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UNIDQ's programme of technelogicel advances aims at sensitizing
developing countries to the potentials ané lirmitations of emerging techmological
advances and strengthenir- their capabilities to make use of such advances,
whenever eppropriate. The programme includes activities in the field of
genetic engineering and biotechnology. A meeting of eminent experts in this
field was held at Vienna from 4 to 6 February 1981 ard, following one of the
meeting's recommendations, a group of experts prepered a report on the establish-
ment of an International Centre for Genetic Engineering and Biotechnology.
Future activities envisage inter alia national-level workshops on the
potentialities of genetic engineering and bictechnology for industrial develop-

ment, for industrialists, scientists and policy-makers of developing countries.

In order to provide developing countries with informaticu on ongoing
agssessrments of genetic engineering and its iImpact on industry, toe secretariat
of UNIDO consid=zred it useful to prepare 2 Ddaper based on "Tmnacts of apolied
genetics: micro-organisms, plants and suimels" (April 1981) prepared by the
Office o»f Technology Assessment, United Stezes Congress, United States of

America, but covering industrial sectors only.

The paper has been prepared by the UNIDC sezretariat for the purpose
stated earlier and does not constitute an cfficial paper of the Office of

Techrnology Assessment.




INTRCDUCTICN

In recent years, biotechnolozy in <ereral. and genetic
engineering in particular, have shown that they could contribute to

£illing scze of the most fundamsentzl needs of humancind,

Biotechnology is the industrial process which utilizes living
organisms or their components. Genetic engireering concerns the
directed manipulation of the genetic material itself. This process,
vhich involves recombinant DNA (rDNA) and the chem.cal synthesis of genes,
could increase the size of the gene pool for any one organism, thus making
available genetic traits from diverse populations. Genetic engineering
can help improve the speed, efficiency and productivity of biological systems. -t
uses a tecnnique, at the laboratorvy level, which allows modification of the heredi-
tary funct.ons or the cell. The population of the altered identical cell tnat grows
from the first nnchanged micro-organism is, in turn, used for various
industrial processes. It is within this framework that the impects of apolied

xenetics in the various industries is examined.

Regardless of the indusiry, the saze three praconditions must e met tefore

genetic technologies can become commercially feasible. They are:-

!

‘a) & useful biological product:

() & useful biological fermentation approach to cozmercial
production;

(¢) @& useful genetic approacn to increase the efficiency

of production,

Al}) three conditions are interrelated and can be met in any order. The
demonsiraticn of usefulness, liovever, can begin with any of the three.
Thus, the commercial potential varies with each

product. In some cases, the usefuiness is already shown and the usefulness
of genetic engineering must be proved. In others, genetic engineering
makes production at the industrial level possible, but the market is not

estadlished, and in others, feasibility is the major prodlen.
The time horizoms (3, 10, 15, 2C yeurs) for the commercialization of
various products using genetically engineered micro-organisms are presented in an

annex. The estimaied value of these products is &2L villion.




I. FERMFNTATION TECHNOLOGIES

A. General View
The oldest user of biotechnology is the food industry where

micro-organisms are used to ferment food and beverages. It is
estimated that approximately 700 companies throughout the world use
fermentation technologies to produce a variety of products.
Originally, fermentation technology involved the use of hacteria to
make yoghurt or of yeast to ferment wine. Recently. however,
fermentation technology utilizes cells from higher plants and
animals under growth conditions known as cell or tissue culture.

In all cases, large quantities of cells with uniform characteristics

are grown under defined controlled conditions.

In its simplest form, fermentation consists of mixing micro-
organisms with a solution ard allowing the components to react. The
more sophisticated large-scale process requires control of all the
variables so that fermentation proceeds smoothly and the process

cen be reproduced with the identical quantities of starting material.

Generaliy, products obtained from fermentation can also be
produced chemically and less often, could be isolated by extraction
from vhole 6rgans or organisms., A fermentation process is
attractive when the analogcus chemical process requires more steps
to compiete the conversion. Furthermore, a chemical process would
iaveris:, -roceed via a series of intermediates which have to be

extracted nd purified in turn before they are used in the next stev.

#hereas dur.ng fermentation, all steps take place within the micro-organisms.

3. Enzvme Technologies

Fermentation by live cells has »rovided :he basis for desiening
fermentation processes based on isolated enzymes, A single enzyme
situsted within a living cell is needed to convert a raw naterial
into a product. Now if the enzyme responsible for the conversicn
i3 identified, it can be extracted from the cell end used in place
of a living cell. The purified enzyme functions exactly as the cell,
breaking down the raw material in the absence of a micro-organisa .
An enzyme which can convert a rav material to a product inside the
cell could also do this outside the cell,

Althouzh more than 2,000 enzyze3 have heen discovered, less

than 50 are of irdustrial importance. However, two major features
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make them attractive; their spe ifity and their ability to
function under relatively mild temperature and pressure condit-ons.
At the moment, both whole cells and isolated enzymes are
being used and it is difficult to predict which wiil be more )
prominent in the future. Although both have their esdvantages
and disadvantages, the role of genetic engineering in the future of
the industry will be partly determined by which is chosen. With
isolated enzymes, genetic manipuiation can ‘ncrease the supply of
enzymes whereas with vhole orgenisms a variety of manipuiations is

possible in constructing more productive strains.

C. The Relationship of Genetics to Fermentatior

Applied genetics and fermentation technology are closely linked
because isolating a suitavle species of micro-organisam is the first
step in developing a fermentation technique. Until recently,

geneticists hud 4o search for an organism that already produced the

e ert— e——————

desired product. However, through genetic engineering micru-organisms
can be zade to prsduce substances beyond their "natural” capabilities.
The most striking advances have appeared in the pharmaceutical industry
vhere human genes have been transferred to dbacteria to produce insulin,
interferon, growth hormone, etc.

The current industrial =pproach to fermentation technologies
addresses two problems. Initially, vhether a biological process can
produce a particular prcduct and, secondly, vhat micro-organism bas
the greatest potential and how the desired characteristics can be
engineered for it. Finding the desired micro-organism and improving its
cepability has now become a fundamental and important aspect of the

ferzentation industry.
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II. Tos PRARMACEUTICAL TNNUSTRY

A. General View .
The pharmaceutical industry,vhich was the last to adoyt

traditional fermentation techniques, has been the first industry to
exteasively use rDNA and cell fusion techniques. Genetic engineering
for the production of pharmaceuticals has two goals:

(a) _to increase the | =vel or efficiency of the production
of pharmsceuticals of proven or potential value; .

(b)  to produce totally nev pharmaceuticals and compounds

not found in nature,

The first goal has had the strongest iafluence on the industry.

It hac been almost axiomatic thact if a naturally occurring

organism can produce a pharmacologically valuable substance, genetic
sanipulation can increase the output.

B. Potential Uses of Molecular Genetic Technologies

Folypeptides (proteins),which are the end-products of genes,include
peptide hormones, eniymus, antibodies and certaia vaccines. Producing
them has been the goal of most recent work in genetic engineering, gHovever,

{t is merely a matter of time before complex non proteins like
antibiotics can be made through rDNA techniques.

1. Hermozas

Hormones are the messenger molecules that help the body co-ordinate the
actions of various tissues. The most advanced application of genetics
today is in the field of hormones. Attempts at synthesizing human
peptide normones (e.g. insulin and grovth hormone) gave genetic
engineering tne necessary impetus in that field.

