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ABSTRACT

This study reoresents g portion of an overatt EPA/CRD assessment of future
environmental trerds and problems. With the aim of providing the EPA with
information on emerging tecknologies, the focus of this report is the irdustrial
use of applied genetics. The following five industrici sectors cre examined:

pharmaceutical, chemicats, energy, minirg, and po!lution control.

Following a brief historical review of the important developments in oacsic
bioiogiccl research that heralced the advent of modern biotechrology, the report
cescribes the varlety of experimental ard commercial techniques thct are
encountered in this fleld. These various methods include recombinant DNA
technology, mutagenesis, celtl fusiorn procedures, immobilized bioprocesses, ard
fermentatior technology.

[n g section entitled Interested Parties, the report lists *he numerous individuals
cnd organizations that are actively involved in *he commericalizction of cpolied
genet’cs. Owver 100 U.S. business firms and about 50 foreign concerns are
identified as having substontial commercial interest 1 biotechnology. This
sec*ion also descrites the roie of various U.S. government cgencies ir examining
orogress in this fieid. ’

The buix of the report consists of ar industry-sy-industry cralvsis of curren:
2A&D cctivities in biotechnolecy, an estimcte of future prosoects, ard ar
assessment of potential environmentcl cnd health hczarcs cssociated with *hese
activities, Trends cre idertified and, wherever no0ssizie, scheduies for the
appecrance of new app'ications are predicted.

The final section of the report summcrizes ste findings and provides ¢ number of
reccmmendations to *he EPA regarding future action 'n the fie:d of apotiec

genetics.

This report is submitted in futfillment of Controct No, 38-02-3838 by Teknexron
Research, Inc. urder the spcnsorshin of the U.S. Environmentci Protection
Agency. This report covers the period October !, ‘980, to ~ebrucry 28, (981, and
the work was compieted as of Maren 3i, 1981,
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SECTION }

INTRODUCTION

.1 Scope of the report

The report is organized into five sections. Sectiors | and 2 provice, respect-
‘vely, historicc! background for and a description of the techniques uti'ized by
the apolied genetics industry. Section 3, entit'ed Interested Par*ies, asrovides a
listing of accdemic, govermrment, and commercial concerns that have ¢ stake in
the appiied genetics industry. Both foreign and domestic concerrs are ircluded.
In Section 4 we presert g detciled accourt of the various preojects anc activities
current!y underway or planred withir the cpplied genetics industry, and we clso
identify and assess the environmental cond kealth -azards posed by this new
industry., The Information in Section 4 is presented according to industrial

sector, The foltowing industries are examired:

) pharmaceuticats

. industrial chemicais

) energy

° mining

) pollution ard wagste managemen*

Section 5 summarizes our general understandirg of the sources and mcgnitudes
of the potential adverse environmental and health effects of apniied genetics.
Questions requiring further stucy cre identified, as are possib'e areas of future

concern *o the ERA,
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1.2 Brief history

The purposeful manipulation of nereci*ary information in olants and animals by
humcns, as well ¢s the exploitction of microbial orocesses, has occurred since
the time mankind formed societies. An understanding of the biological nature of
these processes has been ccquired oniy recertly (i.e., durirg the past 100 yecrs),
and their chemical basis has been unravelled even more recentty (in the past 35
vears). A variety of terms are now employed to encormpass this field of
knowtledge, including applied genetics, biotechnology, biocengineering, anc
genetic engineering. ‘While recognizing *hat these generci terms connote subtie
differences n scope, we wiit use them interchangeably in this repcrt. However,
certain bioergineering orocedures, such as recombinant DNA technolegy, entcil
specific activities that require more carefyul cefinition. These techniques are

described in detail ir Section 2 of the renort,

Examples of genetic oractices and micropial orocesses tha® have ancient origin
include the fcilowing: c'cohol fermentation, cheese production, focc crop cenc:
dcmestic cnimal breeding, crop rotction, ard the use of humar ard animc. wastes
cs fertitizers. The utility of animal cnd plant breeding and selec*’cn wes iong
ago recogrized as c controlted method of generating improved strcairs of vitar
fsod crops and hcerdier domesticated cnimcis.  This cnciert realizetion ikely
arose from the observction that children tenced to nossess varous features
characteristic of each of the parents, althouch <he reasons for these similarities
were unkown, Alcoho! and cheese fermentations were uyndertcken long before
the microbial basis for these processes wcs recognized. L kewise, occcsiona!
plenting of fie'ds wi*h leguminous crops, such as soybecns, ceas and a!faifa,
“proved to be a nelpful, often crucial, means of ren'erishing spent soi: before it
became known that bacteria were responsible for this cutcome by virtue of their
cbility to convert agtmosoheric nitroger into uscble, chemically reduced forms,
such as ammonia. This is the crocess of nitrogen fixation. Anc, 'astly, ignocrarce

of the rote of soil bacteria in recycting human cnd arimat solic wastes did not

[ 2]
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prevent ancient cultures from employing this rich source of nutrients to improve

crop production.

