:rlll•lf"J'h••I••;;~ ,, .. , 
.11 ... • i,knti..:;11 h >1h.i1 .. 111t...- ,1 .. 11. ·rl· 1 21 pl.1111. \ •°0 -111111.tr r ..... 1111, 
\.\""~"· •*'t:;.u11':\l 1n .1 t.1\.••m•nu •. .-;.tll' ,h,t.1.111 ,-,•n1t't1tl..du•n 't • .t.~1'--""' 
.111,l i>o'l.1h•. fr.,m ,hll\:r .. ·nt ,ui-1:1111ih...-.. 1 \f1,·r [\\•• 1<>1111•!' ••I 
uni>'.\ \ r ... ·"-''tt1t"l1n.1t1•1f11 n1 ... ~h;.1h."'d h~ r'''' '°"·-"-"""""'''"" .. -~ h•pla,111 
tr;.1!1't~-r ... ii~ r•hh'l'L•'t ft1'1t'111 ;.1,t.1hh.· r"~-,•n1i'l1n..un ,,-h,•n,fri,•111\.· 
''a' h •m1o.-,.l. \\ hr..:h r..:tt1.11rh.·,f undt.111;; ..... 1 .111.:r .m '"IJnu >11.11 
l>.1.:i..·hi-.t•'ll. l'r•""Pl.t'1.,kn•...-,f r.·;:,·ri.:r.tl,...,., pr.>11,·l••ll•' '''11l1o.· 
f-, l 1 !'Lint' ln•1n 1 .... ..-h ,;urnf'tn1.11i1•n .... tlk· lnt'"''f"-"'.-;r.__- \11 r1i;,111,1 

.an,f \ii , ·r:.11:,1- \, ,_',.;,:111•!_ \\ .:r'-· Ji"' irn r.."'lt~.1h.·1.l It ir tlk: ,1.:hllit\ 
1•fth.:rr..:I~ •lkln• •llh. ..... l'.'1,·n,I\.: 11111 )'.\ \ r..:.~>1ah111.1t1• ""'L..1,-.1,-:1 
in tlh.-....· Im..-, lurth..:r ,1...-mun .. tr;11,·,1 1h,· u11 .. 1.1i>k n.:tur,· .. 1 
..:It. 'ft,ln .. nk."" •l Ilk.· fir-I· hr-run .,krl\ ,:,! pl;inr- I: \(>.:rim,·ni- .ir..: 
in llf'•~r ........... h• ,.-nrupki1..· Jt)t•k.-~ul~tr .1n.1I~':' of 1111..· "'hundrJ,1111"-· 
r""·'"·,u11h1n.uu .... 

:"1.1.111~ "' tit,· .111 .. pl.1-1111.- pl;111i- pn .. lu.-...-,1 h~ ,·rtl1o.·r h.1d,. 
.. ·r·"'"-'' 1 ...... lhll..· .1ht •\ .... \1, I r!!1l'l1l ,,,,,,, '"'' f lt!I1iui,1r,1/ hn1..· i 1 •r 
prut:.•pb'r lla...u•n '·'' \ r,1b.1, 1111! fj1/u.•11lt,1::u11r··lr11/ hn .. ~ 1n ••ur 
l.1ilt'f.lh•r~ 1 ... fh•\\1..~1 ·' :-\,.·\tu .. -\..-,1 ~r11\\lh \..-~,r~1,-i1~ 111 ,.,,i,fith•n h• 
th .. ·tr m.1k -1...-nhl\. h•r .111 d11:1.l.1lh>J1\\l!,:1li..·r1h .. • 1111i. .. :hundn;i 
h~'''"- .an '"''"'·Ju,t~\.· r1•k· 1n th'-'''-" ph1..·n••l~I"-'' ttr 111•1. '"'""- u"-··I 
rv •1111.-k·ar .111. •pl.1,1111..: pl.ult' in" h1..:h th.: ;1h,·11 d1lur,.pl.1,1 ",·r,· 
\."\..:h;lll:;L"Lf I,. tho•-..- ••f lft,· \\ 11,1 l.' I"'"~ (>l•lkll·lllL"Lh;rt..:.1 rf.1,lrll 
lr.111-kr. Tin, ..... ,11.11..:\l>n.l11.11t1•n111.·th ... 1r,1h,· 1•nh rdr;1l>k 
\\.1~ t•• pn ... ll1\.-.... ""'\\ '"·hh•r••pf.1,1-1111l•"-·h1•111lr11•n ... -,111if'li11~d11•n ... 
' ' r1l1o •ul .111, .:h.111:.:,· 1 r,·..: .. mh111.1tr. •n • 111 .Ul\ "' tl1o.-. •r:.:.u1.-fk,. \\..: 
.-.. mp.ir.:.l .~r.•\\ 1i1 .-h.ir;i..:1,·n,tr,' .. 11lw '~ rl,l 1 r.-r1r\,., t~ I"-" "nh 
11: .. -...· "' th,· 1111,· .-.. m.1111111:; "rl,I t~ 1"-· ..:hl .. r.•pl.1'" .md .1h,·11 
1u11.":ha1n,ln.t. .uhl rhc..· i1tl\." '"-, 1n1.1in11.:: ht t1h .1111 .. ·n d1I, •ra 'l"'t'''' .111,! 
111:1i,-1t .. 11,ln.1. Th,· r.:-1111, .-k.irh r,·,.:.1k.I th.11 "-•th 1h,· :·,1s 
.nhl ... 1,1\\ -~n '\' 1h pl1t.'th tC~ p .. :, •,\ \."r~· 11:\"°'·~t ft' 1h"'· pr;: ... 1..·n'"·"·, •I .111 ... ·n 
1111r. ... :hon,ln.1 ,.,'-·lu ... 1\ d\. 

In th,· hdu .. 11h,·-...· .i:,1.1 II"·'' .111 .. 1.1hk .. i-,,·n •• 11 .. 111h.111h,· 
l· 1 ~1.111,I l· 1 ;1pl.111i- lr••ll'th,· .11-.., ,·,k-..:nl>-.:dh1'r"11'·'1"-·r111i..·nt-. 
P'''"-"'''n;: ... 1.ihl\· r..;"·1m1h1n.11u ,·h1•thln••lll""'· ,Ju1\\1..•d na•rn1.1I 
~f11\\(h ,·h.ir.t ... ·t ... ·ra ... 1t'-·' Ill .1 ,:1•1li('.lrl'•'ll \\1th tlk" on,;:111.aJ 

.111••('1.1-1111.- hu,·.m.!1hd I I tpl.1111-- n11-r,·-111t -1r .. 11;:h 111.h..:.11..:d 
th.11 th.: mtll'.\ \ r,·.-.. mhrn.111 .. 11 .11 1h,· lir-1 .111.I ,,., .. 11.I lu-1nn 
,t,·p, r,·,11li.-.t 111.111.11l.1('t.1t1"11 "I th,· d1.•11.ln1•1t1•··hr,·.-1,·.! h~ th.: 
lllh.:k·n,·1n111,·ha11hlr11•n 11h:11111r .. 111h1hr~ \t.1hlfi,~111nn 111 .1 

pr"l"-·rl~ r,·.-.. 1111>111,·.! .-h .. n,lm•m,·. 1h,·r,·1 .. r,·. ,11 .. ul.I 111c·.1n th.: 
l<•rm.1tr.•:• •I .• ('.•rl1•11l.1r .1rr.111;:,·111,·n1 "' l'·or,·111.:l 11111 .. ...i1 .. ndrr.1I 
~\."II'-'' .1hl ... · h•r 111•r111.1l mh·r.1,·111•n \\ 11h tih.: ..:I\ \.'ll nu,·t...·.ar ~\."ll""' 
·nw -1.1hk r,·, .. 111h111.11H .-h .. 11.ln••m,· .... 11.:.·,1111:1111~. ,IJ,.;rld h,· 
.ihk 1 .. r· ""rni.11 ,·n.·r;•\ '"l'f'h \\ hr.:h ,·11.1hk, 1!!,· pl.11r1 1 .. ;:r"'' 
11 .. r111.1lh l'r.·-11111.1hh .111h,·, di ,·11h1m· -1.1::.· 1h,·r,· 1, ,1 -.·k.-tr .. n 
.hh .1111.1~,. "' .-,·I(, "iu, h h.I\ ,. 1 ... :11,·r r,·,pr;,,trPll .1hrhl\. th.11 r-. 
pr"l"'·rh r,-. .. 111h11r,·.l 11111 .. , 1t .. 11.lr1.1 \II 1h,· .1h,·1111111nd1nn.!rr.il 
0..:-1,,'lh.'' \\ J?1dl ,lh.' ilhhll1o.'h."llf 11Pll1 thft.· \I\"\\ p11111' 1r1I 1lll\.·kth­

f1l1(1t\'llt11Jdt111J1 "'' ''l'-"Llf11•11. h11\\\."\1r;f. l''nb.1hl~ ,1r\· .1\111tl1n;: 

,Ill\ ,·111mf\"I '"·k ... 11•'11 .11th .. :' "·II, uhtH\" ... 1.1~1.·_ .md 1."IH h\· ,f,1hk 
ru,;111t.u11\·d lf1 II\..· .11.,1•1111111 .. l,1t\·1I ..,·h11rhh1111u\· I h,·,"· ~·\."ll\""' 
'"-""fll 111Ill\11h \..th.: d\·h·lnp111\.'11t.tll~ l.111.· 1,,'\pr1·,,\.·,I( "\(\ ~:\.'11'''· 
1h\.'h'l11rc t11•''' 111 llh' n .. r111.il ·-'"'"Iii'...' pl.1111-. 111.11111.111\\'d .1 lull 
111.d·: .... r\.·rilt;, I \j'\'11111\'111' ,u•: 111 pn·~·r,· .... "' \.11111pl\ 0 I\' d.11.1 
.. "1'1'•'11111·· tlh' ,,., 1•111h111.1t11•11 llh'lL,11,·ll 11l.1pf.1l11•1l 111 

1111111\. li1111.l1 I ii •'1,.'lh 1llll ... 
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l"ublic.oaliolil' 
\1'11~~~. p_ ·111;inh. '·U- HtM";ith. G.\ _ fb...atcbot,:l.. L 

;and Rll.'>ll..\.1 I'"'~• '.\u,:l..-ir--nui.,·lt.'lkln.'f!Uh."•>llll'~iltl•1h :· 
,lrl\,...,. tlh." ll'.\.\ r,·..:·•mhm.>'""Hrk.-V1.11,-,.l .1J..t1>(;11:.•n .. 11l1o.· 
11111.,·h,•n,ln.il ,:c11<•111~· '\ f:l \SI S,·mm.1r ••II ·p1;i111 
:"1.t.oq-ii.·~..:11o.·,, .. ~\l,.k..-ul.tr \1'1"'''"1o.·l1o.<. lkr;rl..•r•'il. l ir,,,,. 
1k\.:tur"·..ih...lr.h..-r• 

lltN";ilh. (;.\_Thanh. '.\.I)_ R1NJ. L lb--l11.-htn:i. Land 
\l~r.~.P.1 l'""'~•'.\1i..·L.."U .. ·m11 .. ,:11o""lri'"'111o.·1"nt"'11i>il11~ 
,In,,...,. :l1o.· I>'.\\ r,·,:••ml>11uti•>11-m,-Jr;i1,-J .hbt>tati•'ft "' Iii.: 
nui.,·lt,"t•lr..il ~··n .. ni...-. llHi \\,.ri..·J1 .. r•t11 ·1;,;,·r.i.:ti ... 1, ,,, 
Thr,,· li.:11o•n1o....,.·. lkrlin. <i.:rnLin~ 'I""''""!" ;1!>-1r;a:11. 

'\l'"l'lu1ra.inJ!: I>r .. \ .. \tan;1""'. l!i-t1iUt,· ••I ( h:n...-11..: 
1:11:.:111,·,·~111:.:. \,:n,·11ltur;1I \..:;i.!..:m'. ~::..;~ "-"'1111!->n .. 1 ::.. 
Hui:.:an.1· I >i. '\ I) ll1.111h. ln--tuu1.:.,fl~; .. 1, .. .!,. '\.itr. •11.tl s .. :1..:n111i..· 
R,~·.tr,·h (",·rttr,·. '\;:iu.1,1 ••. T11 I.1,·m. ll.1;h•1. \ r..:m;im 

~•Rt l llR.\I .. \'.\U \'.\Tl(;•:'.\lc PROPER1n:s ot• 
nu: R.\Blf_'\ \"IRl ·s (;I. n "OPROTt:I'.\ 

Principal ln't''liJ!atnr: ht\.rn h•,t.•r. 111-111111.: 1 .. r 
Hi• ,·Ii..·mhln anJ Pn ,.,·m lk...: .tr..:h .. \!.'n.-ultur.il Bi• ,.,,·I n• •I••>:• 
(",·111...-r. ::.:1it <i. .. !,•111•. Ill"'.\< i.\R\. Td.: +.~-~s-_;::_c.,·i~. 
t-.,,~ +.~h-~S-_~_';u.~_~s. T ~k': ~u~5-~~ 

I \J/h J ( ·,,11rr,1, ! \,. t;: :.'-

/( ·1;/·R N1·r,.,., ,,, , \ ••. CN/' 111 \•1:-11/ 
Kl"~ ..-1.rd~ I>'\\ . ...-1 .. 11111,:. ""'111..:1i..·i11:;. ;:I~...-"1''"1...-111. r.il>i...-.. 

\tn1' 

\ho.tr.1..-c: Th,· rr1111;1r~ -tm..:tur.: of till:" ;;I~ ..:•'l>r• of..:in ;;..:n..: .,f 
th'"· r.1h1.,...,. 'in1,_ ,tr.un \'it~•"-'''''--~~- \\J' \.kk·n11ill\."",f. 

Th..- \rm' \\ "' pr1 'IXl~;tl,-J. •It rrim;i~ ~llll'l•"r 1..iJrh."~ ..:.:ll-.1 If" 
1111>11!..,·~ l..rJ1h."~ ..:di 1i11L·.UW-.. \U.:r 111!"...-li•lft 'UJl•:m.11;1111- ''~""l"...­
.:1.inli...-,I !>~ 11hr.t!lltr;111 .. n .111.I 'ir;rl p;1rttd.:' ,.,,n,·..:ntr.11,-..I I>~ 
1iltr.1.-<·ntrrh•~;iti"n. l'dl...-1, \\...-r.: r...- .. u,r.:nJ...-,1 m -l :"I.I 
(i11.1m,1imi11111 thr•"-"\;111;it..: ;rn,i 111': 'i~.il R'.\.\ "·I' ""l;i1...-,1 i-, 
ph,·1i. •l:..:h!. >r• •l,.n11 ~-,1r.i.:tu <r. ;m,l ..:1h;11t• •I pr..:.-ip11;rti• 'It. • 

Tlk: .-I>'.\.\ "·1' 111;1Lk rr .. m R\ .. \ 11-in~ :'- · ;111,I _;· - 'l"-'-"tli..: 
pnni..·r, .m.11'( ·R. I'( "R pr. .. 111..:1" "''·I· >1i.:,f 111tu h;i.:1..:n;1I pl"'mi.t 
plTl'I. 

I~ "h -1r.111.i, ur ..:I>'-.\ ".1, .,._·,111..:11.-...-,1 !>~ th,· ,1r,1~ •• ,~ · 
11u.-k .. 11d.: 1..:rn11n.1tiu1; 111..:11t ... 1 ;111,I ll'\.\ ..... ,,u,·n.-,·, ''"r" 
.111.11~ ...... 1 h~ .... mr111...-r 11'111~ ( j( "( i r.1d .. r~ ... \ .:r-i .. n - . I. 

Racki:rnund: R;il>1...-, '1nr.. .• 1 m.:m!"t..·r .. 1 th,· L111111\ 
Rh.11>.l .. \in.l.1..: . .-.. m.1111, .1 1w:.:;r11\,··,1r;m,k.I R'.\.\ ,:,·11 .. nk.­
,·11.-... 1111;: t"n ,. -tm.-tur.11 ;!•"II•"'· Cil~•·•pr••fL·m Ci l.•rnt- 1h~ Ill 11111 
1 .. 11,: l"-"Pl"n1o.·r, "" tlw .:\l..:rn.rl .. urr • ..-,. "' 1h,· '1rth m,·ml>r;ut..: 
,111,I r' rL"'("'ll'ihk f"r !h,· 111,111,·tiurt ;111\1 l>m,hn~ nl \ rrn'­
l1L"lllr.1hllll:! ;111111>. .. 1r,· ... 1 .. r .-.. 111,·.rin:.: i111m11nit\ .1:.:.1111-t kth;1l 
1111,·.-u .. 11 "·r1h r.1h1,·, 'rm' .. in.I ,i...1,·r;nm;ui .. n ,;: 'lmk1h·,·. T1• 
,l..·lin,· 1lw .11111~,·111.- -1m.-111r,· ••I r.1!>r,·, \ lrth Ci pru1,·in. th,· 
1111•kntr.l..· ..._·,111,·11.-,· .. 1 th,· \lrtt'·'i"-«:iti,· d>'.\.\ 1•f ....--.·r;rl 
l.1!>.•r,1h•r~ -1r.1111' "·I' .l..:t.·rm111,·,1. l{.-.-,·1111~. fir,! ,1r.r,·1ur.1l 
-111,1r,·, .. n -tr,·,·t -tr;un' '' ,·r,· p11hh-hnl. 

111,·.1.:h .. 11h,· .. 1r.r1111h,· pr,·..:1;r, .. r .. 11h.: r.11>r,·, ~l~.-.. pr.•t•·•~ 
r, .':!-' .1111111" .1..-1,I- 1.i.11111 kn,:1h. Th,· lrr-t l'l .1;r r,·pr,·-...·ru th.: 
It~ dr1•ph,.hr.- 'r~11.1l l"-·p1 .. k. 11t,· .-k.•' .1~.: .. 1 "hid1r..:,111t-111 th,· 
pr'".hr..:11 .. 11 .. 11h,· m.11ur..: 1 .. r111uI11t,· ;:l~..:,.pr.•1,·111. '""-'VI ;r;r 
lr,.lll lh,· ,.,,•rmrlllh .. ,.11,llllllL" lh.:,·.-t".l"lll,till. th,· f,.11,.\\ Ill:!::_::. 
h~tlr .. phnl>r.- .11 -tr.m--111,·rnl>r.111,· ,,·;:m,·nt .rnd ( · ·1L·m1111al -i~ .1.1 
rq>r,·,,·111 1h,· .-~ h •pl.1,mr.- .11 •111.1111. 

1 · -111:.: 11,·111r.1h111;:: 111 .. 11 .. ..-1 .. 11.11 .11111i-.~1r,·, tlrr,·,·1,·.I .•:.:.1111,1 
;:1~,·npr;•l\.'lll ( i "'\1..:r.~I .m11~~·n1\.· ... ,11,,., ''l"h" J."'·.11111..·d ·on ( i 
pn•h:rn. llh"I ••I 1111..·n\ r""''-°'':!'""-"d \.·t1nlatrn1.H1nn.1l \'('!'''I"-"'· 
llwr •. · ""' .1 ~r,·.11 dl\,·r,11\ 111 tlw .mtr:!,·111.- -trn.-1111,· .. r tlw 
~J~,·nprni\'Ul .~f1l11Jl~ ahl krl."l!I ,Ir.Ill\' ol r.1h1\.'' \ lf\I,. 

I h\· r.1h1\.'' \ 1n•"- '" .lln \ nukn\n \\ ,1, pn 1pa_l.!.1h:d on pr1111.ir~ 
!r.111 ... 1,·r kr.111.-, .-.-11, nr n1t•nkn '"Ii 1111,· .i1 .. r \li.·r 111r,·.-11 .. 11 
'"f'•:rn.1!.111[, ,~,·r,· d.1rrl1L·d I'~ i11tr.tlrllr.1th•t1.m.!'11.1l p.1r11,·k, 
, ••II• ,·t11r.1r,·d h' 11hr.1,·,·r11n111::.11r .. 11 l\·lkt- ",., ... r"'"'l"-'fl1kd 111 
I \I ( i11.1111.l1111111111l11 • .._., .111,11,· .111.I tlw \ rr.11 K '.\ \ \\ "' '"'l.11,·.! 1>1 
ph«n .. 1, hlnr .. r .. n:1 ,·\lr.1.-1 .. •11 .ur.l ,·1h.111 .. l pr.·,·rp11.1r1 .. 11 · 

(h,· -'>''\ "·'' 111 ... I,· ''""' K' \ "'•":: ,. L"!hl·'l""''lr' 
p11111,·r '. Ii 1 i \ I (" <" \Ii< i \ \ \ Ci \ I Ci Ci I I !" !" I 
(" \lilil. ! 1,· 1 CC I Ci I I I Ci 1·_,.,,·rl,1ppm:!1h,·1r.m-l.111n11 
111111.1: 1• •11 1 \ IC i 11.,tt1, '"· .111d "-'' "'' 'l.' 11.11,..., 11pr.1 ... "· • \1t1\.·r,h,11n 1 

I h,· I>' \ ''· ,,, .1111pli11,·ol 11.1nc: I'< "R 11 ;,-11" \mp. l'.·1l.11r 
l·l111,·r!",·1r"'! ,. 111.J ;· 'l"-"..tl1•pn•11«r ,. Id" I Ii!" \Ci!" 



\ \<ilili!i \lililli \ l"l TTC \ti \CT r<iti \I 
l- <i T .. -~-. "'-,,nt .. 1:nrn~ ,h·p-'"·,...,.f,1n. Pl K ~,n,h1t..t \\..t' 

.:k.·1.:tr•,lft.>r,......._-..1."' I' . .1:=..ll'""'". ~d .:nJ th.: r..tnJ •• 1,·,p...-..-1,-..I-1.·,· 
••I J.1t1t>l.:-..ir.uiJ..-..I n,_ \ ""' ,_ .. ,,_.t, .. :J t'r.•m th.· ::,·! ;m,! .-:... .. , ,-J 
\\ll!l R.tmlfl .,tiJ l'-11. Tik.: •k;t\\-J rr•.Ju.:t \\.!~ !t::..:.-..1 \\llh .! 

,tmtl.irl~ 1r,·"1.-..I pre 1 •1 "'" "- Cl .. tk.." ".-r..- , -N.1111t..J .11t.-r 
1r.1!1'h•:tn..iti.~tf. , . .{:Ill!_.; r.•.:t,TI.il.-.:ll-.11k.l.t111pt.-1ihn ·:.·k.:t:•'ft 
'"'pl.ii.-- \\llh :\-::.1? 

pfa,rmJ !),_\, ••lf•!.unir.:: 111-.:rt "•'f.: tJ..·11111!,-J ~' .. ::ar•-x 
!,.'1."l .:k'\:lr.'f'h.>r,._j, .1f:,-r .-!.:.~'a:=.: \\ith B.1111111 .m .. : l;..if B.>1h 
'tra!'IJ, "' .:I>'.\.\ "•'f.: "'l'"--n..·-.-..1 I>~ ;Ii.: JtJ..~,,~ -nu.:b>1i.k 
1<-rmina1i .. n ni..11;,.J 11-1 "ith rh.: ~"'Jl'k.'11.t-.· !..it 'l "SB. l "S.\ 1. 
(),,\ -."lju·:n.-,._ ,,._.r,· ;in.11~ -.-..11>~ -..•mpt11,-r u'in:: ( iC( i ('...:b:=: 
h'f'l .. I? - . I_ 

Ohjttiiu .. : f, • un..k-r-t.111\l t!l<.' ::.:11t..11.- l>J,t, f, '£th.: f>i.,f, •::i.:a! 
Jrfkr.:n.:.:' . .11t.I th.: a.'ltt;!.:nr.- .Ii' ,-r,it~ l>.'1\\ ,.._.n th.: lal> .. r.11 .. ~ 
,!ra:n'. ".: ha'.: .l-.·1.:rmin.:.I th,· prn11.ir~ -rm.:tur.: , •I th.: 
:=l~••'f'ntl.:in ::.:11.:1•1 an;itt.:nu.11,-J, im,,tr;iin \'nui..•"·••--~~- Th.: 
,k.-..hi.-,-J .1n11n .. ;i-.·t.f "'\!u.:n.-..- .. r th.· ::I~'' '1lf"•>1.:111 h.1' l>.-.:n 
.:••mpctr,-J "ith an,·mi;ir.-J -1r.1it1' llEP-Hu~. S.\D B l'l. ER.\. 
a' \\.:Ii ;i- '' it!J p;1!h<•::.:11i.- ,;r;un' P\' an.I l'\·s. 

\\ ork l"nlil!rn.': Our prim.: • .t-j.:.-ri'.: ""' '" -.'\ju.:11t..·.: th.: 
l!'l~"°"''rr,,h:1n :!'-~n~ ,,f th~ :.1rh:nu:.1h:J r:.1t.i'" .. , 'iru, ,1r~in 
\"nuL.••\1•--~~-

Th.: .i •. -Ju.:.-..1-..-'!tk."nu· "I I" ·I~ jl\:f'UJ.: '' i,f.:1111.-;il in 'tA' anJ 
url!.t1?i1ati, .. n ttf Ilh"t ,,f pn;\ iuu,(~ ~har~1"'·h.·ri1c:ll r.1hic:' 
~l~.-·~•>l\.'111'. PnltpqlU.I.: ••! :'~4 "'""r"i'i- .. 1 a ,ii;n.11 p.:pli,L: 
.. 11•1 ;.a_ Jll '-"'""l"m;un ••14.N ;i;i_ ;t tr;m,m.:m!lr.111.: <l••nMm nf 
~~ ;u .m.1 ;1 , ~ h •pl;Mnh: ,1, •m.1in '•f 4-4 ;i;1. 