There are four techuologies for produciag polypeptide hormones:

(a) extraction from human or animal organs, serum or urine;
cher.ical synthesis;
(b) production by cells in tissue culture;

(¢) production by microbial fermentation after genetic engineering.

On . major factor in deciding which technology is best for which

hormone is the length of the hormones amino acid chains. The low

molecular weight peptides can be chemically synthesized relatively

easily. Thue, the chemical synthesis of hormones up to 32 amino acids

(AA) in length can be competitive with those derived from biological

sources Since volypeptide hnormones can also be synthesized genetically,
the practicality of doing so must be assessed on o case-by-case basis.

The main criteria necessary for assessing the practicality of one

. \ . .
aethod vis-a-vis tae others are:-




(a) cost of raw materials:

(b) the cost of separation, purification ard removal of

contaminants;
(e¢) labour and equipment costs; '
(a) costs and suitability of comparable materials gathered

from organs or fluids obtained from enimals or people,

(2) Insulin
Insulin is composed of two chains (A and B) of amino =2ids. Work on the

genetic engineering of insulin has proceeded quickly and both '

chains of human insulin have been synthesized. It .s worth noting that
vhile 2,000 1 of fermentation brew would yi<ld 1 g. of purified insulin,
16 g. of animal pancreas would be required to produce the same

amount. Current research is under way tn increase the yield (the

aversge diabetic requires 2 mg of animal insulin per day).

Genetically synthesized insulin, however, is not yet ready for commercial use. '

The drug has to be approved by the United States Food and Drug Administ.ation
(FDA) and marketed as a product as least as good =s the imsulin product pro-
duced conventionelly. The c¢linical rationalé béhind using a human insulin is
due to the differences in structure among insulins produced by different
species. It remains to bc czen how many patients willi be better off with
human insulin and whether the side-effects of diavetes, rctinopathy and nephro-

pathy will be minimized.

() Crowth Horrone
Growth hormone is another polypeptide hormcne awaiting approval by the FDA.

It is a single chain polypeptide, 191 to 198 AL in lengtn and is
essential for postnatal hman growth. The secretion of insulin is
stimulated by growth hormone and the action of growth hormone in
the body depends on the presence of insulin. Huran growth hormone,
apart from correcting dwarfism, is alao found to be of therapeutic

value in other areas, namely:-

() senile osteoporosis (bone decalcification);
(i) other nonpituitary growth deficiencies such as Turner's
svidrome:
7iii) intrauterine growth retardation;

(iv} bleeding ulcers that cannot be controlled by other means;
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{v) burn, wvound s~4 bone-frecture healing.
The preparation of micro-organisms with the capecity far synthesizing
& I =

growf& hormones has been achieved.

(¢c) Other iormones
Other polypeptide hormones where rDNA synthesis is being attempted

include:-
(1)  Parathyroid hormone {84AA) - may be useful for bone
disorders, e.g. osteoporosis:
(ii) Nerve growth factor (118 AA) - influences development,
maintetance and repair of nerve cells and thus. would be

significant for nerve restoration in surgery;

(iii) Erythropoietin -~ glycopeptide mainly responsible for blood
cell development, may be useful for haemorrhages, burns,
anaemia end other heemotclogic conditions.

2. Immunovnroteins
Tmmunoproteins are the class of proteins which are part of the

immune system, e.g. antigens, interfernns, n~ytokines and antibhodies.
Since polypeptides are so relevant to imrmunology, developments in
genetic engineering wvill affect the entire field. Hence, genetic
engineering is expected to play a major role in controlling
immunological tunctiomns, particulearly as it is the only known method

of synthesizing many of the agentis that comprise immunopharmacology.
(a) Antigens (Vaccines)

Genetic engineering could produce harmless vaccines to figh"
infectious diseases ard scientists expect this areaa to benefit

grestly from genetic engineering.

Iemunity from live vaccines is greater than tha” firom non-living
antigens. This is though% to be because a living micro-organism can
create more antigen over a longer period of time, i.e¢. provide a
continuous "booster shot” effect. Thus, genetically engineered
antigens are expected tc provide a stronger and more sustnined effect
than the conventional vacciiues. Additionally, the conventional
vaccines,consisting of killed micro-organisms produce a certain

gmount of side-effects.




Other vaccines which are expscted to be produced via genetic
engineering are those to comtat influenza, polio, 3iphtheria,

hepatitis and foot-and-mouth disease.

Genetic engineering could lead to other uses of antigens as
well: vaccines against parasites( =.g. hookworm, or malaria),
immunization regarding cancer treataent and counteracting abnormal

antibodies against healthy tissues (e.g. multiple sclerosis).

{(b) Interferons

Interferon is & protein which is produced by a variety of
cells vhen infected with a virus. It inhibits viral reproduction
and induces resistance in host cells. Add tionally, interferon has
teen found to have at least 15 other biochemical effects partly

involving other elements of the immune system.

Initial studies have shown interferon to be prcmising in the
treatment of viral diseases, e.g. rabies, hepatitis, shingles and
various herpes in’ections. Currently, several preduction methods
are being investigrted, namely extraction from white blood cells,
tissue culture production and rDNA. rDNA is thought to be the

key to mass production.

Since recent studies have shown interferon to be promising
in cancer treatment, interferon production has received tremendous

attention.

(¢c) Lymphokines and Cytokines

Lymphokines and cytokines' are regulatory molecuies studied
in immunology (interferon is often coasidered to be a lymphokine
thet has been sufficiently characterised to be considered independent).
Lymphokines, which are biologically active soluble factors produced
by vhite blood cellc, are throught to be directly involved in the
immune response system, C(Cytokines, which have similar effects tc

lymphokines, include several compounds associated with the thymus

gland.

Both lymphokines and cytokines are believed to be effective
in treating cencer and genetic engineering is a useful tool for

synthesizing them.




{d) Antibodies

Antibodies are proteins found mainly in the blood system.
They are prodrcaod normally or in response to an antigen and
characterised by a specific reactivity with its complementary
antigen. Previously, all antibodies vere produced from human or
animal blond cells. However, now they can be pruvduced using rDNA.
This new high level of purity, not previously possible, produces
antibodies which are more specific, and thus more effective. The
application of antibodies in medicine includes Ziagnostic testing,
improving acceptance of organs after transplants, and fighting

certain types of cancer,

(e) Srymes and Other Proteins
i) Enzymes

Enzymes, the biochemical ‘atalysts, play a small role in
therapeutic medicine. Biologically, they are considered ‘o be
potent, versatile and diversa. Conventionzl methods of obtaining
enzymes are either via extraction from huran blood, urine, or organs,
or production by zicri-organisms. rDNA offers an efficient and

more economic method of synthesising enzymes.

The main use of enzymes in nedicine is to treat haemophilia.
The most comzon agents are Factor VIII and Factoi IX both of which are
derived from hmuan blood plasma. However, the risk of hepatitis
associated with human vlasma-derived products is very high. Thus, the
need for nigh quality pure enzymes which could be derived from

rDNA is strong.

Another enzyme, arckinnse used for removing bdblood clots (which
could lead to strokes, myocardial jnfarctions, ete.) is currencly
produced either from urine or tissue culture. Here too, rOCNA could

provide a more economical niethod of producing the enzyme.