The biological basis of these various processes was recognized beginning in the
latter half of the nineteenth century. Two separate firdings were essential to
the genesis of this understanding. First, during the years 856 to 1868, an
Austricn monk named Gregor Mende! demonstrated in his experiments with peas
that numerous observable traits, such as flower and seed colors, cre passed from
parent to offspring ir the form of discrete units of heredity and thet ecch acrent
supplied indepencent traits. These revotutionary findirgs, which were igrored by
the scientific community until early in the twentieth century, orovide the basis
for the gene theory of inheritance, which states that the multitude of traits that
constitute an individuai orgarism cre expressicns of discrete hereditary units,
calied genes. [n higher organisms, these genes are located on chromosomes
within the nucleus of ecch cell. In tower forms of life, stch as bacteria, which
fack a defined nucleus, the chromosomes revertheless consist of genes. .n ail
tife forms, genes provide the irformction that determines the make-ud of the
orgcnism itself, cs wel! as the mecns wnereby trci*s are extendec to "he rex:

generation,

Tre secord fundamentci discovery that ted <o an urderstending of *he bioiogical
ncture of ancient endecvors in *he reaim of applied genetics was that of Louis
2csteur.  In 1860, he cemonstrated thct cicohol production ‘rom fermentable
substrates depencded on the pfesence of viaple microerganisms calied yeasts.
This finding provided +he initial exampie of a living microbe performirg a
cemmerciatly useful process. Today's genetic engineering ‘ncustry hoids the
promise that many thouscnds of commercially useful products anc processes wil’
result from aop!ications of recent disceveries 'n biolegy that owe ‘reir teritage

in oart *o the findings of Mendei and Pasteur,

The chemical basis of genetics was uncovered only recently. Although ONA

(ceoxyribonucteic gecid) wes located in cell nucte’ in IB62, its role cs the pecrer of
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genetic information was not revealed untit '944 by Oswald Avery and co-workers.
They demonstrated that pure DNA isolated from viruient pneumococci bacteria
was cbsorbed by a non-viruient pneumonia strcin and thereupon iransformed to
the virulent form, Further substantiation of the genetic function of DNA was
provided in 1952 by A.D. Hershey and M. Chase, who radioactively tabeiled both
protein and DNA constituents of bacteriophege viruses. (Bacteriophcge are
simple viruses *hkat infect bacterig; they consist sole)y' of a protein coat
surrounding a DNA core.) Infection of susceotib'e bacteria by these rcdiolabeled
viruses resulted in the finding that viral DNA is necessary cnd sufficent to

mediate the infection. Viral protein is not required.

The cbove-mrentioned studies confirmed the role of DNA cs the bearer of geretic
informction in living systems. It is now well-established that CMNA aitone serves
this purpose in all forms of life, both plants and anima's, both arimitive cnd
advarced. The information contained within the chemical structure of DNA
cetermines to the fu!l extent the biological nature of the organism (i.e., *s
cppecrarce and its life functions). (The only exception ‘o the universatity of
DNA as the genetic matericl is certain viruses, cailed retroviruses, that employ
rioonucleic acid, or RNA| in this role. Although they constitute an exceedingly
small oroportion cf the totci biota on the planet, these viruses are important
Secause they induce malignent tumors in mammats including, prcbadly, humans.

Even 50, retrovirus RNA is copiec into DNA during *he process of infection.)

Knowiedge of the cherrical means whereby DNA maintains cnd repiicates the
cetl's store of geretic nformation evoived during the 1950's and 1950's. Many
scientific investigators contibuted during this t'me to t*his advcnce in under-
standirg, but severai stens in particuiar bear mentioning. {a {253, James D.
‘Watson and Frarcis Crick proposed a double-netical structure for DNA.  This
model readily suggested a mechanism whereby ONA couid be faithfully repro-
duced. Curing the mid-1950's, Arthur Kornberg crd associates worked cut mcny
of the biocchemical cetcils of this replication prccess. Meanwhile, the genetic

code was being broker, most notably by Marshall Nirenberg ard cotleagues. TAis

oy
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code cetermrines how the sequence of chemical constituents in DNA is transiated
into a specific sequence of amino acids (via a nuc'eic acid intermeciate called
messenger RMNA, or mRNA). Amino acids are the chemical building blocks of
oroteirs which, in turn, provide structurcl integrity and mediate metabolic
acitivites within every cell of every orgcnism. The steps in the ncthway from

DNA to protein are diagrammed in Figure !-1.