S-'\ju.:n.-..- .-.. mpart'""' l>..1" ,.._.n di:f.:r.:n! l;1!> .. r;11 .. ~ r.1f>t.:' 
\ in1' -.1r.1in' inlli~;.ah:d ,fntn:: '".' •n";n ;.ui, 'fl ;.al• m~ th~ ~l~~'lJlf•tt\.·in 
( i. Wh.:n th.: nu..:kuti<I.: -.-..1wn,·..-, uf 'i' :=I~ '"l'r. •h:in (; :=.:n.:' 
".:r.: .-omp;tr.:,I. \·11111.. .. ·.11-.;~ -1r;11n h."1111<.' ::r.:;tt.:-1 h"m"l"l!~ 
"!th ER.-\ 1•l'J.-!', 1 ;m.I '"'h \.\I> B 1•11•r-1.1•. •-

'\d\\ttrkin~: Dr. S.111,l•lf P"n::ur. lru..-m;tl!"n"I ('.:mr• f••r 
c;....ri..1i.- l:n::in.-.Tin::;in.IBu>1 • .:h11••f.•i;~. Tri.:,t.:- lt;:I~ .C-11mput.:r 
.ut.1i~ .. j, nf 111\.· rrc:d? •. :h;,l .. 1n1\.·1un: ,.f r;1Jli'--·' l!l~\.-.. rrt•l\.·in. 

()r. \·.l.Cif.!f-.1.. ... L1t...•r;1hlf\ .. 1c;....ti..11-.· Ln::in.....-rin::. ln·1m11..­
.. 1 Bi11.:h.:n11'i•' .m.I Ph' 'i"I;,::, .. 1 \li.:n••~::;mi-m~. Ru--ian 
.\..:;iJ.:nl\ 11f S.;1,·n..:..-,.' l'thh"..-bn" - Ru--1;1. Cl.min:: an.I 
"-'•1u.:n.-ii1:: .. r ::l~..:11rr .. i.:111 ..:D,.\_ -

Dr'. \. \". Kh1•1tn,l.1 .111,1 \I..\. S..-11111"'. ln-1i:111.: .. .-
1• .. 1t .. m~..-fm, .m.I \"ir.1l l·.n ... ·ph;1li.li.f.:,. \.:;1.1.:111~ "' \k.11..:;il 
S"-i"'·n"'·"'·'- '.\1,,,,,-_.,\ - Ru'''·'· Purilt"'·.11101~ ,,, r.1f'l1"'·' \int .. _ ,1r;.1in 
\·nu"-''\••--'~-

1/>11t·r,,f!,,ur1. 1/'''', :/rc/1::;,,-, 1,11,,t!11' /11,f.-ii111t/u, \1 ll\lf\ 
R,-,,,,,,, 

Kt:<;n_ \TIO'.\ (ff \lf.THIO'.\I'.\•: SY'.\TllESIS I'.\ 
n:.\ST .\'.\U POI.DIET CODE l:\S•:RTU> HYBKll> 

Princip;al Jnu..,ti~ator: . \1111.1 ll.al;i'' · C · .:1111.111-.. '<I R.:-..·.ird1 
lri-1r1111.:. C'~l'I. ikr111.1n Ono 'Ir. I:'. I' 0. Bo\ .N.;_ 
I:'.•~ B11d.1p,•,(. 111·\:(i.\RY. T,-1 ·•h-l-1=:>ss1>:'. 
L": •.•h-l-l:':'s·1~s 

I \:f)(l(",,11rr11iT \,, 1>:. :,,,-
/('( ;l./l /frf1Tc 'It 1 \,. (Rf' /If \ •i::., 1;: 
Kr\"ord .. : ,, .. 1,1. 111,·111111111~1" . .li-mt-1111 .. n l'"l~ni..·1 ,·,,.k 

I>,_\. . 

.\h..lral'I: T"" ~h1'"'' non ,,.n,111\•' ( ~111/11<r111 .. 11.l11 .uhl 
I< :..·luttr1' .111d l•lll~ :.=hh.:••'1,.' ,.,,·1hl1J\"" \,,. 1 h,1111111,, ,., .. 1r~111h 
\\ ,-r,· Jll\ ,·,(l~.11,·d r. •rlh..-,·r k.:!' ·ld1lkr,·111,_;111,' ,,,.,, •n.;,·111r.11i. ''" 
;ind .... ·ra11 .. it kh·I, .. n 111,·1111 .. n11:.: ' ' n1iw'1'. \\ ,. d,·t.:rr11111.:d 
pr111,·m;111d 111,·1l111•11m,··h-1nh11!1••n;im", 1n;! 111.1111 pn11,·i11 lr.1.-!1<•11' 
,IJl.f rrof\'111 ,Ilk! r,t.-llPlh f f .. 111 Ill\' ph~ 'IPl0;:1.-.all\ .t.-11\ ,. \\ i!l\'r 
-olul>k p.1n. 

("B S'I .in .mlh'-·1111'"· rnul.ml \ 1 ,.,,.i,,,,,, ... 1r.u11\\,l'11'1.:d ,, .. 

p.ir,·111 ,1r.11n lo11h,· "''"'ru.-1111n ol .1p .. 1~111,·; fl\ \·h~ hn.1. Tlw 
-~ ntit,·ti.- I>\ \ ,,·qu.:11.-· "·'' 111'.:n,·d 1n1 .. 1h,- p,.1~ hn~.-r 1\'~1"n 
.. r tit,· p\-T 11N11 · ',·,-1, •r \\ 11h ~ 11 pl.1-1111d 1.·plt1.·011. Till' \, _.,,. ... 
pol~ 111,·1 111,,·r1 "•Jhlrll.-11• •II \\ ,,, 11,,·d 1 .. r till' 1r.111,form,1t1o>11 of 
CB s•/ \\',1'1. I:\ hnd, \\ .-1,· ,,·kd.-d .111d 111,-1111 .. 111111.· ,· .. 111,·111' 
\\<'r,· 1k1,·r11111w:! rl1< .-.-,ult- 'h"'\l'd 1h.11 1lw l'"I~ llll'I I>\.\ 
,·111k \\ .1, .11.'ll\ .:. I\\" h' hn.1' It.id lt1~h.-1 111,·1h1n11111l' !h.111 llll' ('II 
X'I ,11,:111.111.I .111h.1d111:1,·,,,,-.l 1111.·tlll"lllll•' •·nnl<'lll llll"Pllll"ll I" >II 
I<' 1h,· pl.1,1111.I 1r.111,1 .. rn1.1111 

J4;1d;i:ro11111l \k1l11n111111.· <on1.-11h "' ~,-.,,1 '·"~ h,·f\\l'\'11 
h1n.1dr.1fl'.-'.l''I0.2 IO' 1 rllldl'\ \\1..'l~'hll. f1111h'fh1nflllh.'hlt"~;Hhl·'"' 

Collaborative Research Programme 

.:.111-.>r. ,1.,·i.1.11t ;uk.1 -u'1•!mr rn••'l'J">r.i!hlft ..11'• .. '111~111.111 .. ·;11!~ 
r,~ul..11,-..I In \\·.1..i'" 11h:u::!-..-r 1111."lhi .. mrk.'.-•lftt•'lllth.:x"tl,tli\ t:' 
.i::-;1111,1 m.:ih:,.mn.:. \.,;1.:th\ ;rn.:tht,.mn.: ;ind nh:thi .. nin~ 
h~lflt<•f.i,:tk." t' r.-..lu..-..-..1. llur :•\\11 U1h--i1::ali•lfl -lt••\\,-J 1h;i1 
h1::h-11i..:tht .. mrk.: '.:.1..i, ar.: in' lu .. 'fk.·,-.1 "' .::..-r.11!• >11 im.:11,;r\ 111 

r.. .. ~l"-'\.·t h• nk.1hh•iun..: ~'"'h:nr - -
:n -::lu"-'"" ... ~n ... 11\""· \ -·~,,[, .·.h:ttf'i,•fi,nt ,\, 11\..'.'h~' h• 

k•ni..ni.im.: p.tth'-'-'~ .ti h.:=ik..'r :=ht.:,..._. '''""'·111r.11i1lf1 1h;i1 
1a\,1h1,,-.... °'~ t'fll~ lik." r'-·pr"'""'·l''" of ~\1...-r.il ...... u~ nk." ... - •n~uni~ , • .­
th.: .. ,i.fali\.: l>rm..:h .... ..:.11at...•li-m . fi..11 ar .... rtt.: f1>."tlt;ilt"n 
.:am 111 -1..:k"I• •n f, >r :ur.h.·r .1milll • ;i.:iJ l>i• "\ 111hL"i'. 

\l.1hi•lflin.: r.:,t..i.1r; \.;a,t mu1a11r-il.!\::; hi::h.:r llk.."lhionin.: 
.:•lfll.:nt th.in th.:\\ ti.I I~ ~-tr;iin,_ .,,,-rpnl\fu..-1i,.O i,;a.-.:1111mla1,-J 
"' fr,-._. nk..·duumn.: 1111h.: am1110;,.._·i.I i"'"I' l.im.-:,1: __ l'l'lll,_ Zn · 
ht:=hl~ ..i1mul.ir." ,It.· intr.i..-.:llul;.r pr • ...Ju.:ti• lfl••I L-t•i..'1hu>11tn.: 111 
mulmt \,;-;,,( ,train I>\ in.:r.:;;-.: in th-~ a..1i\ it\ uf h<•nk.,.,-, 't.:in.: 
tr.uNlk~~ la1i .. 111T .1n;.-r.1f.. l'-ISS1. H; l;,,1.-r.~l..1 l•ll'"1r .. ;...>rk-J 
rh.ar :n.:1hi.11tin.: ri.-h ,._.,t..i mut.inr- Lt\.: in.:r.:-.1-.-..I 'uifat.: anJ 
111<."lh~ (J.•m>r r.:'luir.:i11<.'t11,_ .\rmnu .i.:iJ .:nri..:hnk..'nl i' hi:=hl~ 
.:fti..:i.:nt \\h.:n p.•I~ - .-\.-\ !>'.".\ t' in ... -n,-J int., th.: :=.:n.: . 

Y.:a'''" •'f'-' ::n"' 11• •n P.:tri-Ji,h .. 'an.I in l>otldh·ultur,._ at 11. I 
.1rk.I 1.0', ::lu.:•';.,._. .:•111..:.:mr.ilhlfl', n•.l l\\u .11:r;11i .. n it11.:n,iti.:' 
ltMllh an.:i:'Ollh. l11.:;t•..:uf.'i./~"''''·i,mm.1n.I 'i ... ·1.-ii.1,1.­
th.: .:ff.:.-1 .,f ,._.a,f .:\lr.1.:1 \\a';,("' Ill\ ._-,1i:::11.-.l 1u .:•>nfinn SO. 
upt;1t.... r.:::ul~ri .. n. -

\ kthiumri..· '' •nt.:m \\ ;1, .l.:r.-r. nnh.'.t fr,.111 th.: \\ huk \ .:a'I 
l>i••rn;1" ;m.t th.: m.tin 1>r•t1.:in fr.i. ri,,n, 1 a..:.:••r.lin:= h •I >-.t..'lfll.: t 
aft.:r ;i.-i,t h\.lr••h ,i,_ 

Pr. >1.:in ~unt.:n1 "'" h· •k l>i• •m"'" .111J -.:par ;ir.-..1 fr;:.:li• '"'" ;,, 
._., ;ilu.11.:d I>' nitr.1::.:n d.:1.:nnin;1tion. 

l'n>l.:in SDS-P\CiE rnnr- \\.:r.: rr.:r-tr.:J 111.:lku;t.:t.:ri1.: 1tt.: 
,t.lllli\ i,iun "' m;tin pn•t.:in rr. .... ·!i .. n,_ 

Yid.I \alu._._ \\\.'r.: .-;ikuf;11<-J un rh.: h;1'i"•f uriltA-J ::hr.:••"-' 
;lit.I ~ \.':t't f>iPl11'l" pn .Ju,·.:J. 

\l.:1hi1•ni1.: .:nri-.·hm.:nt ul ~.:;1,1 pn>1.:in I>~ in-.:rtiun .:f 
p.•l~ 111.:! I>\.\ ,._..:tur nllu ::tu.-11-.: -.:n,ili,..- '!rain,: 

l 1 .\ -~mh.:ri.: !>'.".\ -.:411.:11..:.: .:11.:11\lin:= a m.:thinnin.: 
p.·l~p.:p1iJ.: tult:=u' llPP:'-\kt Cihr \\' ;111.I lll'P:'-\kl (iluCt 
'"I' 111-.:rt.:.I 11110 th.: pol~ hnl...:r r.::=iun .,f th.: p\'T llMI l. \.:.;111r 
"ith 2µ pfa,miJ r.:pli.:1 •n. 

Th.: nli:=u !>'.".\ -.·,1u.:n:.:' \\.:r.: •kt.:nnin.:.I ;t..:..:11rJin:= In 
llinn.:l>thh ;111.I l.i.:l>m;111. l'l'JI •Th.· nh•k..:ul;1r ;tnd .:dlul;tr 
~ic 1h 1~~ , 1f Eh:.: ~ c:~!.'~ ~'-~t"' "':h;.1n 1111~ "'-~,. Pn 1h:,in '~ !uh"-·'i' in 
S~t"'·d1.1rorn~"'·c:,: fl~,· .":'\. ( udon ll'••l!"-"- 11~- '' "~-h_,_, J. 

111'1':'-\kt.~C ilu2W: 
:' Cf.\Ci \.\T<i \TCiCi \ \ \TCi<i \.\T<i \T.\Ci ' 
llPP~-\kr.;c ilu~< ·: 
:'. Ci.\T<'CL\TC.\TH'CXITTCC\TC\TT Y 
r .. ll•rrn .f,[)'.\_.\ in,,·rt: 

:\".ti 
~- ( 'T.\Ci.\.\ T<iXI < iCi.\.\.\Tl iCi.\.\ T<iYL\Ci Y 
• Tl.\CT.\CCTIT\CCTL\CT.\TCCT.\Ci :'. 

B;1111 Ill 
2 1 . \lk·rrr.u"l"r111;11i .. n "'I. , ,.ft llB 1111 ..:di-. 1h,· ..-111..:i.:n..:' 

.. r thl· h::;i11t111;111.I1r;111,f.,rm.11i .. n \\ ,,, ..:h,·.:l.,·d I>\ di::..-,tin:: th~ 
111i11ipr.:p' ''· ith d1lf.:r.:111 r..-,1ri.rion ,·111~ Ill•''- i"h,· ·r ... ,1n~1i11n 
d1::.:-1 r.:-uh.:.I in ;1 ~hl>p fr;i;:m.-111." hidi.· .. rr.·-rnnd' 111 th,· 'it.: 
.. r 1tw 111-.·n,·d nlr!.!111>'.\. \ 

_; l Th.:\ l'..:l• •r .p. ·I~ nt.•( in-.·rt "·'' u-.. ·d lo If 1h,· !r;111,f• •rtllalll •II 
"' ( 'B s•J ''"1'1,·..-11, ,.;r'"' 11 .. 11mi111111;1l111.:d1;11Y'."B1,·11nt;1imn:: 
1h,· ,,·k..:i11111 111.1rl.,:r, 1.uk. ku. 1rp .111d/11r (11,. ku. irp1. Th~· 
r.·,1111111:: Ill ,.,,1,,n1..-,/pl;i1,· "'·r,· 1111 ... ·111;11.·d t1llln ura..:ill.:" 
1111111m;il 111l'di., Thl· 111.:1l1111n:iw ,·11n1,·n: \\ .1, d,·r.·rn1111.:d h~ till' 
1ni1o:r1 ,.,111111!.!\ h ... ,t ,.,,n!.! I ."'lh.'• tnc ,," '". nh,'"-'nl1..·n •i,k·,_ 

Ohjrl·ti\~ ... : .\1111 ,',f 11ur r,·,,·;ird1 \\;1' 111 11l\.:,11::a1,· 111" 
l'""'!lk r .. k 111 ;!111,·'"'' ...rk..:r 1111 1lw ml·1hi111111i.- -: 111h,·,1, .. r 
( · :..·rnflrc·1mn11il11. R '...l11111;n .uh.I fn11r \,,,, lt,11,1n1\11"\ ,fr.un' 
1\ 1••1•1 .. 11.11111, CBS 1:'111 .. \ .,·1111''"' CBS 1.1115 ;ind t\\11 
\ , ,., ,., , ",,.. ,111\t1lrt1ph1c· 11111!.1111, < ·n r.•1.111.I C 'B s•11111rind11111 
1h,· ,1i,mh1111111111! 111.-11t1 .. 11111,· .11111111;: 1h,· pr111,·111 lr.1..:11 .. 11, .111.I 11 
!hi' h 111fJt1.-n.;,•d h\ dl,111!.!<' Ill Ill\' \\ h11k lll\'lh1111111ll' ,·111tll'nl. 

Sq1;1r.111011 "' pi .. 1,·111 ~11hlr.1,·1111n, .111d .i .. 1,·.-111111 111 '1'"'·1.il 
h.111.I' \\ h1dt u•rrL'l.1i..· ,\ 111: 1 .. 1.d 111,·1h11111111,· (111tll'lll 

lnl'.rn.·111.· ... • nl !..:'h''"'''"' 1.·nrh.·l·f11r.11inn .• 1 ... ·r.111nn h.·\ l.': .ind''-"''' 
1o"\(l".I\,."{ l('i..'f'l1h.",1~4.." 14..'.'.:1ll.111Plll • 

! ·.,11,1ni,1· 11 "' .11'·•!1111.-1 I>\ \ 1.\ h1 .. !1 ,·11, . .,,i,., .i \II. r .111d 
~ (ii l (ii , \\ ,1, 111'. "" ,-.11 .. d.-,·1, .. ,,.- h~ drPph .. hiul~ "' the· 
l'l'l'lldc' .111d I l:,!1.f11~ of 11t,· 'lrlldllll' (11,l'rl11111 o>l pPI~ llll'I I>\.\ 

111 
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mt" Iii.: ,,,i.ir .. mJ u...: l:•r tr;m,r.irm.tlh'fl ••I l"B:-•1 .. 1U\••lr••j'!H• 
mutant l'r1'f'.l::ath'll ••I tli.: tr.m,h'flll.tllh .tll<l ,k1,·m1111ath•ll <'I 
llk.-thio-iun.: ••'lll\."111. 

\\tn I~""'': \\,· J.:1,·nm11<-J ni.:thh•mn .. · J;,tnm1ll••n 
t....-t\\,"\."t1 th..- ll!\.".tll !'fl'l\."111 lr.1,·11"11' loor f,,lf.,\\ 111:: ~<"'l'I -tr.tni-: 
Rlr· ,,.,[. ,r, ,,.,,f,1 -.:_/;1!:-u'. ( ·,11;. .. f;,i".1 -;:wlf;,-1 ''!• •n.!a. l'h."\\1.."r·' \1..·.1 ... r. 
.\ .. 1, , /!,,, • .t11n, ,. ' f'\.l'\f, 11·h1.·u1' . . "\1.ll, fa1r1 •ni\~ ,-, , ,.,., 1; , ... ,; .. Uh.I 

(\h' aU,•llntplu~ tnutant' _\ , 1 r,,-1 ;,r,,.. ...inJ t'''' au\.,1tn.•plu'"'· 
n1utJ1lt,\ ,,.,.,.i./\h.1t.·C8h-.. \ ,,.,-.-!t,i11t.·CBS')_ 

lir.:at.:-t r.111 .. 1 ni..1hi.•nin.: •••lll\."111 \\a' in ;111 'tr.1111- m th.· 
\\ at<"f .tllJ '1h .•• :ut>I.: rn•r.:111 lr.i.:ti•'fl' I ( )..h.lfl'\." I .m.I ~I \\ ith 
Jifk-r,"?1.:•' i 111!..· rati• •. 

Oul~ t>~.:".:r·, ~<"·''''ho'"' p.:mi..·.t-.: r.:;:uk1t .. "ll SO_ uptal..:. 
.\II\,,,, h,1r,,•w.:. ,-, ... ua1n' \\\"!°\." l!hr,·o"""• x"ll"Ui\1.." in n.''l""-"••."t nt 
~ i.:IJ. P'nt11..·ir.'"°'"'t1..·nt11f~.:a't !lu•1na'' ''·l' p.•,111,,·J~ intluc:n(~J 
fl~ th.. .. in ... Tc..·ax-ut 'L;:.!~1r1..1.t0t,,.·1..·1Ur..it1on irh:J-..c:nf< · :.:u1l!It-r1•1. •1:-/.1 
:oil~ anJ CB s•11 .. n~\ ;11 hid1 a-.:r;1111•11 r.1t\."l. ln,-r,·.1-.."\l .t,·r;111 .. n 
r.11.: r,--.u1t, ... 1 ;i .kxr.:~-.: iu pn'l.:iu ..-.. ni.·111 .. f R ·~f11u:u. so.~. h.1 .. I 
-.:ri•tt1,h n.:..:.111• ~ df.xt o•n l"B ,..-_CB S•I ... \ • ,.,.,, 1•1.1,· ;111,1,!i,I 
"'" ..:au..:C..- ~ln~ 1..·h.m;!:c..' in S f'"·'"r"r1t11111'. 

'.\krhit>nin,· .. -,,111,·m ,,f ~··;1,t "'1' ;:fu,-.. "· J..-r-·11,L.:1i1 111 
.\ .• ,.,.,., I\l1l1·. CB h-. In ho:h ,.-;.a"'•' in •. ·rt..•a,~ ,.,f :.!Im.:•""' .. 
.:•m.:.:ntr.1ti•lfl r,·,ult,"ll in th.: J,xr.:a'<" ••I m.:thi,.nir;,· ,,;111,·nt ;11 
hi~h ~1e.·rJti• lfl rJ~ ..... { ·,,,;,/1d,1 "..:1tif1ItTl'11 :11t'11 SI~ 'h• t\\ ~,I in,·n:~1~ 
of 111c:1hi••nl'l.._. '"·,•rlt'-."nt ~u hi?!h"'·r :!hh •. '""-" -:on'-.'.''-."nlrati,•n. 
.\ l"''r,,ri,u111\_ t"tr,·""·r·, ~"'°a'I '~'"'°r"· n~tl :!h1 ... ·o~ J.:[l\.·nd.:nt in 
.:;1'<" 1•1 i-;11.:h f.-n11.:nt;1titlll. 

Ch;1n;:..-, in\\ t-~ •I.: mdhinnin.: .: .. nr..-111 ;1n: par.11ld ttldun::'" 
in rr••:...-in fr~t\.."ti,·n~ : ;int.I ~ in ... ·ax- , .... fln:-.\~f- ... ~t:;1 ... r. (. 
-.:111lh1Tn1, 0 11,in .!\. :.:lc11111i'. -'-!'''':' ""''"'"'' t.ut \\ ... ·n: m •1 ... -, •rrt:l~11 ... '\I 
in .:a-.: ..... \.',.,.,, I•:.i.·. CB,,- ;111,1 CB s•I. 

Suf.fr.1.:ti .. 11;111 .. n ,.f '·' ;11..-r ".: .. 1t>k prut.:111 fr;1.:titllh t>~ SllS· 
P.-\CiE r,·,ult .. ·,1,litfrr.:m r•• .t..-i1: prit11' l"rtn.: ill\ ..-,ri::;1t.:J ~ .:;1'1' 
;mJ 'r-x1li..: fl.111,h-.."l"llll."d ;, •.:1•rrd;11.: \\ i1hd1;111;:.:' in m..:t'1iPnin,· 
'"·,•nh.·nt. 

h or till."•• 111,lm.:ti• '11 Pl "~ ..-;1-t .. ·• •a.i;1inin:: thq>. ·I~ m.:1.:11.:1 .. 1111,: 
D'.\.\ 1!1,· l••ll•"'lll>! ''mh,·ti.: D'\.\ "'t' ,\nth..-,u..-d: "Ii:!•" 
Ul>J>:'-'.\kt Cilu \\ .10.till'P:'-\l.:1 <ilu c,\h! .. :hk1dt....·..-nm-.:n.:d 
111:.1 th.: r<·l~linh·r r..-,:i"n ,.f th.: p\"TltMl 1· \\.".:tor \\ith 2~t 
pl;1,mid r.:pli.:tlll. 

.-\ft.:r lr;t11'h1r111;it1P1l tlf r I •• /i llB 1111 .:di, th .. · .:fli..:i.:n.;\ .. r 
th.: li!!;1t1on ;ind tr;1n-.f11mi;11i .. n ""' .-11..-,1...-,1 I>\ .1i..:..-,1in..:.1h..­
minipr.:p,_ Th.: r..-,1ri.:1i"n di;:,·-1 r,·,uh..-,1 in " ~h 1-p fra;:;n,·111 
\\h1.:h ,·,1rr.:'r<"'d' 1 .. 111.: ''"" ,.f th.: in,,·n..-d ••Ii;:•• I>'\.\. 

.\u'"'r"rhi.: \ , ,..-,·11,1.1t CB s•1 \\;1' tr.uhf .. rm.:.I \\ith 
,,·.:r.1r-pol~m.:1 in-,·r. .111.I \\ith rh,· \.:,·tor ""I~ ;1' \\..-II. F"r 
,,·t.·..-11 .. 11 ll\ t>rid, ",·r.: !!fl"' 11 .. 11ur.1..:ilk"111ini111;1l m.:d111m and 
-.:p;trak' ,.;,1 .. ni,•, \\\."I"~ prPp;1,:;1t.:d "II pl.It\."' fpr llt,·thiPllill<: 
,·un1,·n1 ;111af\,1,_ 

R,·,ulh ,jh •\\ 1h;11 in,.:ni• •11 • •f th.: pfa,mid r,·,ull.:d ;1,k.:r .. ·;i,,· 
111 h•!.11m.:1hi1•11111,·111..-.. mp.ir1"'" h• < ·n x11. p,.1~ 111 .. ·1 ,·n..-.. din;: 
I>'\.\ II\ t>rid, ",·r.: .111111.:r,·;1,,·d in 111 .. ·1hi. •nin.: i11.:"111n;1ri" 'II'" 
1h,· pla~nu,1-h~ t>rid .111d 211f1h.:m ,fl,•\\ .:d ...i,., ;11..-d ni..-r k' .:f, in 
,·,.111p;1n'"" 1" < "B s11. ;h,· "n;:inal ,tr.1111. 

l'uhlic:ation': 
tlala,l •. \ •• H;m1th •. \ •• Sl:tlma-Pfl'iffl·r. I. and Hni'oehi. C \". 

t 1•111.l1 R,·,;;11l;r11"11 nf m,·1h111nin,· hi1h\lllh•·'i' ;md 1h 
di,mh111i .. 1i h,·t\\ .:.·n 111;1i11 ~ ,·a-1 pr .. t.:111 fr;1,·r."n'. I hth Int. 
Sp..·.: S~mp. "" Y,·;1'1' .. \11;:. 2.•·2<• 111•1_\_ .\rh,·111 ''l.1. 
\lhtr.i..r- p. 1-0. Y,·a,1 ,,.,hkt1 .. ·r \I.II'""- 21 p. ~·l-:'11. 