(ii)  Other Proteins

The structural proteins such as the collagens (the most
abundant protein in the body), elastins, keratins, albumins,

globulins and many others could be produced through genetic engineering.
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Sowever, their widespread use in medicines has to pe established before

werrenting rDNA synthesis oo an industrial scale. Cnc notable excepticn,
however, could be serum albumin which is a protein in blood plasma. Its
mein “herapeutic use is to reverse the effect of shock. It is envisaged

that the United States Department of Defence, for example, may find it
val-able to have a ready source of hiuman serum albumin rather than having

to depend on blood donors.
(iii) Antibiotics

Antimicrobial agents for the treatment of infectious diseases have been
the largest selling prescription pharmaceuticals in the world for the past
three decades. Most of these agents are antibiotics - antimicrobiale
naturally produced by uicro-organisms rather than by chemicel synthesis cr

by isolatior. from higher organisms. Yowever, one major antibiotic, chloram-

phenicol - originally produced by & micro-organism, is now synthesized by

cnemical methods. The field of antibiotics, in fact, provides most of the
precedent for employing microbial fermentation . produce useful medicel sub-
stances.

Artibiotics are complex, usually non-protein substances, which are
generally tne end-products of a series of biclogical steps. Not a single
antibiotic has had its complete biosynthetic pathway elucidated. This is
partly because there is no single gene that can be isolated to produce an
antibiotic. However, mutations can be induced within the original micro-

organism so that the level of production can be increased.

Other methods can also increase producticn and possibly create new anti-
biotics, for example, microbial mating. The technique of protoplast or cell
fusion provides a convenient method for establishing a recombinant system in
strains, species, and genera that lack an efficient natural means for mating.
For example, as many as four strains of the antitiotic-producing bacterius

treptomyces have been fused together in 2 single step to yield recomninants
thut inherit genes from four parents. The technique is applicable to nearly
all antibiotic producers. It will help combine the benefits developed in
divergent lines by mutation and selection. The value of protoplast fusion,

therefore, lies in potentially broadening the gene pool.

Recombinant DNA techniques are also being examined for their ability to
improve strains. Many potentially useful antibiotics do not reach their
comrerciel potential because the micro-organisms ~annot be induced to produce
sufficient quantities by traditional methods. The synthesis of certain
gntibioties is controlled by placrids, ané it iz believed tnat some plasmiis

mey nen-st2cifically enhance antibiotic production and excretion.




tiv) Non-protein pharmaceuticals

In both sales and quantity, over 8C per cent of the pharmaceuticals
produced today are nct made of protein. Insteed, they consist of a .
variety of organic chemical entities. These drugs, except for antibiotics,
are either extracted from some natural plent or ecimal source or are

synthesized chemically.

Developments based on genetic technigues to increase the production
and secretion of key enzymes could substantialiy improve the economics of
scme presently inefficient processes. Currently, assessments are veing
carried cit by various companies to determine which of the many non-protein
pharmaceuticals can be manufactured more ‘readily cr more economically by

biological means.

(v) Impacts

It is worth emphesizing at this point that although genetic engineering
provides an efficient and economic method for synthesis of pharmaceuticals,
both the United States National Institutes of Health (NIH) and the FDA have to

assess and approve each drug before it can be made commercially available.

By making a pharmaceutical available, genetic engineering can have two
types of impact. Firstly, pharmaceuticals which already have medical
promis~ will be available for testing (e.g. interferon). Secondly, other
pharmacologically active substances which have no known use will be easily

available for researchers to investigate their potential.

The ability of the new technology to increase and improve vaccine pro-
duction through rDNA is indeed a boon to the people or the developing
countries. Antibody-based diagnostic tests, developed through rDNA may

include early warning signs for cancer.

Whether new pharmaceuticals are produced or new production methods for
existing pharmaceuticals devised, future sources f£ar the drugs may change.
Currently, the sources are diverse plants, animal organs, tissue culture,
cells and a range of raw macverials, but with genetic engineering, the choice

i3 narrower.

Given the above assumption, the immediate direct eccnomic impac: of using
genetic engineering in the industry can be estimated in billions of dollars.
While the indirect impact (sales for suppliers, savings due o decreased sick

days, etc.) is estimated to be several times “hat value.




A. General View

The organic chemicals initially used by Lamans to make useful materials,
(e.g. cotton, linen, silk, leather, dyes, etc.) were all obtained

from animals and plants and thus were renewvable sources. At the
beginning of the twentieth ceatury petroleum, which was relatively:éheav.
began to be widely used as a rav.material. Hovever, due to the rising
cost and rapidly Jecreasing sourres of petroleum, the chemical industry
is looking for alternatives. Most industrial anelysts, therefore, expect
s shift back to the natural renewable resources referred to as biomass.
Cenctic engineering will probably play an important role in emhancing
the possibilities by aliowing bionass and carbohydrates to be converted
into chemicals. Biology is thus expected to have a dual function

of providing both the raw materials and a production proces~ for the
chemical industry.

The chemical industry is one of the largest and most important
in the world today. The main raw materials are petroleum, coal,
min:rals (phosphate, carbonate) and air (oxygen, nitrogen). About two
thirds of the industry is devoted to inorganic chemicals (iime, salt,
ammonia, chlorine, hydrogen chloride, carben dioxide) while the remaining
~ne third, which is the focal point for biotechnology produces -rganic

chemicals (plastics, synthetic fibres, synthetic rubber, organic solvents).

A few industrial production processes utilise fermentation, e.g.
the production of citric and lactic acids and various amino acids.
Citric acid, vhich is one of the major industrial acidulants, is
comzerciaily produced by the mould Asverrillus niger. Lactic acid

production is based on the bacterium species Lactobacillus. Most, i

not all, of the amino acids have benn the target for microbial
production. The two important ones in the chemical industry produced
by fermentation are glutamic acid (as a base for monosodium glutamate -

a tlavour enhancer) and lysine and L-lysine (as animal feed additives).




", New Urocess Introfuction

The introduction of biotechnology and genetic
engineeringto the chemical industry ought to de regarded not &s the
creation of a nev industry but as the revivai of an old one.
The main advantages are envisaged as the use of renevable resources,
less extreme conditions, use of single-step production processes and
a reduction in pollution (e.g. a micro-organism could be constructed
to directly convert cellulose in wood into ethanol).

1. Renewable Sources

During photosynthesis, ;lants convert carben dioxide into
carbohydrates. Part of the carbohydrates are, in turn, converted
into the plant's energy requiremsnts, while the rest are accumulated
as starch, cellulose, iignins and other materials collectively termed
as biomass. Now genetic.engineering has the potential to alter the
chemical industry's dependence from petroleum-based raw uaterials
to biomass. Howvever, since the cost of carbohydrates and other
biological materials is also increasing the industry may be cautious
at this stage

2. Phvgicallvy Milda» Torditiors

Chexical reactions can be accelerated by increasing the
temperatures and pressure cr using a suitable catalyst. On the
industrial scale, however, a catelyst K in addition to high temperatures
and pressures is necessary to produce most organic compounds.

