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lntroductjqn 

Since gene-spl Icing techniques were first elucidated In the early 

t970's, t~ere has been much talk of the intinl-ty of wa s in which the 

pr~ct!:a! nppllcatlons of the flndlnas of the research laboratory 

would revolutionize human society. Perhaps because the ability to mix 

genes In ways new tc evolution had create<! worries over genetic ac~l­

dents, the promises of the wondrous things to come were made ~Ith a 

fervor that reflected the de~lre of much of the scientlf ic c011111unlty 

to gal~ public acceptance of the use of lts new tools. Genetlc engi­

neering was to provide an abundanc& of scarce blologlcal materials 

needed Jn mediclne, such as human lnsul In and hormones. The rare 

protreln interferon, touted In the late 1970's as a possible wonder 

drug for the cu~e of cancer, could be rn~ds In abundance. Safe 

vaccines would b9 ma1e Easily by sim~ly producing large quantities of 

the viral or bacterial antigens necessary to produce an lrrrnune 

response. Crop plants werci -;-o be engineered to fix their own nitrogen 

from the atmosphere. And ganetlcal ly engineered bacteria or the 

enzymes they produced would transform the chefr.lcal lndustry, prov!dlng 

cneap fuels by fermentation of bulk plant material, and by repla~lng 

many energy Intensive, pol luting processes with sJmple, cheap 

blologlcal st0ps. It al I sounded wonderful ~and deceptively simple. 

Now, ten year5 Into what some have termEd the biological revo-

1 ut I on, how accurate were these pred I ct Ions? How many have come tr·rie? 



And how many new and even more spectacular developments have come 

along since reccmbinant DNA which could have immediate practical 

appl lcations? When the prophets first gazed into the crystal bal I of 

biotechnology, did they forsee how long the road was to be from the 

laboratory clonlnq of the gene for a desired protein, and the 

operation of an efficient, economical process for making large 

quantities of a highly purified substance, one which met al I of the 

regulatory requirements for safety and eff lcacy? And did they have 

any idea of what it would cost? What, then, l.s the current status of 

the biotechnology industry today? Has it lived up to its 

expectations? 

The Commerclal lzatjon of Biotechnology 

Nothing is ever as easy as lt looks. Establishing an effective 

!ndustry based on biotechnology contained very many hidden traps and 

unanticipated difficulties. The I earning process ls, ln fact, sti 11 

taking place, as the biotechnology industry, far from mature, strug-

gles through its ad~lescence. 

first of al I, even though most of the world's basic research ls 

supported by national governments, the world of industry and 

technology ls largely a private affair. That Is, International 

cor,11Tlerce, over a I I , : s dom l nated by pr l v ate Investment and deve I opment. 

Industries are created to fll I a demonstrated or anticipated demand 

for a product or sPrvlces which, in most cases, Is expected to bring a 

profit to its backers. Of course, many industries and many countries 

are state owned. Nevertheless, they must sti I I play according to the 
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ru:es of lnt~rnational commerce; they must be efficient, they must 

meet the demand effectively and, If possible, they must show a profit. 

Governments do atiempt to regulate commerce In a number of ways: 

taxation or relief form taxation, traae tariffs and duties, subsidies 

and loans to tne inaustries they wish to promote, and tr'=' n~yulation 

o·f the quality of the products t'1emselves. Howeverr whatever 

partlrular form corrmerclal lzatlon takes, It is stil I governed by basic 

economic principles. 

Uni Ike many nascent indu~trles, the biotechnology Industry was 

begun by a number of scle~tlsts turned entrepreneurs. They shared the 

drearr of the potent I a I that cou Id be rea 11 zed by the judicious app I 1-

cat I cn of gen~tlc manipulation techniques to produce products which 

people needed and would pay for. But, most really didn't have the 

faintest Idea of how to set u~ an indu~try. They knew It would take 

money, but didn't really have any Idea how much. In the early Jays, 

they couldn't expect much from governments_ S•) lt was a matter of 

convincing Investors that there was money to b~ made In biology. Even 

by 1975, this was not a particularly easy package to sel I. 

But some investors could be found. The San Francisco area, with 

several of the leading universities in molecular biology, wa: one of 

the first where capital was ralsPd to pursue the ilew biology. Boston 

was another. Then it began to catch on and spread around the world. 

