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discuss how the develoriar courtriass enn henefit

genetic encineerinm and new biotechtnolo:—r it
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or DNA.Their discoveries opened a wvhole new field
a field which has since been pursued with utrmost °
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B dnaduein o omiment (Lhe goera

and without Turther addi“ion o * .

active and specific transfornin - substacce cnn b recotrerad
far in excess of thae arount oritinallr ned ‘o induce the re-
action-=sounds lake n vipas—maxr e o rona b wikh ageh moanhias

nisms T am not now concerred-onn stan a Sine-and e Simet gton

is,what is the chemical nature of the fransformin: orinni=la?

Someone else can work ouat the rest.0f conrss ke problem hnigrlaes

with irnlications.Th *oiuctes the hiocherigt»y of Shrpng Yoo
nucleic acids which are Hmown Yo coustitute Lho wmaior narh:
chromosomes but have hean thousht 5o he alike reradleoes of
oricin and species.Tt “houches enetics,enzyite chiomistrr janll
metabolism,and carbohvdrate syrthesis, atc.Put todar it
ke a lot of welldocument~d evidence to convince anvore tran the
sodium salt of deoxvribase nucleic acid,nrolein Free conld nos-
sibly be endowed with suc bhiolormicalls active and spesific nro-
pertlco.......It s Jot of fun %o blow bubbles,but i ie wiger
ti prick them yvourself bafore somcone =2lge tries to,5o0, here

is the story,Ror-ricnt or wron:; it's heoan good fun ani lohs of
work.....Talk it over with Goodpasture bhut don't shoul 1% arc-
und until we’re quite sure or a®t least as sure as hthe nregent
methods permnit.It’s havardous to #o ol'f nhalfcocked jund embia-
rassing to have to retract luier.....T canrobt leave this nro-
blem until we have got cenvincins evidence..,.Then I losk for-
ward and hope we may all be tosether-Tod ard the war permit-
ting-add live out our davs in pezce". ’

The peace camne two yvears later ané it toox o:ly an ad-
ditional eisnt vears hafore in 1257 Jamas Watson an Ama:
and Francis Cricl a RBritisher eliucidated tne struchure of the
thymus tyre nucleic acid,known todar as DA, The sbtruchare of
the DIIA they discovered explaine! and answered all bhs ques-
tions posed by Oswald Avery the rears earlier,Through “atson
and Crick model of DIA one could v\;lqln the relationshin

between the inducinms s+imulus anl the chemical structure of L2

substance nreduced.It nrovides sxplanations lhow the tnrrus Lr-

pe nucleic acid can replicate in the dauphter cells i1 innume-
rable generatiorns of calls and how tho NHA( the najor constilti-




ents of chromosomes) luvs the basis ror moneticz,envine Cha-

mistry,cell merabolisn.More speeificall; by un

. _
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winy thoe guruc-

(]

ture of DNA a basis is laid Tor inducin- pradict=t"e and hore-

ditarv chanres.Virally,it explains how Lhis subslance datermines
the biochemical activities and specific characteristics of cells,
And this is exacily the essence, Ehe basis and the excillment
underlying modern menetic en:tineering; and new hiotechinolorenre=
dictability and hereditability!Thou;h not more htnan thirty vears
passed since these crucial discoveries werc made we are alrendy
discussing the unpresedent benefits likely to stem from these

discoveries,particularly for the poorar serments of mankind,

But before we in developing countries will be able Lo rearn
the benefits from these advances a lot of hard wer!: will be re-—
quired to change certain traits in our mentality.”"st we must
understand the multidisciplinary character of the new scienti-
fic field and its extrzordinary scope. Once we have fﬂlvnd this
understanding,a lot of hard work will be rquired to change pest

habits in education,training and orizanization crder to best in-
/zcorporate the new understandingz in our bthinrking process.Cnly
then will develovping countries be able to mount the effort of
sufficient strength and concentratior to advance their develon-
ment which will in the near future so much derend on Faininsg
substantial capabilities in genctic enrineering and biotecnno-
logy.