Enzymes can accelerate reactions without extreme *° 1 conditionms.
Such reaztions occur in dilute agqueocus soluticn 3, ambient

teaperatures and stmospheric pressure,

3. One Step Production Methci

The chemical synthesis of coxpounds, invariably a multi-step
proceas,involves isolation and purification of each intermcdiate
before it can be used. Furthermore, the chemicals yged and the by-
products of the reaction are ¢ften toxic and require special disposal.
In biological systems, the converzion is a single step process (although
several steps could occur within the micro-organism) minus the

unnecessary labour of purification.

—— v ————
.
IS —
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L. Reduced Follution

Chemical reactions, both catalytic and non-catalytic, are
not ordinarily limited to making the end-rroduct exclusively. The
formation of side—products and/or by-rroducts and the incomplete
conversion of starting materiel are common phenomena,” When side-
products and by-prcducts are of no value or when unconverted raw
materiels cannot be economically recycled, waste disposal and
pollution problems arise. A genetically engineered organism,
however, can be product specific. additionally, biological processes
in general simplify product recovery. Furthermore, waste products,
if created by biologically-based chemical processes, tend to be

biodegradables as well as useful sources of nutrition.

The Uaited States Invironmental Protection Agency (EPA) estimates
that chemical and allied industries, in the United States Gover.ment anc
industry together, will spend abcut 326 billion during the decade 1977-19E6
to control air and water polluticn. it has been speculated that if just
five per cent of the industries used genetic engineering, the monetary

saving on nolluticn could be $107 =illiscr rer snnur.

<. Industrial Chemicals That fay 3e Produced by Diological Technologies
1. Overview

Two gquestions are important when assessing the feasibility or

desirability of producing various chemicals biologically. They are:

‘a) vhich compcunds can be produced biologically
(even theoretically)?

(v) vhich compounds may be primarily dependent on genetic
techrology, given the costs and availadbility of raw

raterials?

Virtually all organic compounds can be produced biologically,
Three variables affect the answer to the second questioﬁ: the availability
of an organism for the conversion, the cost of the raw material and

the cost of the production process.

The constraints vary from cozpound to compound. However,

although the role of .genetics must be on a product-by-product basis,
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a few generalizations can be made. Overall, genetic engineering

will have an icpac*. on three processes:

{a)

(v)

“e)

Aerobic fermeniation - vhich produces enzymes, vitamins,
pesticides, amino acids, nucleic acids and other
speciality cheamicals - is well established and should be
alloved to grow. Production of both complex biochemicals
(a~tibodies, growtn factors aid enzymes) and less
complicated molecules (amino acids and nucleotides) is

expected to increase:

Anaerobic fermentation - wiich produces orgcnic acids,
methane and solvents - is an industrially expanding area,
The main constraint on the production of other organic
acids and sclvents is a cheaper method to convert cellulose

into fermentable sugars:

Cherical modification of both aerobic eand enaerobic
fermentation products has promise. Biological technologi=es
vhich operate at atmospheric pressure and ambient tempera-
tures can resplace the harsher ohysicel conditions of the
chemical technologies. This has already been attempted

for ethylene glycol production which is awaiting patent
approval.
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2. Fertilizers, Polymers and Pesticides

(a) Fertilizers

The industrial production of nitrogenous fertilizers requires
large amounts of gaseous ammonia (which in turn is made from petroleum
by-products) and extremely high temperstures and pressures. The
enzymatic conversion of atmospheric nitrogeﬁ to ammonia, nitrogen
fixation, occurs in bacteria associated with the roots of
legumizous plants. Apart from the enzyme's sensitivity to oxygen
and the lack of understanding about its mechanism, the microbial

production of armonia is not yet considered economically viable.

However, the genes for nitrogen fixation have been transferred into

yeast thus opening up the possibility that egriculturally useful nitrogen

can be made by fermentation.

(b) Polymers

A large part of the chemical industry is involved in polymer
production which is based on petroleuzm and its by-prodicts. Sinece
polymers are built from monomers, which are chemically simple and
aveilable in relatively high yield from petroleum, their microbial
production in the near future is not expected. However, the essential
impa:t of biotechnology on polymer production is expected %o be
considerable. Most of the important constituents of cells are
polymers (proteins, polysaccharides, polynucleoticdes, etc.).
Since cells normally assemble polymers with high specificity,
the ideal industrial process would have to imitate the biological
process in every possible respect. A micro-orgarism would have
to convert a raw material into a monomer, followed by polymerisation
and then finally to form the end-product. A more likely application
would be the development of new monomers for specialized applications.
Since polymer chemistry is concerned with studying now their properties
can be modified, it is conceivable that biotechnolegy could enable

the modification of both function and form.




\c} Pesticides

The largest market in pesticides involves the chemical and microbial

control of ins cots. Although microbial insecticides have been around

for years, they comprise about five per cert of the market. However, recent

sw.ceesses 1n developing viruses and bacteria which produce disease
in insects, and the negative publicity given to chemical insecticides,

have encouraged the use of microbial insecticides.

Of the 15,000 known species of insects, only 200 are sufficiently
harmful to warrant control or destruction. Fortunately, most of
them are sensitive to certain micro-organisms which, if they are not
toxic to humans, non-target animals and plants, coild be commercially
utilized as insecticides. Approximately 100 known species of bacteria

are pathogenic to insects. But only three (Bacillus popilliae,

Bacillus thuringiensis, and Bacillus moritai) have been developed

into commercial insecticides.

Cenetic engineering should make it possible to construct more
potent bacterial insecticides by increasing the dosage of the genes
that code for the synthesis of the toxins involved. It may also be
possible to produce mixtures of genes capable of directing the

synthesis of various toxins.

D. Constraints on Biological Production Technigques

The main obstructions to using viological production technology

are associated with oiomass; these incl:7z:

(a) competition with food needs for starch and sugar;
(b} cyeclic avaiiability;
(¢} tio-degrability and associated storage problems;

(d) high moisture content for cellulosics and high
collection and storage costs;

(e) mechanical processing for cellulosics;

(f) the heterogeneous native of cellulosics (mixtures
of cellulose, hemicellulose and lignin;;

(g) the need for disposal of the nonfermentable portions
of the biomass.

For food-related biomass sources (sugar, corn, sorghum) there are

few, if any, technological barriers for conversion to fermentable sugers.
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However, i~ the fermentation of sugars is to be as profitable as their incorpcratior
into food. subsidies will ke recuired. For biomass sources
(agricultural and municipal wastes, wood) technological . rriers
exist in collection, storage, pretreatment, fermen‘.tion ani waste
disposal. Furthermore, biomass hes %t be transformed into sugars by

either chemical or cnzymatic processes before fermentation caza begin.

A second major problem is concerned with the purification stage.
Most fermentation products are in dilute solutions and concentrction

is epnergy-intensive.

Altrough developments in genetics show tremendous promise for
creating more versatile micro-organisms, they do not by themselves
produce cheaper fuels or plastics. However, genetic engineering is
expected to reduce the production costs in many steps.

E. cts

l. Overview

Cost of rav materials may become cheaper than the petrolstm now
used (especially if cellulose conversion technologies can be developed).
The souice of raw materials would be broader; especially sinca several
types of biomass could be incerchanged when necessary. Raw paterials
like orgaric wastes, could be processed both to produce products and
reduce pollution. But, the impact on total imported petroleun will be

low.

Impacts on the process include relatively cheaper production costs
for selected compounds. Additionally, milder physical conditions can
be used suggesting the process might be safer. Altbough chemical
pvollution nay be lower alternate methods of disrosal or new ones must

ke found for the micro-organism now used.