MEXICO 
.. \Pll.1.0\1\\ IRtS. n:u.tl. \R O'< ·rn;E'.\ES .\'.\!) 
Ill \I\:\ C\:\<'ER 

l'rindpal lnH·,tii:;itnr: l'.1tn•1" C i.111~1"" < T\\ ISi.\ \ · 
II''· \\ I.I'.'.\. 1111. 2.-111:-. (' .. !_ S.111 l\·olr11 /.1,·.11.·11.: ... 1nHHI 

\I""'" Ill . \II \IC'O. 1,·1 +-12-.' 7.;~1121111. 
l-.1\: +-'2·'·-'Shh2'111 

I \//>tit 1•1111.11 r \1, 11: n_;., 
If ·r;/ fl l<.1,·1, 11,, \,, <NI' I// \•1/ .11/ 
Kl•\\H1r1h. Ill'\ . , .111.:n 
\h~lrm·t C ·,·11111.ir .111d '1r.il ""'""'..'.•'"''' .11\' "" 11h ,·d 111 

1111111.111, o111,e·1 ( h11 l.1h• •r.11• •n h,1, lx·,·n \\ ';, h111'..'.' •11lh1·111e·•h.1111,111 
"''""'·1.111:d fi, l1tu11.111 1..·.1sh: ... :1. 1n p.1r111.:lll.1r. 111 111\.·11111.: -1o:1o:1\1' 

,·,11·,·11111111.1 Pl n11-.·111,·I~ h1~h lll\11k11.-,· 111 \ln1,·,111 .111d I .11111 

112 

\;;i..·ri•.111 \\••111.::1 .• m .. l k·ul...-mu .. rr .. "lju.:111111.-lul,lr.:11.111.I ~·"-111:: 
.1.lult-. In rd.tth '11 h • kt!l .. .:1w 1. \\ ,. h.l\ ..- J..·, ,.1, 'l'<:J ni.:th• xi"I' •:::· 
tPJ..-t ...... ·11 "' l'l 'R qh,· l'<:r-.tt>l .111J l'h:\ 1-1'~ \ .-,·.tn-;.n..: .. ·nt.:nt- m 
.i.:u1.: I~ mpii. >t>l.1-t1..: 1,:d. . .:mi;1 .u1<.klm 'lti .. ::r.tnut ... .-~ 11: kul.,·m:a. 
"'. tlunl. th;11till,1, "''l"''n.1111 in Jr.t::ll•"i' .tll<I pr"::n•"I'. \\1th 
h.'J'-'\ . .'t h' u~1..~Uh.·-'"·..,~nr, ~ .. tr ... ·nh•rtt;1. \\\." lu\'-" f,'ltntl 1u .. 1nl! 
S.>1.1tli..·m "1·" 1th.1i.~i..-.:_;:,·m.- Ill'\· 1~1.,...,ar,·rr.:....-1111n rd;rtl\d~ 
h•\\ f'.i"'-·"'·nt.1~ ... • ••I \l\.."\i ... ·;an tun1,•r ... : thu ..... it ,,;.i, 1nh.."fi..'rin~ h• 
,i.:r..-nmn..- it in.:r.:;Nn:.: th•· -..-n,it>rl11' "f Iii.: J,-t,-..·ri• •n 1111."th"J 
1 t>~ Pl 'I( 1;-r ,·\;1111rk 1"111_.r,·;1-.: 1h ... • 1,._:r.:.:nta::<" .. f HI'\. l""iti,..-
1u111<•r'. '""ii .t It.:\\ ,,...._. ••f Ill'\·. "r .:.:llul;ir "11\:•"~<"lh."' .• ir..­
i11\"f\,-..I 111 th<"'-" .:;;r~111"n"1'. Th,· 'tu•I' ••f I=:;· in"1'i'.: 
..:.tr.:in.·m;i- "' l'CR in.li,,11,-..I tl1;11 ati.>1.11 sir· .,f 1h.: tun1<•r' ;ir..­

l""iu'd•-rP'd'· lt-1:-'I¥, 1.llP\" .. 2S1,1ppro•\ ~1¥, i.••rlfl'\ -~'~ 
'!O'. I. Th..· 1.kntili.:.1ri1111 ,,f ;111 .:;1rl~ 111;1rl.,-r f .. .- rr..-m.1li,:11;1111 
i..--.i, •n' 1 ;,ntit>. ..ti,._ a::;1in,t ••n .. ·• •rr"t.:in i:-:- in r;iti.:nt'' '<"mm 1 i' 
cut im('<•n;1nt -1..-p "'" ar1l' th.: <"•'ll!r .. l o•f thi' .:;tr.:in,1111;1 ;111,1 \\\." 
ha'.: '"ntinu,"ll r.:....:;ir..:h im "h m..: th.: ,i..1.:.:ti1•11 ,,f ;mtil-....ti,•, 
.1,:;1in,1 'ir;1l "n'·"pn•t<"111- l:h. E-:111.i .:dlul;111•11.:"rr1.1.:in H;1-
r;1'. ( .:llul.ir ••11..:.•::.:11..-, .:1•ulJ ~ r<"'l'"n,it>k fo•r .:.:nain 
n.·1 '1'1.t-ia,: \\\." lt;1,,· 1; l\llhl fr,"lju.:nt •·m~.: ;1lr.:r.11i"n' in.:an .. ·..-r.tti­
k"'i••n,and11l •\\ "..:in' ,·,ri::;:i, .. 1 .. ·-111~.: alt.:r.1ti• '"'in pr.xan.:.:n >th 

k'i' •n'. th.: pr<"'<"ll•<" • •f Ill'\" -1 fl x"\111.:n.:.:' int..-gr.11\-J \\ ithin .:­
m~.: ;:.:m: .. ;111,f th.: k'd ••Im~ .. · rr .. 1.:in' in .:.:n 1.:;11 k'i"n' t" 
,i..-1..-mun.: if ;1 .:1•rr.:kui.•n .:1•uld Ix- ..-,1;1t>li-h.:J l>.:t\\•"\."ll rh.: 
,,f, ... ..,..n ... ·1..I ~-111~~ ~1l? ... ·r~11f,,n, ~~nJ ~,:n.: t1\\.:'r ... ·,rr'-"''i''"· <>ur 
bti.•r.~h•~ an;1l~,_.,1rh.:111 .. -..·hotni,111 t>~ ''hi.:11 E~ ::..-n..- rn>1.lu.:1 
of HP\" r..-rr..-" 1h..-,·,pr,·"i1•11<1l.:;irl~ 'ir.11 ::.:n..-,_ W.:.:o•mjXlr,-J 
1111.:• l(r.uhk.:111 •n .:\p..:rinwnt- 1 th.:.:rfr,·1 .. 1 th.: E~ tr.m,r.:;:uku"r 
"nth..- •1..:ti' it' ,,f !!.:nit;1l ••r,·u1;111,·uu, nn1m••!.:r' rJ. (i.:n. \·ir"I. 
7 ~- I .~•1:'. I •1'!21. f:in;1lh. \\\." .:"ntinu.:d \\ ith th.: anJh ,j, 1•f th.: 
'tx-..·iti.: hin.1111:: 1 •kpith~lr;1l .:nn.:h,"<I nu.:kcir fa.:to or- It ,·_,"ljlll."lk:<"' 
rr..-...:111 in th.: .:o•nln•I r..-::i"n "f Ill'\" ;md ·~rul...-r;1tin ::.:n..-,_ 

In,-, •n.:hhi1•n. '' ..- ~-.. minu.:d" ith r.:-.:;ir.:h• •nth.: im • •h .:111.:111 

,.f .:..-llular ;111.I' iral • •n..-.. :: .. ·n.:' in n.:nr1;t,i;1- .,f h1::h in..:id.:a .. ·,· in 
\k\i..:••. w ... · li·•r.: that th.:-.: 'tulh\."' \\ill impr••\\." m.:1h ... 1, f.,r 
di;1_;:m"I'. rr••::n•"i' ;111,1 rh.:r;1p~ •• r hu111;111 •;111.:,·r. 

RacL.=round: In '.\J.:,i.:" ;md l..11in;1111.:ri..:;1. 111..-111,·id..-n•<" of 
111..-nn.:·.:.:n i\ .:.ir.:i11"111;1 r.:pr..-....-111, ;11'>.•ut .~11· • "f;11l 111ali,:11;1111 
lnnt• •r' ill ""111.:11. '' •lhlitutin~ • •n.: ••I th,· 111;1in ,·;1ux·, • •f ,k· .. th. 
Thi' i- ""' it111,1~ .1 m;i_jo•r tr.::11th and .:.:llnumi.: pr .. t>km fur ;1 
l;n,:..- numli.:r .. 1 p..·1•pl.:. Th.: d.:\ d"rm.:111 "' impn" .:d 111.:lh• .. 1, 
r;•rdi;i,:n• "i,;ind th.:rap~ •• r 111.:rin.:-.. ·.:n i\ .: .. r.:in· 1111;1 i,..-,,r .. ·md~ 
11np .. n;1111. l>urin;: th.: pr"..-.:" of ll<"P('l•1'ti• tra11,ft1nnatiun th.: 
.:p11hl'ln11n "f th..- 111.:rin.: .:.:r' i\ ,·;111 ;:i,,· ri,..- h• a \;tn.:t~ "'" 
..-lini•alh ;ind hi'1"l":!1 .. ·;1:h di,1111,·t ..-111111,·,_ 1 ·1...-rin.: .-..-n i' 
..-.u-.. ·i11,.1i1a h;1, t>.·.:n l;•und i" t....· ;1"' •:i;11..-d \\ ith .. 11..- 11r 111ur..-
1~ I..._., ,,f h11111.111p;1pill1•111•1'1m' 111!'\. 1. It i' ••f ;:r,·;11 imr<•n;111.:.: 
'" un.kr,r;md 1h..- pani,·ip;11i"n .. ,- th.: immun..- '~ ,i..·111. rh,· 1~ p.· 
.,f I II'\. 111\t •h .:d and nl .:..-llul;1r ""'"">!<"II<"' in th.: '.\In i .. -;111 
1i.•pul;111un 1f ;1 \;r,·•in,· ;1_;:ain,1 Ill'\" 1~ '" I>.: ,i..·-..·lt•p•·•I. In 
1k,.:lt•pi11;: ,·1111111n.:' th,·r,· ar..- k\\ \"ir"l••::1'1' ;111<1 \l·.•k.:ul;1r 
B1"l";:1'1': 1h1••11;:h thi, pr .. j..:..:t "'" ,·;111 tr01in ,._., ..... ,11 r .. ·,.:;rrd1.:r­
in th.:-.: d1,.:iplin•:' 0111d in 1111 .. krn i..·..:hniqu .. ·, .. ·mrl"~··· 1 in 
!!•"ll<"li.: .:n..:in..-,·nn..: .111.I 1111111un"I"~'. \\",· ar,· al"' If\ 111,_ I<• 
:Ii, 111~,· 1h1·, h1111\1 l~·d~,· ;11111111..: 111.:.11:·.11 .i .. ..:r"r' and .:1;"11i,·hn, 
li.•th ;n \l,·,i,·o Cit\ ,;nd in .. 1i1.:r ,·iii..-, ,.f 1h..- ,· .. untn. 

l>urm;: the· 1k\~'l"pnwn1 111 rhi, ..:;rr,·i11111na. li.•ih ,·,·lh1l.1r 
tllh.'••~1:1t1..·, ~1rhl anti-••lh,."tt!.!1..'ll1..•., ~'r"'· lll\11!\t.."1.I. l ·,111!.! St1utlh.:rn 
1>1 .. 1 ·v.·: 1 .. 1111.I 1ha1 """ •• 1h· 1111 511', .. 1 rh,· 1llc;·111.:-,·..-n l\ 
,-,ir,·11•"111"' .:11111;1in .. ·d hi~h n'h I II'\.'· I .. hi ~··ar \\ ,. ,·111pl11~,·d 
1h .. · Pl. 'K 1.-.-l1111que· ;111d 1k1,·nni11..-d 1h;1t ;1ppr11\1111;1ll'I~ :m• • .. ,­
!Ill' 1111111.r- h.1d hi~h rr'h I II'\. "''111,·11,-,.,_ In .. .id111t111. '"in;: 
\\ ,·,1,·m hl111 \\ , .. 1r.: 1k1,·.-1111~ ;11111hPd1,·, a!!.1i1ht ra' 1 mainh in 
pr .. ·mali;:11;1111k'"'n'1 .;nd 1;.1in,1 1-.7 'pr111~·1p;1ll~ in 111;i!i,:1i;u11 
111111"r". lh 11 •1111 11' t>r1di1,11iu11 l11r mR'.\.\. and 
11111111111.,hr-1 .. ;-1i,·111r-1r~ \\ , . ."1r,· 1k1,·,·1111;: 1h,· <'\l'l\'"I• •11nl\1r.1I 
.111. I .-,·ll11l.1r1111, n::e·n..-,_ 

In rl'l.111.1111" 1h,· me·.:h.1111,111 h~ \\ hi.-11 tlw l·.2 f!e'il<' pn .. 111.-1 
"' Ill'\ I <'l'I\'" 111" ,. \l'l"<'"lllll "' I ·.h .111.I I. 7 ""'"<=''II<'' \\ ,. ii'•'" 
,., •llll ,ll1'k\"11t 1n ,., JX'l"llll<'llh ;111d ( ·. \l .1.-.1~ '· h •rt he· ,111.il~ 'I' 1 •I 
ilw •pe·.-1fr.- ll' \ i'i"l»lll h111d1n,· \\e' fr,·q11,·111I\ 11,,. ::e·I ,11111 
·''""·'~' .111d ln11lpn11t-.. 

( >hil'l'lh ,., 
I 1 \.-111111.ll\' Ile'\\ lo·,·hn"IP::\: lll p;11"he lri.11", \\\• l"l'c"<'llll~ 

de·1 e·l"l'•·d rh,· l'C"R 1c·d111111..._.,. 11; 11111 '" ilnd11.111"n '1111 h111h 
!>' \ 111R'\1.111d 11n1111111 .. 1i1~1 .. ,·h,·1111,1i-,, ' 

~1 h1n11,1111•1111I h11111.1n 1-." .. 11tm.:1..·,. \\l' :1rl' fr.11nin!.! ~r.1ddo1I\' 
I I " ' 



.u1,l unJ..-ro!r.Alu.1h: ..iuJ...'111-m '.\l,•k.\:uiar( )ii...-.. 1, ,._:\ .uiJ \"irul••o!\ 
_:1 !:11.:t~-rmm.ttl•lfl ••11'1.: llk•k .. ·ul.ir ru'i' ,,i.-ui.:rin.: ..-,.n;, 

,_;ar..-iil'•ma: in pani.:ular 111.: im .. h.:ni.:-nt "' 'ir.il .ui..I ._·dlular 
''fk:°'-•!...9\.'1"k."' anJ ,,f a . .'111'"'"-"''~"-'fk.'"'-

.J; T r.111,t<:r 1•1 k'\.·lm••l1•~' h• • lll:,-r in..illuli• 111,_ 
Wort. Prui?ra': W.: -IWJ rr.:' i•>u .. I~ J.:1.:nnin .. '\.I_ u'in:; 

Somho..-rt11>I,>1.1ru1 •Mk."\•1!.:ni ... HP\" I~ I"-"' ar.: a ..... ..:iai..'\! 1 .. a h•\\ 
p...-r..-.:ma:;.: 1a"'"'' :'tr, , .,f:\1.:-.i..-an IUllk•I'. Th...T.: ar.:al ka'I -~ 
P' "'il>k .:>.pl.utali• '"' t• >r lhi" >l>....:n atiun: I 1 Lu\\ ...:n,ili\ ii~ 1•1 
th.: 1tl\.•d10J, u1iliA'\.l tS.>u1h.:m M1>11: 21 .\ 11<:\\ \ir.il l~p.: i .. 
rn.......-m in \t.:-.i..-an -amp!.-...: -~ 1 Cdlular 1"1.:u:;.:11 .. -... • ...- anti-
1111\.·o:,: .. ·11 .. -... ..-uulJ I>.: inwl\f.'\.I in th.: J.:'d•'l'llk:lll ,.,- HP\"-
11.:l!;.ali\.: ..-.. n i.:al tum•...-.... With r.::;arJ h>lh.: liN pt "'il>ihl~ _ \\.: 
anal~ ,,_'\.I I ~5 ui.:rin.:-.:ar..-inuma ...a1nrl .. -.... u ... in:; PCR anJ 
S.•utho..m lil,>1. h .:an I>.: ..._.._.n !hat 1\...- all 'ir.il '~I"-"'· PCP. \\a' 
llk>r.: .....-n,i1i,.: 1.JS.S'. _ ISA'. anJ 11.~·, 11han S.>u1h..w M•ll 
•-~~_II'•. 15.2' • anJll ~·' l\>r HP\" Ill_ ISanJ _';ti.._ r .. -...p.-..-li'd~ 1. 

Thu ... h\ lhino! PC:R \\l.' \\O:r.: al>k 1uJ..1 .. -..-t hid1 ri,L. llP\. [):'\.-\ 
in ah<>tit so•; ul ill\a .. i\.: tum • ...-,_ In rdat~lll 111 1h.: .....-..-,lllJ 
P''"ihili1~. ;1f't<llll a ~.:ar ;1:,:u "..- ...:111 ~o HP\. n.::;Jti\..- -amp!..-... 
h• Dr. CA.-r.irJ Orth 1 tn .. ti1u1.: Pa..i.:ur. Pari .. 1 .. in..-.: h.: ao!r..-..'\.I in a 
..-ulbh<•ratiun h• J..-1..-..-1 "'"" 'iral I~ I"=' in 1•u; --.;1mpk,_ 
1 · nl\ >rtunal.:h. ''.: h.1\.: h..-...n \ .. n unlud.\ ;mJ ii h::. rn ll h..-...n 
Jll"'ihk "' :':ir h• .:11111a..·1 Dr. Onh. Wi1h r1.-...p.:..:1 tu th.: 1hirJ 
opti•lll. \\l.' 11;.i,._. .:1•nlinu._'\.I th.: ...iuJ~ on on..-•,.,;.:n.: anJ a111i-
1lll.:1,..!.:n.: ;1ll.:r;11i11n' in u1..-rin..- ..-.. n i>. .:ar.:i11<•ma .. anJ ..-dlular 
I in..-, J..'fi,._-J frum tlwm. h•r ..--.ampk. a .. 1uJ~ 1"in:; ll in'a'i'.: 
tumor' .:•llllai•1ino! HP\" D:'\ ·\ ;anJ (l in'a'i'.: lum"r' "i1h1tt11 
'ir.il D:'\.-\. inJi .. ~a11.-J 1ha1 m h<•lh .:;1.....-.. .:-111~0.: j, fr .. "-111..-1111~ 
;ali..·r..-J. Thi' ,IU,I~ j, in a:;r.:.:111.:m \\ilh pr.:'i•lll' .>h...:na1i1•n' 
fr11111 our :;r.llap 10o.:;1Ji1 ,., 11/ •• 1•1:-;71. In aJJi1i1•n. "._. h;I\.: 
J..1.:nni11\.-J Iha! .:-m~ o.: ;11!.:rali• '"' ar.: k" fr•"\llh:nl in pr•".:;111.:•T• ·-th 
t.: .. i11n' 122', 11h;111 in o.:.:n i..-~11..-ar.:inoma' 1115', 1. In a!\:\\ .:a...:' 
\\.: hJ\.: ;11,uuh .. ..-n ...-,11h;111h.: Rh g.:n..- j, all.:r.:J in 111.:rin.:.:.:r\ i>. 
~~lOt:L"r. 

In parall..-1 \\ i1h 1h..-... · ... 111Jj._-, \\ .... h;I\ ..... -.. minu..-J \\ ilh 
..--.p.:rim.:m .. r.:b1..-,1 h•.:-m~.: .:>.pr..-.... i. •n. W.:.:mpl1•~.:J :'\1•nh..-m 
hl111. w..-.. 1..-rn lilut. ;,, ,;,,, h'tiriJi.ra1i1in for mR:'\.-\ 11r 
in111111n11111 .. 1od1..-mi'U}. In .... 111~ 111;11ign;1111 or pr.:111;1li:;nam 
1umor' \\.: oli,.:r\.:J 111-111~..- 1J\.:r.:>.pr.: .... ion. 

B~ l"ing PCR. \\.: h;1\.:,·un1inu.:.t ;1111t•k.:ul;1r.:piJ.:miolng~ 
.. 111.t~ 11n1h.:pr.:.....-no.:.:;111J1~ pili.:;11i.1n11lllP\" in l;tr:;.:popul;11i1•n .. 
1;1ppn•\.5fMh~mrk' 1 in,·11llatior.11ion \\ i1h1h..- :'\;11ion;tl ln .. 1i1U1..­
"' Putili..- H.:ahh. Cu.:m;l\;1.:;t. '.\lord•"- W..- h;1d lo u.....- Ill<' ti­
gloliin :;.:r • ..- ;1111plili.:;11ion ;1' ;an in1.:rn;1I ..-.. 111r11I 'in.:.: m;m~ 
... unpl..-, 1..-..-n i.:.tl '< rapo.: .. 1.:11m;1in..-d .1 PCR inhi:·.i1or. Thi"mJ~ 
i' in pr.1:,:r..-.... ;mil\\\.' ... 1ill d11 nor l..n<1\\ if th.: Ill'\" po .. ili\.: 111r 
n.:gali\.:1,;1111pk' ;1r.: from .:li11i,·all~ nonn;1I p.:r'''n'. high ri'I.. 
p .. pub1i1111,. ('I\ 11r hn ;t'i' ..- Ca p;ui..-ni... 

h11;11l~. \\..- 111;1J.: '"111..- pru:;r.:" 11n th.: .:oll;1hor;11i11n "i1h 
l>r. l.1111(ii"man111.:id.:lh.:r:;.<i.:rman~ 1rd;11,·J1111h..-pr.·....-n..-..-
11r ;1111ih. .. Ii..-, ;t:,:;1in,1 I IP\"- I h pn 11..-in' 1 I A. El 1 ;111,1 p2 I r;1' in 
.... ·r;1 from p.11i.:ni.. "uh .:.:n io.:;11 ,·;111,·.:r. . \ high..-r pr.:1 ;1k11..-..- of 
":r;1 "ith amih..Ji..-, h • p~ I r;1, '' ;t, 11h....-n ..-.I in p;11i.:n1' "ith 
pr..-m;11i:;n;1111 k'i"n' 1h;m in h.:ahh~ in.Ii' idu;1I .... \mih."li..-.. 
;1:;;1in,1 Ill'\" -11> n11,·11pru1..-in E7 \\.:r.· .t..-1..-..-1..-d in ;1 high.:r 
prup.•nion nf ..-,.,, i.:;tl .:;111,·.:r pali.:nh .:••mp;ir.:.I In pa11,·111' \\ ith 
Cl" nr n••r111;1I i111li' iduak 
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\\"II Coni:r•'" nf .\natumi.- an,i ('hni~·al l';·•hnln!!\. 
( >.:tuh.:r 11ii11. •. 

KanJtl'I. l..:"\I .. Kamirl'I.. :"\I,. Torrol'lla. :"\I •• 1•l'dr111.a •. \ •• 
Ibarra. \'. imd (;arii:lio. I'. \111111,1,·p o.:;1r,·111n:;•·n··''' an.I 
l!.:niral papillu111a1inh111k,·11n11. ln1ph•·a1io1i.. lnr di;1!;!11•"'' 
and \,:..-,·in..-... Sul->111111,·.t .\ro.:hi,,•, nf \kdi,·.il lk .... ·ar.11. 
""' ,·11111\.·r 1 •111,\. 

\ll'ndo1.a. I... Kamin•/. \l.T. and (;arii:lio. I' .. \h,·ra.-i1111.·, 
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~d"orkin=: .. \, in-Ji.:ai .. -J in th.: prHpo...aL •>Ur !,!r<>up fta, 
l>.."\:11 a"imila1ino! fl.:\\ 1L'\:hnul11!!\ in ;tk•l..-.:ular ~i.•luo!\ anJ 
!!.:1i.1i..- •'ll!!in..-...rin!! fn•m Jilkn:ii1 lah<>r.111>0 ...... IP. ch;i1i1h<111. 
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T. lknjaii1in. HanarJ: L Gi ..... man. H.:iJdl>..·r:,:1. W.: r.-.:..-1111~ 
,k,-,d,lfl<.'\llh.:1,-...-hrn•l"g~ !\>ri11 ,;,,, h~ hriJi-.;.a1io111 ti...-h<>th R~.-\ 
ariJ I>:'\.-\ 1. immunuhi,11..:li.:mi..if\ anJ PC:R: "..- ar.: no" in th.: 
pr...: ....... uflr.ui...t\:rrin:; ii h• Jitkr~111 h1 ... 1i1u1i.•11 .. : al in \k-.i..-.1 
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Culta: :'\a1i1•nal Cm..-.:r ln .. 1i1u1.:. Rio J.: Jan.:ir.•. 8rJ1il .. 1..-.1. 

W..- ha'.: lrain .. -J .. 1uJ.:ni... ln•m h11 .. pi1ah. dini..-,. anJ 
l"ni,._-r .. iti .. -... in '.\k>.i.:o. In aJJi1i1lll. our :;n•lij\ 1r.1in..-J '.\laJd~ 
Ramir..-~ lr.m1 l:'\OR.Curu;mJ \l1l!li.:aP.:r.:ir.1 fn•mth.: :'\ali•lllJI 
Can..-.. "f ln,1i1u1.:. Rio J.: Jan.:ir.> . 