The first companies in th3ir early days were, however, a far cry from 

what could be cal le~ an industry. The scientist-entrepreneurs bought 

old \1arehouses and converted them into laboratories. They then hired 

some scientists, who generally continued doing what they had been 

doing in the university laboratories from whence they came. But they 
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were to focus their minds on practical appl !cations. 

In the beginning, there was not much attention paid to what 

commerc i a I deve I 0~"1ent rea I I y meant, nor did those In the f I edg I l ng 

l ndust:-y r-ea 11 y understdnd what It meant to manufacture something, 

where the yield of product, lts purity, the efficiency and costs of 

the process, and qua I lty con+rol must be taken into account. It is 

curious that the compc.inles one expected to be ~he leaders In biotech­

nology -- the pharmaceutical and chemical companies, al I with plenty 

of experience In large scale fermentation, manufacturing, cost 

engineering and regulatory affairs -- were slow to exploit the 

potentlai of genetic engineering. Perhaps this ii lus+rates a 

principle in corrrn~rce, that the mature, more stable Industries 3re not 

rhe innovators. It seems TO require new investors and new entrepre­

neurs to l~unch a new branch of technology, even though the larger and 

wealthier compa11ies may eventually enter and dominate the industry. 

Eventually, the scientists of the new companies had achieved the 

expression of some useful proteins in their bacterial c!oning 

vehicles. Then it was necessary to pay attention to the problems of 

incraaslng the scale of production from a few I lters to several 

thou~and liters. It was here that the transition from scienca to 

engineering was most abrupt. Bioenglneers were nearly nonexistent in 

the late 1970 1 s. The current demand has resulted In a number of new 

tra In Ing programs l n l t I tated , .1 uni ver·s l t I es in the past two years. 

At this stage, It was necessary to face a fLct that had been 

ignored Jn the earl !er years. It wa~ largely a myth that the new 

biotechnology would be much less capital Intensive than the industries 

it would ccmpete with and replace. The fa~t Is that to build a large 
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scale fermentation ar.d production facility requires a great deal of 

money. By 1980, there were already more than a hunr.red Independent 

biotecrnolo9y companies, most of them quite smal I, and most of them in 

the United States. In order to survive, most soJght cooperative 

research and dsvelopment arr~ngements with larse cfJfnpanles. It was 

largely the funding provid8d by the larger corporate partners that 

enab:ed the smal I biotechnology companies to beg;n the transition from 

Institutes of applied research to something resembl Ing a complete 

industrial establ lshment. But.that was not enough. 

Contrary to the expectations of many of the early and some of the 

present dreamers, biotechnology means far more tha~ scientists in a 

;esearch laooratory able to isolate the gene for a desired human 

protein, and clone and express it in a suitable host oacterla. It 

also ~eans being able to produce that product economically and in 

quantity. When these problems werA fir.ally confronted, it soon became 

clear that the large scale production of a genetically engineereed 

product was not necessarily easier or cheaper to produce than getting 

it the old way. In so~e cases it was more expensive. 

Thus an important aspect of commercial iz~rlon is to select very 

carefully al I of the elements In t~e production scheme and then 

engineer them for the highest efficiency. !nat is, one's Ideal 

hlotechnology enterprise must commit a major part of its resources to 

such matters as yield and the ease of purif icatlon of the desired 

products. This may er.tall not only the clo~ing and expressing of the 

desired qene, but additional genetic manipulations of the cloning 

vehicle tn enhance production of the desired protein whlle suppressing 

the synthesis of unneeded ones. That is, one must engineer the 
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control of gene expression as well as the synthesis of the gene 

product itself. Most of the existing biotechnology companies are now 

struggling through this stage with the few substances deemed worthy of 

production. But this Is stll I not al I. Even If you ere now able to 

manufacture a novel, and presumably much wanted product of genetic 

engineering, you are st ii I faced wiTh many Tasks bef0re IT becomes 

available to the potential consumers. 

Thus we now come to the real driving force underlying the 

corrmercial biotechnology Industry: profit. There Is no doubt that the 

scientists who f lrst sought to create practical benefits from the 

novel flnd!ngs of molecular biolcgy were dlrlven by a great deal of 

Ideal ism. ~ut for those investing the mil I ions to make the enterprise 

possible at all, and this includes most of thos~ who sit on the boards 

of d:rectors of the Independent biotechnology companies, the cver­

rlding motive Is to make money. Thus, before proceeding to even 

develop a process for making a product, a number of very Important 

questions must be answered. 