This basic research in moleculer biology and genetics paved the way for
developments during the 1970's that have giver rise to ‘he technolegy of
recompinart DNA. These ‘ater achievements ard procecures wi!l be detailed in
Section 2 of this report. It must be recognizec that the modern fielc of aopi’ec
genetics, with all its promise for future benefits to markird (cnd [*s zotential
dangers), could not exist today but for the numercus accomplishments in basic
research in biology and biochemis*ry over the past severci decades, only a few of

which are mentioned above.

A TEKNEKRON
RESEARCH, INC.



Figure 1-
Steps in the process of gene expression

MRNA

PROTEIN

TRANSLAT@

JTRANSCRIPTIOE::>’“

3R] [EXNEKRON
RFSFARCH, INC.



SECTION 2

TECHNOLOGY OF APPLIED GENETICS

Applied genetics as prccticed by ancient societies involved ¢ minimum of humen
intervention anc consisted of little more than atlowing ncture to take its course.
Thus, alcohol and cheese fermentation and the recycling of wastes, orocesses
that we now know *o be medicted by microorganisms, were undertcken merely >y
exposing *he approprigte raw moterials to the environment, wnereupon ¢
transformation of the substrates took place. Controllec an‘mcl and plant
breecding was implemented by plccing orospective pcrents in proximity to one
another. Ancient® bioergineering techrology, therefore, succeeded by virtue of

mcn's abitity to manipulate crudely the biology of nis environment,

By cortrast, the emergence of modern bictechrology as a sciertific ciscip'ine
thct holds enormous notential for benefiting mankind stems from our recently
acquired cbility to comorehend end manipulate the chemistry of .iving systems.
Thus, the currentiy popular noticn that modern society is embarking on the "Age

of Biology" could be sligatly repnrased to become the "Age of 3icchemistry.”

The rrodern technoiogy of aoplied genetics encorpasses a variety of procecures
and processes. FEach of these will be dealt with separateiy in the remainder of

this section.
2.1 Recombinant DNA techniques
Recombirart DNA technology refers to the abiiity to isotate fregments of ONA

irom sencrate sources anc o splice them jogether chemiccily ‘n*o a func*ional

gnit, The DNA fragments can cerive from the same organism or from d'fferent

.
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organisms ir the same species (techniques that have considerabie future poten-
tial for gene therapy appiications in humans), but the current!ly most oromising
technique involves the ’‘oining of DNA segments from cisparate species of
organism, such as bacteric and humans, This latter aporoach nas been wutilized,
for example, in recent efforts to mass-produce human nterferon, ¢ drug that

may combat viral ciseases and ccncer,

A review of the recent developments in molecutar biclogy that hcve led to the
emergence of recombinant DNA technology ccn best be preserted by considerirg
those specific laboratory procedures necessary to carry out such experiments.

There exis* six distinct phcses in the orocess.

(1) Isolation and purification of DNA

Since ONA exists naturcily as c long, fregile, chain-like structure, *echniques for
gertly iso'atirg extended sequences containing intact genes were neeced. Such
procedures, whict incluce high-speed centrifugation and elec:rophoresis, were

devetoped durirg the early 1940's, largeiy by Julius Marmur ond colleagues.

(2) Fragmentation of DNA into reassociable segments
This crucial step is mediated by a ciass of bccterial enzymes, cclled restriction
endonucleases, that introduce widely spcced breaks at specific sites in the DNA
chain. The rature cf the cuts is such that the sepcrated encs (so-cailed "sticky
ends") can readily reassociate with one cnother, thereby regerercting the
origiral cleavage site. The rejoining can involve two DMA secments thet each
cerive from differenrt sources, sc iong as the DNA from ecch source was clipoed
:nto- frcgments by the scme restriction anconuctease.  Discovery of these
enzymes and elucidation of their pnysiological ro'e are icrgeivy crecited to
Werner Arber in Swirzerland and *o Dan Nathans and —amilton Smith at Johns

Hopkins.
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(3) Sealing DNA fragments together

The rejoining of DNA fragments by way of their sticky ends requires a further
step for the full stabilizction of the recombined unit. Arother enzyme, called
potynucleotide ligcse or simpty ligase, performs this function. The ligase
enzymes were discovered independently by c¢ number of investigctors, inciudirg
Malcotm Gefter at MIT and Arthur Kornberg at Stanforc.