W.: h;i\.: ._·0111inu..-J 111.: .:1•ll;1h.>rJli1•n \\ilh P-a...i.:ur ln...ii1u1.: 
1 :'\. Yani' •. Luwlal"ni'•"f'il' 1 L Gi ..... 111'1111.Prin..·1.1•m l"ni'•"f'i!\ 
1 R. \\.:inmani. HanarJ 1T.-B..-njamin1. :'\IH tJ. Di Paul1•1. -

• l>11c· ro limitc'.I ,,.,.,, ... ,,,,. fi,,~11rn <111</ ld/111'• ,,,... 1101;,,.1mll".I 
in 11i;, \1 ti1·in Rqi.•rt• 

~'TU>\" Ot- PROTF..-\SE .-\'.\D Al.PH.-\ A:"\IYL\SE I'.\ 
TEP.\RY B•'.:\'.\S 1Pl1ar1Jus acutiftliitul SEEDS 

Princip;al lnn.•sti~ator: .-\k_j;111Jw Blan.:o-Lahra. 
Cl:'\\"EST.-\ \·-1r.1puah• l"nit. Lihrami.:1110 :'\ort.: lm 'I.ti. 
'_"arr.:1.:ra lrapua111-L.:••ll. lrapuah• G10. \IE\ICO. 
r..-1.: -Hll-~-5 llllMI. Fa-.: +.Jh-~-51 ~s~. ~-·~o . .J51l57 

( \"f/)t>(·,,,,,,.,,.., .\o. 9:_ 1155 
/C ·cif.B Rckr .. 111 , • .\,,_ c J<P .\IEX•1/-11.:: 
Kl'~\lonl': .:n1~111..-111hihi1or,_ pl;mi.. J..-1\:n..-..- m.-..-runi'm' 
.-\hslract: Th..- ... 1uJ: uf I\\ .. Ji'l.:r..-111 pr.•1.:ina..-L"tlli .. .:n.r~ Ill<.' 

inhihih •r' 1 pr• >1.:;1...: ;mJ alph;1 am~ ka...: inhihitor .. 1. i' on progr.:". 
TI1.:~ h<11h h;l\.: l>.:.:n i ... 11,11..-J. puaiti..-J anJ ar.: h.:in:; p;1ni.11l~ 
.:h.;ara..-1.:ri1.:J. 

In 1h..- .:a....- uf 1h..- pro1.:;t...: mhihi1or. 1hi .. '""", a J••uhk 
fu11.:1io111 u .. u;alh !..no\\ n a' Joulik h<:;1tl inhihih•r' 1. r.:o.:Mnilino! 
""' uni~ Ir~ p,[n-lil....- .:iv~ m..-.... hut ;al"' .:h~ 11101r:. p .. in-1~ ~ 
.:iv~ 111 .. ·,_ Thi, prup.:n~ .:oulJ h.: imp.1rt;1111. .:on,iJ..-ring 1h.:ir 
pt '"ihk ru!.: in th .. - pl;llll .l.:kn.....- arr;1~ of !hi: plant. 

.-\nu1h..-r unu,ual prup.:rl~ ,-.. 11,i,1 uf 1h..- f11n11;11i1111 of 
ul~ :;1 •l• •rm .... \\ hi,·h .:11ulJ ,·on .. 1ill1!.: ;11~ p..- ••f hiologi.:;11 o.:onlrol 
• •f 1h..- .:n/\ m;11i.- ;io.:1i' ii\. 

.-\ .. r .... -1h..- ;nil~ 1;1,..-· i11hihit<Jr. !hi, prn1.:i11 h;1, ;11 .... h.:.:n 
i ... •ktl.:J ;111.I p;trti;1ll~ puriti..-.1 from th.: lluur uf 1.:paf! h.:;111, 
.....-..-.i,_ Ii~ ;11111111111i11111 'ulph;11..- fr;1.:1i .. 11;1111111. Jill..-r..-111 1~ P.:' of 
.:hn1111;11<•:;r;1phi.: pr1..:.:.lur..-... in.:luJi11g aflini1~ .:hru1;1;1111graph~ 
1;1 .. ,i...,.:ril>.:.I in th.: \\or!.. prul!r..-" ....-..-1i11111. 

Th..- inhiliitor h.:11111:;' 10 lh.: ;alhumin I~ P<: of pr111.:in ;111J ii j, 
'..-r~ lil....-1~ h~ ii' l>.:h;t\ i111 .lurinl! 1h..- .:hr11m;11o::raph~ on 
.:11n.:;111a\ ;11in. ;1 I~ po: of :;1~.: .. 11ro1.:in. 

1-r .. m 1h,• •Hll\ l;1,._., 1..-, ·"-•·~·I;;·. ii .. :111 r.:..:u!!ni1.:u thal th.: 
h.:..-11..- ., ,.,,,,.f,,,.,;. ,,,,,,,,,.,,,,, . . 

Ohjt'Clhl": Th..- ~..-11..-ral 11lij.:..-1i,._., .. r thi' p:-11j.:o.:1 i' h• tin.I 
11.:\\ natural pr .. 1a:in;,.-..-.. u, ..-.. mpuun.t ... \\ i1h inhihi111r a.:ti1 it~ 
;1:;;1in ... 1 ;1111~ l;1-..·, ;111.t prol.:a....-, rr .. m tlilkr.·111 ... ,,,.., ....... \\ hi.:h 
.:uultl p;1rti,·ipa1..- in rh..- .t..-kn .... • 1• .:.:l1;111i,n1, of plani... 

Th..- ,p..-..-ifi..- olij..-,·1i1.:· . .:1111''''' in i .. 11l;11in:;. purif~ ing ;111d 
.:h;tr;i.·1,·r111ng lh•· pr111.:in;1,.· anti rho: .1m~ la....- i11hihi1or' pr.:,..-111 
in 1lw ,._.._..i, of T.:p;ir~ 11\.·an,_ 

Ral'kJ:round: Tlw d.:1 d111•.n.:111o:·11,·1\ 1..-,·hn11l11gi..-, for 1h.: 
1111ro.l110.:1io11 uf for,·ign i:•·n,·, 11110 ;1 'l"-'•ifi.- planl ti"u•·- ha' 
lll•T•'a"-.l lh•· illl•'l'•''I forth.: ••kn11fi,·a1i11n i11.il;1nh of 11.:1\ l!l'n.:' 
1\ hid1 o.:uuld o.:onkr r,·,i,tan..-.. • to !h,· mu~l 1111pona111 in,._.,., 
111f,·,1a1ior1'. h1rrlfr, .... a ... 1111h .. · ,111.i~ of rn •ll'lll' I\ hio.:h panio.:ipal.: 
in 1h,· 1k1,·n ... · 11w,·hani,1111 •f llll' plan!. ha1 ,. h,.,·, ,111,· till' 1arg.·1, if 
d1fkr,·n1 '111.li,·'· 

.·\mon~ rh.: ddr',·r,·111 pr111,·in' r•·lall·tl '" r,.,j,1.1111:.: 111111"·,-i.. 
;111d h• "'111..- pl;1111 inko.:1i11n,_ .1r.· 11i,· ,·111~111.· irnitii111r,. 

.\ 11111';111~ • .. -.-11rring pn 11,·in;,.-..-11, ,·n1~ 111•· 1nh•1Ji1or, .trl' found 
111 .1 "11k ';ir1,·1~ of pl;111•, .ind a11i111;1I 11w1l''· In llll' pr•''t'nl 
prnj,•,·1 11,· ar,· i111,·r,.,1,·.t in lh·: pr111,·a,,· an,1 ir: rha: ;1111~ 1.,,._. 
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m 1r.41 .11c.i1pm 14-'1111 1p11!" ·uumt"·' .i:lll1'4·''·' 11"1 .'1.p !J:lnn141 
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g.:n.: .:\pr.:"11111. li.:11..-, .:\pr.:"mg on(~ Juring rip.:ning "ill h.: 
i'obt.:d anJ ;.111;.th ...:J ;tt th.: lll••k-.:ular (.:, .:L Our 111• iJd '' ,t.:m 
i'th.: mango fruit~' hid1 i, p;1rt1..:ubrl~ 'u-...-.:piihl.:h"" .:rri~ning. 
Th.: infomuti<1n J.:ri' .:J !n•m ,u..:h 'tuJi.:'" ill pr"' iJ.: th.: h;t'i' 
t\•r hi••t.-.:hn••I<'::' .,f fruit' that \\ill intlu.:n,·.: ;.t::ri..:ultur.il. 
,h •r.ig.: ;mJ 111;.tr(~1ing pr.t,·ti,·.:, ;tlil...:. Thi, pn •i<-.:t rq;r.:...:ni- 1h.: 
fir,t ,t.:p in thal .lir,•1.:ti• •11. 

Bat.~ruiJnd: Fruit rip.:ning i' a ,·.,mpk\ pn..:.:" r.:guh11.:J 
Juring J.:,.:Jnpm.:111. It i' u'uall~ a.:.:••mpani,-J h~ Jr.ima1i,· 
in..:r.:a...:' in th.: r.:,pir.tt<'~ r.it.: nf th.: ti"u.:. anJ in .:th~ kn.: 
pniJu..:ti<'n c Bial.:. l'INlt. Th<-...: <!\.:nt' ar.: onl~ l\\ll .:\t.:mal 
111anifo,1ati1111' <1f a ...:ri..-, uf int.:mal hi1 ll.:h.:mi.:;tl r.:a..:tiP11' 
\\hi..:h rdk..:t ;t pn•11<1un..:<-J m.:1aholi..: ;t..:ti\it~ .. -\II pn,...-..-,.,...., 
Juring rip.:ning :tr.: pn•hahl~ :1"'"-·iat.:J "ith ah,·r.tll<'ll' in :t 
numh.:r llf Jiff.:r.:nt .:Iii'\ m<· ;.1..:ti\ iti.:' anJ al k;.1'1 in "'111.: .:a...:' 
it h;t, h..-..:n.I.:111<•11,1r.11,.j toh.: that th.:..:a...:c Br.iJ\. llJSi 1. In thi' 
...:n...: th.:r.: 1' gn• iJ .... , i.t.:n..:.: th;tt th.: ;tpp.:ar.in~.: o •I pani..:ular 
.:111~ m.:_ ;i..:ti' iii.:' i' J.:1.:nnin.:J h~ ..:nntrnl 11f 'p.:..:iti..: g.:n.: 
c:\.pr\."''" .. n. 

Fruih ar.: n••rtn;.t!I~ ;i..:ti\.: in R:\.-\ anJ pn•h:in ,~nth.:'i'. a' 
h:t' h.....-n ,h.mn h~ .... m,· laht>r.th•ri<"- in !l>lll:lh>C Rananap:m••n.: 
er ,,1 19771. appk 1 Lt~ -Y.:.: ,·r <1!. I lJ<>t It anJ in 111;.111gn h~ nur 
laht>r.ito~ 1Loip.:1-G.>111.:1 ;u1J G•ima-lim. l'l92h1. Th.:r.: ar.: 
;ii"' 'p.:..:iti..: dl;ing.:' in 1h.: mR:\.-\ populatillll' Juring th.: 
rip.:ning .,f all th.:...: fruit-. 

On.: llf th.: m:tin in.ti.:ator' nf th.: 4uali1~ ••f fruih i' l.:\tur.:. 
Thi' rd.:r' tu th.: J.:::r.:.: "' ,.,ft.:mn:: 1h:it th.: fruit h:t' r.:a..:h.:J 
Juring rip.:ning. Th.;.,. j, .:nnugh ...-;iJ,·1i.-.: 1h:1t Juring h•lll•tlu 
,oft.:nin:: .:\t.:n,i•.: J.:::raJatilln nl lh.: midJk l;unda • ...-..-ur-
1Cn1ul...:~ ,·1 af. ('JS_~ 1. Thi' 'tru..:mr.: ...:n.:' a' ..:.:m.:nt h.:l\\.:.:n 
...._., .:ral ..:di' anJ th.:r.:f11r.: it- Ji"11luti11r. j, th11u::l11 111 ..:;m...: a 
majnr ..:h;mg.: in tinnn.:" 1111.:111111.:n ,·1,11. l'IS2 i . .-\,th.: m.tin 
..:nmpon.:nt nf 1hi' 'lru..:tur.: j, 11':..:tin 1 T u..:J...:r and Gri.:r-on. 
l<JS71. th.: .:n/\m.: that ha' r.:..:.:i,.:J m•"t 111 th.: :1!l.:nti11n i' 
p.-.:tina...: 1•r )1<;1~ g:tl:t,·1un1n;t...: c PG 1. 

It ha' h.:.:n 'ugg.:,t.:J that PG i' lh.: .:nJ'~ m.: r.:'pi •11'ihl.: f11r 
fru;1 ,ofl.:nin·~ 1Cn><•J...:, ,., "'- !'IS.~. Th.:nun.:n ,., .11.. l'IS21. 
Funh.:mh •r.:. ih.: t11m:ttn mut:uu, n11. 11or. ;mJ _\ r "hi..:h Jo n11t 
'"ft.:n 'igniti..:anil~ pn"1l11.:.: ,.._.r~ link PG i Ddl;.1 P.:1111;.1,·111!. 

llJS71. Tomaro PCi ha' h.:.:n ..:11111.:.I anJ ...:4u.:n..:.:.t h~ ...._.,.:ral 
gn•up' 1 !>.:lb P.:nna ,., ,1i. llJSh. Fri.:r ... in 1·1.11. llJSh1. R•:..:.:1111~. 
'"'rl.. "irh tran,g.:ni,· r':mt' ha' k·J 11 >11!<· n•I.: 11f PCi in ,ofl.:ning 
h.:ing 1.1u.:,ti1111.:.t 1 Sniih ,·1,1/. l'ISS. (iim;.11111.11111·1 ,1/. l'IS011. 
Fruih 11f pkmh .:ngin.:.:r.:.t h• .:\pr.:" ;m11,.:n...: PCi mR:\.-\ 
pn 10.lu..:.: 11nl~ 111', , •f th.: 1111rm;1I k' d 11f PC i during rip.:ning 
1S111i1h 1·1 ,,/ 1•;ss1. [k,pii.: thi' r.:.tu..:1i11n n11 .titfrr.:n..:.: in 
..:11mpr.:"ihili1~ \\ ith ..:11nrrol fmih \\a' 11h,.:n.:.t t Smith ..r ,,(_ 
('ISX 1. Wh.:n ;1lin.:111111mah• mm:un 1 ri111 '' ;1' lr;m,fonn.:..I '' ith 
a,·him.:ri,· PC: i und1.·rtl11.·dir,·,·1i11111 •f:m rh~ l.:n1.·-111..lu-.·1.·.Ipr11m1 •r.:r. 
th.:r.: \\;i, n•"i~nili..:ant dfr..:111n fruit ..:11111pr..:"ihilir~ in rd;11i11n 
111 ..:onrrol fru;:, \\ h.:n (>(j ''a' i11du1.·,·1.l 1 (i111\ ;mn11ni ,·1 <11. ( 'IS'l1. 
Th.: indu,·tion 11f P<i in ri11 ..lid n1•I .:1•111pkm.:nt th.: mut;iti11n 
.1hh11ugh th.: rin mutanr m;i~ h.: pki11rr11pi..:. Th.:'.: r.:,uli- h;I\.: 
'ugg.:,1.:d rh;il ('(ii, 11111 rh.: prima~ ..l.:r.:m1ina11111ffrui1 "•fr.:ning. 

( >1h.:r1.·.:ll \\all-rdat.:1.kn/\ 111.:, h:i\.: r.:..:.:i,.:d ..;•m.: ;1n.:nri11n 
in 111<· p;i,1. T11111ar.1 p.·,·rin in.:rh~ I ..-,1..-r.1,..- 1P\11'.1 h;i, h.:.:n 
..:11111.:d ;111..I ,.,.,lu<·n,·.:danJ ih <.:\pr.:"i1111,ru1.li.:d1.lurinl! nr<·nmg 
1 Ra\ 1·1,1/. 1•1xx 1 . .-\\11\.';1.J,1,·.:llui;i,...- ha' .ii"' h..·.:n ..:11111.:d a11d 
,..,.,1i1.:111:.:.t 1 Chri,111fkr· . .:n 1·1 11/. I 'IX~ 1. In th.:,,· I\\" ..-.i,,·, ih.: 
.:nJ'\ Ill<' ;i..-li\ iii.:' ;ir,· 11111 a' ,·(11,..-h 1.·nrrd;1r.:d "1th "'f1.:nin!.! ;i' 
rh.: ·a..-ri\ it\ 111 l'<i. alrh11u::l1 ..:dlul.i,..- .i .. ,., m..-r...-.,,...- .Jurin:: 
a\, ,-;id•• fr;1ir rip.·nml! 1 < ·hri~h •lfrr-.:n ,-1.1/. 111s.i 1_ 111m ... ,1.·r rh~ 
n;i.t rok· rh1.·,c 1.•nJ'~ 111..-, fulfil durml! lruir rip1.·ning i' '"II 
..-11nrr11\ 1.·r,i;il. ( i.:n.:ri,- rra1i-lor111at111n 11f 111111.1111 \\ irh 1h1.· P\IL 
;ind ,·.:ll.1(;1'..: 1111h,· anri,...-n,c 11ri1.·nt;i1111n h;I\..: pn .. lu..-.:d fruit' 
'' irh k\..:(, dran'.alK;ill\ r..:du..-1.·d 11f [>\IE ;111d ,·,·llu(a,.: ;i,·ti\ II\ 
hur 1hi:r.: '"" n .. .lifkr1.·i1,·,· 111 c11111pr.:"1hil11' \\ 11h 1.·11ntr11l ln11r~. 
ju'r ;1' \\Hh rh.: .:\p1.·r1111<·nr' \'.ith anri,.:n,..- ';; 1Ti1.·111an ,., ,1/. 
I '1'12: h,1\ and h11.·r,1111. 1'1'1.11. 

Lrh~ ki11.· j, rh.: 1111"1 1rnp11r1.1111.i,·,·,·kr.ir11r11f lr:111 np.·nin,,: 
t \kCila"1111. l'IS.' 1 .111.I rh,·rd11r,· rh,· <'II/\ Ill<'' r.:lar1.·d 111 11' 
'\ ll(h<''I' h,I\ <..' hc.:n Ill !h1.· f1 l\.'ll' I •I lll(\'r1.•,( 11i 111,111\ l.1hnr,1h>f11.''· 
.;,., 1.·r.11 g1.·11.:' fn •111' ari• •i" pl.mi-,., 1<!111~ 11 •r. \( ·c ··,~ nrh.1,,· h;I\ ..­
h,·1:11..:11111,·d \\ h1d1 ha' .ii 11•\\1.·d !II<' ;111.11\,j,1 •f. \( '( · '\ nrh.1'.: al 
rh.: 11111k1.·ul.11 k\ 1.·l 1 S;111 ,,., ,,/. 1 •1s•1. \'a1i 1kr S1r.i·:11·n ,:, .I/. I 'I'll I. 
t.;,·nok. 1°111.11. Th" <"llJ'\ 111<' ' ' lih·I~ r. • h,· rh,· r.111.· 1111111111~ 'l<'I' 
111 rh1.· pa!h\\.1~ l·111·1h1.Tm11r,· Ill<' ,,:.:111.· ,·11.!111.~ l11r .\CC 11\11).1,,· 
,,(,11 ,·,1lkd rh1.· ..-rh~ kn..- f11rn1111~ ..:111~ 111..: d·Tl.1 h.i, al, .. h1."<'ll 
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i"•lat<"ll anJ "-'l.fU.:i1'.«'<1 fr.1111 J:f!i.·r.:111 rhun' c lfanulh•n .-r ,,,_ 
I 'Jllll. K.:nJ.:. 111<1 _~ i. Th.: tr.111,f~ •n11.i1i111wfh •i?1:11. • '' ith th.: lan.:r 
g.:11.: in ;.mti...:n...: r.:,ul1<-J in a r.-Ju,·tio•n 111 up:.1 117', in.:th~ kn.: 
pr.iJu..:ti••ll h~ th.: fru111 H;.1111ilh•n ,·r ,,/. l9'11li. Thi-. Jda~,-J th.: 
"•ft.:mng ,igmti..:antl~ _ Th.: appli,·atu •n 111 .:\1>g<"l1Ut1' .:th~ kn.:. 
1111 th.: oth.:r hanJ. r.:,h•r<-J th.: 11<•rmal "'ft.:ning pall<"fll. It i, 
lil...·h that th<•tr.in,I\ •rmati11n llftoma111 '' ilh anti-.:n...: .·\CC\\ ill 
ha\.:· a 'imilar r.:,ult. Th.:...: .:\pi:rim.:nh ha\.: ..:llntinnc.-J that 
.:th~ kn.: 1>niJu..:ti11n t>~ th.: fruit j, a majur..:au....:.,f.n.:mpi:ning. 

\J;m::o fruit ha' h..-..:n th.: l\,·u"•f ,1uJ\ h\ "'111.: iahor.it<lfi.:, 
in th.: p~'t. Th.:r.: i-. a .,.,JiJ hio..:h.:mi.:al !>.;,i, f.,r thi' fruit. .-\ 
aumh.:r of .:nJ'~ nl<." a.:ti' iii..-, ha\.: h..-.:n r.:J1<>n<'<I to in<T.:a...: 
during fruit rip.:ning n.:' i.:\\,-J h~ \lathlo.• c·r ,11. 19751. .-\.mong 
th.:m ar.: PCi. ,·dlula...:. im.:rt:t ... :. ,u-·n,...... rh•,..ph;11.: '~111ha...:. 
ph•"phofru..:tol..in;.i-.: anJ a-am~la...:. In aJJition. it ha_, h..-.:n 
j,ol:tl<'<I ;111 inhihih•rt•f "'111.: .:n/\ ni.:' fnlln m;.in::•• c \lan1111 anJ 
'.\lo.Ji. l%<J1 "'111.:thin!! n.:,.:r J,;n.: in am oth.:r truit. H11\\.:\<'f. 
th.:r.: i' \ irtualh nu 'll~Ji.:' lit! th.: mok....:ular hioit>:!\ of man::o 
fruit rip.:ning. \\·..- ha\.: 'h'''' n in 11ur laht•r.th•~-iha! Juri~g 
rip.:ning tli.:r.: ar.: ..:h•lll:!<" in g.:n.: <:\pr<"-'i••ll. anJ that th.:~ .:an 
h.: .i....1,·...-1.:.t in pr11t.:in' '~1(1t:,i1<-J hoth in ,-;i-,, anJ in 1·ir ... 
1 Lo1p.:;-G,imo anJ Gti111a-Lim. (<l<J2h1. Th.: pr<-...:nt pn•j.:..:t 
''a' pn '11' ,......J a' .:o 1ntinuali1 •n 1 i( thi' '' '•rl.. '' ith th.: i" •lati• •n o •f 
rip.:ning 'P<-..:ifi..: g.:n.:'. 

Ohjttth~: C:h.:r.ill aim: i">lalion anJ anal~'i' ••f g.:n.:' 
ill\••h<-J in mango fruit rip.:ning :mJ -.oft.:ning. 