First of al I, who are the consumers? And what are they wll I Ing 

to pay for your product? Who else Is trying to make and sel I 

competitive products? How do you know the product will work as you 

hope rt wl I I, especl~I ly before you have subjected It to years of 

trials? In the case of human pharmaceuticals, the testing for safety 

and efficacy, a process requiring many years, can only take place 

after the !~vestment has been made to actually produce the substanc&. 

Both the development of the manufacturing process and the animal and 

human trials are far more costly than the research which identified 

the product lo the flrsT place. This principle Is as true for 



- 7 -

genetlcal ly engineered substances as It is for the products of organic 

chemistry. 

If, I Ike most of the new pharmaceutical agents coming out of the 

biotechnology Industry, they have never bee~ aval fable before, then 

there wll I be little or no market data upon which to base your deci­

sions of how much to produce or, Indeed, whether it Is worth produc!ng 

ot al I. At present, for example, several companies ar·e devoting much 

attention to the development of possible cancer therapeutics 

(immunotoxlns, Interferon, lnterleukeln-2). The de~lslon has been 

made to go ahead and develop such products long before it has been 

shown whether er not they wil I really be useful ther2peutic agents 

purely o~ the assumption that the market for cancer therapeutics wil I 

increase enormously over Its current size. On what Is this assumption 

based? Actually, very ll+tle. This, then is an example of the kinds 

of risks being taken by some of the existing compan:es and their 

investors in the hope of striking It rich. In this case, the risk 

reflects somewhat the siz9 of the expected gains. 

More often, the risks are less; the product is more : ikefy TO be 

of known value and the market much more certain. It can never, 

however, be known with precision, especially in a highly competitive 

lndu$try. Therefore, one must expend some effort to Increase the 

demand for t~e product and the wll I ingness to pay for It. The science 

of marketing, then, has as lmp0rtant a place In biotechnology as It 

0oes ln any other Industry. Potential markets must be assessed. The 

potential consumers must be identified and told about your product. 

Al I detal Is are Important, Including the type of advertizlng used, the 

way the product ls packaged, perr,aps, and above al I, your success ln 
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demonstrating why people should use it. 

Obviously, in some cases, It may be a wel I known subs+ance, such 

as motor fuel. In that case, al I products on the market may be more 

or less equivalent. The edge wil I go to the company which can produce 

It at the lowest cost and sel I It for the least. This Is true for 

most commoolty chemicals. In another case, the product may be a 

vaccine against a serious disease. If you can show that your vaccine 

Is completely safe and effActlve, you will have Q market advantage 

over your competitor who may not have done as thorough testing. 

Timing Is also Important. If there Is a race on to develop an 

effective genatlcal ly engineered human hormone, the developer who 

first secures the best patent protection will have the advantage. 

There can be other prob I ems as we I I • A I I governments regu I ate 

commerce In some ways. In the United Sta+es, for example, the food 

and drug laws can Impose major obstacles In the development of new 

~rocucts, particularly those for human use. For new pharmaceuticals, 

the testinq period required to establ !sh the efflc~cy and s~fety of a 

product averages about seven years. Whtie a "fast track" has been 

Instituted for certain genetlcal ly engineered products deemed to be 

Identical to previously tejted natural products, there always remains 

a question of whether or not they are lndee~ Identical. A bacterially 

produced protein Is I lkely to contain different Impurities than one 

extracted from tha pancreas of cows. The presence of sugars In t~e 

naturai product and possible conformational differences must also be 

taken into account. Cher.deals used In agrlculture are also regulated, 

Including pesticides, animal feed additives and animal medicines. 

These tend to be less stringent than for products for human Internal 
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consumptloil but can, nevertheless, require years In some cases to 

answer questions of safety to the consumers. 