It is impossible to formulate in cetail for eacn devslopins

country guidelines for establichins,strengthening end reorien-
]

ting their institutions and structures relevant o development

a

of capabilities in genetic engipeerinr and hiotecnrolosies.tiow-
ever,one can enunerata cortain ¢omeon danominators which apply
to almost all of the develoning countries regardlzns of what
stage of the developnont they are at,or irrespective wasther
their development takes place in a democracy or a dictalorshipg
under capitalism or socialism. _

Tha pattern of davelopmen. as it takes in developing cO-
untries mayv differ greatly from that occurine in-advanced coun-
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tries.Usually,the initiative for formulatinem science and teeh-

nolory vriorities in developiny: sountries s taken br sovaruments

or by correspondini sovernment avencies.In advancod countrier
however,the initiative usually has a polxcentric basis,only
merging at the roveramontal level at the end of the process.The
implication is fhat in advanced zountrins the scientific and
technological infrastructure alraady exists,which is no% the
case in‘develoninﬁ countries,Mherefora,the acnte rroblsom in de-

veloping countries is how to create and organize such an infra-

structure in the shortest possible tHime.Simultaneously, it is

ot

of utmost importance ta focus on the already existingm inst:

-
ta

s

tions which mav facilitate tne proiress of infrastructure con-
struction.These institutions,thoupgh usuaily few in nuxsbars nay
have particular importance since they areé placed at stratesic

crossroads and influence the essantial decision makeninfrs.

It is frequently arcued in develoninr countries that by
~setting up new goal oriented sci=ntific or techneclopical
'%utes a sufficiert impetus will be given tc facilitate the es-
tablishment of a new science and/or a new technoloyyv.Myv wview is,
that this is only true for a short tern benefits but in a long
run it may even be ccunter productive.A developin:: country can
make a basic mistale by establishine a so-called nztional ra-
search and developnent{R and D) center with the specific migsion
to develop and prormote certain scientific discipliines or certain
technologies.The limitnations and nepative effects of such a
R and D institute are as follows:
{i) it will be able to train only a very limited numbar
of personnel,
(ii) the scientific and tecrnolorical know-how acquired b
its staff will have a‘limited impact,since it will

not have the resources to dissceminate knowledgse widely,

since it can not GErow infinitely the replacament of
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the staff will be slow.As a consequence the staff will

-

gradually a~e ard after a whiley,such a 7 2nd D insti-

tute will be overloaded with mentaly sterile peonle,




(iv) it will have a arpative effect on tha tenchin: eapn-
city at the universikies,since the hather qualifiod and more
selfassurdd scinntists will be aktracted toc the nattional ? and D
institute becans~ it is likely to bhe better equippad and have
priviliges compared to the universities.At times one can ses lin!
or forms of collaboration betwsen a rational ? ard D laboratory
and an university but most of the time collaboration is only
a lip service to the university and does not »enchrate into the
fabric of the university teachinT,

(v) on the other hand,vhen an institute is established to
serve industry it will b»e placed in an unfavouratle pesiticn
when compared to the university.The relatively better qualifiad
are absorbed by the more attractive jobs and posikions oflerad
by the university.Therafore,industry which actunlly needs thlie
most help and the best qualifisd scienuists and tochnoloq1st:
becomes rated lowest ¢u the scientific ladder.If we all armue,
and wve tend to argue very loudly,that in developing countries
industry is the "locomotive" force having the tozs’s of pulling
the developing countries out of their poverty, thea T simply do
7 not see how these ccuntries will help themszelves 5" emnhasizing
';uch an organization within their scientific and 9ducational
infrastructure.

It is clesr,radical chanijes in bthe orsanisation of 4t
scientific and educationzl infrastruchture is required and ihe

minimal sine quz non requirements are as fcllows:

- to reorganize national R and ) institules as inde-

pendent institules whose scientists will he hired ond raappo-
ted ¢n the basis of their scieatific nerits.™ose wio do rnot
qualify should be steered to othar Jjobs.