Sp.-.:iti..: ohjc.-.:ti\ ,:,: 
I 1,·on,tru..:ti•lll ••fa ,-D:\.·\ lihr.i~ from rip.: manl!" fruit 
21 i ... •latinn of rip.:ning-,p.-...ili..: g.:n.:' 
.~ • 'luJ~ uf lll\: .:\pn:,,fun of ri("'."nin~ f.:n~~. 
\\ •rlPn~'i: Th.: liN -t.:p in tli.:pruj<-..1im11)\,-J, ot>taining 

,ui1:1hl.: plam rnat.:rial 111 pr.:p:tr.: th.: liflr~ fnnn. Wd1~1\.: h..-....n 
••htainin:: th.: fruit.. fr11m ;t r.-...:ar..:h 'tatn•n in \·.:r.t..:ruJ'. Th.: 
,t;1li• •II J..~.:p' a larg.: g.:nnpla'm o •f mango• ptmh. h.:,jJ.:, J. •ing 
r.:...::ir..:h in' ario lf.1' a,pi:...-i.. in mango h• >rti.:ult!lr.:. Th.: mat.:rial' 
ar.: \\di pr.:....:n.:J ;mJ 1, ... ,J....-d ;.1ft.:r. W.: ha\.: uni~ 11<...-n 1;..l.i11g 
fmii- fr11m th.: 'am.: tr,-.: \\hi..:h j, I~ ,._.,ir, o•IJ_ In ur.I.:r h• a,.,..., 
prup.:rl~ th.: pr11gr.:"uf rip.:ning ,,,...J~-.:id<-J tu m.:a,ur.:<1h~ kn.: 
pn >Ju..:li• •n -.in.:.: thi, i' ;111 ;.11.:..:urat.: param.:tc:rtt 1.:\ ;.dual.: rip.:ning 
t Tu..:J...:r :111..JCiri.:r"m. l'IXi 1. :\11\\ ;1Ja\ ,..-th\ kn.:.t.:1.:r111ina1ion 
i' a 'impk pn..:.:" h~ ga' ..:hrum:itugraph~~ 

\\'.: 11ul.. fruihpn>Ju..:inl,! .:th~ !.:n.: al m:l\imum rat.: and u ..... .t 
th.:111 lo pr.:par.: pol~ .-\+ R:\.\. Th.: R:\.-\ luul...:d inta..:t "" gd 
.:k..:trophor.:'i'- \\'.: O:\lra..:t.:J R:\.-\ from ripi: ;111d unripi: fruit 
:111.I in o ,,,-, • tr.in-.l;.11.:d I!. Th.: 1ra1i-l.1rion riroJu..:h .:karl\ 'h'm .:d 
..lilfrr.:11..:..-, in th.: mR:\.-\ pupul.i1i11n, ·.....-i\\.:.:n tit.: unrip.: .111,1 
ripi: lruih. Total pn •t.:in-. ''.:r.: ;11 ... 10:\tr;i..:1.:J from h.11h I~ P.:' ,.f 
fruit an.I th.: r.:,ulh \\.:"r.: ..:on-.i-.r.:111 \\ ith th.: al11r.:m.:mionnl 
r.:,ult-.. Th.:...: r.:-.ulr, ar.: in 1111;il a!!f<".:111.:111"uh1h11...: 11h1.1in1.·d 
u'rng orh.:r fruih 1 R.in;.111,1p;111on~ 1·1 .r: .. I 'Iii: Chri,lulfrrxn 
, 1 ,,/ .. I '1S2: C1lbh;111,·1 c1I.. I 'IS'I: LI\., .... .,. ,·1,1/ .. "l'H I: c;, 1111..:r-
l.1'11 an.I l.opi:J' (illlll<"J'. 1•1'12h1. . -

Th.: lihr;1r~ \\;i, prtp;ir.:.t 1hinl! ..:111111111111rn~«·dm.:'1C:iuhkr 
.md ll111lman. 1•1x.' 1 ;111<1 ch.: '.:..:111r u...:J !;1mli..l;a Z.-\P II. i, .t 
'..-r,;iril.: phag.: \l'<h •ri Sh11n ,·1 <11 .• 1•1xs1" hi.:h,·;111 h.:..:om .:rt.:J 
iim• .i pb,mid f, •rn1. TJ11, :11l1m' ,·;1,~ h;m<lliilg . .-\ -.:..:tio•n 111 th1.· 
Ii hr.in "a' ..li.:...-,1,·d '' irh h·11 RI ;in<I ;111.11\/.:..I 1111 ::.:I 
d.:..:m-,ph11r,·,i,_ "rh.: liflr.ir~ ..:.1nrain.:J in"·n, rai1~in~ in ,1J'1.· 
fr11111 :'!Ml h• > 4fMNI hp. Thi-. r;mg.: 1, \l·r~ ,·1111\ .:ni.:lll l11r 1•ur 
p1irpt " ..... _ 

_\ pr.:h1111n.1r~ -.,r,·.:ninl! '"'' ..:.1rri.:<1 1•ut u,1nl! l\\11 
h.:t.:n ''' 'l!' 111, pn 1h.:': .-\ppl.:. \( "{" '~ nrb-.: an.I.-\'• ...-;iii• 1.:dlul;1-.:. 
Th,·-...· _;!1.·11..-, ha\.: 1-oc.:n 'h11\\ n h • h.: Ill\ oh .:d in fruit npi:nin;: 
I {'hri,rutfrr"·n ,., 11' .. I 01S4: Y ;111!! an.I llotlm;m I 'IX~: Sar11 ;m<I 
Th.:11l11::i,_ l'IS'I: Don.: ,·1.1' .. l11'j( 1;1n..I rh;111, \di\\\.: d.:..:id.:d 
(II ll'l• •lh1.•111. S.:\l•rar" po,l(i\ <"' h;I\ ... h.:.:JI i'olai.:.J frolll !h.: 
prnn.1r~ -..:r.:.:ning. fll<' ,,-r,·,·11111).! '' 11h ,-.:(lul;i-..: ~ idd.:d '11111l;1r 
ro·,ulr,_ h1r1h.:r r11i111tl' nl ,..:r..-1.·11111)! ;1r1.· 111 pr11gr1.·" '' irh ht•rh 
pr11h..·,_ 

In rh.: 11n,,:111;il propm.11. th.: "11rl.. pl.111 1nd11.I.:1l rh.: 
..:n11,rrn..:t111n 111 th1.· htir.1r:. olur111l! rli.- lir'I ~ 1.•ar ;ii rh.: pr,·limin;ir~ 
''r•"<'lllll~. In 1(11, , ... n,..-. nor 11111~ h;I\.: '"" ..:11111pkt.:d rh1.· 
,-, •11,rnr<"11"n 11f rh1.· hhr.11·,. h111.1I" • ",. h,I\ ,. -.r.1r1,·d rh,· ,,·r1.·.:111m: 
.ind 11hr.1111.:d prd1111111.1r~ l""lll\1.·-.. h•r 111;11 r..-.""•n \11.· h..·lr.:\~ 
rh.111 •11r .1..:l1i1.·1..-1111.·111,1h1' P••'I ~1.·.1r" 1.·r.: h..·~ ••nil• •ur.:\ 1i.:..-1a111 •II 
\\ ..- ·"'" ha\l' p11hJi,(wd I\\ 11p.1p.:r'1111 rh1.· pr1.·h111111,1r~ 'l"J.!"' 111 
1111r "11rl... \\ ,. h.11 ,. 11111 puhJi,h,-.l .111~ nl Ill<' r,·,ulh 111-ir.11111.·d rh1, 
pa-.r ~,·;ir ht.·1.-.1lh<' till' \\11r~ 1, ..-k.1rl~ n1111.·ompkr.:. \\,· \111111..1 
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hi..,· l\l •••0111111\:' 1h.: \• .. n.. \\ hidt \\ 111 fxl,1.-.all~ '"11'1'1 Ill 1h.: 
"'\.·unJ \..-;ir in lft.: ,,_-r,'\."1llll~ ••I •'llf Nill It> I""~ h>r ;.i' H1 
uniJ.:111i.1i .. -J np.:11111~ ~..-11 ...... ~'\\..-II ;i, •>lh..-r l..nt>\rn ~·-"'- \\ ..­
h.:li..-\..- 1h;.i1 \\••ha\..- Jun.: .a 'U\:_-. .... ,ful '1'111 ••f •"..If \\\d anJ 
\\\lt•IJ Iii....- I" .. -.. 111inu.: 11. Ck;irl~ lh.: \\\d 11<....-J, •umrk11 .. n. 
Whal \\ ..- rr• 'll\ ixJ fur Ilk." ..._.._., >nJ ~ .:;ir \\.a' lh.: i,.. •lall\111 of 
nr<-"1tin~-'f"...._·ifi.: ~._., ....... ;mJ 111'." a1&1l~ 'i' ••I 11!..-ir ,.,rr, .... ,1 .. n. In 
;.iJJi1ion_ 1h.: ~::'II\."' i ... •l;.ii..-J \\ill h.: ""\lu.:n..-..-J 1 .. ,· .. ntinn 11t.: 
iJ.."1lliti_-a1i,>11. Our fu1ur.: rfa11' ;ir.: ;.i, l••ll••\h: 

I 1 T•• ""\IU<."n.-.: 1h.: dulk."' • ihtain..-J \\ ith 11\: .-\CC '~ 111ha...: 
anJ .. -.:llul;i...: pr.it-..."' 1 .. .-... 11in111h.: iJ.."1t11li..:;i1i,•11. 

21 l .. _-,1111inu.: \\ i1h 1h.: "-r,...-nin~ u'i:i~ I\''' ;.tpllf\••.a:h.."': 
Jifl<.-r.:1111al "f<.'\."llin~ anJ "r .. -.:nin~ \\ ilh uth..-r rr•.t-... ... ,, .... • .. :iii .. · 
l\>rrip.:r.in~ ,u.:h ;i, .-\CC ,,,iJa...: anJ PG. B~ Jo.>in~ 1hi, \,._. \\1ll 
"-" ahk lu i ... •lal.: rir<--nin~ ~ ... 11<. .... "'" rr.:\ it>thl~ dt;tr.a..1..-riJ'<.-J 
anJ ~,"lk...,, \\ ith ;.i ".:II J.:ti11<.-J ruk in np.:nin~. 

_,I To ""\llk:'lt.X lit.: d•lfl<.' ui>t;ii11<.-J . .-\ ._·nmpult.:r ...:ar.-h \\ill 
h.: '"""-"l.!u.:ml~ p.:rlun11<.-J '" 1~ ;inJ iJ.."111if~ 1h.: i'f"Ju..·1 lit.:~ 
.... ..i.: .... r. 

~1T••1-..:rf,>1111 ._.,l,..,..,,,i,111 ..iuJi ..... ; :'\•>rtlk."m hh•hl "i1h 1h.: 
d•lfl<.' 10 ..iuJ~ 1h.: 1i111.: .. -.. ur-.... .,f ;qir.:;u-.m.:.:. Th.: •>r_;;;in 
'r<--.:iti.:i1~ \\ill ;.ihu h.: 1 .... 1......i ;.ii t>~ :'\•>rtlk."1"11 "''"' u,in~ R:'\.-\ 
fn>111 •>1h..-r o>r::m' i . .:. k;.i\, .... 

51 T•"luJ~ 1h.: .. ·f1\.'\.11h;.i1 '1i111u!i lini.: ""unJi1a:: ruwu111h.: 
._.,,,..,.,..,i1>11.,{1h.: d•lfl<." i"•lai..-J. W.: \\ill h.: anal; 'inl,'. mR:'\.-\ 
k\ .:h in :'\1 >rth.:m "11 "'· 

TUNISIA 
on:Rt:XPRt:.,1\10'.\ .-\'.\D su·Rt:TIO'.\ m- Gl.H-OSt: 
ISO\lt:R.\St: ()t" _Ii_ nm_-tCEO.\"IGf:R .\'.\D 
.Ii. (JIJ\ "lJC:HRO.\IO<if:.n:s 

rrincipal ln\r!>tia:ator: S;.imir 8.:jar. C.:n1r.: J.: 
Bi.>1.: .. ·hnolu::i.: J.: Sfa,. 8.P. ·-w·· -~•-'S. Sfa,_ Tl ":'\ISi.-\. 
Td.: +2tr.-~:2"'"21 IO. Fa': +21t>-~-275'17o 

l "\1/)0 c .. ,,, ... 1.' '··· 11::.::. /'I 
ICC il:H R1·/,·11·,,, 1· \,, c RP JI .\ 11/-11/ 
K~~·,uKlf.,: ~lu..:"""- i ... •nk."r.a...:. S1r.:ptu111~_.._., rru111<>1,·r. 

-il,'.n;1lp.:p1i1l.: 
.-\h!.lract: t ·,111~ 1h.: pn•111<>1.: pn.t-...· \<.-.:lur pl .T1\.~21 R.:~ lk.' 

,., .-! .. l1Jl\'J1. \\.: h;.i\.: ,u._-_-,-...J.:J in i ... •l;11in:: ..... 1i.: O.:\\ '1n111:: 
rn •11101.:r'. W.: h;.i•.:r;1r1Jil~ r<..:u...:J1 l\lr in1..-r."l 1•n 111\." ,1run;:..-~1 
un.: ..:;ill.:J Pl. Thi' pr11111 .. 1.:r .:\pr.:,..._., rhl.:"m~..:in.: r.:'i,1;11..:.: 
llll>r<• .:ffi..:1.:nlf~ lh;lll lh<: '(l'On;! pru11111l.:r of 111d l'll\:flll1. l11 
1 •• .:r .. ·,rr.:" '~ I.-\ ~..-11.:, ch.: I' I rrum1 t1.:r ha' t>.:,·n dun.:,I h.:hm.t 
tll\." ' ' L\ ~~tk.." of.\. ',,,/,,, c·,•111::1-r ,;,1n,1 .\. u/ff,,, /,,.,m:1•-.:c·m·, 
'1r;i10'. Tli1, k.1 lo ;1 ,,r,111,;,: ;mJ ..:1 >11'liHUi\.: .:\rr.:"ion of 1h,·...: 
;:.:11.:,. To• ;J\\IJ.I in,1.1hili1~ 1•1 rl;NmJ ;inJ ;:lu..:u....--i ... •ni.:r;i .... · 
;i..:li\ II\. lh.: Pl-\\ I.-\ ::..-n.:ul.\ . .-,,./,1, ""111::1·1 h"' 1-..:.:n in1.:i:r;11,-J 
iniu lh.: d1r111n .. ~um~· uf 1h,· 1;111.:r. lNll!! lh.: inr.:::r;Ui•.: ~.:.:1ur 
rTS55 1S1111•l..111'" ,·r .1/ .. l•IS1>1. T!1.: r.:~uh;inl C"HSI ,1r;1in l~1' 
fi•llrh• fi,,. f11I.! hidt.:r !!lu.:11...:-i ... 1111.:r;i....- ;i.:li\ II\ i111h.: ;ih....-11,·.: 
1• '~ lu...: .:0111p;ir..-:l 10 d1;11 ol ,1r;1111 S\" I lull~ in.lii.-.:J t>~ \~ 1 .. ..._._ 
In ;111.1111011. ,;,:lu..:1 ".:-N•111.:ra...: 'l"-·.-i1i,· ;11·11\ i1~ of CHS I 'lr;iin. 
in.:r .. ·;i....-, m 11:,· ....-.:un1lar~ ,;,:ru\\ lh ph;i....-. in ..:01.tr;l'l lo\\ il1l I~ p.: 
.1r .. t S\" I nnll;inl '1r;1111'. Th.: Pl pro111u1.:r i' ..:;1m.:1I h~ " 
lr;i,;,:111 .. ·111 '' i1l11n I ~:;1 I ph. I >.:1,·rn1111;i11011••I1h .. • .... ·11:1.:n .. ·.: 1 •I lhi' 
lr.1;:111.:111 h;1' 1->.:,·n dun.: .. \n;il~ "' uHhi, ....-.,u.:n•.: ..-n;ihk' lh lu 
.:IMr.1.:1..-ri1.: p111..-n1i;ih < >p.:n R.:;i.lin,;,: l'r.1111..-, 1< >Rh mm..:011.:J 
in 1h .. ·1r .r ,·n1k \fur,· ;111;il~ ,,, uf lhi' ,.:1111.:n .. ·,· \\uh 'ul-...:lon111;: 
;111.l .l.:1.:rmin;illun uf -1;1n !ran....-riplion roinl ;1r.: Ill pro~r..-". 

On 1h .. • u!h.:r h;md. ;111.I in ur.l.:r lo Ir\ lo ....-.:r.:h: \\ 111...: 
1"1111<.·ra .... • ,,,-11, II\."._. h;i\t:oh1;im,·d 1h .. · ••li~1111ud..-1•ll•k' '~ h1d1 
"ill h.: u .... ·1110Jl<.0rlurni-ii,:n;il1i.:p11.I,·'· ( "lu~ini,: ;111.I ,,.nfi,·;1111111 
ol 1h..· '•·1111.:n.:,· uf llw-.· uhi,:u1111d.:uli1k' ar.: Ill pro,;,:r.:". 

Rack~rmmd: l>-\~1 .. -.· 1-u111,·r.1'.: 1\11 "'"' l.no\\n "' 
1>-;:lu .. ·o, ... ,, .. nwr.1,,· 1( ii 11," t...·~ .:111~ Ill<' lh•"" f1•r rn11h1..-11on 
ol '"<·1·1111:,:h fr11..-io,,· '~mp' lrom -1.u.:h h~1lrol~ ,,11 .. ·, ol .-.. rn. 
1•r olh.:r ,·,·r,·.11, B .. ·..-.111,.: oi lh,· ..-un1111,·r.:1.1l 1111Jll•n.111•.: "' !h1' 
.1..-ll\lt\. -.·l<:r.11 I>·\\ lu,,· '" •lnwra ... :•. h.1\ ,. 1-..:.:n ,111.h,-.I. l11,·1r 
::•·II<"' ~·lo1w.I .111.I _..;,11,·nn·d. In 1h,· SWISS-PR< IT 1la1;1 "•"'-· 
1 R.:k,.,,. 2h. -\u~u,f I 11'1l1. 1h,·r,· .ir,· ~I n11 .. ·roh1;1I \\ f.,,,. 
''''flh:r.a,,· l\\l.\1.t.'""fl'-''· ' .. :.1t.1l1•~tll'll. · 

(111111"1 ..-,;,,.,_ (lw <"\1'f<""111i1 Oii !II<.' \~I.\ ;.!<"ll<" I' 111.!11.:,·.I h\ 
,~1.,,..- .. r 1kn\.1fl\<"'· ,·.;.: II '111h11ft,_ I , ""· \ '''''""""""'' 
.111,l / /r, 11111; "'' •/ll•lll• ,,, llBS I ·11111.1111 '" "' "(.,,,·fur 111.!11,·11011 
,-.. 11,11kr;1hh 111,-r.·.1,.-.I ilw ,·111~ 111.· ,·1"1.1111i,· 1111h1,1n;il ln,·I. 
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Thi, c"\:•lflt>tllK '"" f\;l, ('f\>tnp1 .. -J the .. -.111..iru.:li•111 .,f ..ir;lln, 
ha\ Ill!! ..-un..iilllli\.: \\I.ix i .... •111<.-r.a...: ~11\ II\. Th.:\\ 1.-\ :..'\."th." ut 
.\ .,,,(,1, 1·.·m::1·1 i' .i1:. .. inJu..· .. -.1 h·. '\(•ix 1\tir..-d ,:, ,,(1•1:..-:·1. 
/111 II o• lhi' !!<:0.: i' ill\Uh<.-J_ \\ilh ;>(~~-in\\ lcix UliliJ'allt"1.I' 
Ilk." ..-art-..111 :...l\lr .. -.:. Tit..- r<.'!!i•ll1 .-;irn Ill!! 1'1..· -\\ 11 ....... ,·;.:t;.ill\>INU 
:.."\.'lk.°' lw_, h..'\."11 d1>1k.-J I \l:ir_-.:1 1"1 ,;/. 1l;s-1 ;iilJ l!t.: \ \ (.-\ :.."\.'lk." 

~har.a:t<.-riJ'<.'1.I anJ ""\11.h.'!1'.. ... -J 1 l>r1 .._.11\lrt ,., .1i. I 1JSS 1. Tiu, .. ~11ir.: 
r.:l,'.i1111 \\;i' al"'' inJ..-p.:nJ..-n1I~ "-''l"'-"11'."L-J 1 lk!Jf ;mJ Tir.ah~. 
unpuhli..b..'1.1 r<."'111,1. lit..- a1~1I~''' ul 1h1' ""\IOCl1'.."<: <.-nahkJ 
..-h;u-..i..-1<.-riJ'ati•111of11!..- \~IB ;:.:ac.· "hi..:h ..un' 11)5 "r in 11!..-
1'1'r'"i1.: J1r .. -.:l1<>11 of \~I:\ :"-"11<: . .-\ th1rJ ()Jl\.-n R.:-.aJinl,'. fr.ink." 
10RF.X1 h..-hinJ \\IB ;mJ in 11!..- ~ni.:1>ri<-"1ll;iti•111 ha, h..'\."11 ;.if,.., 
iJ..·miti .. -J 1T1r.ah' -,., ,1/. llJS\11 ;mJ ,-.•in..·i.J.c.,.. \\ilh a n.-::ui.at1n 
r.:!!i••n. ,IJ;irin.: ~1n111:: b>111<•l••l!\ 1Jat;i "'" °"1<•\\nl ~i1h 1tk.­
'~-l11...: iitl\."1"•111 ·r.:rr•".;,.. of H ,;;f.,;Ji, 1Kn:uJ'.:r1·r .11. l'JS<J1. XI 
ufS. "'" •• 1,,-, ""••:.:1·11n i' ;ii"' u"-J in 1nJu..iri~l "ak. Th.: ta11 .. -r 
"1<'"' ;.i 111<>r.: int<."l"•°"ini; •a1al~1i.: ('f\'!l\.-rt~ 1han 1ha1 1•1 .'i. 
1·j,.f,1, 1·011i::.-r J.c"'Pil.: lb.: anun.•-ar.:iJ '<-'\lllt."11.:<: ft.>111<•lo•;i ...... 
li..1\\L".:tlllk." l\U1('f\>t.:in,1 Tir.ah~ 1·r ,1/. l'IS'l1. '.\I 1•fll\>1h 'lr.1111' 
I''~ It 'f'lNui.: aiiJ u"-J ;.i' im111<.t>iliA-J 111~.:diumal th.: inJu..iri~1l 
~;.ik. :'\.:\<.-rtlk."k.''· 1>1'1.."1"' M.: U'<.-J ;i' illlllh>hiliA-J punfi<.-J 
.:nJ'\ 111<. ... ,111,.-... the\ \\ .. -r.: nalur.ilh "-.-r.1 .. -J. "'-'iJ.:, ,luJ\ in:: 
nlali~ na1ural "-.-r .. 1~-J l'f\ >1.:in' m 1tk.-S1n.-pt:11111~..-..... haJ 11'-"l"llllll<..j 
10 ha\.: 1:1<>r.: inlilflnati1>11 ahuut 'i:nalr<-"flliJ.: \\hi.:h n-1<.-Jia1.-J 
"-.-r .. 1i1>111•l 1ti....,,... ('f\ >1.:111' .. ·\I~ pi..:;.il S1n.-pi:1 >111~..:·' 'i~nalr<--pt:iJ.: 
IJ;.i, .~II amino-a..-iJ, "i1h a 1<.-nninal ('\>rti•111 ..-~in~ l""iti\d~ 
._·har:-..-J r ..... iJu....,,_ ;in h~Jruphili.: I"'"\\ i1h '\ h• .::11 r<."iJu....,, anJ 
;in un..-har~.-J C-1<.m1inal I" •rti• >11•on1ainin~111.: ..:ka\ ;i:.: ,j1.:. In 
;.iJJi1i•111 th.: numti..-r ;mJ 1h.: l""i1iun 11l .-harl,'.'-"' r ..... i,IU<.-.. h;,i\.: 
li..'\."11 ..iuJi .. -J u'in!! 11!..- t.:lhl1111i,1a1 "..._-r .. 1ion '' ..i.:m 1 Sih· anJ 
l:n::.:k I 'I'll II - -

()hjrclh~s: Bulh XI of .\. , ,,./,1, 1· .. 11i:.:1·1· anJ 
.\ o/in • Im •Ill• •::c·11n ;ir.: .. ~lop la, mi.: anJ inJu..-it>k h~ \ ~ l1ix. 
Th.: u...: "'\\In...: ;t' inJu.:ti\.: -.uh,1r.a1.: on ;.i lar::.: "ak kaJ, 11• 
.an imJll>rtani in.:r.:-.a...: in 111'.".:nJ'~ ni.: ('f\..Ju.:1ion~1"1 "f.:1u~ Ilk. .... 
Our prin.:ipal ;.iim i' In ..-1111..iru.:1 O.:\\ ..ir.ain' h.1\ in_;; " 'If\ ll1l,'.­
.:1111,1ru_-ti, ._. anJ ,1at>k du..-1ix i-..•nt.:r.a...: ;ll.1i\ ii\. W.: ;ir.: al"' 
rlallilll,'.. h>lr~ .111"'\.TL1<:.lhi,;.i.:li\ ii~ h~ _-11\lrfinl,'. ~~ l:\l,'.<:11.:\\ llh 
a l..1111\\ n ur '~ mh.:11..- 'i~nalp.:ptiJ.: \\ hi..:h "rll h.: p.:rl1..-n1<.-J 
;ilkr..:umrilati111111t ... >11i.: l..1111\\ n ,,~n;1lr<-·ptiJ.:,. Too• .. ·r.:\pr ..... , 
lit >lh \\I.\ ::.:n..". lb.:• "ill h.: dun..-J ''"" n'lr.:;.inwfa rJ<:\l 'Iron:: 
'1r..-p11-,111~~ ... , ,,.., •1111~.:r..-all.:d Pl. In 11rJ.:r1u ha\.: a 'lr;iin h;1\ in~ 
",1;1hk(il , ... -11\il\. \\,:\\ill in lo im.:i:r.11..-111.: Pl -\\I.-\ i:.:n.: 
inln lh.: .-hro11111"1i11<.·. "h;iph;v~r.11~ ·. 1;;. h~ u'in~ lh.: pTS55." 
'p.:..:i;il m1.:~ra1i,.: S1r.:p1t•m~_. ... , \.:..-1 .. rt Sn11•l..ni,;..-r .1!.. 111'1111. 
Th.: rr.,mu1.:r Pl i' \<:~ in1.:r.:,1in~ 'in..:.: 11 ' ' ·ln•n~.:r 1lk1111h.: 
·r.:pu1.:.1,1run{ rrom1>1.:r .. r1h.: 111d up..-ron. Thi' h;" Ufl,'..:J "' 
h• J.:1..-nmn.: lh.: m.i.:l..-.t1iJ.: '<'IU.:11.:.: ;inti iii.: 1r;i11 .... ·ript1u11 
i1111iali1111 'ii.: lo a h.:11.:r d1;ir.1<:l.:riJ';ilu•ll of :hi' II<:\\ rrumu1.:r. 

Thi' rr••.i.:..:I i- an <:\k"ll'i"n c1f l;u,;,:.: '""J<:.:I J.:\d11r111.:n1 in 
1h.: CBS "hi•h ..:11n'1'1 in 1h.: d;il-..•r.11ion ul a rni.:.:" tor 1h.: 
.:nJ'\ m;111.-1ran,f11nn;lli11n of ,1;ird1 ..:0111;111...-.t m '' h,·;i1 ::ri1,_ inh • 
,;,:lu~1•...:11rhi;:h fru..:h•...:'~ rup,111r..-.lu.:.: Tuni'i". ''"~;1;1111r"n'. 

B.:,iJ.:, ""'' 111 i:.:n.:r;il. 1h1' .:11;1hl.:' "' '" h;i\.: a 'Iron:: 
S1r .. ·r11 •111~ .:.:' pr .. 111< ~..:r ;inJ" hm..:1i11n;il ,i~n;ilp.:p1iJ.:. Th.:rd .. r~ 
i1 \\ould h.: 111 ~r.:;i1 illlJll•ll;111.:.: f11r ....-.:r.:1in,;,: h.:t.:n•I"~'..._., 
pr111.:in' t>~ S1r.:p1u111~_.,., ;111,l fur oth..-r pr.:-<nl 1•r fo1ur..- 11...-111..-, 
<k\<.•lnr<-·.I in lh.: CBS l;ihor.1111ri,·,_ 

Work Prna:rn .. : 
I 1 Si;lq:J1"11 .. .-11..-" 'In •ni: S1r.:r1um"°..-' f'r.,11101,·r. In .. r.i.:r 

'" I" .1 .. ,,. n.:\\ rr11mo1<.·r,_ \\ ... h.1\ ... u....-.1 1h.: rr .. mol.:r proh.: 
\<:.:lor pl "TX.\2ha....-,1 .. n111.: ph~ l.:11111~,-111 .. · r.:'i,1a11..-.: and S\· 10 
"' h• .-.1 'lr;iin . .-\!!..-r ..-1011111~ fr;i;:m.:nh \\llh .\f WI'" 151 MI hp frum 
p;1rt1.1ll~ S;iu_\_.\ 1hi,:.:,1,·.I ..:hro1110-..•n11.: .\ 11,./a, ,.,.,,,::..,I>:\,\. 
"'. 11,.,._. ,u..-..-..-.. ·,k.I 1111,ol;,1111:,: "'m..- pf.1,1111.I ,· .. nkrrmi,: a h1i,:h 
Ind"' rh~k1•m~,·111.: r,·,1,1;111,·,·. Th" pl•hlll11I 11,., ;111 m"·n ol 
I ~~o hp .:.1rr~ mi,: .1 prumo1<.·r ,·;1111:111' I Tiu' pr1 •mo!.:r ..-.. nf.:r, .1 
phk• •111~,-111,· r..-,1,1.111..-.: 1 <"\II =f-J 1111:,:/ml 1l11i,:lwr1h.111ll.: r.·p111,·,1 
'lrl•ll)! rr .. 11u11,·r "' md otfl<."f"n 1( "\ll.=~llm,;,:/11111 .-1 .. 11.:.l 1111lw 
,,lfU\.• \L'\.'hlf. 