There are twr:• other types of regulations which the deve!opers of 

geretically englreared products must accept. First, almost every 

country has a set ~f safety rules to be followed by those engaging In 

recomhinant DNA activities. While these have generally been greatly 

re I axed over the years, as mos~· genet I ca 11 y eng I neared bacter I a and 

virus were ~eemed to be relatlvely harmless as human disease agents, 

there Is now Increasing concern over the del I berate release of genetl­

cal ly modified organisms Into the environment, especially those with 

agricultural appl !cations. Here, survival, at least for a limited 

time, Is necessary. In the United States, the Environmental Protec­

tion Agency has announced plans to promulgate regulations governing 

such act'.vlty. At present, a voluntary system of approval for field 

tests Is administered by the National Institutes of Health. Most 

countries have not yet had to face the matter of the del I berate 

re I ease of genet I ca I I y eng I neared organisms Ir.to the env I r,)nment, but, 

at the rate which blote~hnology Is advancing world wide, they soon 

w 111. 

A second area concerns regulations go~erning the Import and 

export of goods. It Is here where prob I ems a I ready ex I st w I th regard 

to drugs and pesticides. Substances banned tor use in some countries, 

such as the Uni+dd States, may st!! I be manufactured there and 

exported tc countries with less stringent envlrnnmental and health 

regulatlor1,. Moreover, human tests of new drugs In certain nations, 

especially some of the develop Ing countries, are not ~equlred to meet 

the stringent ethlcdl criteria for experiments on human subjects 
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Imposed by most advanced countries. Thus, there dre pharmaceutical 

companies In the United States that test drugs outside of the country 

In order to gain data as quickly as possible and possibly a market 

position In uth~r countries, even before approval ls grant~d at home. 

These Issues have raised a number of far-rea~nlng ethical questi~ns. 

To summarize, then, commerclallzatlon of genetlca! !y engineered 

products resembles, cverall, the commerclalizatlon of conventionally 

produced competitive products. T~ere are some Important differences, 

however. The greatest is probably novelty~ In that not only have many 

of the potential pr~ducts never existed before, but the commercla! 

potential Is very diff lcult to assess. In an Industry which Is not 

n3arly as well capital !zed at th8 more maturP Industries, and thu~ can 

less wel I afford to take major risks, commerclallzatlon of many types 

of novel products Is Inherently risky. A second important difference 

Is that the manufacturing processes for many biological substances 

must be Individually tailored, case by case. This Is certa:nly true 

to 3 large extent In some aspects of the chemical and pharmaceutical 

Industries, but In biotechnology, where complex I Iv Ing organisms are 

the actual meaPs of production, It is rare t0 be able to use the same 

process In more than a few specif Jc cases. 

The following elements must be taken Into account In the commer­

cial lzatlon of any new product or process in the biotechnology 

Industry, more or less In the order I isted. A decision should be made 

at each step to go on to the next. The more a commercial strategy 

deviates from this scheme, or less able one Is to resolve each ste~ 

definitively, the grea+er the risk of commercial lzatlon: 
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* The basic research to demonstrate feaslbil ity. 

* Fil Ing of patents. 

* An assessment of the market potentl2I of the product. 

* A cost analysis of producing the product. 

* The development of a laboratory scale process of optimum 
eff i c i ency. 

* The ff I Ing of more patents. 

* The scale-up of the process for manufacturing. 

* The actual manufacturing of the product. 

* Testing tor eff lcacy and safety. 

In-vitro tests 
Animal tests 
Trl~ls In humans 

OR 
In-vitro ti:Jsts 
greenhouse test; 
f leld trials 

* Approval for use by appropriate regulatory agencies. 

* Promotion and advertlzing. 

* Distribution and sales. 

Most discussions of proposals for establ I sh Ing biote~hnology 

programs, especially those c0mlng from sci~ntlsts In basic research 

with I lttle Industrial experlen~e, have focused on the first and to 

some extent, the second of the above I 1st. This was the perspective 

from which the first companies were founded. But it Is the remainder 

of the 11 st wh I ch takes by far the most expense and the most time. It 

ls no wonder, then, that biotechnology, as an industry, has progressed 

somewhat slower than Its Investors' original expectations. The 

Importance of each of the additional steps ha~ to be learned, one by 

one, th3 ~.ard way, just as a child first learns to sli, then to crawl 

and fl~1ally to walk. Yet the same errors are being committed by many 
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even now, particularly in developing countries with I lttle f lrst-hand 

knowledge of what 3stabl I sh Ing an effective biotechnology Industry 

really entails. So the ~yth that biotechnology Is far less capital 

intensive than conventional industry stil I prevails in some quarters, 

as doqs the notion that one can go from lab to consumer in short time. 