- new forms of industrv-universily collatorations will
have to evolve or be created.M™o factors will have pariicular
importance: irst,to involve faculty scientists and students in
working relationships with scientists from industr® on research
projects with resuits to be freely publishecd and,second,that;
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at the same time industrial « and D institntes rusy allow a

degree of freedom to tielir scientific pnrsonnel 50 theyr may ox-
press their potential in performing bas sice recearch rather tharn

to insist to enraring them only in solvinis the day Lo day nrohlens,

If a restructuralization of the scientific infrastructurs
in developin; countries takes place similar the one T am lere
proposing I believe tha followirnz beneficial effects would become
apparent:

(a) a critical mass of scientists would fora makin rossible
a maximum number of personal interactions so necessary for a
creative and nurturin;; environment;

(b) the gap in know~how in existence betwoeon the scientists
at the university and the industry would be drasticzally narrowed;

(c) it would crcate the essential scientific environment
in which students would be exposed from the very ba2;sinning of

~their studies to the way of thinking and reasoning required

3

a eritical evaluation of résults in the basic sciences. it the
same time students will obtain g perspective of the pofep%ial
which discoveries in basic scicnces have to industrial applica-
tions.The last point is particularly important-to quote liitoln
Tesla,the Yuposlav physicist of tie firet nalf of =his ceontur::
mOf thousand ideas people have only one is goodjof thousand :700¢
oncs only one finds its way to production".Tesla’s axiom of
science is not appreciated in developins countriecs most ol tie
time.These steps in science -and technology whereby an idea is
transformed to a process or product cannot be bypassed by any
country,dcveloped or developing.ror a nation to make ihe comitment
s0 it can undertake these steps will require a pollitical « loci- .
sion to allocate a considarable share of national expenditures

to educztion and basic recearci over a rather lonjg pcriod ol ti-
me.As Fdmundo Flores huas recently stated in *he Journal Scinnco:
"One cannot hope for snortcuts,cu]tural revolutions,blizz&rlugs
or bargains".Genetic enmineering and the new wiolechnolosr are
particularly instructive cases in question!
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Genebic enecineerin - and hiotechrclio - s 3t o G P el
discinlinar}' et erce:,yenvor |‘.1.yf~,n bopagrries TS Lo SIS A3 ey

meaninss.Possibly i vt option ie to coraidee ) et T

rv scicnce as n osum of G T%erent moneseisnecn e ed T en ST
a multidisci _rﬂi.'.nr'}' archlorn,The opreeont 220y noloont sl g B b e

-

ning multidiscinlinury orionted w3t o —abhers Leow?d oodont 7 nond

background on which o razrover vacstSon fang ita haris 70 vt
as an examnple the modorn biolosy or YLiolorieusts 1Y is v Ji108i0

cult to imasine ow a “ioloris! wilh o ponchiols~jonl =tusn ”

could understend and wo-'t 10 modern hioloy.b ~nod lnawleqd - 4

biochemistry,cenetics,nhirsics,mathenatics commuter seiancn,rel -
cular biolosv,immunolosy and classical bhioloxv,are rejuired n sve-

rvone’s scientific ¢ nr11 ulum,rerrardless of the narrowsr ennaigli-
zation in biolomy one nav have chosen,

N

Here,then we come to the mos!i crucisl point i.e, to Lhe -
/,ducational svstem in developines countries

Nue to the intense desire to increase *+h

‘f

i2 availlabili+» of
basic education in almos®t all daveloping countrias a very bhroad

17
and extensive network of educational institutions is bheine astab-

lished.This rapid expansion of educational sysiors,from elemantary
schools to the PaD level,obvicusly is having a nesative imnazs on

the quality of teactin:s.™hie qualificd man rower needsad Tp

an extensive expansien of educaticnal notwerts have hean,and
lacking hence the educaticnal scientific gtardards mave bLoern
adjusted to the potential of the educalors.Tt is a well estabhlished
fact that mediocricy breads mediocricy as much zs ovecollerce Lreads

excellence.™e developing countries are vresentlz faced witna tie

......