(4) Replication and maintenance of recombinant DNA molecules

Once DNA fragments have been cut-and-spliced together in vitro, a suitable host
organism must be found into which the recombincnt DNA caon be stcbly incorpor-
ated cnd reproduced. The enteric bacterium, Eschericia coli, (or E. coli), was
*he obvious first choice as ¢ host since more is known ¢bout the genetics and
molecutar biology of this microbe than of any other organism. The renlication of
c DNA segment by E. coli requires that the segment contain a specific short
sequence of DNA that serves as a sigral to the enzymatic machinery inside the
cell, This signal, somet‘mes ccltled the origin of reptlication, can be found or
certain smalt, self-repticating loops of DNA, calied plasmids, that are commonriy
found inside bac*erial cealls, (Plcsmids repreduce *hemsetves indevendent'y of
the major chromosome n bacteric and they are readity trarsferred between
different becterial strains. !'n cddition *o other functions, plasmids are respons-
ible for the resistance ro numerous antibiotics that has become a major medical
problem in recent years.) Thus, incorporction in vitro of the recombinart DNA
motecule into a bac*erial plesmid, foliowed 5y reintroduction of the “ybrid
plasmid nto the bacteric! ceil, witl permit stcble reciicatior of *he recombinant
DNA.

Alterratively, f *he recombinant DNA cou!d be incoroorated into the major
chromosome of *he host becterium, then it would be repliccted as pcrt of thet
chromosome. This is possibie through the use of a particuiar bacterioohage,
called lambda, thct infects E. coll. Upon infecticn, iamzsca DMNA becores
incorporcted ‘nto the bacterial chromosome wnere it replicctes cicng with the

host chromosome. Thus, attachment of the recombinant CMA moiecule ‘o

O
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fambda DNA prior to the infection of £. co!i will simitarly altow replication of

the recombinant DNA.

Both plasmids and lembda bacteriophage cre termed vectors owing to this ability
to transfer recombinant DNA into suitable hosts for replication. A number of
scientists pioneered the effort to demonstrate the usefulness of vectors in
gaining expression of exogenous or foreign DNA in E. coli, including Stanley
Cohen and Paul Berg at Stanford, and Herb Boyer at the University of Californic,

Sar Francisco.

There exists o direct method of putting foreign DNA into host bacteria witnout
the need for intact viruses or plesmids, “ure, naked DNA can e cbscrbed by
bacterial cells in a process called transformation. This is the procedure used by
Avery and co-workers in 1944 to "transform" ron-virulent pneumococcus strains
into virulent bacteric. Some bacterial strains, inciuding Z. csli, must urdergo a
simpie chemical pre-treatment with calcium salts in order to mcke ~hem

amenabte to DNA uprake.

(5) Selection of cetls containing recombinant DNA

Since only a small percentage of potentia’ host bacteria cdo in fact acquire
recombinant DNA by way of these procedures, it is necesscry to perform a
selecticn step. Depending on the type of vector used, it is possidie to screen for
cntibiotic resistance (when the vector is ¢ plasmic containing an cntibiotic
resistance gene) or to screen for the presence of viable bacteriophage viruses
(wher tambda is used as the vecter). These selection metheds give rise to clones
of bacteriat hosts containing recombincnt ONA; tha* is, ecch bacterium in the
cione is derivec from a single progenitor cett that muitintied repeatedly, wih
exact copies of the cetl’'s DNA kaving beer distributed nto ecch d(:ughfervcelf.
The segment of recocmbirent DNA contcined therein is also replicated; thet is, it

has been ctloned.
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(6) Expression of recombinant DNA into gene products (proteins)

The recently acquired ability to incorporate exogenous DNA into bacteria, ard to
have that ONA repticated as though part of the bacterial genetic complement, is
of considerable scientific interest. 3But commercial applications of this new
technoiogy demand that foreign genes implanted into bacteria be expressed into
the proteins encoded by that DNA. For exampte, in order to corvert E. coli into
"factories" ccpable of producing human insutin, it is necessary bath thct the gene
for insulin is stably maintained in the bacteria and that the human DNA segment
is trarscribed into messenger RNA, then transiated into insulin (see Fiqure i)
As mentioned above, gene replication {maintenance) s assured by the presence
of certain genetic signals. Similarly, the processes of transcription and
translation rety on sigrats thct inform the cell's enzymatic machinery where to
start and where to *erminate ecch of these processes. A!l of these various
signals must be present at the oppropricte locations in the DNA in order for gene

expression 5y recombinant DNA methodology 0 be successful.