Biotechnology Is ba5ed upon novel techniques which al low for the 

invention of solutions to many pr~ctlcal problems through the judl­

~:ous appl I cation of biological knowledge. But the principals 

according to which an industry must operate In tr.a world of Interna­

tional commerce are nor novel. The length of time it has apparently 

taken to build a successful biotechnology industry only reflects the 

time It takes to consumate the marriage betweeen science and business. 

E~ch has had to learn the language and the ways of the other before 

they could begin to understand how to make it work. They are, in fact 

st I I I I eoi n Ing. 

The Current BjotechnoloQy Industry 

A successful biotechnology industry would have to be considered 

one which can competently carry out each of the elements necessary for 

commerlcal lzation I lsted above. If we look at the status of present 

day Industry, we see a rather mixed picture. In general, it ls still 

a struggl Ing Industry learning ho~ to cope with each of the require­

ments for successful corrvnerclal lzatlon end trying to f Ind organiza­

tional structures In which both creative science and commercial 

activities can f lourlsh. The newer, lndep~ndent companies began with 

their focus on science 3nd have had a much more dlff lcult time 

Ill 
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I earning how to make arj sel I products. The mature pharmaceutical and 

chemical Industry, on the other hand, was at ease with most of the 

latter stages of commercial lzation, but the new kind of science, 

lnvolvlr.g the manipulation of genes, was foreign territory. What has 

been happening over ~he past eight or so years has been a gradual 

convergence. The independents, more ty muddi Ing through than by 

careful planning, are learning how to corrvnerclal lze the!r products. 

The big, conservative corporations are learning the value of creative 

new science. 

There are now, throughout the world, more than two hundred 

lndep~ndent companies de~oted exclusively to some aspect of 

biotechnol~gy and many more of the larger a~d aide~ enterprises that 

have be~un their own programs or have Invested In the independents. 

One could not say, however, that there has been successful commercial­

ization of biotechnology in very many Instances. There has not been 

enough time; the Industry Is simply too young. That ls, it is stil I 

eating up capital far faster thar. i+ is producing it. There are very 

few products that heve raached the marketplace -- human fnsul In, some 

an!mal vaccines, a number of tests based on monoclonal antibodies. 

But these are few In number in corn~arlson to the level of activity. A 

great ma~y more products are under development, but many of these are 

of unproven value. Because of the pressure to make money for the 

investor5, there has been a rush to produce and test a number of 

products (in the traditional fashion of the pharmaceutical industry) 

~efore their mode of action or their biological function was 

understood. The interferon bandwagon Is a case in point. No one Is 

sure if Interferon administered as a therapaeutlc agent wil 1 be of any 
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value in treating ca~cer. At best, It may be useful only in conjunction 

with o+her chemotheraputics. But because of limited capital and pressure 

from investors, It is now an industry where risks are being taken. 

To be sure, soma companies wi I I succeed better than others. The 

attrition has, In fact al ready begun. Se\·eral companies have dee! ared 

bankruptcy; others have curtailed t~e scope of the;r activities in order 

to concentrate more effective'y on only a few areas. MB~y bel leve that 

the number of companies in existenc& now is much higher then that which 

can survive. It terms of the total markets sought and the competition 

for them, It ls B matter of simple arithmetic. As companies get Into 

trouble, they become prone to acquisition by larger companies. That Is 

what Is expected to happen to many of the smaller, late entries Into 

biotechnology. In order to survive to beccme a ~uccessful commercial 

entlty, an organization must have al I of the fol lowing attributes: 

* 
* 

* 

* 

* 

Access to truly novel new ldP~s with commercial potential. 

Strong patent positions. 

Sufficient capital lzatlon and assets to survive a lengthy 
development and testing period before !ncome from sales is 
real !zed. 

Effective management. 

Sound judgment In assessing market potential of products. 

Good luck. 

A company which Is weak In any one of the above areas probably wll l 

not survive. The last Item Is Included because It is lmposslhle to know 

with certal~ty which choices to make In formulating a business strategy. 
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The WorlJ Eio+ecbnoloQy Industry. Present and Fut~re 

Th2 foregoing discussion should not be construed as negative or 

pessimistic. It Is only ~eal lstic. ~he establish~ent of biotechno­

logy as a thriving enterprise has ~een or is being no more painful or 

difficult than t' e development of other areas of technology. It is 

only that biotechnology, and genetic engineering In ~articular, have 

been presented Jn their mos+ glamorous, optimistic terms. This was 

partly a defensive reac+ion in order to gain acceptance by the public 

and and their representatives Jn government, who weren't sure what It 

was al I about, and to attract investors. Now the gl Int has faded, but 

only to put biotechnology In a more real istlc perspective than it had 

been. Overal I, It is a healthy Industry and wll I succeed, although 

its growing pains are far from over. 