193

acute problem of conquering mediocricy,Yet,rmenetic anvine
the nwe biotechnology cannot even have been irarined witrout ev-
cellence in science as well as tachnolery! ™he questiion one noses,
then,is;:how does a developing country ot out of this

cle? '

One of the remedics I propose is Lhat universities,or the

fo Fy
-

departments in a develoniny country should bo neriodically rate
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If wé follow pr»nbaﬂ tronda of devrlouments T ormemel S s el
neerini; and now hiot molomy Then we moay core o e conttusicon
that d-velonins~ countrirs could henefil in four nisjor ireas whickh
can be exnected to ha “olned by Lhig now geiopes nnl Lontan? o -
fobd,nnnrqy,hnn1th and tio protecltion of Lioawirograr! [Mie en-
tion is in essence corr~at Jownver,hi ot exnectations will net be-
come easily realized nn T have staled aa—lier,

If we consider food production,it has many %imes beoon statad
that genetic improverment of the nitronen-fixin~ sribiol
ria that nodulate lefuminous plarnts annears o ko a rational -cnl,
On paper this approach of improvins vi2lds of these creops wriile si-
multaneous saving exnansive artificial fertilirers looks var: nro-
mising.Tts accomplishment actually requires s nirh level of euper-
tise in genetic enrinesring techriques counled to lons filad trizls
of manipulated plants or microorsanisms defore measinsiul resal's
will become available for evaluation.As xrou can s=n,this ral
simple problem of gentics actually requires Jong studins and nizhly
qualified scientists.Premature import of equipment and pretensions
to start production of symbiotic nitrocen fixins bhacterin i then
obviously unwaranted and even worse,*he failirs vould then &3
dit the poiential of necw renetics.

Or let us take an examnle in the field of «rorer,Tonrersion
of waste biomass into hioras{iow-level technclsornYig ofbnn wanii
oned as an exnmnle of the ratiornzl use of lecal roscurzas for sh-
taining suitable eneryv tinfortunatels,tha stolien 56 far wad. nre
not very encourarinc.is a result of “ha Wih ccst £o frangrort
wastes to nrocessineg sites and of the relatively low »iaold ¢l bio-
gas thes~ processes are suitable only for Tirited aprlizationn.li-
milarly,alcohol pnroduction £rort limno-cellulesic sabelraties is
still in its infancy.Tf a developin: country 'z hone Lo oo
solve its ener~y nrohlem hy the liquification of selid subziras g
it must be aware that intensive Tundament

this application.

el ragennen muet nroennd

One can enumepate other similar exannrles in the fiel:

]
health and environment nrotuection. Thourh,thie revarlds will e vers

-

-t
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I have to reiterate,the only lona for devalerin- countricn in a
concentratad offort Lo »ucale end oolee! §te bhoa! tpliste a4 nYes,
them. in key decesion-na™ing vonitions.™oush tiie conclining e
sound obvions and trivial the real Ffacts of rolitisal 13o. e
fies it.In many develoning: courtriag bhe Lurnov:r rocoss of T

scientific and Mireaueratic hi-rarchy 95 a vers slow one. ne Fiie
reason a compreiension of new lechuolacsieos and whal £ NIy L
offer to dovelooment diffusecs very slowly Livon<h oyerni o ofpne-
tures.¥Without a radical chanie in Lhis social domnin or devaionine
countries the exnoctations from the impacts ¢f Lhe now Looshr-oloo
gies,including renelic enginecring and new biotcchnolo;y.will 1ot
be realized. .

It is equally true that in many developing cbuntries s
best talents have left Lhe country thus diminis ?in: Ehe salectiva
pressure and as a consequence the pelicy makers are eithar rod
adequately advised or worse thcy are ill-advised. ™he movernnents
of developing countries must make a consecious =ffort to Lbrins hacl

aa L S

home their best talents from advanced countriass, Mo Lows

W

must provide the potential for y;mood wookins condizions so szicren
can develop.I am ceratain in realitv it is not the low salar
in developing ccuntries that are repulsive Lut rather tie sterils

’

Y
~a
time and atmosphere and the corstant fi-nts with the burraucraey

which causes a sood scientist Lo cast off from his Fome contrr.

In conslusion,T would like jus® %o say tha“ I hLavr: hzan

so critical becausc I do skron,-ly baiieve that Lun develiouin -
countries at this time still huve a chance to develos ndvmrizol ca-

pabilities in emerging Lechnolories including enetic anrinoent

st
and biotechnolo;y and thereby benefit in many wars.'iowewer
changes in the educational,sciantific and technolosical shruziuras
are urgently needed.I slso feel that only public pres
efercd “o0.T hope
all my criticism would be for the benefit of developing couniries
themselves,includin;; thc one T ar coming fron.

open discussion can rgctify those problams T have p
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