Impacts on products include both cheaper existing cheaicals as
vell as ccmpletely new products. Furthermore, new uses for enzymes
may expand and drive this sector of the industry.

2. Imvacts on other Industries

Althougzh genetic engineering will and can develop new techniques
for synthesising many substances, the direct displacement of any present
industry appears to be doubtful. Genetic engineering shouid e considered

es another industrial tool. It is misleading to refer to "geaetic
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engineering companies" as a . industry; the compan’.s arose mainly
1o convert micro-organisme wilh little commercial use into micro-organisms

wvith commercial potential.

Since genetic engineering is a relatively small-scale laboratory
operation, geneti: engineering companies will continue to offer services
tn companies where such expertise is lacking. Additionally, suppliers
of genetic raw materials may decide to expand into the production of
genetically engineered organisms. Finally, companies are beginning
to examine their by-products or waste products as possible sources of

conversion into useful products.

3. The Social Impacts of Local Industrial Activity

Despite the extensive media coverage of rDNA and associated gemetic
enginee; ing research, there is little, if any, evidence that people who
live near such companies are concerned about possible hazards.

Companies, so far, have adhered to the NIH Guidelines.

k. Impacts on Manpower

Two types of impact- on workers can be expected:

(a) The creation of jobs that replace those hecld by
others (e.g. a worker in chemical production may
be replaced by one prodv:ing the same product
biologically);

(b) Creation of new jobs.

Workers in three categories would be affected:

(a} "hose irvolved in the fermentation production
phase of the industry;

(v) Thos: involv.d in the R+D phase of the industry,
particularly professionals;

(¢) Those in support industries.
The number of workers involvad in the production phase of biotechnology

represents the major impact of genetic engineering. Estimates of the

number of totally new jobs that would be created are speculative.
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IV. THEE TOOD PRCCZSSING INDUSTRY

A. Gepneral View

Genetics can be used in the food processing industry in two ways.
Primarily to design micro-organisms that transform inedible biomass into
food for human consumption or animal feed.. Secoﬁdly to design organisms
that aid in food processing, either by acting directly on the food itself

or by providing materials thal can be added to food.

Traditionally, micro-organisms were used to stabilize, flavour and
modify properties of food. Recently, efforts were made to control micro-
bial spoilage and to ensure that foods were free from micro-organisms
that may be hazardous to public health. These are the two major ways

in vhich microbiology 1as been useful.

B. Single-Cell Prctein (SCP)

1. Introduction

Interest in augmenting the world's supply of protein has focused
attention on microbial sources of protein as food for both animals and
humans. Bacteria and/or yesst have been grown in large guantities to
supply SCP for consumption. The protein can either be consumed directly
as part of the cell or be processed into fibres. The idea of using SCP
as animal feed or human food is not new; yeast has been used as food
protein since 1900. Recently, however, there has been a sudden
increase in research on SCP and in the construction of large-scale
plants for its production, especially yeast production. Soyabean, too,
is another quick source of protein and soyabean products are rapidly
increasing in popularity. While significant researéh is directed at
the genetic improvement of soyabeans, genetic techniques are also being
investigeted to increase the production of SCP. Thus, ironically, the

seme tool (genetic engineering) encourages competition between the two.

2. Genetic Engineering and SCP Production

Many substances are being considered as raw materials for conversion
to SCP.

(a) Petroleum-based hydrocarbons - until recently the n-alkanes
(petroleum by-products) were suitable raw materials for SCP production.

At 3British Petroleum. mutants of micro-orzanisms with an increased »rotein conten<«
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have been isolated. Mutants also have been found with other increased

. .L.‘-<- - - .‘ )
nutriiive valusds, e.g. vitamin contents.

(b) Methane or methanol - relatively few genetic studies have
been directed at investigating the genetic control of the microbial

use of methane or methanol. However, Imperial Chemical Industries (ICI) has

altered the genetic make-up of the bacterium so that the organisms can grow more

readily on methanol. The increase in growth provides an increase in protein

and has made production less expensive.

(¢) Carbohydrates - many carbohydrate substrates have been
investigated. Forests are the most ebundant carbohydrate source
(as cellulose). But the cellulose must be transformed by chemical
or enzymatic pretreatment into glucose (the carbohydrate) before
-it can be used by micro-organisms. Many of the SCP processes that
use cellulose employ orgenisms that produce the en~yme cellulase,
and this degrades cellulose to glucose.

Recently, there have been some significant studies on the
production of cellulose by micro-organisms. Some studies have also
been done on creating fungal mutants that, produce excess amounts
of cellulose.

3. Commercial Production

It is estimated that 2 million tons of SCP are produced annually
in the world. Most of this comes from cane and beet molasses,
and about 500,000 tons from hydrolised wood wastes, corn trash

and paper mill wastes.

It is possible to design integrated systems to couple food
production (or other "product" production) with SCP production
from westes. For example, the waste sawdust from the timber
industry could be a source of cellulose for micro-organism. The successful
genetic engineering by ICI of a micro-organism to increase the
usefulness of one raw material (methanol) is the beginning of similar

attempts for other raw materials.

While SCP can be obtained from a wide variety of micro-orzanisms
and rawv materials - the nutritional value and safety of each micro-
organism vary widely. So do the costs of competing vrotein sources
in regional markets. Thus it is not possible to arcurately predict
the extent to which SCP will displace traditional protein products.

Displacements will continue %o cceur 2n a case-by-case tasis.




Genetics in Brewing, Baking and Winemaking

The micro-organism of the greatest significance in the above industry

is yeast. Yeast was one of the first micro-organisms to be used in genetic

research. However, .n spite of studies in yeast genetics, its applications

are few, for three reasons:

(a)  Industries alreedy have the desired strains (from trial
and erior);

(v)

New genet: ' strains are not easily bred; they are
incompatible for mating and their genetic cherecteristics
are poorly understood;

(c) Many of the important characteristics of industrial microbes
are complex - several genes are responsible fo:r each.

1. Brewing

Duv2 to the changing technologies in the brewing industry and
icerzased sophistication in the molecular genetics of yeast, researchers

have achieved new goals, for example, a low-carbohydrate beer
for diabetics. ‘

2. Beking

Yeast with new properties for the faster fermentation of dough are

now being used. New strains, with improved biological activity, storage

stability and yield permit improvements in the baking industry. Previously,

most genetic application was in the formation of hybrid yeasts. The newer
genetic approach, however, which uses cell fusion opens up possibilities
of hybrids developed from strains of yeasts which carry useful genes

but cannot mate normally.

3. Winemeking
Genetic research which was carried out with wine yeasts during the

past 10 years has achieved the following:

(a) increased alcohol tolerarce;
(b) improved sedirentation proper<ies;

(¢) improved performance.

Progress in developing strains of yeast with novel properties is

hindered by lack of suitable approved systems for using reccmbinant DNA.
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D.  Microbiel Polysaccharides

Polysaccharides are polymeric sugars which are used to alter or
control the physical properties of foods e.g. &s thickeners, gelling
agents and agents to control ice cryst..l formation in frozen foods.

Since polysaccharides are generally der.ved from plant sources

microbial polysaccharides have had limited use. To be economically
viao’e, & microbial polysaccharide has to be readily available, offer
new properties and be considered "safe". To date very few have reached
the commercial application level. The only :ne which is used extensively

used commercially is Xanthum gum which is produced from Xenthomonas
campestris.