~I Ct1~fl!UJ01J "' Ill.'\\ 'lr.J!ll'_lli1~_1.m;_,1_,!1!.>J~u11'U1.Ul.L'-I: 
·l!.!l1 '11~ ~l!\".! ·~!o'.-~''Ll\'f.1~.it~l.LUU. 

lnwrlion or lht· \~I.\ ~l'Rl"' dn"n'lrl'am or lhl' l'I 
promnll.'r: In ••r.kr '" 1,·,1 Ill\' ;1h1h1~ otl l'l pru11101,·r 1 .. ,·,pr,·" 
hotlll '~I.\ J,!<'11•''· 1111:~ \H'r•· ,-1 .. n,·,I. 1r .. m 1u•····"'''·111 pl.1,1111d. 
""'' 1i-1r,·.1111111111,· Pl prom111n 1111lw p< ·n~ I pl.1,•:11.; \\ ,. h,I\ ,. 
,11,·,·,•1•.l,•.l 1111 >hl.1111111;! f\\ I I pl,"llll1f,. p( "l1Sf1 It If\ I I .f, 1, ,., •lll:,:1·1 
an.I p<"llSS 1 .. r \ "'" "' '" ""'''".:,.,"" "111..-11 ..-.. :npkm,·111 !h<· 



\\ l..\-mutJ11on of S\· 1a ..C!"".un 1 '.\tsr.:d ,., ,,; I'll\- 1. 

- In a.!Jili•'ll. ~\-lllr'pCBSh anJ SY ll~'pC8SS ..cr.un, lu\.: 
..((\•II!; anJ._-. >n...iill .. 'tl\.: ~iu..-. ...._. j.,.. >111'."l"J.'< ;i.:ti\ ilk."' in lh.: pt'\."X"fk.~ 
,.,. a -<k-.:tiw p(\:--ur..- uhio..cr.:pct<>n 1. 

lat~r.allf' tlK Pl x~IA of S_ rn:iacr-it:rr into IM 
dl..-w~ dw pTS.~sp«i;ll inlqer.ati'\lf' '\irdor: Th.: 
fr.1.g111o."1ll of pla'1ni,t pCBSh '1arho •o.mn<! PI -\~·I-\ .;."\.-n..- ''a' 
puritid anJ !i?;a!r:J "i1h li~arif<.-J pTS:':' "-.'\.1•>r. Th.: li?;ari•>n 
mi,lun: "a.' u .... -J to tr.i.n,1<m1 S\" Ill (>rl>l•>pla-..-. anJ lhioR. 
"~lo...: i""iti\r: d•>llo."' \\L°fl: ...:ardl.:\l. Wr: i'olatL-J ""llL" .:I•~ 
!hat ha\ r: l>o.>1h 'lai'tlr: 'I.~ I••'< ['''iii\<.' anJ thi,,..lrL1"it•l1R 
(lh.:no.>1_!. Jl'."'-"r:naf1r:r lon~ .. -uhim:•• llb.'Ul;!lt_!. ...:t..-..1i,r:r-n."'..urr:. 
Onr: 1•f 1h.:--c: o.:t.in..-.. .:alk-J C'BS I "a.' °'"'-J t<>r furthr:r ..cud~. 

Slabilit'\· al lll.'il str.ain: C'BS I ..er.Jin "a' <.-uhi\alr:J f,,.. 
mun: 1han f 0 I ?;<.'11'."l"J.li• >n' in li.fuiJ 111o.-Jia l:a. -ling 1hi• Nr<."Jll"'n. 
Plarin!! 1hi' .. uhur..- •lit -.•liJ ni..-Jia. l>o.>th \\ i1h ur \\ ithou! 
1hio...i~1"""- -It<'" .. -J lhar 11 U' ; • •f d• in..-.. "....-..- thi• Nrr:p!• >11 
rc--i..cant. Thi' ,j1ua1i•>11 .. -.m1r..._1, \\ i1h S\" lllt'r('BSh --tr.ain in 
\\hid1 rhr: majori1~ ,,f d•in.."' l.N. t>.>1h lhr:~r pla,mi~ anJ 
1hio...ir<."Jll•>lt R-..i..can.:r: aflL'T 1hr: --anlL" Jl'.'Tl•.J of <.-Uhurr: in th.: 
ah....-n..~ .,f --r:k-.:tl\r: t'l'L"''°rr:. Tilr: ..cahilit~ uf 1hr: CBS I ..cr.ain 
rn•\olhat Pl-'~ I.\ ~L"llr:<.";arrir:Jto~ r TS55 \L'\.101'\\a.' im .... .;r.ilL-J 
irr..-\r:l'itol• int .. d1t1>1111N>11tr:. Thi' intL"!!rJ.lt•>lt \\a, al-.• •1."ritk.-J 
to, Southr:fn t>l•>I h\toriJi,ali•~- -
- Gium;r ~acthih oll"BSI ,.anin: Tilr: •i.:IJ ,,f 

mlr.a:dlular GI a..1i•il\ r _ .... r.ii~-J in m•.:dium ••f CBSI. S\" I 
anJ S\" + 1 '.\lar.:d c·r ,,j__ I 'lll71 "L'T<.' n~.1,ur1.-J aliL'T -""< hr' ,,f 
.. -ullurr:. Wr: ha•r: t<1unJ 1ha1 GI l-.1111o."!".a--r: a..1i•i1• ••f CBSI 
'-lr.Un i' .:•>11'-liluli•.: anJ arr.n•'linlalr:l~ ..J5 anJ 75--folJ ?li~h..'T 
1hanS\" I anJS\.+r1."'t'L-.:li•d~. S1uJ~ ing.,f m.Ju..1i11111.in..'tk:' 
••f Cil pf CBS I anJ S\" I/pl T~ltl -.ho"" 1ha11hr: ..._1i,i1~ uf 1hr: 
liN -..r.ain in..Tr:-.N.-.. r..-gularl~ upll•'I~ huur-.. Thi,.:1>11lr.1"'' ._, ilh 
lh.: -.i1u.;11iun 1."ll.:•lllnl1.'T•-J "ilh S\" I anJ al-o S\"+ 1Tir.1to• .-r ,,/ .. 
l'IX'l1. Thi' JiffL'T1.-n..-r: .:1111IJ t>.: linl.L-J h• 1hr: naturr:- of 111':' 
(>rllllll>IL"!'. Pl lt>rCBS I --tr.iinanJ narur.al prt•:t1'>tL'T forS\" I anJ 
S\"+ '-lr.i.in'. Thi' .:ou(J inJi.:a1r: 1hal Pl pn>1111>11.-r j, pani.:uiai· 
to..-.:au--r: iii' r:'prr:, .... -J .luring t>.>1h rb..- primar~ anJ .... -..·1~ 
n'k.'tatoolilr: ~fll\\lh pha--r:. Thr: 11'"'itoili1~ Iha! 111..-rr: i' R1'>rr: lhan 
1>0<." 1ran--.:ripc11>rol a.:1i' ii~ in 111..- fr.agnlL"r.: lurt>.111rin~ ihr: ·pr 
.:an 11<>1 to.: ruk.-J 1111(. Dr:1r:m1ina1ion uf 1hr: "-°\tll<.'11.:r: ot 1hi' 
fra?;l1k.'RI anJ !hr: 'l;1n 1r.an--.:rip1i11n 'ilr: ...h.1UIJ gi•r: informa1iun 
al'>. Ill! 1hi' nr:\\ Slr1."f'lulll~ .:L-.. pron.,. •k-r. 

lntq:ralioonfPl~'~t\h~ r~nmhinanl:C11n,1ru.:1i1111 
11f CBS:! 'lrain. Tu a\. •iJ 111ili1a1i1"1 Uf r TS:':'\\ hi.:h i- palr:RIL-J. 
\\r: (i;nr: 1ri1.-J 111imr:!!r.11r:1h..· Pl-'-\I:\ !!r:nr: "i1hu111u-in!!11Jj, 
\1.-.:1111'. Thr: S\. llttp{"BSS 'train -"a' -..-ulll\alL-J f1•r ..._:,r:r;1I 
i;r:n.:r.11i1111' \\ilh•llll an~ -.r:k.:li\.: rrr:"ur.:. 

.-\lkr plarini; lhi' o.:11i111rr: in ,.,(jJ n1<.-Ji;1. lhr: 111;1Jori1~ nl 
de 'llL"'h;iJ 1o ... 11hi<"lrqic1111 r.·w.t;an.:.:. :'\r:•1."rlhr:k-.., \\r: ,u..·.: .. -..-Jr:J 
in i"•latini; •r:r~ k" o.:11111..-, "hi.:h r.:m.1in.:J 111 ..... 1rr:ph•n anJ 
'~ 111-.r: plu'. On.: .,f 1tt.:,.: d••nr:' 1CBS:! ,1r;1in111;,, a'~ lu-.r: p(u, 
;1nJ 1hi11,1rr:p1on 'l;1hk phr:n111~ P.:' ni:ad~ 1hi: -.;mi.: ;1, lh;U "' 
CBSI. m 1hr: ;1h...:11.:•· 111° -.r:k.:ti•i: pr.:"urr:. Wr: to.:1i1-.r: 1h;1I 
pCBS.'\ h;1' h..-..-n imr:~r;i1.:J inh• lhr:,·hr.•m ..... •mr:. :'\,·\r:nhr:k". 
.1flr:r morr: 1h;11 HMI !!r:nr:r.11i11n' 11! .:uh11r.: "i1hu111 ...:k.:li\r: 
pr.:"ur.:. \\ , •• irr: ;1hk .. -, Jr:lr:o.:I a mini •r pr< •po •nl• •n • •f fr.:.: pla,mnl 
in ;14l.1i1 i1111 h • 1h.: imi:!!r;11.:1I 1111.:. 

Drllf'rminalion or' th" ~qumc" of thlf' fraimmt ca~ ini: 
Pl promnlu: Thi: fr.1i;rnr:n1 o.:..rr~ini: ·p1 prom111r:r" \\;1' 
,111>..:lonr:J imo '.\IP dr:ri\;111\.: \r:.-1nr. I>:'\.-\ ....-411.:11.:ini: \\;1' 
.11111.: "'' 1h.· 1lidr:1 •\' .:h;1in-1r:rn1in;1li• •n m.:lh• .. 1 .. \n;1h ,i, 11f 1hi' 
""·411.:n.:i: 1·11;11lk' i1, 10 .:h;1r;i.:1r:ri.rr: pu1o:n11;1I' c >p.·i1 R.:; ... Eni; 
h;1111r:' 10Rh mm.:;11.:.t in 1hr:ir .r nm:mni.:' ;an.I 'i1u.11r:.I 1111 
1h1· ';1111•· ,,,(.: 11f phk• •R i;r:no: ,,.,i,l;mo:r: in pCBS I ,·11n,1ru.:1,11n. 
Tho:rr: 111;1~ to.: ;i lr;1n""-r1p1tu11.1( fo,1on l'o.:l\\r:1·111•11r: 1•f 1hr:-.: (>RI' 
;in.I phknR i:.:nr: 111 pCBS I .:••nlr:\I nr \~I.\ )!r:nr:' in pCBSh or 
p< ·ttsx ,·01111·,1. .\n.11~ '''of:'. rr:i:ion of 1hr: -.: C >RI' .Ii.I n111 .11111\\ 
"' 111 .:h;ira.·1.:n1.: "' 1tk111 pro11101t1·r,. II i' noli.:.:.11h;111hr:rr: 1' n11 
,·1111"-11'11' ...:1111.:11.-1· lo •nh,· 'im·pc •Ill~'"' pro 1111011:r. :'\.-' r:nhr:k". 
11111r1· an.11~ 'I' 111 1111, ,0:11110:11,·o: \\ 11h ,uh.:lon111i: an.I ;1 

,k11·r111in;11i11n 11f lh.: 1r.1n,,·np111111 ,1,1rtmi: p .. 1111 1111 pr11i:r•'" 1 
"111 (X'nml "'I" 1tlr:n11I~ 1ho:1-.· 1pr .. 111 .. 1r:r"1. 

S~nlhe"i' nf "iJ:mllpeptidC': Tot '~ nrho:•11•· 1h.- h111h 
'1i:11.1lp.:p11.k' 1 ....... pr111r:•·11. ~ ••h!!11m..-k1111<k' (1;1\ ,. h..·o:n 
p.:rl11rnll'd 1 h~ C i,·11-.·1. h;m.:o: 1 !o•r ,·a.-!11111h1·i.;. l· .• 1d1 .:1111pk "' 
oh!!n h.1\l" I~ h,,,.-, 111 h11111.,(11!!\. Tiii' 'lr,11•'!!\ u,r:,1 I' 111 
ll\ hn.1111· 1h,· I\\ 1111h!!11 h..·f11r1· f1 lliric 1tw r«_.,.,..._.1i ·.1 · 11·r1111111 ll\ 
(,;ri:.-1 )'\_.\ l'"I~ mn.1~· fr.1i:m1·111. Tli1· r.-,ullmi: r,.,,,·111111 pro,.(11,:1 

Collaborative Research Prograrime 

"ill h..·.:l•>1k.-J mtu '.\11.~ J...'fl\ali\.: \1.-.:t.ir anJ th.:.:1•>11'."' ha•in.: 
!hr: .. -...-r,-...1 """\IUL"ll.:<' ,,f 'i<!11alp.."f'l1J...-.. '"II to.: ....-i..-..-. .. -J 1 i~ 
l"'":_!r1."'"· s..-..1.J,.-... \\.: iw-.· '-11<.·.:.-..-Jr:-J in .:rr:aiin?; an :'\.:ol 
n ....... ri .. "titlfl 'ih.· inh• .-\:--(; tinitiat•tr' ,,f S. ll1•i4h.c·o111::c-r '\I...\ 
.;."\."Ill:. Thi'" ill p..":111i1 "' h• .. -.>uplr: ,ignalpr:piiJr: 10 '~I:\ g.:n.... 
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C•111-.tru..1i"n ••I tic:\\ '-lr.Jin, uf Str1."Jll•"n~.:o \ it>la.:r:"ni~r:r. 
h.;l\ in!! ..cn>r1>: ... -.m..ci11111\<.' ;1nJ ..catok !!lu..-.,.....-i.,..lll'k.TJ.'< 
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rr:'i'lan.:i: . .:nal rr• >lr:in 
Abstract: P•>tahn iru' Y t P\"Y 1 i"mr: oflhr: "''"'' imrolflanl 

'iru' infr:,1in?; po>tah• in Tuni,ia anJ all mr:r lhc \\1>rlJ. Thr: 
n:aj•>r ;11111 .. r1h1' pr"jr:..:t i' 10 .. •r:r.:ornr: P\"Y ink-.:1inn m poll;ll" 
planh ll~ proJu.:in~ lran,gr:ni.: pl;ml' r:'lprr:"ing 1hr: 'iral ..-... al 
pr111r:in or ;m anli-.r:n' rih.11~ ni.:-lil.r: R:'\:\ "-"\tllr:n.:i:. Tlll:rd<•r::. 
;1 .:D:'\.-\ .:nrrr:,ro•nJing In lht: 0.:•1>11 prollr:in i:r:nr: ol a Tuni,;;111 
j.,.1!;11.: 1•f P\"Yn \\a' '~mhr:,11 .. -J anJ amplitir:.I inf .. , 11/i. :" 
in-.:rti1>11 in111a\r:.:lnr1'.:t•\r:cn 1hr: Ca'.\I\" .15S prn111•>1r:r anll lht: 
.~·"'" po(~;iJ.:n~l;11io11 'ii;n;1( i' to.:ing pr:rfonnr:J. Thi' 1;111.:r 
•r:.:1ur.-nn1;1in,;11,.,;1 rr:polfl.-r g.:nr: 1 Cit ·s urh;1r1 h>r-.:IL-.:11un .,f 
1r.111,i;.:11i.: planh. 

Thr: ...:.:on.I p.:n nf 1h.: pr.,j.:..:I ;1ini- '" o:\pr.:" ;111 ;111!i-.:n'­
R:'\.-\ rit>.•1~11-..: in ir;u;,go:ni.: ph1nh. Sm.:.: lhr: P<"i1i"n .•f 1hr: 
Cit ·c 1ripk: 1rr:.:11gm1.:,l ll~ rill.11~mr: f.,r R'\.-\ dr:;l\a~.:1in1ht: 
5· non 1ran,l;11r:J "-"lJllr:n.:.: of l\\n Jilkrr:nt i-.•hllr:' of P\"Y i' 
Jifti:rr:nl from 1•11.: h• ;1mllhr:r. ii\\ ;1' nr:.:.:";1r~ lo .... ·4ur:n.:r: 1hi, 
p;1n of i;.:non.i.: R:'\.-\ ·•I Tuni,i;m i"1la1r:. Thr:rd .. rr:. lhr: .:I>:'\:\ 
.:nrrr:,po111,lini: In 1hr: 5· non 1r;111,l;11.:.I ~Oii nu..:kn1i.I..:' of P\ Y 
\\ ;1' '~ nlht:,i1r:.I ;111,( dll11r:.I i1110 /-.. • "". Thr: .... ·1111.:n.:r: 11f 1hi' 
d.l:'\.-\ \\ill l>o.:1k1.-r111111.:.I "" •n f1•r-~ n1h.:,i,oflhr:.:1•rrr:'Jl<111Ji11~ 
rill<•/\111.:. 

Th.: 1r;111,f.,n11;11i11n \\Ill h..· mr:.li;11r:.I ll~ . \. 111111.-f,,. '""' 
,,,(\."Jll. 

· Racki:round· P\Y j, lhr: t~p.: 111<.·ml>o.:r 11f lhr: p<•l~\im' 
i:rnup. C-1111,1.li:rahlr: ,-n .. n, .1r1· h..·mi: ma.Ir: ;1ll 11\ r:r 1lw "11rl.I 10 
'" .:r.:111nr: pro ipai:;11i1111 o •f lh1'' m1'. ( ·11;11 pro1.:111 i:.:nr:·t:'Jlf''"ini: 
pl.mh h.I\ o: l'o.:1·n nh1.1i11.:,I fr11m ollwr \ln1'.:' ff.:\ ii'\\ o;,( in 
fk;1d1~ 1·111!.. l•l'HI. :\rrn. R.:'. Ph~111p.11h .. ~ll. ~5X!. Tran,i:1·n1..: 
p<•l;1h• pl;ml' l\.IT. R11'-.:I Hurhank 1r:\pr.:"111!!1i11· ,·0;11 pr11tr:111 
co:n.· of I'\" Y 'lr.1111011'\"To 1h;I\1· t>.:r:n nhl;uni:.11 f .;1'" "'n r·r 11/.. 
·1 11x•1. H .. .rr .-.:111101 .. x. I ~i 1. Tho.·1·,rr1'"''111 ll~ 1r;111,;:r:ni.: pl;mh 
1•f anlhr:n .... · R\.\ '"rr1''Jlllll.lmi: In \ iral 'r:11ucn.:•·' aff••n(, 
1·11h1•r no p;1110:.-111111 "r Jl<"•r pn111·.:11"1111f lhr: lrall'f~llK plan!' 
;1cam'' mk.-11011 '' llh 1lw r~l.111·.I \ irth 11'1mo:ll ,., 11/ .. 1'>X1J. 
ti\ .. \~. Xh. 1>11J•11. ·11w 1111rnd11.:1111n 111 an .11111 .... ·11-.: nhol\ llll"· 

h(...- R\:\ 1111111h,· pl.ml i:o:nom1• 1, .1 nr:\\ .1ppro;1d1 r lla-.·lnfr ar1tl 
Ci.-rl.1d1. 111xx. :'\;11uro: .. 1.q. 5X5: 11ix1l.Ci.·n•'. x~. P: \t11l.l11\. 
l'>X''· \,1turo·. _q~. 1~1'11 ll,1,.:loll .1111: Cialad1 11 11xx1 h;I\,. 
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.ii ... • ('<.-rl•>rllk.-..1 •'llr t'CR .:\p.:m1K~t- 111 thi' lat>.>r.th•r~ -in.:.:'"" 
h.I\,. 11<>1 ~.:1th.: Tli.:m11...-~._-1.·r ;.q'J'.lr.ttth. 

_; 1 CL\ Sa..-1.i' -h.111.:.:: L11'.rr.i1:t0,.._ .. f l'n•L .\11,fr...- \kn..-1 
a11J. \n,lr.: S...ni.·1~i...-. \\ li.:r.:""'-""f u-. :X.:iili \.!;ir -'' 'llli.11.1, 'f'-"111 
!"rt~ d.t~ '11111i,.,......1 .. i.. tr.II, •ii._·, in.,r.krh • p.:rf, t011 tl-..: .... "\jlh:ri.·in:; 
••I r.:rud.: tr.i:;ni.:111- ;111.I .. 1r;; .. 11u.:k-.>11d.:, -~nth.:'"-

-'• ·Ba1i111...-nr.!Tn1'111<•I••:!' · ,,ftl1<:C,RS..1t (111-,ur y,.:n...-­
Fr.111.:.:: f}r_ ·\ntt•in,· 1:,. C..1 .. :i." \\h" h.1, .. 1 .... 1"-"rf<t011,-..I f.,r lh 
... •m.: """'iu...-n..-i:i:: .111;.il~ ,,, .. , !'-l'll•k fr;1:,:111<:ni-. 

:' 1 C.:ntr.: ,I.; Ci.;n.:ll•jllO: \l••k.:ul;ur.: 1•f 111.: C'RS .ti ( irf-,ur 
\•.:u,·-l-r.111.:,·: l..11'...-;.:t"n .,f l'r"'- P1utr s: .. 11111i-l1. ''lk."r.: \\,. 
11_1\i..· ' ' ll(h"-·,1x·\l "•11k." ,,1[~,·nu"'·k··•t1tk•,_ 

h1 i:\R \ .i, \ .:r-.111i,•,.(iri::n1•n·l-r.1n.:,·· Dr. \h.:11.:1 
Sf\.·i~un"-·t/. "h•• :..'.1\I.." t1' '"'' '1.."n u"--tul r , ,.fi ,lr~nn,_ ''""'­
,kkk.l.111.t "n ,i.:.-r;r11li.:.I at th..- ·ll;:I f....-11,_ 

VENEZUELA 
l'\TROnt CTIO' OF (;t:'ffTIC Rl-:SIST"n: TO 
TO\I.\ TO YU.Um \IOS.\I(" \ IRt•s I'\ nu: 
<Tl.Tl\'.\ TU> TO\I.\ TO 1l._rfll(IC'T\irt1n faculr11111n11 

Prindpal '"'""1ii:a1or. 1>1 .. :,:.:11,·, lnl;1111.:. :Xud,·" 
l·.\1'-"rim,·111.11,k H1 .. 1.:.:n .. I.•;;1.1 \:;ri.:1•l;1. hr-t1luh• \·..-n,·11>l;111" 
.I.: lll\.:,11;:;1, 1<•11.:, C1.:n111r..-.1-.. \r1.i .. _ ~Is~-. Cir;.i.:;.i' 111~11-_ \_ 
\T:\L/l Tl.\. T,·L .~~-~-:'Ill 1-13-1. LI\: .5s.~-:'lll I-I-I-I 

I \/!Jtlc·,,,;n.1j r \,, 1J: :5" 
,, ., ;/_/I /fr:.''"'' \ .. (RI' I/_ \•1:. II{ 

1it-HH1rd": TY\I\·. ;:.-mum mr-. L~••'l"'r'i.:1•11. "'111.11...­
h~ t>n,i, 

\ti..1rac1- s, . .._·r.11' 1r.,,1,. l,111 'i'<-·..-i.11!~ TY\I\'. ;1r,· .111.i..·lin;: 
\ ,·11.:111.-l.1111 .. 111 '""-"' pl.1111.11io11i- "uh 1111lh"n' .. 1.r .. 11.1r- f.,..._., 
.lun11:,: 1h,· l.1,1 ~ ,·.1r. In 'I''''. 1 •I 1h,· m11•11'<.·r 1 •I h •Ill.ah• ,-ulll\ .ah •r' 
1h1.." \ ldd nl \.·nn\lll1.."f\.·1~d fttrn.1h• ,uff~·r .... 1 1 ........ lrnrn ,hHl·r\.·111 
.!1-..:1-.·, m.:h1d111;: pl.1111 'rm-.·, l-.'l"·.-1.11!~ 'rm' da-.:;1,,·, .ir,· 
'' 1.l,·--pr,·.1,f 111 1h,· cr .. p1..-.1I .111.I -uhcr .. p1.-.1I .ir, .• ,, "' r.ir ·''it '' 
i.·• 111'" "'·rn\.·d \\ 11h pr, •I• •n:=-1..·,r l"-r" ... 1 \ 11.·,::""·r.1111 m .11111 ''::nlfii.: .ml 
qu.11H11~ .. 1 111,,·.:1 ·('•''h "lu..-h ..-.111 tr.111,kr \lfll' "' ;:r,·.11 
1m1'-•11.111..-,·. Y1,·l.I r,·,h1..-i1"n .111nhu1,·,( 1,. TY\I\ 1111,·,·11"11 .1r.-
11•11.alh ;.:r,·.11,·-1111 \ ,·11.-111,·l.1.111.! ..clwr cr .. p1.:.al ,-.,11111n,·, '' lwr,· 
th,: ,·1tfld1B1•1l' ,If\" hk.11 l11r '..!l'IHllll\ 1n1' '("r\.".ltl St'lllf.' \\ii.I 
... p ... ·\ I\."' 1•! \,,/,1no1,, "' ~.111nl~ 'hn\\ lu~h \,1n.1hil11~ h• 'llll' 

r'-· .. 1 ... 1.m .. ·,· .111d "·.1n ll\: u .. ,·d .1 .... 1;:1 .. l\l1n.a1"·r1.il lnr 1111pr••\\.'lll\.'lll 

1 •I>• •11n11,·r..-1.1( 1, •n1.1t• • ;:,·r111pl.1,n1 "' 111,·1h1"l"•l >di ,·11~111,·,·nn;: 
1 .... 1111.llh: h:-hrhh/.1f11t111. \J..,.1 11 ' ' J""'lhh.· "' \,·1t11,trth."I ::\.'Ill.' 