The single most dlfflcult obstacle in the industry overal I has 

been and wll I probably continue to be the avaJlabil !ty of capital, 

especially for new ventu~es in areas of biotechnology for which +~~ 

market return Is uncertain, no matTar how exciting the science may 

This Is also the major difficulty In countries, developed or 

developing, which are trying to enter the biotechnology Industry. 

Most of the early inves+ment In the blotechno1ogy entrepreneurs 

wa~ In the United States. There stil I seems to be risk capltel for 

new business ventures provided a profitable outcome can be Identified 

In the forseeable future. Even In America, however, It ls not that 

easy. The establ !shed companies have a definite advantage over any 

starting out. But even these companies have problems. One of the 

most serious Is perhaps that It Is viewed as somewhat sinful for a 
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compa~y to lose money, even during the period of Intense capital 

investment when new products are stil I i~ the research and development 

stage. This does not always al low the breathing space to the 

scientists and engineers that ls necessary tc develop the process or 

product to their satisfaction. 

Whtie Independent entrepreneurlsm has been the model fol lowed In 

the United States, tnis was much less the case in Europe and Japan, 

both of which now ere bui I ding thriving biotechnology industries. 

Probably more for cultural t~an any other reasons, an independent 

biotechnology ir.dustry did not arise spontaneously in Europe, outside 

of a handful of companies, such as Biogen in Switzerland. When the 

industry began to attract world wide attention around 1980, there was 

definitely a biotechnology gap between the United States and Western 

Europe. This distrurbed the governments of a number of countries, who 

then decided that ir. order to ensure their country's competitive 

position in this new area, a national biotechnology pol Icy was in 

order and that the government would have to provide initial financial 

support. This, then, ts how the industry arose in Great Britain, 

France and In Japan, among others. In most of the industrial lzed 

world outside of the United States, most activity In biotechnology h?G 

come from exlstln~ large corporations, rather than from new indepen-

dents. 

At present, the commercial Industry Is truly intern~tlonal. Many 

cooperative agreements, partnerships and contracts have been concluded 

among companies In al I countries, without regard to national competl­

tltlon. To the lrdustry, business Is business, and that far outweighs 

any consideration of whether one's partner Is In the same or a 
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different country. In the United States, for example, One hears much 

of the Japanese threat to the America~ biotechnoiogy industry, as i~ 

was in automcbiles and electronics. But th!s is heard far ~ore among 

pol iTicians than in the biotechnology industry itself, which has 

numerous business arrangements with the Japanese. 

BlotechnoloQy In uevelop:nQ Countries 

The chief problems of mar.y developing countries -- hunger, 

poverty, tropical diseases -- are ideal targets for the tools of 

biotechnology. Ironically, again for purely financial reasons, the 

attention of th~ world industry Is being focused on the markets and 

demands of advanc~d countries. That is where the money is. There is 

I lttle interest among commercial concerns to address the problems 

unique to developing countries. They simply can't pay enough. 

What, then, can the developing countries do to build capabil lties 

In biotechnology? What can concerned parties in the industrialized 

nations do to assist them? Clearly, in a world commerce governed by 

investment and profit, the initiative wll I not come from the 

investment of private capital. A number of possible mecha1lisms ars 

now being explored. 

The UNIDO eff0rt to establish the International Centre for 

Genetic Engi~eerlng and Biotechnology has been underway now for nearly 

three years. This Is an attempt to build a world class research, 

deve I oprnent and tra In Ing center to foster the es tab I i sr.ment of ':l 

biotechnology industry in devoping countries. However, In dealing 

through national governments, this exercise has becvme entangled in 
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trird-world politics, and some fear that the crlterla of excellence 

which must be satisfied In order to best serve the needs of the 

developing countries may be overshadowed by competing naticnal prides. 

Mr. Kamel wil I discuss this effort Jn more detail later in this 

confere~ce. 