So fa~, mo:st of the wirk on polysaccharides h;s been on one particular
strain, but there is growirg evidence that they couid also be produced
from other strains. However, elucidation of the biochemical pathway for
the synthesis of a particular microbial polysaccharide as well as an
understanding of the s&stems thct control microtial production are

necessary before applying genetics.

o
E, Enzymes
1. Overview

Enzymes ere produced for industrial, medical and laboratory use
both by fermentation processes (Uusing bacteria, moulds and yeasts) and by
extraction from netural tissues. At present less than 50 microbisl
enzymes are of industrial importance but patents have been given for
more than 1,000. This suggests that it may be easier to discover
new enz;mes than to find a profitable market for them. Most' enzymes
are used in the detergent industry and the food processing industry

especially for processing starch.

2, Food Processing Industry

If biotechnology is epplied to the fermentation processes, & larger
number of enzymes will be made more available. Furthermore, genetic
engineering can open up cormercial possitilities in the food industry.
Consider, for example, the enzyme pullulanase which degrades pullulan,

a polysaccharide, to maltose or high-maltose syrups,
which enhance the colour and brill. ance of jams and jellies. Additionally,

they also reduce the off-colour develcrmant produned by heat in sweets and
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preveat sandiness in ice creams by inhibiting sugar crystallisation. Maltose
is pico the least water-absorbent of the malto= sugars and despite being
less sweet than glucose it has a more acceptable taste. Additionally, it

is fermentable, nonviscous, easily soluble and does nct readily crystallise.

Pullulanase can al-o bresk down another carbohydrate, amylopectin, to
produce high amylos starches. These starches are used in industry es
quick-setting, structurally stable gels, as binders for strong transparent
£ilms and as coatings. Their acetate derivatives are added to textile
finishes, sizing adhesives and binders. In food, amylose starches thicken
and give texture to sweets and sauces, reduce fat in fried foods and
stabilize the protein,nutrients, colour and flavour in reconstituted

foods e.g. meat analogues.

In view of the current shortages of petroleum-derived plastics and
the need for a bio-degradable replacement, amylose's ability to form
plastic~like wraps may provide its largest industrial market - but that

market has not yet been developed.

If applications for the pioducts made by pullulanase can be developed,
genetic engineering can be used to insert this enzyme into industrially
useful orgenisms and to increase its production. However, since the food
processing industry can only use enzymes that are obtained from sources
approved for focd use, and since the chief source of pullulanese is a
pathogenic bacterium,Klebsielle aerogenes, significant efforts héve not
been made to apply genetics to improve production or quality. 2Perhaps
genetic engineering could transfer the pullulanase trait from Klebsiella

aerogenes to a micrc-organism which is approved for food use.

3. Sweeteners, Flavours and Fragrances

Biotechnology has had a marked impact on the sweetener industry. Due
to the aveilability of the enzymss glucose, isomerase, invertase and
amylase, the produ tion of high fructose corn sweeteners (HFCS) has been pra

ritasle. For example, the Coca Cola Company uses five per cent fructose.

Although it is unlikely that sucrose will ever be made by micro-
organisms, the microbial production of low calorie sweeteners is a
distinct possibility. Three low calorie sugars, aspartame, monellin,

and thaumatin have been studied.
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F. General View

An industry-wide impact is not expected due to the following three

reasons:

(a) The batic genetic inowledge of characteristics that could improve

Jood has not been adequately developed;

(b)  The food processing industry is cautious in its
expenditures on R+D for important processes; generally, they
allocate half as much as the more technically sophisticated
industries;

(c) fThe products from the new micrcbial sources must
satisfy the FDA safety regulations; it may be possibie to
reduce the amount of testing by transferring the gene into

micro-organisms that already meet FDA standards.

However, it is expected that the application of genetic technologies

will accelerate. The aim is to draw technically sophisticated companies

into the business.




V. MINFRAT. LEACFING AND RECOVERY

Most genetically engineered micro-organisms are desi-ned for coatained
facilities. However, some are examined for usefulness in chc open environ-
ment for purposes like mineral leaching and recovery, 0il recovery and
pollution control, All three applications are characterised by:

(a) use of lerge volumes of micro-organisms;

(b) 1less control over the behaviour and fate of micro-organisas;
(¢) possibility or ecological disruptiong

(d) 1ess basic R+D.

A1l micro-organisnms interact with metals. Two interactions which are
of potential economic and industrial interest are leaching metals from
their ores and concentrating metals from wvastes or dilute mixtures. The
former would allov the extraction of metals {rom large quantities of
lov g-ade ores while the latter would provide a method for recycling
precious metals and coatrolling pollution caused by toaxic metals.

A. Miecrobial Leaching

When metals in ores ar~ made soluble by bacterial action it is
termed microbial or bacterial leaching. Historically, the process has
been shown to be effective.

Leaching begins with the circulation of vater through large
quantities of ore. The bacteria, wvhich are naturally associated with
the rocks, then cause the metals to be leached. This is done by ome
of two general mechanisms - either the bacteris act directly on the ore
to extract the mctal or they produce substances (e.g. ferric irom and
sulphuric acid) which then extract the metal. 1- has been shown that
edding acid is not as efficient as using live bacteria. 1Inm fact,
empirical evidence indicates that some of the bacteria involved in
mineral leaching bind strongly to those minerals.

The application of the leaching process to uranium mihing has
aroused considerasble interest due to the possibility of in situ mining.
It has also been suggested that extending this practice to other mines
would be environmentally beneficial due to the minimal disruption of
land surfaces. Although the process is slowver than the current

techoology, it is cheaper and simpler.




B, Avplied Cenatics in Strain Inprcvement

Thiobacillus ferrooxidans is the bacteriux mcst studied for its
leaching properties. Very little is known about the mechanism concerning
the leaching ability in the bacteria. This is because very little infor-
mation exists in two areas: the chemistry of interaction between the ,
bacteria and the rock surface, and the genetic structure of the micro-

orgexnism.

Due to the lack of genetic and biochemical information about these
bacteria, the apgicati-u of genetic technologies to mineral leaching is

still speculative. Progress is slow.

Even vhen scientific knowledge is gathered, two obstacles to the

uase of genetically-engineered micro-organisms will remain:

(a) The need to develop engineering systems on a large
enough scale to exploit biological activities. A constant inter-
change between geneticists, geologists, chemists, engineers etc. must
take place - i.e. each must understand the needs and problems of the

other, The answer lies in formipg an interdisciplinary grounp.

(b) This obstacle is envirommental. Introducing large numbers
of genetically engineered micro-organisms into “he environment raises
questions of ecological disruption, as well as iiability, if damage occurs

to the enviromment or human healéh.

C. Metal Recovery

The use of micro-organisms to recover metals from dilute solutions
has two goals, namely to recover metals as part of a recycling process and to
eliwinute any metal that may ve a pollutant. The vrocess utilizes
the ability of the micro-organisms tc tind metals %c their surfaces and

then concentrete them internelly.

Studies have shown that micro-organisms can be used to remove
metals from industrial effluents. This is particularly useful for low
concentrations (10 to 1oo’ppm) vhere non-biological methods are

uneconomical.
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The economic competitiveness of the biological methods have still to be
proved; the genetic improvements, however, have been tried only recently.
The cost of producing the micro-organisms has been a major contraint; if

this can be reduced, the method might be useful.