\ 1..'d11r, lrnl11 tJ11, \ lfll'l'' ,Hld In 11hf,llll \Ir.ii prnh.•,:fltlfl Ill 

1r.111-;:,·n1..- 1 .. 111.1h• pl.1111' ,.,1'•··--111;: 1h,· I Y\I\ ..-... 11 pr .. 1,·111 o1r 
II' .11111-•'lh•· ({'.\ \ 

Had .. i:rnund ( ;,·n.-11, r,.,,,1.111.-,· 1, ch,· 1111 •r.· pr.1, 11..-.11 ,, .1~ '" 
,kJ1, '1n" 1111,·, 11 .. 11111..-111!1\ .11.-.l pl.1111'.If1, ,._1,\ I• >,1ppl~ . .-h,·,1p 
.ind 11,·l·d ... rh' 111d11d1••t1 (ht 1h,· 111h"·1h.md11"',.11,1111:1t11 •. :111,1lh 
.... 1k I , ,, 11/, 11!10•: , ... .1 nh:111t,·1 1•1 r,·l.11!\1..'h ,111.ill '...',·1111~. 

0
•! •'/'f I \f, 1•1J \\llh11t tlh' I.II,'...'\.' l.111111~ ,,,/,,,,", ,,,,· Ill,· 
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.:•tfllllk."1\:1al h•lll.ll•' . .1 ...:ll·p.•11111.11 .. -J 1>i.1n1. h.t ... \'~ 1111111-.-J 
~ ... ~'1i"· \:.ll1.Jhd1t\_ ~' It \,;_i, .Jlt'"'" r., l".,-Of\tllt: \,Jfl..llh'll 

;nt<lll:! .:uiu,;u-.... ju.: I•• lh1' t;a.:t 111 ... n..'\.·~-an h• ~1....: ... 'fl..._." 1IJ 
rd;a1j,-,-.. \\llh n.11ur.1l r .. -..1 ... 1an.: .. • h• '1ru ... m-•IC"J.."f h• unpn".: 
f•"tk.'li .. -.tll~ 1hi ... "~ llllf">Ctanl .:n'{'. h j, 1""'1M.: r•-.:•"11'.T.llh'll 
••I '"mar.• rt1111' fn>111 .:\plan1 ... anJ 1m"•'{'!a...i .... \\ lud11.-J t•• lh..-
J.:,d•'l'f!l<.'OI "' dti..:1,·ru tr.111 ... f•""Jali•lll p!"•>.:•-..lur.: anJ ""'Liit.: 
h,mJi1.11!.111. _\ numt....-r .,f l.ah.>r.ih'll<."" h.t\.: 'll.:.:,-.. ... 1ul1' 
1..CuJu.: .. -J im .. -r-r-'\ iii..: h~ mJ ... """"" ...... n h '111.11 .. ;tnJ \\ ilJ -r-·.:1 .. .:.. 
... -s • .f,11i.1< ,.,,,. Th.:n:hq"""'il'lh1~ 1 .. 1r.in ... 1<.,-inh'fllal••r .. -..1""°'-.: 
" •TY '.\I\- ;, .:• lll\:•"1"ll\.-J "uh tin.Im:!• •I -u.:h 11.llur.:I r .. -..i...wn..:.: m 
.... "'ll'.'' ilJ-r-'\:n:•. Ho".:' -.-r. -ui1.iN.:r .. -...i...ian..-.:f'-"1ll."" fr .. '\lu.."1111~ 
an: in .... ,-.u-.:M~ linL...-J "• un..k.-..ir.ahk Ir.iii.... B~ ..:1.i'".:al tir ..... -Jmf 
t.:.:hni'(lk."" f.:\, ~.:-.11"' ;u-.: r .. '\lmr.:.I '"'" 1h.: in..·•"l">r.1111111 ini.• 
h•nlal•• plani... ,jru ... r .. -...1...i;m.:.:. \\ith ... 1111.111.: h~mJuall•lll i..-.. ... 
1ini.: i ... r•"\juir..-J. t....-.:au....: ii i ... l"""'iflk 1h.: .. -.111m>I anJ 1h.: 
.:har.a.:t<."fi1a1i .. n .11 mok'\.-ul.ar k'd .. .- 1h.: h~mJ, .Ii ..-dlul.ar 
-.ta:!.:. ""''.:' .. ,.· .1Ch..-r ...ir.11.::!i,_-... h~l\.: t....'\."11 t<•ll""'--.1 u ... in:! 
f<~'li.: .:nfin«rin:,'. anJ plan1 ir.in,f•"°iati"n t..'\.itnkju..-... hl...::-

11 E ,pr._-... ... in:,'. \ ir.il rn t1.:in ... in 1r.111-~ .. 'fli.: rtan1-: 
:!1 E'pr._-...,in~ an11....:n.:.: \ir.il R:\.-\ in 1r.10-~.:m .. · rt.1111 ... : 
_;I E \rr.: ...... inf ...a1dli1.: R:\.-\ Ill lr.lO'fl."111.: rlani... . 
.-\J\an.: .. -...in rlamanJ\ ir.;l 111<t1 .... -u1ari.. • .i .. ·;~ ha\.:iJ.."1l1tli..-J 

·f.:mini' iru' · f<"ll<." imlll\\."\i in r .. ,.1i .. -.11i••11<•f' ir.il I>:\.-\. --rr.:-.aJ 
.. .- 'iru, in 1h.: rlan1 anJ in .... '\:1 lr.10 ... mi ... ,i••'I. Ci.:n.: r .. -r&a.: .. "111'."111 
.:\r--rink."111, 'llf~'-"' 1ha1 u....:ful rlanl f<'llc: .:\pr .. -... ... i .. n \ <'\.11 IC"' 
.:an 1i.:..-.. n ... 1ru.:1<-J11111hd•a'i"•f lh.:l•lfllal•• \<:II••\\ n'k""'1i.:' 1ru ... 
1TY'.\l\"1 an.I .:an Ii.: rr.10,f•"""--J m1u 1t>0t.ai11 .. -uhi' .ir .... TY'.\I\. 
li.:l.111f' h• •h.: f<:mini' iru' _::n•uranJ i ... 1r.in ... nua,-J fl~ 1:t.: "hu.-
11~ Rolll\/•I Mh.1. /_ I\\ in i .... •ni..1n.: : f<:mi11.11.: I \ iri•'ll' rani..:k-... 
" i1h I S-:!O mm in knflh ar.: 11!.: prin.:iral .:har.1 .. :1.:n...ii.-... ••f lh.: 
'in: .... -...-,ind.: ... 1r.inJ..-J .:ir.:ular I>:\.\_ Ci.:minl\ in" I>:\.-\ '' 
u ... uan~ rr•=....:nt in :! ...... ()'.'\.-\ nt<•h·uk-.... _\ anJ B. in TCi'.\I\" 
0:\.-\ ::!5SSn.D:\.-\ ::!"l~'\n. 801hn111K:,-uk-......tl<•\\ linkhslfl11•l•".!' 
<:\<"<'f'( f11r -1r.111:l~ .:110....:n.:J :!IMI !xi-.: '<°\jU.:11..:<.". \\h1.:h ·.-... 
f\.:li._-,.: '" p;111i.:ira1.: in I>:\.\ r.:r1i,·;i1i11n_ In 1hi ... , ....... mklfl 
"'\lu.:n.:.:1h .. ,.: ;it<." IS fla-.:, ''hi.:har.: ... 1r1•n~I~ .-.>0 .... ,.,,-J;1mun:: 
;111 rh.: \\ hi1.: lh 1r.111 ... 111i1i..-J '1m ..... -.... 

()bjttli,~:· s.:,,-r.11' in .... i .... fltu-r--.:1.:111~ TY\I\- .ar.· an;,.;Lm:: 
\ <'11.:/U.:lan 1t1111;1h'<'' pl;1n1;11i1•n' "ilh milli11n ... ,,f .i.111ar ... l1......-, 
.lurin~ 111.: 1a ... 1 ~.:ar. In 1hi' proj.:..:1 \\<: ;lll<."mr1 h• m1r11Ju.:.: 
f<:O.:li.: r.: ... j,(;UK<' , .. TY\I\" "~ ''"' .lifkr.:111 r.1111 ... _ w.· 1 .... 1.. lotr 
\\II.I '!"-'"<."' 1 •f \, .;,,,,,,, ,-,,,- fomil~ h • lin.1 n;i1ur.1I r.:'1'1;111.:.: '" 
111.: 'm1 .... m or,kr h• u...: ..-di ::.·n.:1i..- ;in.I ,.,111;11i.: !l\ l>riJi.f;ili••n 
h• lr;m,f.:r1h1' r<."'l'l;m•<' h• .-1;hi,;al<."•l 111111.:1h'<'' ""j \\<:"ill u....: 
~'"·n~ti-.· '"·n~in'"·~rin:= h.·~·hnit.llh:' ht ".-.'n'1n1,;t 'L9•.:ior ... '-·~•{\.•Oh: 111 
in1n ... tu..-.: r.:,i-1;111.·<.". 

\\"nrL Prnt?~ .. : In 1(11, \\1>rl.. \\<." ... 111J1.:J :!<'11.:li.: r.: ... i ... 1;11i..-.:/ 
·.u .... ·.:p1ioili1! ti• TY'.\I\. 111f.:..-ri11n m d1tkr.:n1 111.:mli.:r ..... .- 1h.: 
/_,, "f'cT•11 ,,,, ::.:nu,_ Wh.:n ".: ti.::;111 11• '"'rl.. "i1h TY\I\" 
..-.. 11 .. -..·1.:.I fr11111 ,1ilkr.:111 ;ir.:;1' 1•f \".:11011.:b 11111~ on.: \Int' p.:r 
... ;i111rk '' ;1' 1 .. un,I. S~ 111p:11111oih •I":~ ;111.l 1~ I": .,f .h......-.1-.: ""' 111<· 
.. ;un.: ;ih.:r m-.:..-1 1r;m,mi ...... i11n ;m.l 111.:.:h;1111..-.1l m1.:ul;11i1•n. In 
11p.:n 1id,l 1h,· '""'.: '!lllPll•m, .,,- TY\1\- .li...:;i...: "<'r.: .11, .. 
ofl,.:n .:.!. Thi' .... 1mr11n;m1 f\.:.:;111....: 1h.:r._. ;ir,· '''" :.:mini' iru ... 
.li....:.1.....-... J.: ..... -nll.:d 111 111111;111 • "h1d1 h.1, <." m11r.: or 1..-......... i1111(;1r 
-~ mp111m ... 1h;m TY\1\- ;111.I ;ir,· tr;m .. 111111.:.I fl~ II. r,1/~11 1 hi.<·: 
T11111;1111 <i11l.l.:n \lo .... 11..- \"1ru .. 1T(i\l\-1: T1•t1Mh• Ydl"" l.._-;11 
Curl Vim ... 1 TYl.C\-1: Ch1110 .Id T11111;i1<· \"int'. ""'""' Y.:1111" 
\111 ... 11..- < i.:111111i' iru ... 1 l'Y\I< i1_ \.:,,·n1 ... 1.: ....... ;111 !.'<:1111111\ 1ru' 
... u1t:r1111r B. 1>1 .... -. ....... 11! TY\I\" \l;I ... liN rcpon,·.l 1n V..-11au.:l;1 
.lurin:: ( •Jfl_l "' .1 '1m' ir.111-111111,·d "' 1h.: II T11/~11 '- W.: 1,·,1,·.I 
rk1111 i11.11.-n.111 .. TY\I\" 111f,·.-u11n Ill ~f<'<'R huu ... .: .111.I t1p.·n 11.·1.1 
n.:;ir ink•!<'•( h•11l;1(11 pl;111l;tl1<•1l w .. · f.•und 1h.11 /_ ',, ..... ,,,,,,,,,_ 
/.. , ... 11/1·11n1111. /_ 1 /11111.-/1·11 •111. /. 1•,1n 1/i .. rr1111. /_ 1•1·11111·/h I .. \ 
l'l.:!h. /_ f>1T/lll<llllllll l._\111. /_ /'1T/ll/1llllllll I '1111111//1\/llll. 

/_ l'""l''"'·l/1/••/111111 L\.:! Is- '"'r•· H'r~ ... u ..... -,·p11hk 1111h,· 'mi' 
Thl· '(l\"l0 ll"' I llfl"\11 /flllf. I ,,f., II\ l1lllWll \ -..·/,111./11/,.,,,,,,, 
I , ••. ,Ill,,,,,,,,,, I .l1·11f11f//ll/ .ir.· k" 'll'•"Pllhk .111.I h.I\ •.. 1 
l••kr.111,·,· 111 TY\I\· .. \11.-r 1.- ... 1111:: ,,...,, ....... ,.,11 L\ l'lh_l ;in.I I.\ 
1 •11,•J, •I /_ 1 /11i,·11 .. - ",. lo 1111111 "•Ill<" pl.1111 ... h • t...· l11)!hl~ r,·,1 .. 1.1111. 
In our ~1111\\ kd::.- lhh 1, 1h,· f1r ... 1 11111.- ::,·11,·11• r,.,, ... 1.m,·,· h• 

TY\ I\" 111 / 1, •• ,,;., 111 , •11 )!•""ti' h.I\ .- t..,·,·n d~· ... ,nt-.:11 \\ .- .1r,· 1111\\ 
,lll<'.11('11'1:,! (II f,,·11.-r .-h.lf.ll'll"ll/•" lh1· f<''l'(.111_.,. 1111111.I II! 

/! • 111/,-1/\1·. h.·,11n~ nlh"·r '.!1..'l1Hlll\ 1nh1.'' fnr r1..·,1,l.llh.l'· 

,,1 ... ,·.-p11h1hl\ in 1h,: 111h.-r h.1i1d. lh!' 'l"·,·1.- .. "111 h,· 11 ... ,-.1 ,,, .1 

J.!l'rtnpf.1,111 "•llh:i.· f1 •r u11n1;:r•:,,1\ ... h~ bnd11.1t111n. Ht 11rd"·r I•• 
1r.11i...kr 1111, r.· ... 1-1.111..:.- "' .-1111" .11.·d 111111.11 .. 

122 

Publical~: 
'icubi\l.i'nftl..lbrarbl'-•t-~1.,.,.,_...lnfant~. 

T .:-1111:! T••nt.ih• l .:11••"' \f,1 .. .11..: \" 1ru ... R.: ... 1 ... 1.m .. ·.:.' 
Su....-.,,i1l'lh1~ m l>tu .. ,-,.,11 Sr-._ . .._-...'" 1_,. ,.,.,.,,,, '"' Ci.:nu,_ 
Sul'lmu,-J r;tr ruNi...11r.>t1 

'\d•~- \\.: .......... , 1h.: h'lltal•'ll.'- \Jll<.'lh." '1l1J r-'ft;"°' 
th.: hdJ 1.: ... 1 m .:••ll.:1">r.ilh•I'! ll 1lh h•nJ•• :\.i.-1 .. nal J.: 
ln-. ....... 1::.a.:1<llll.' _\~fl'l'<'\:u..an.i, •h'llal..&f''· &1n1ui'm""''· Lar.1 
..nJ Fun.IJ.:hlll J.: S.."f\i..:1•• al _-\fri..:uh•" 1t'u...a;.-r.1. C1fW.. 
.-\r.1~11.1-



Training Progran1me: 
Long-term . 

Fellowships 

In line:\\ ilh lhe original mand1le of lhe Centre. nan~ly to 'lrengthen lhe 
rL~an:h 1..-apallilitit.....,ofih n~mflcr-.. through lr.iining. lhe 'hon and long-tenn 
lr.iining prngr.imtll\....., l."onlinue 10 he among llk: mo'l imponam a\.:lh·ilit...., of 
ICGEB. 

Genc:r.il 'lali,lic' concerning lhe long-lem1 tdlm\ 'hip progr.unme ti. lr the 
year 1993 can he ... ummari1L-d .._,follow ... : 

• applicalion' rL-cehL-d: 207 c l+l po,t-d(ll.°' o.m<l 63 pre-d(ll.°'I 
• idhm,hifl' otli:rt.'ll hy ICGEB: JX cJJ Jlt''' doc' and 5 pre-d(-.:,1 
• klhm ... hi[J' a\.:cepk'li: JI c 26 Jlt''l-d(ll.°S and 5 pre-d(-.:,1 
_-\, in rhe pa ... 1. the Jlt''l-doL1or.il ti:llm'' ha\e llt.-en o.t,signed lo research 

tean1' h-.:ak'll in ei1her of lhe lwo Compc.menK i11 -.c.·kctL'll ltalio.m ln,tilute' 
and in a li:w Affilialt.'ll CentrL..., llhe laner heing in connt.>ction with a 
Collahor.itiw R~an:h ProjcXt financL'll hy ICGEB I. 

The pre-doclor.il ti:llowship ;')rngr.imme. de\· doped within 1he fr.imework 
of lhe Ph.D. cour...e in molecular genetic ... jointly organiZL'li hy ICGFB and the 

Figure 1: ICGEB Fellowships Awarded in 1993 
8-..-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

7 ------

"O 
6 Q) 

"O ... 
ctl 
~ 5 c{ 
(/) 
a. 
"E 4 (/) 

~ 
0 
(ii 
LL 

0 
0 2 z 

1 

ctl ctl ctl ctl ctl ctl - ~ ctl >. E c N ·c c i5 ·;:, .t:J a. ii5 Q) 
·;:, ctl ctl "E ctl ::::J >. ctl ~ <'ti 
c ... 

J;!l E 0 (.) O> O> (/) .... z 
Q) en (.) 0 

,_ w c ::::J ::::J 
::::J (.) ::::J a: ~ -O> 0 Q) .... en I > c{ (.) 

ICGEB Member Cou11tries 

123 



Table 1: Geographical Distribution of Fellowships Awarded in 1993 (31) 

COUNTRY 

Argentina 

Brazil 

Bulgaria 

China 

Colombia 

Croatia 

Cuba 

Egypt 

Hungary 

Russia 

Turkey 

Viet Nam 
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FELLOW 

Monica FULCHIERI 

Facundo 9ATISTA • 

Jefferson Costa da CUNHA 

lvka AFRIK.ANOVA" 

Anna DRAGOEVA 

WenxiaOIE 

Ping SONG 

Ta::>ZU 

Jinqiu CHEN" 

Valin JIANG 

Huiwen MA 

Olga CAMACHO VANEGAS 

Dean LAZAREVIC 

Miranda MLADINIC" 

Manuel PENICHET PRADO 

Gabino GARRIDO 

Juan ROCA 

Ariel ARENCIB:A RODRIGUEZ 

Adrian SUAREZ 

Lincidio PEREZ SANCHEZ 

Mostafa EL-SHEEKH 

Peter FABIAN 

Zsolt HA TSAGI 

Elena GAZINA 

Olga MINENKOVA 

Kirill DEGTIARENKO 

Leonard KHIROUG' 

Mehmet OZDENER 

Quang Binh DO 

Thi Lan Oanh LE 

Vo Thi THU 

HOST LABORATORY 

University of Florence. Italy 

ICGEB. Tneste. Italy 

IBME/CONICET. Argentina 

ICGEB. Trieste. Italy 

Biological Research Centre. Szeged, Hungary 

ICGEB. Trieste. Italy 

ICGEB, Trieste. Italy 

IRIS. Siena. Italy 

ICGEB. Trieste. Italy 

ICGEB. Trieste. Italy 
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Training Programme 

lntem•1tional S\..'hool of . .\.lh·•mc1:.'tl Snu..lies 1 IS..\.S I ofT rieste. is now reaching 
it,sh~ady st•1te. The liN Do1:.·torates in Philosophy wereawanlt.'tl<luring 1993 
and more students will complete the rnurse in 199-l. ..\. simili.1r pwgr.unme 
for estahlishing a Ph.D. cour.-;e at the :'\ew Delhi Component is en\isage<l. 

The 1993 fellowships were •1wanlt.'tl to scientists originating from 12 
~temher Co1.1ntries: Figure I gh·es the rnlb:tive <lat:1 relating to this 
component of the progr.mune. whereas Tahle I provides a \..'omprehensi\·e 
list of placements. figure 2 gi,·es a geogrnphical and numerical over\iew of 
the fellowship progr.unme in its th·e years of operntion. 

Due to the pluri•mnual nature of most of the fdlowships awi.lrded. the real 
dimension of the output of ICGEB for the long-tem1 tr.tining progrnmme 
hernmes dearer when considering the numher of tr.ii nee/years funded hy the 

Figure 2: Progress of the Fellowship Programme 1989-1993 
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Figure 3: Trainee/Years Funded 
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Centre. as shown in Figure 3. In I 993. the o\'crall progrnmme reached a total 
of 62 trainee/years funded and the commitments for I 99-J haw already 
reached this figure. With the present funding. this has hecome the steady lc\'el 
of the fellowship programme. 

As recommended hy the delegates of the Second Forum of Scientists 
I 30 September- I October. 1992) and appro\'ed hy the Preparatory Commiuce. 
a scheme for the awarding of shorHenn I maximum·' months> fellowships 
has hcen initiated hy ICGEB. Numerous •tpplications were recei\'ed during 
1993 and 2 such fclhmships ha\'e already hcen awarded: the fellows arc 
scheduled to start during 1994. 

Contacts between ICGEB and scientists who fom1crly held •m ICGEB 
fellowship remain concrete and operational. In fact many of the applications 
recci\'ed from Affiliated Centres for funding in the framework of the 
Collahornti\'e Research Programme h<i\'e originated from research groups 
where fonncr ICGEB fdlo\\ s hm e n:tumcd to their home institutes. The link 
existing Oct\\ ccn the fellowship and thc:Collahorati\·c Research Programmes 
thus hccomcs concrete. :k1nonstrating the validity of the ICGEB approach. 

' 
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Meetings and Courses 

Thi-. other important component of the ICGEB tr.umng programme 
l.'ontinued ii.. gradual and co1t-.tant expansion during I l)9_~_ as 1.:an ~ ~'l:n in 
figure .5. \\ hid1 :'lllm-. the num~r of partil."ipanls in tht: \·arious rnursc:s 
organi.1ed hy tht: C t:ntrc: since ii.. inl.'t:ption. 

The: high Lluality of tht: mu~-. and n1l'l:ting-. fon1-.~d on spc:l.'iali.1t:d 
rc:-.c:an.:h 1l 1pil.'-. or tedmi4L11.:-. anral.'ts an infft:asing num~r of sdc:ntisls from 
'.\ km~rCoun11ic:-. a-. wdl as 1hc: in1c:rc:-.1 of olhc:r in1c:ma1ional organiza1ion' 
and funding agc:ndc:s. Contrihutions for 1hc: short lt:nn Ir.tining al.'li\ itic:s 
\\C:rc: rc:l.'c:i\c:d hy ICGEB during 1993 from !he: L'ni1c:d Na1ions Em ironmc:nl 
Pn1gr.11nme1 l'~EP1.1hc: Europc:an ~1okl.'ularBiologyOrgani.1a1ion( El\1B0l 
and 1hc: Rockddlcr Foundalion. 

The gc:ographical dis1rihu1ion of 1he panicipalll' who haw anendc:d !he 
\ arious t:\ enls since 1hc: inl.'c:plion of ICGEB is gi,·c:n in Figure: 6. T<thlc ~ 
sh11\\" a c1 ll11prd1t:1bi\ c: I isl 11f c1lltrst:s hdd in I l.i9J. wherc:<ts !hose: sl.'hc:dulc:d 
10 lake place in 199-l arc: shown in Tallie: J. The: I isl of lt:al.'hcr-. \\ho 
l."ontrihulc:d 10 !he rnur-.e-. in I 99J i-. shown in Tahlc: -l. 

The: 1993 programme: hast:xpc:ric:nl.'c:dan impo11<U11 incrc:asc in 1hc: num~r 
of !raining L·our-.c:s organitc:d in r\lliliald Cc:ntrc:s 1hrough lhc funding of 
ICGEB. This important <tspc:cl h<ts ••dual rdt:\ anl.'t: since:. on !he one: hand. 
ii c111t-.olida1c-. !he rda1ionship ht:1wccn ICGEB and !he nc:lwork of :\ftilialcd 
Ct:nlrc:-. •md. 11111hc: olhcr hand. ii promolc:s !he rc:ali.1a1ion of l.'ourscs \\ hiL·h 
can haw an import<llll region•tl imp<ll"I. 