Other models are also being explored. In September of this year, 

a biotechnology network, led by France and Great Brl7aln, was organ­

ized to promote biotechnology activities in both developi~g and devel­

oped countries, Including training students and scientists from devel­

oping countries. A proposed U.S.- Lat!n American BioteL~nology 

Center, Involving cooperative programs among universities and 

Industry, Is currently being explored at the University of California. 

The posslbil ity of terming privately funded non-profit lnternationa~ 

research and development institutions, which could enter into 

bilateral agrements with developing countries is also being discussed 

In several quarters. 

Whatever model Is chosen, the successful establ lshment of a self­

sustalnlng blctechnology Industry In developing countries is 

absolutely dependent upon a serious commitment by the governments of 

those countries. Ample funding must be provided, not only to th& new 

industries thf!mselves, but to the universities which provide the 

essential resources for basic research and the training of scientists 

and engineers. There are no quick and easy solutions. Developing 

countries must not be misled Into bel levlng that the fairy godmother 

of an International centre, or the foreign aid program of a wealthy 

country wil I solve their pressing problems through biotechnology 

overnight. It wll I take a lot of mcney and years of hard work. 
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future Directions jn Bjotechnolog¥ 

Up to this point, I have dealt with the practical matters of 

comm~rclal Jzing biotechnology and the status of the world industry. 

would I Ike to close this presentation by discussing brief!y the 

techno'ogy Itself and where It ts heading. 

Most of the Industry to date has be engaged in what r.ow may be 

viewed as the most primitive appl I cations of biotechnology. That is, 

the first ~ppl I cations of gene spl Icing were to clone and express the 

gene for a known protein of known utll ity In a bacteria! host, Jn 

order to slmpl lfy the production of that product. Insulin, for 

axa~p!e, obtained from animal sources, Is quite adequate for the 

treatment of most diabetics. But the process ls expensive and 

requires the processing of large quanties of material from slaughter­

houses. To synthesize human insulin In bacterial factories was an 

appeal Ing Idea, and it has been done, although not at the economic 

gains originally Imagined. 

But when It comes to very rare biological materials, there ts a 

considerable advantage to genetic engineering. Peptide hormon~s and 

tmmuns modulators are very difficult to obtain in quantity by other 

mea~s. Even if al I of the substances isolated do not have commercial 

potential, the techniques have enabled Jnvestlgatlons which could not 

have taken place otherwise. 

These appl icatlons are, however, barely utll lzlng the vast 

potential of the techniques now aval I able .. One area of exploration 

w~.ich Is now beginning to receive attention is the construction of 

substances which never existed as such Jn nature, by piecing together 

m, ( 
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oarts of useful molecules to obtain a product with a novel function. 

For exc.rr.ple, irnmunotoxlns, In which a monoclonal antibody is I inked to 

a portion of a biological toxin molecule, are being Investigated as 

antl-c~ncer age1lts which Jeek out and destroy only cancer eel Is, 

leaving normal eel Is untouched. 

Tho creation of genetlcal ly modified organl~;ns with unique 

properties Is definitely one of the ways of the future. In agri­

culture, It Is th9 living organism Itself which is the product. 

Genet I cal ly eng~neerlng pest resistance, stress tolerance, higher 

nutritional value and higher vlelds of the edible portions can be 

expected to receive much attention, although the success of such 

appl icatlons wil I require a number of years. But genetically modified 

bacteria, added to agricultural sol ls to stimulate the growth of 

existing crop v~rleties, can be expected much soo~er. 

Perh~ps th9 ultimate expression of the new techniques in genetic 

manipulation and molecular systhosis might be termed molecular 

engineering. We now have the means to synthesize the gene coding tor 

.Sill.¥ deslrnd amino acid sequence. Cloning methods make It possible to 

make any quantity of that pro+ein. The dlff lculty Is that we don't 

know ltha.t t".) make. 

There is growing Interest in research to develop computer model Ing 

methods to predict the coPformation and biological or enzymatic 

function of given polypeptides. Conversely, cne would also need to 

know what polypeptide sequence would yield a particular conformation 

or biological function. When these techniques are perfected, It wll I 

be possible to design and bui id proteins with virtually any desired 

set of properties such as new enzymatic functions or binding proper-
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ties. The potential for appl icatlon of molecular engineering methods 

are endless. This is clea~ly the way of the future. 

So you see, we are just beginning. 
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