Like other biological systems, genetic engineering may increase the
efficiency of the extraction process. However, the capability to select
cells with the genctic ability to accumulate large amounts of specific,
desired metals will be a significant stride in desighing & practical

system.
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VI. OIL RECOVEFY

0il production can be increased by the following three methods:

(a) accelerating exploration for new oil f.elds;
(v) mining oil shale and coal and converting them into liquids}
(c) developing new methods for recovering oil from existing

reservoirs.

There are three methods of oil recovery - primary, secondary and
tertiary. In primary methods, physical expansion is used to drive the
0il out of the formation. In secondary methods, a fluid (water, natural
gas) is injected into the reservoir to force the oil to the well. The
tertiary method (also known as enhanced oil recovery (ECR)) is relatively new.
It uses chemical and physical methods to increase the mobility of the
0il - thus faciliating other forces to drive it out of the ground. It
is here that genetic engineering could be used - e.g. a micro-organism
could be used to help bring out the oil. The tertiary method is good
for oil in sandstone and limestonereservoirs as well as for sands

and oil shale.

A. Enhanced 0il Recovery

There are four EOR vprocesses ~ all aimed at dislodginz crude oil from
its natural (geological) setting.

1. Thermal

The oil reservoir is heated which leads to a decrease in the viscosity
of the oil. Using the pressure of the air that is introduced, combustion
occurs which in turn forces the petroleum to the producing well. Thermal

processes cannot be improved usins genetic technologies.

i



2. Miscitle Processes

This process injec and h the cr ‘o
form mixtures that flow more readily. The chemi-als used are alcohols,
carbon dioxide, petroleum hydrocarbons (e.g. propane, butane) and petroleum
gases. A fluid (usually water) is used to push the slug of these
chemicals through the reservoir to mix with the crude o0il and move %o

the surface.

3. Alkaline Flooding, Polymer Flooding and Combined

Surfactant /Polymer Flooding

(a) Alkaline Flooding - sodium hydroxide, sodium carbonate or

other alkaline materials are used to enhance the 0il flow. Neither
natural nor genetically engineered micro-organisms are considered

useful here.

(b) Polymer Flooding - this is a recent and successful method

which depends on the ability of polymers to increase the viscosity of
wvater. Instead of altering the characteristics of crude oil, it aims

to make the injected water more capable of displacing it. !

(c) Combined - here a surfactant (detergent-like material) .
is used to loosen the oil from the surrounding rocks, while the water
that contains a polymer (to increase its viscosity) is used to drave

the oil from the reservoir.

L., Other EOR Methods

This includes many novel possibilities e.g. the injection of live

micro-orgenisms into a reservoir - these may produce any of the chemicals,

from surfactants and polymers to carbon dioxid:, used in the miscible and

flooding processes,.

B. Microbial Production of Chemicals used in EOR

EOR methods which use chemicals tend to be costly due to the cost
of chemicalsg. HOWever, potentially useful polymers were found in the early
1960s and have been used since for oil recovery e.g. polyacrylamide and
xanthan gum both of which can increase the viscosity of water in concentrstions
es low as one part per tdéusand. Xanthar gum, whi-h can be made by micro-

organisms, has good viscous properties but it is expensive to make. Furthermore,

if it is not excerticnally pure, i+t 222 tvluZ reservsir pores. The fluid has

to be filtered carefully to remove bacterial lebris before it is injected.




However, it is possible to genetically ri.gineer a micro-organism
which can overcome many difficulties; e g. polysaccharides (polymeric
suga.»), with improved properties, could “e obtained by microbial

fermentatio. and used effectively.

Biological processes have disadvantages too, _ainly in the costs
of appropriate raw materials and the need for large quantities of solvents.
Recent efforts to find cheaper raw materials e.g. sugar beet pulp and
starch shov promise. It is possible to overcome the problem of pre-
cipitating and concentrating the polymers by producing them in situ
(on the site). Micro-organisms can also produce butyl and propyl

alcohols that can be used as co-surfactants in EOR.

The lack of technical and economic data together with in-
sufficient field experiments makes the situation uncertain. Each
0il field has its own set of conditions and laboratory tests are insufficient

to determine field conditions.

c. Use of Micro-organisms In Situ

If micro-organisms could be injected directly into wells
then the chemicals could be produced in situ (by the micro-organisms).
However, geophysical and geochemical conditions in the reservoirs
seldom favour the grcwth of micro-organisms. The problems are:
high temperature, presence of sulphur and sodium chloride, low

oxygen and water, extremes of pH and engineering hurdles.

The micro-organisms must be fed and the micro-environment must
be carefully adjusted to their needs at thousands of feet. However,
information from geomicrobiology suggests that this approach is worth

pursuing , e-g8. injection of Bacillus or Clostridium species together

vith a vater suspended mixture of fermentable raw materials (cattle
feed molasses and rineral nutrients) has produced plenty of carbon
dioxide, methane, and some nitroge¢n in the reservoirs. The carbon
dioxide made the crude less viscicus and the other gases aided in
redressing the reservoir pressure. Furthermore, large amounts of
organic acids formed additional carbon dioxide through re¢actions with
carbonate minerals. The production ¢l microbial surfactaats further

aided this process.

Although it was formally believed that reservoir pressure hindered

the growth of picro-organisms, recent data shows this is not so.




’

Eovever, the micro-organism must be selected for increased

salt and p}{ tolerance,

J. EOR and Genetic Fneineerine

. The current research approach is a two pnase process,
The initial one is to find a micro-organism which can function
in an o0il reservoir environment with as many of the
necessary characteristics as possidle. The subsequent one is
to alter the micro-organism genetically to enhance its overall
capacity.

The genetic engineering of micro-organisms to produce
chemicals which can be used in EOR has been successful, vhereas
the genetic engineering of micro-organisms to be used in situ has

been less succesaful

E. Constraints to Applying Genetic Engineering Technology in EOR

The genetic data base for micro-organisms that produce useful
polysaccharides is weak and thus theoretical studies cannot de
done Jjust yet.

The biochemical data base for characteristics of both the
micro-organisms and their products is also lacking. There is
potential, hovever, for chemical reactions carried out by microbes -
this has-to be further investigated, Furthermore, a classification
and characterisation system for the micro-organisms must be

devised.

The physical data base for 0il reservoirs is limited due to
the uniqueness of each reservoir. No universal micro-organism or
method of o0il recovery will be found. This is further complicated
by the lack of sufficient physical, ‘hemical and biological
information about reservoirs - and without this it is not possible
to rationalise a constructive genetic scheme for strains. The

conditions have to bde known.

There are three institutional objectives. Primarily since
most of the research results are confidential, the number of

available publications is limited.
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Secondly, neither the private nor public sector is
enthusiastic about the pctential use of micro-organisms in 20R. The
biological approach uas only recently been considered. Thirdly, any
efforts to use micro-organisams rmust be 1mltidisciplinary. Geologists,

m’crobiologists, chemists and enginee.s must interact.

The environmental and legal concerns have also restricted
progress. Since microbial EOR methods require plenty of fresh
wvater, they could compete with municipal and agricultural uses.
The irmediate environzental and legal concerns stem from the potential
risk associated by releasing micrﬁ-organisms into the environment.
When the organisms naturally cause disease or envirommental disruption,
the use is limited. When they do not, the risk is always there.
Caution has to be exercised at all times.