Figure 5: Short-term Training Programme 1988-1993 
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T ra!ning Programme 

Table 2: Meetings and Courses 1993 

TITLE DATESard ORGANIZER($) 
LOCATION 

Conference: PROTEIN KINASES. CELL 6-8January Jorge Allende 
PROLIFERATION AND ONCOG'=NESIS Sant;ago, Chile 

Conference: BIOTECHNOLOGY FOR 6-9 January Nuzhat Ahmed 
ENVIRONMENT AND AGRICULTURE Karachi. Pakistan 

PrEctical Course: GENOME ANALYSIS OF 8-27 February John Bennett 
PLANTS, PESTS AND PATHOGENS New Delhi, India 

Theoretica! and Practical Course: 1-12 March Carlo Bruschi 
BACTERIAL GENETICS Trieste. Italy Thomas Silhc- l'f 

Practical Course: SITE-DIRECTED 2-19 March VijayKumar 
MUTAGENESIS New Delhi. India 

Theoretical Course: RNA STRUCTURE AND 29 March - 1 April Glauco Tocchini-Valentini 
FUNCTION Trieste. Italy 

Conference: INTRACELLULAR CHANNELS, 21-23 April Enrico Cherubini 
ORGANELLES AND CELL FUNCTION Trieste. Italy 

Theoretical and Practical Course: YEAST 26 April - 7 May Carlo Bruschi 
MOLECULAR GENETICS Trieste. Italy Glauco Tocchini-Valentini 

Practical Course: FUNGICIDE RESISTANCE 17-23 May JieweiWei 
RESEARCH: BIOTECHNOLOGICAL Nanjing, China Mingguo Zhou 
APPLICATIONS 

Practical Course: PREPARATION, ANALYSIS 5-17 July Gabriel Guameros 
AND APPLICATIONS OF SYNTHETIC Mexico City, Francisco de la Vega 
OUGONUCLEOTIDES Mexico 

Theoretical Course: ENVIRONMENTAL 28 June -2 July Gilbert Howe 
APPLICATIONS OF BIOTECHNOLOGY: Trieste, Italy 
SCIENTIFIC RISK ASSESSMENT 
METHODOLOGIES 

Course: MOLECULAR BIOLOGY AND DIAGNOSIS 6-10 July Giulio Ratti 
OF HUMAN CHLAMYDIAL INFECTIONS Trieste, Italy 

Practical Course: COMPUTER METHODS IN 14·23 July Sandor Pongor 
MOLECULAR BIOLOGY Trieste. Italy 

Practical Course: BACTERIAL EXPRESSION OF 5· 18 September Jorge Gavilondo 
ANTIBODY FRAGMENTS Havana, Cuba Marta Ayala 

Practical Course: HUM,\N GENOME DIVERSITY 13-17 September Luca Cavalli-Sforza 
Tneste, Italy Francisco Baralle 

Practical Course: PLANT BIOTECHNOLOGY: 9-21 October Hamdy Abdel-Aziz Moursy 
TISSUE CULTURE AND BEYOND Cairo, Egypt 

Practical Course: APPLICATIONS OF THE NEW 1·21 Nt>vember Alejandro Mentaberry 
BIOTECHNOLOGIES TO AGRICULTURE Buenos Aires. Hector Torres 

Argentina 
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Table 3: Meetings and Courses 1994 

TITLE DATES and ORGANIZER(S) 
LOCATION 

Symposium: MOLECULAR MECHANISMS OF 5-7 January Jorge Allende 
GENE EXPRESSION Santiago. Chile 

Theoretical and Practical Course: 14-25 March Carlo eruschi 
BACTERIAL GENETICS Trieste. Italy 

Theoretical Course: RNA STRUCTURE AND 28-31 March Glauco Tocchini-Valentini 
FUNCTION Trieste. Italy 

Workshop: BIOTECHNOLOGY AND FOOD 10-23 April Nduka Okafor 
Awka. Nigeria 

Workshop: OPEN QUESTIONS IN 18-23 April Giorgio Bernardi 
MOLECULAR EVOLUTION Guanacaste. Gabriel Macaya 

Costa Rica 

Theoretical and Practical Course: YEAST 18-29 April Carlo Bruschi 
MOLECULAR GENETICS Trieste. Italy 

Theoretical Course: BIOTECHNOLOGY AND 21 May-3 June Zaid Abdelouahhab 
AGRICULTURAL IMPROVEMENT IN Marrakech. Oihabi Abdellah 
DEVELOPING COUNTRIES Morocco 

ICGEB Inaugural Conference: EMERGING June. tentative Francisco Baralle 
BIOTECHNOLOGIES AND INDUSTRIAL Trieste. Italy George Tzotzos 
OPPORTUNITIES 

Practical Course: BIOINFORMATICS: COMPUTER 13-22 July Sandor Pongor 
METHODS 11-.i MOLECULAR BIOLOGY Trieste. Italy 

Theoretical Course: MEDICAL GENETICS IN 21-26 August Giovanni Romeo 
DEVELOPING COUNTRIES Beijing, China Qin Xinhua 

Theoretical Course: ENVIRONMENT AL 19-23 September Gilbert Howe 
APPLICATIONS OF BIOTECHNOLOGY: Trieste. Italy 
SCIENTIFIC RISK ASSESSMENT 
METHODOLOGIES 

Practical Course: INSECTICIDAL ENDOTOXINS 25 October- Raj Bhatnagar 
12 November 
New Delhi. India 

Practical Course: PLANT TRANSFORMATION 22 November- Swapan Datta 
10 December 
New Delhi, India 

International Symposium: PLANT MOLECULAR 14-17 December Krishna Tewari 
BIOLOGY AND BIOTECHNOLOGY New Delhi. India 
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Tabel 4: List of Teachers Participating in ICGEB Courses - 1993 
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ICGEBnet 

ICGEBnet j, a central lli'"-'omputing re,ource ltx-ak'l.l in Tric:,te that 
currently pn n ilk' It lg in faciliti'-" llHl\ ertilllu~r. worlJ-wilk' ia I:\ TER;\ET 
o.mJ :X . .:!5 coml\."Ction,_ ICGEBnet pnl\ iJ'"" a computer em·ironment that 
allo", mok"Cular lliologi'ts to analy ~ nuckotiJe anJ protein sequell\.~. 
ICGEBnetpnl\iJe,acce ...... toalarge,arietyofdataha~'lhiosat~ty.genetics. 
llioJi, er.ity. etc. I o.md to ~ariou ... 1001 ... of c:k"Ctnmic communication I hulktin 
lloard'. c:k'\:trnnic mail and ,,iJc: area infom1ation ~nicc:s1. Access to 
ICGEBnel j, o.1\;.1ilallk free of charge: to all ICGEB '.\kmher Country 
~ienti't': ho\\ C:\ er. prc:krc:ncc: i ... gi,·c:n to tho~ ...cii:nti't' ''ho~ rc:~arch is 
directly rdak'll to the: rc:~o.irch goal' of ICGEB. 

ICGEB ho't' copic:' of the mo ... t imprn1ant hiological ~quencc: data hanks. 
induJing Gen Bank. E'.\ IBL. PIR. S" i,,_Prot and Prositc:. In aJJition. 
ICGEB pn l\ ide' o.1ccc:" to' irtuo.11ly all mok"Cular biology J.1talla~s avai lahk 
\\orld-widc:. 'ia the: l;\TER;\ET. ..\no.1ly'i' "lftwarc: indudc:s thrt.-e major 
progr.umnc: packagc: ... It lr hiological ~quc:ncc: anal y 'i' I GCG. Stadc:n anJ IG I 
and a large: \ o.tric:ly of '(l\."Cio.ditc:d software: I "-'I.! list hc:low ). 

ICGEBnc:I pro,idc: ... on-linc: 0.11:'-·c: ...... toa large: numhc:rofJataha...c:' pertinent 
Ill gc:nc:ti''· lllllkcular llillhlgy anJ hilllt:ch11tlhlgy. Special c:mphasi' i' gi,c:n 
10 hio,;.1fc:ty and the: rdc:a...c: into 1hc: en\ ironmc:nt of gc:nc:tically modified 
orgo.111i,1m. ICGEBnc:t colkcts dll\.'Umc:nts o.md guiddinc:' on hiological and 
chemical lo.1hora1ory ,afc:ty. li'ts of c:xpen .... hio,o.1kty committee:' and 'o 
forth. l" 'ing 1hc: gopher" idc: arc:o.1 infonno.1tion ...c:nw. ;1ccc:" j, pro\ idc:J to 
'peci;1li1c:d da1;1 colkc1io11' on hiodi,c:r ... ity. microhiology. cdl culture: 
collc:ction .... t:tc. The: ;1im of 1hc: hio,akty infon11;11ion ~f\ ice:. the: tir...t such 
sc:n ice:" orldwidc:. i ... 10 a,,j,1 na1iono.1! ;1u1horitic: .... ;1cadc:mic in,titution' and 
indu ... 1ric:' in ICGEB '.\km~r Countric:' in the: '"'k C:\aluation of the: 
cm ironmc:ntal dkcts of gc:nc:tically modified organi'm' ;md to hdp in the: 
crc:;11ion of n;1tio11;1l regulation,_ 

In ;1lkli1ion. ICGEBnc:t prrn idc:"111-lin\.'al.:C\.'"t11all comput\.'rprogrammc: 
J\.',cripti1111, a'" di ;1' ;1o1mpkt\.' tt"-'r 1110.muo.11. Th'-' pn1gro.11111nc:' ,,f ICGEB 
cour"-''· tdhl\\,hip' and ;1pplication fonn' arc: ;1l"1 ;l\ailahk on-lin\.'. 

ICCiEBn\.'I pro\ id'-'' d1xtroni'-· 111;1il 'c:n ic'-'' 1 mm. dm 1. ace\.'" to hullc:tin 
Ile 1ard' rnn 1. o.md "ilk ar'-'" inform;1ti11n "-'f\'-'r'. Whik hc:ing incr\.'&1,ingly 
P' 1pular in inJu,1ri;1lit\.'lk11un1ri\.',_ th\.'"-'C11111111unication 10111' ;in: only rardy 
a\ ;1il;1hk in lh\.' d\.'\ doping \\orlll. Pr\.'"-'nlly ICCiEBnct appe;tr' to he: one: of 
th\.' main l;\TER'.':ET g;1lc:\\ ay' for hiologi't' in ICGEB '.\kmllc:rCountri\.''. 
IC(il·.Hn1.·t ;1h11 pni\ id'-'' a'-·'-·1.·" 10 ;1 'ari\.'ly of l "'.\:IX pr11gro.1111mc' and 
fal·ili1ic:'. 
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Rt.~an:h al ICGEBnel coocenliJk>s on t.·ompuler methods for detn1ing 
dislanl pn.llein homologies and the maimenafk.~ofSBASE. at.'\lmprehensi\·e 
and an~llated colln1ion of pnllein domain sequelll.-es. l!NIX biot."Omputing 
utility pnlgr.mmies I menu imerfat.~. databa.-.e update. sequelk.--e retrie\·al. 
ctc.l are de\·el.:lpc!d in-114.lt.lse and are availahle thn.lligh the anonymous tip 
facility { ftp.icgeb.trieste.it l. 

ICGEBnet also sef\·es as a trJining facility with .:!-3 yearly t.'\lmputt.'r 
courses. The pr.ictical course "Computer Meth4.xJ.., in l\.1olet.'lllar Biology" is 
held in July each year and pnwidc..-s an intmductinn to bioinformatks and 
biological sequefk.~ analysis. 

L' sermnsultation is a\·ailable \·ia telephone and electmnic mail in addition 
to on-line and hard copy lkx."llmentation of lhe major pmgrJIDmes. User 
trJining is provided lhmugh the computer courses organizt."d at ICGEB. 

ICGEBnel is a member EMBnet. the! Biological Information Network 
fundedby·theEumpeanb:onomicCommuni1y.Thcdataba.....e:;aremainlained 
in collabomtion with EMBL the European Molecular Biology LaborJtory 
I Heidelberg. Germany l. NCBI. the l.JS NJtional Center for Bi(llechnology 
lnt"llfl11&1tion 1Bethesda. Wa.,hington DC>. USDA. the US Depanment for 
Agriculture and (llher national and international agencies. The Biosatety 
Archiwsarc maintained incellahc.liJtion with lhe Agrit."lllturJI Ri(llechnology 
Center. Gixl<lllli. Hungary. ICGEBnel is also pn.lviding know-how for 
Member Counlries lo sel up biocomputing resources ba.'ied on the UNIX 
utilities. menus and manuals developed at ICGEB. 

• Version 2.0 of the SB ASE pmlein domain librJry was relea...ed. 
• The BIOSAFETY archi\·e of lahc.lrJtory and environrnenlal satety 

documems wa.' made available through the gopher wide area information 
sef\ er. We also installed an E-mail document sef\·er which send' documents 
of lhc Biosafcty Archive in response to dcclronic mail requesb 
I docsef\·cr~ icgeb.1ries1e.it l. 

• Dalabascs/softwarc developed at ICGEB arc ;;nw a\·ailahle through 
direct file trJnsfcr from our anonymous ftp sef\·cr I flp.icgeb.lrieste.il ). 

• A prolc:in domain homology E-mail sen·er was installed 
fshaseC!t icgcb.lrieste.ill. This scrwr carries out automated searches for 
funclional domains in query sequences and returns the: results by electronic 
mail. The procedure is bascdnn the SBASEprotcindomain library.developed 
at ICGEB in collahc.lration with the ABC lnstilute of Biochemistry and the 
Protein Research. GilJ()ll(;. Hungary. where we installed a domain homology 
server based on a difforent principle 1domain(1rhuhi.ahc.hu1. 

ICGEBnct is h•1sed on a duster of UNIX workstations. The central unit of 
ICGEBnet is "genes". a SUN4/.W0computcrthat is •1c1.:cssiblc through X.25 
and INTERNET lines. "Genes" runs undcr the l!!'!IX operating system 
version Sun0S4. I. I .Cum:mly. "genes" h•1s 32 MB mcmory.4.5 Ghytedisk 
space and a CD-ROM drive. "Genes" is providing the on-line -.crviccs for 
remote users as well as for the local user-. of the Trieste Component who 
access the system through PC-s connected to &IJI Ethcml't hascd loc&il area 
network. 
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I. GCG. StaJ.:n. IG: Compr~h'-'n"i'.: progr.imm.: r•11..·lag'-·" for 
rc:pn.~ming an<l manipuiating nudei1..· Ok:iJ •mJ prntc:in "'-'lfllt:ll\.~ Jata: 

2. F . ..\ST...\ . TF . ..\ST...\ anJ BL...\ST for "-"llu~occ: :-.unilarit~ -.c:an:hing: 
J. Cll"ST...\L for multiple: "'-'lfUC:111..·.: alignn'k:nt: 
-l. PHYLIP fort~ -.:01t:-.tru-.:tion of ph~ log.:ni'--..: 
5. G'.\1 ti.lf t~ automak'tl anal~ ..,j,. of 1..'llkaryoti1..· "'-'lflk:ll-.:\.-..: 
fl. PROSE...\RCH anJ PLSE...\RCH ti.lf the: i.kll.'l.1ion of prut.:in motif:-. in 

amino aciJ -.equ.:111.."\.-..: 
7. SRS for "'-'ll~nc.: retrie\al: 
S. '.\1'.\1 anJ EL'.\1 forek'\:tnmic mail anJ '.'\'.'\ forac1.."\.-..:-.ing l~c:k'l.1mnic 

bulk'lin hoanl ... : 
9. Gopher infi.l-..em~r for information on ICGEBnc:t anJ for ~'"l'e:-.:-.ing 

mer 150 fr'--.: Jataha.~-.. worlJ _,,ilk: anJ. 
I 0. Geocr.il purpo.;.: l"'.'\IX pnlgr.im:-. iocluJing TEX for t.:\t fonnatting 

anJ G...\ WK for text pattern ~annin,g/pn~·1:..-..:-.ing. 

I. E:\IBL: E'.\IBL nudci\: Ok:iJ "'-"lfuc:oc.: Jata hank t upJat1..-J Jaily 1: 
2 . GenBank: '.'\IH •mdei\: aciJ "'-"lf~OCe Jata hank t updak-J daily 1: 
3. PIR: Pmtein likntification R1:..'S4.ru~c: pmtein Jat•1ro~: 
-l. Swi:-. ... -Pmt E'.\IBLJL"nhc:r.ity of Gc:ni:'a pnllein Jataha.~: 
5 SEQDB: PRF Osaka PeptiikiPrntc:in 5'."lfuc:ncc: Dataha.~: 
6. SB...\SE: ICGEB Tri'""'tc: Protein Domain Lihr~: 
7. En.1ymc:: R1:..-..1riction En.1ymc: D-.ita Bank: 
S. HIV-'.'\..V...\A: HIV nudeic Ok:iJ anJ pmtein Jataha.~: 
9. Key Bank anJ KeyTool: IG ~'lluence pattern Jataha.~:-.: 
IO. Pm:-.i!e: E\IBLJCni,·er.ity of Geoc,·a pmtc:in pattern Jat•1ha.~: 
11. V1:..-ctorhank: Cloning Ve\:tor Jatahank: 
12. Bihliogr.iphy: '.\lok'\:ular hiology 1..·omput.:r applil.."ation ... : 
I J. PLSE...\RCH: Protein :-.u~rfamily S(.'lfUenc.: motif Jatah.1-.c:: 
1-l. 0'.\11'.\1: V. '.\kKu,id.\ Dataha-.c: of Human Genetic Oi:-.orJer:-.: 
15. Brookhawn: J-D structure of protein' I •mJ other macromokcuk-.1: 
16. Ll'.\18: ...\ comprehc:n ... iw li-.t of mokcuk1r hiology Jal•lh•L~ ... : 
17. TFD: TrJn'.'l.."ription fa\:tor Jataha~: anJ. 
18. CLDB: lnterlah C di line J•1lah•1-.e. 

In aJJition. the ICGEBnet gopher ...erwr prm iJ.:, remote acl.."e'" to 
'inually ••II mokcul•tr hiology Jat;ih•1-..: ... rnrrentl) a\ailahk. 

I. Lahoratory Chemit.."al anJ Biologil.."<ll S;ikt) I gener.11 l: 
• '.\folerial S•tkty Dal•• Sheel:-. 
• L:s lm.titutional Bio ... akty Commiltee ... 
• Collei.:lion of <l1x:umcnl-.. in-.1ilution•1I regulation' 

, En,ironmcnlal Bio,afoly: 
• Genelically '.\lo<litie<l Organi'm' 
• CS Regulation' 
• CS GMO Pennil :\pplic•1tior1' hmm 
• l"'."l Fido T c't Permit :\pprm al-. 
• ICGEB D1x:umcnh 
• Europc<lll Doi.:u11lenh 
• L"-.eful Inti" •lll<l Contal.."h I Legi,h1lion. Ex pen, 1 

3. Bio<li\ er,it) l"ue,: 
• l:~CED doi.:mm:nh 
• Biodi,er,it) gopher 'en er' 

'\1\ailahk through lhc ~opher ''-'ncr and. al,o. panl~ through E-mail 
I d1 ll',ef\ er<n it.:geh.trie,lc .ill. 



Scientific Services 

Biosafety 

ICGEB cominu~-d to make lUnsiderJble resoun:es a\·ailaole in order to 
:-.trengthen institutional capability in ~!ember Countries in the area of 
biosafet\ .. 

The annual courses. :-.ponsored by the l. nited :"\at ions Em·imnment 
PrngrJnmle. CO\ ering theory and n"k:thodologies in biological risk a.'sessment. 
continued :-.uccessfully .. Two :-.uch courses took place in 1993 in Trieste and 
Caim. respectiwly .. The latter. \\hich wa.' specifically intended to Clwer 
Africa. was co-organized by the AgriculturJI Biotechnology for Sustainable 
Producti,·ity 1ABSP1 pmject and the AgriculturJI Genetic Engineering 
R~an:h Institute of Egypt .. 

In addition. ICGEB ha.' been requested to pnwide assi:-.tance to ~kmber 
Countri~-s to de\·dop biotechnology regulations and/or to set up regulatory 
m ersight nll.>chanisms.. One such request from the Russian FederJtion 
t '.':ational Committee for Elabomtion ofl.xgislation for Work with Genetically 
\fodified Organisms I soliciting assistance in the dewlopment of national 
legislation. ''a.' met by expt.-diting an expen meeting to take place in 
Moscow .. During the meeting. international expens engaged by ICGEB. 
Rus:-.ian scientist:-. and senior political figures- including Vice-Ministers for 
Agriculture. Ecology. Science and Technology - considered possible 
regulatory options and implementation nlt.>chani:-.m:-.. It is anticipak.-d that 
drJft biok'Chnology regulation:-. for the Rus:-.ian FederJtion will be prepared 
in the course of 199-t 

ICGEBcontinued tocollaborJtedosely with UNID()on the establishment 
of a Biosafety lnfonnation Network and Ad\ i:-.ory Sen·ice I BINAS I. This 
:-.en ice is expected to contribute greatly to the fulfilment of :-.ome of the 
recommendations of Agenda 21 of the Eanh Summit and will be launched 
in the first halfof 199-t In addition. arrangement:-. are being made to estahlish 
the exact nature of ICGEB\ technical suppon to l!!'\IDO in meeting its 
mandate as Tasl. \fanager for the l":'\ system wide follow-up and reponing 
on Chapter 16 of Agenda 21 t Em ironmentally SounJ \fanagement of 
Biotechnology I. 
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.-\f-GH.-\'\IST.-\'\: 

.-\LG~RI.-\: 

.-\RGE'\TI'\ .-\: 

BHLT\'\: 
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BR.-\Zll.: 

Bl.LG.-\RI.-\: 

CHILE: 

CHI'\.-\: 

COLO'.\IBI.·\: 

CO'\C10: 

COST.-\ RIC.-\: 

CRO.-\TI.-\: 

n·B.-\: 

Kl · .. \DOR· 

E<iYPT: 

<iREITE: 

Ill ''\(i.-\RY: 

l'\l>I:\: 

1'\DO'\ESI:\: 

IR.-\'\: 
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'.\Ir. Shan1'h<.'f '\;v1ani. S..-.: .. nJ S..-.:n:1;.u:. P.:nnan.:nl '.\11"~''" uf lh.: R.:p11hh..: ,,f .-\fgham,!an 1<• 
l'\IDO. H•"l."11\\1."l_! s. 12211 \"i.:nna . .-\l .STRI.·\. Td.: -1.~-1-21lJl1130 
' '.\Ir .. -\t....1.:11,aJ...-r Toufi. C.:mr.: J.: l.X\dnpp.:mc:nt J.:, T .. -.:hni4u<.°' '\u.:lcair..-,_ '.\hni-.t.:rc: au\ 
l"ni\.:r-it<.°' <.1 a La R<.-.:h.:r..:h.: S.:i.:mifi<ju.:. S..-.:n.1aria1 J"E!a1 a la R .. -.:h.:r..:h.:. 2. BJ Fr.ml/ Fannn. 
BP IOI"" . .-\1:;.:r . .-\LGERI.-\. Td.: +21.•-2-711-US fa\: t>.•2.•2t> Th.: t>7! IO '\.-\\\".-\T DZ 
· Dr .. \ugu,tn Gar..:ia. Pn 1gr .. nna. '\a1.:i< >nal J.: Bi< >l~'\.1lC1l11gia 1 P'\B 1_ S...-.:n.°lari;! J.: Ci.:n.:ia ~ T c..-.:nic..-~ 
.-\\JaCnnlnhaSyl. Pi"'~- IO:'-' B«<!m" .-\in:-.. -\RGE'.'11'\.-\. T.:1.: +5-'-1-.lD_l5t>~ fa.\: 31 [iSlJll 
Tl\.: 25272 SEC'tl .-\R 
S.:i.:n.:-.: anJ T c..-.:hn,•l••g~ Di\ j,inn. '.\lini-.t~ uf T raJ.: anJ lnJu,lric.."-. P.O. Thimpha. BHl ·T.-\'\ 
Dr. Lui .. Fdip.: Hanmann. Dirc.-.:1<ir .. -\.:aJ.:mia J.: Ci.:n.:ia' Jc B·•li\ia. Ca,ill;.i 2.'411-5S2lJ. La P..v. 
BOU\"I.-\. Td.: +5lJ1-2-.~fl3<Nlll.l7%SI F~': -~'N57 
·· Dr. Lui' .-\munit• Barre:•• J.: Ct,m•. S.."Cr.:taria J.: lng.:hnaria G.:n<."li..:;.i Ju '.\lmi,t.:ri•• J.: Ci .. ·1i.:ia.,.: 
Tt.'\.'n1•l11gia. bplar.aJa J," '.\lini,1.:ri•''· Bl•>.:•• E. -'•• .. -\nJar. Sala' 3::'» 1 .~21. 71Mlti2 Br.1,ilia - DF. 
BRAZIL Td.: +55-fll-32lti1171 Fa\: 22t>l257 
·• Dr . .-\t•tna' .-\lana"'". ln-.titul.: nf G.:n.:u..: Engin...-.:ring. Plan! Bin(<.°\:hnul,•g~ R.:,,·,ir..:h C.:m.:r. \"ia 
S••lia. 2::32 Kn,1inl>n.J 2. BU.Ci.-\RI.-\. Td.: +.l59- i2lJ-2552 Fa,: -'<JS:' Th.: 2.l777 .:l~i hJ:! 
·Dr. J•irg.: E . .-\11.:nJ.:. D..-pan•mJCnh• J.: Bi•'!Uimi..:a. Fa.:uhaJ J.: '.\kJi..:ina. l"ni\1."f'o.iJaJ J.: Chik. 

Ca,ill•• 7ml'it>. Samiagn 7. CHILE. Td.: +5fl-2-7.•7fl.•2o Fa\: 73-:'fl.l211 Th.: .l.io251i l''\F_<iCO CK 
·• Dr. Y nnghui Liu. China '\a1inna! C .:n1.:r Ii ir Bini<.'\. itn1 •lng~ IX\ dupni.:m. S 7. 7.an Jun '.\lia• 1. H;1iJan 
Qu .. P.O. 811, SI IS. B.:ijing llWMISI. CHI'\.-\. T d.: +Sfl-l-225 l<J5:\ Fa\: 2 ~5-Wlf> 
Dr. Jo...: Lui, \"illa\l."<:1."'. ln,1i1u111 Cnl••ml>ian•• p.tr.1 d IX-.:am1llo J.: I.: Ci.:n..:i.1 ~ la T.:.:n1•l1•:;i;1 
1COLCIE'\Cl.-\S1. Tr.tn,\.:r..al 1J.-\ '\n. i33-2S . .-\pan;1J11 .-\.:r.:o ll:'\15Sll. H.1g1•ta. COl.0'.\liJI.-\. 
Td.: +57- l-2lt>lJSIMI b\: ti25 I 7l(S Th.: ~305 
P.:nnan.:m '.\li"inn of lh.: Pt."t•pl.:"' R.:pul>li..: ,,f Cungn 111 L\llX>. Rh.:inalk-.: -'5. ='·' Bonn-BaJ 
Ci1.J .. ,h..-rg I. GER'.\1.-\'\Y T d.: +-t9-22X-.'57rni5 
·Dr. Gal>rid '.\lac..·a~a. C..-mn•Jl." lll\.:,1ig•i..·inn.:n BiolugiaCdular ~ '.\lc1k..:ular. l'ni\.:r-iJaJJ..-C11-..1a 
Ri..:a.CiuJaJ l"ni\.:r-i1aria ··R1.Jrig11Fa.:iu-.S;mJ1.....-·.coST.-\ RIC\. T d.: +51Jti-2~7-'<JFa\: .l-'2723 

Dr. Drago P.:1r.1n1•\ i..:. RuJ.:r B1"l..11\ i..: hi-tillll.:. P.O. Bm; lilt> I. -' llMll l.agrdl. CRO.-\ Tl.-\. 
Td.: +.'X5--l 1~.l5 I I I Fa:1.: ~25-'lJ7/27ilM17. Th.: 2 IJX.~ 
· Dr. P.:Jro .-\n1uni11 l.11p.:1 S;1ura. Biol1•gi..:al R.:...:ar..:h C.:mr.:. C.:nm• J.: lng.:ni.:ria fr·n.:ti..:a ~ 
Bin1.:.:nnlngi:1. PO Bn\ fllt>2. Cut>an;1c..·an. Pla~a. H;1\an;1. CTB.-\. Td.: +5.•-7-2111-lOI LI\: 2 lS070 
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