F. Genetic Engineering for Cther Aspects of 0il Recovery and Treatment

Two other aspects of microbial physiology are: the microbial
production of oil_ muds or drill lubricantsAand the post recovery
microbial treatment of oil. Drilling muds ere suspensions of clay
and other materials. These lubricate the drill as well as counter-
balance the upwvard pressure of the oil. Microbially produced

polysaccharidss are being developed for this purpose.

The post recovery microbial treatment of oil concerms the
ability of micro-organisms to remove undesirable constituents from
the erude 0il. Recently, three microbial systems have been
developed to help remove aromatic sulphur-containing materials -

a major impurity.

G. General View of Genetic Engineering in Minine and 0il Recovery

The main thrust is in developing genetically engineered micro-
organisms in either mining or oil recovery. Both require land and
paterials such as fluids and micro-organisms in large quantities.
Laboratory test results cannot be automatically extrapolated to
industrial applications. Furthermore, the variables in the
natural environment cannot be envisaged. However, due to the
potential value of the products in these areas research and

development will continue.
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VII. POLLUTION CONTROL

Micro-organisas have been used for years to degrade and
detoxify human sewage. Now, micro-organisms are used to tackle

Pollution problems caused by industrial toxic wastes.,

Pollution problems have been categorised into two areas -
those present for a long time in the biosphere (e.g. hydro-
carbons found in the petroleum industry and in human and animal wastes)
and those vhich are the result of human inventiveness (e.g.
pesticides). Chemicals of both sorts (due to various reasons)
often appear in places where they are hazardous to ﬁumans or the
enviromment.

Hicrpbes can control pollution in two ways: either by
enhancing the growth aﬁd activity of microbes already present at
or near the site of pollution, or by adding more and/or new
microbes to the site. Genetic engineering cannot aid the former.
However, genetic engineering could meke a significant contribdution
to the latter.

Some companies have already marketed microbes which could be
added to the site. In addition, certain microbes are geared for

specific problems, e.g. oil, sewage, etc.

The cities are cautious about adding dbacteria to large
municipal sewarage systems, but the view that bacteria may be
useful in smaller installations and for specific problems has.
gained support.

The resistance to genetically engineered bacteria is not universal.
Many industrial wastes are oxidised to non-toxic chemicals by
oiological treatment in aerated lagoons. The process depends on
the presence of microbes in lagoons - the microbes that grow
best on the waste eventually dominate the microbial population of
the lagoon. Three companies now sell bacteria which thcy claim

are more efficient than the indigenous strains found in the lagoon.
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There exists, hovever, a disagreement regarding thLe
value of adding microbes to decontaminate soils or "
vaters. One view contends that serious spills often
sterilise soils and adding microbes is necessary for any
biodegradation, while the other argues that encouraging
indigenous microbes is more likely to succeed as they are

accustomed to the spill environment.

Thus, altlough genetics has not been much applied to pollution

control. the potential is strong. The constraints are:-
(a) health, economic and environmental damage;

(b) added organisms are unlikely to be a significant

improvement-

(¢) selling microbes rather than products or processes
is unlikely to be profitable:

The factors which have discouraged development are:-

(a) no convincing evidence that microbes could remove or

degrade an intractable pollutant;

(b) the research required to produce marked improvements

is inhibited.

In order to overcome this inhibition, governments need to
support the research, buy the microbes and to provide for
protection against liability suits, Such a stand would help

protect health and the environment from the toxic effects of
pollutants,
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TIMS HORIZCNS FCR CCITTIRCIALIZATICN
0> GENSTICALLY INGINSZRTD STRAINS

Pive vears

Current market value

Amino iacids (arzinire, assartata, cysteins,
Zlutamate, lyrire, zhenylalanire,

threonine, trygtoshan)

- . 1
Bnzymes (o<-zrylase, amyloglucoridase, aszaragzinise, -/
Baciilus crctezse, gluccse isomerzse, glucose
- . : : . 1,/
oxidzse, 0a2:2in, sepsin, rennin, tyrosine, ~

urokinase)

Fe:tide hormones (2drenscerticosresic normene (ACTH),

bovine grcowth hormone, endorzhins,
1/ 1/
enkerchalins, — glucagon — ,auman

. : : .1/
growtn hormone, insulin, vasopressin -/)

Viral artizens (avian leukemiz, avian myeloblastosis,

Zpstein-3Barr, nezatitis, herces, hool ancd

mouth, Rous sarcoma, rubella, varicella)

Short neptides, nucleotides and miscellaneous proteins

(2scartame, glycine-nistidine-lyzire, interferon, human

serum 2loumin)
Festicides (microbial)

Alich:tice (ethylene slycol, etnrylene cxide, zlycernl,

itaconic acid)

1/ Market informaticn rot availibla

g/ I market r.lue 2~ -resent

§S million[

213

254

n. a.

304




[#AY

Current market value

(8 millionz

Aromatics (asgpirin, p-zcetaminophenol) 99

Total 3 S44

Ter vears
Amino acids (methionine) 294

Vitamins (ricotinic acid, riboflavirn, vitamin B, 5
vitamin C, vitamin 2 561

Zrzymes (ethanol dehyirogenase, hydrozenase) n.a.

Corticoids (cortisone rrednisone, predisolone aldo-

sterone) 3¢6
inirogens (testosterone) 11
Esirogens (esiraiiol) 50

Fe~iide horrones (ovine rowth acrreonz, Iircine growth

hormone) n.a.

Viral antigens (influenza) n.a.

Short peptides, nuclectides and miscellaneour roteins

(SI-IMP, Sl-GMP, monoclonzl antiboaies) 72

Antibiotics (penicillirs, tetracyclines, cephaloszorins,

erythromycins) .2 560

Pesticides (aromatics) 75




Current market value

gs million!

Aliohatics (acetic acid, acrylic acid, adizic
acid, ethanclamine, isobuiylene, rethzne,

sentaerythritol, zroricniec acid, zro-

pylene glycol, sorbitol) 12 904
Aromatics (aniline, benzoic acid, cresols, shenol) 663
Total 17 506

Pifteen vears

Vitamins (vitamin 3) 106
Viral antigens (reoviruses) n.a.
Genie preparations (sickle cell anzepia) n.a.
Arcmatics (rthzlic annydride) 259
Inorganics (ammonia, hydrogen) 2 631

Tot-l m

Twen*v -rears

Gere srerarztions (hnerc: hilies, thallasemias) n.a,

Aliphatics (Bis (2-ethylnexyl) adijate), critronellal,
citronell:l, geraniol, linalool, linalyl
acetate, nerol,ol-terzinesl, oC-terrinyl

acetate) 57




Aromatics (cinranaldenrie, dilsodecyl .:

-38-

Current market value

diocytl phthalate) 23

Totz2l 288

Current markat value

(8 million)

Five years 3 544
Ter. years 17 506
Fifteen years 3 046
TwWerty Yyezars 298
Total €24 334

£23.2=2

L)

Ivcezt Tor zromatics 2nd 2llohatics, all ~zrxet 2zta reoresent
worldwide estimetes. I-urke: da*a “or aromatics and aliphatics
are ressricted to *he United States.