Once a bacterial cell has been "tricked" irto manufacturing ¢ humen or other
foreign protein, additional problems arise. The bacterium may recognize insulin
as a "foreign" protein and may degrade it before it can be recovered. ¢ stable,
*he foreign protein may simply cccumulate inside the bacterial cell,
necessitating its recovery by breaking open the cei!s-~-a tecious aord inefficient
orocess. ldeally, the foreign protein wiil be excretec cut of the host cell into the
growth medium from which it ccn be readity purified. Clever techniques are now

available to bring *his about, and improvements are being made continuously.

One additional roadblock bears mentioning. ~ Many human proteins possess
attcchments that consist of sugar molecules. These glycoproteins are especially
common in brood serum; e.q., interferor is a glyceprotein, although irsulin 's not.
Bacteria do not possess the machirery to syrthesize or attacn sugars to proteins.
Although the precise function of the sugars in unclear, it is probable tnct thev
serve a useful, pernaps crucial, role in maintaining the physiological act.vity of
the protein. Thus, considerable effort is underwcy to deveios microbial host

crgenisms that car attach sugars to proteins. Common brewer's yeast, or
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Scccharomyces cerevisiae, is likely to be the preferrec host cetl for this burnose.

Atfthough it is a single-cetled microbe, 'yeasts betong to the general class of
~igher orgecnisms that include humans, namely eukaryotes. Eukcryotic brgonisms
are classified on the besis of their having g nuclear membrane surrounding the
genetic material within each cell. SBacteria cnd certain algae, on the other hand,
corrpose the class of organisms catled prokaryotes (i.e., those Jacking a cefined
nuctear membrcne). Altnough researchers in recombinart DNA have sredomin-
ately utilized E. coli as the host organism, there is no doubt that the future
commercial success of the technology hinges on the ircreasing use of eukcryoctic

nosts such as yeasts and fungi.

A genera! scheme showing the steps nvoived in g recombinant DNA experiment

is diegrammed in Figure 2-1.

2.2 Genetic alterations induced by non-recombinant DNA procedures

A number of techrigues are currently utilized to induce genetic citerations in
cells,  Tre technotogy of recombinant DNA reoresents the mest recently
developed and the most glamorous of these procedures, cnd it no'cs the powerful
advantage that the ouicome of these atteraticns can be precicted and controited
tc a greater extent than with other teckhniques. Nevertne'ess, other gene-
alterirg orocedures cre available, several of which had beer in use for meny
years orior to the aavent of recombinant DNA tecnrology. These clternative

methods wiil be described next.
2.2.} Induced mutations (mutagenesis)
The DNA of at! tiving cells is continuousty undergoing s.ight changes ir its

composition as a consequence of irterccting with its exterral environment.

These alterctions, calied mutations, cre thcught *o de the criving force ‘or the
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Figure 2-]

Generalized scheme depicting the steps in conducting a recombinant DNA experiment
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evolution of organisms into new species and, under natural conditions, they occur
at a low rate. Under experimental conditions, however, agents that incuce
genetic mutations, calted mutagens, can be administered in order to cccelerate

greatly the rate of mutation. This is the process of mutagenesis.

A variety of mutagens are used experimentatly and commercially to induce
mutations. !n general, mutagenic agents operate by interiering with the normal
cellutar processes involved in the repair of DNA, (Healtnhy celis maintain this
enzymatic system for fixing mutations that arise from naturaliy occurring
sources.) Ultraviotet (UV) radiation and chemical cgents such as nitrosoguani-

dine and acridine cre the most commonly used mutagens.

The irduction of mutations by methods such as these is nighly non-specific; that
is, the experimenter canrnot cortro! the genetic site at which the mutction wil!
occur. Therefore, following *he mutageric step, it is necessary to conduct a
selection for those mutared organisms that Dossess the desirec *raits. For this
reason, commercial mutcgenesis is feasible only with organisms that have a
relatively short generation time, such as microorganisms. Since a single
bacterial celt witl grow to a visible cotony within a few days, it is pcssible to
observe the effect of the mutagenic orocedure ir short arder. Moreover, many
thousands of such colonies can be screened simultareously. Neverthetess, a
mutagenic procedure was recently cdescribed irvolving plant cel's growirg in
tissue culture. This advance suggests that genetic atteraticns i~ olants generally

wil! become feasibrie by way of induced mutations.

Mutegenesis methods have found widesprecd utility in the pharmecceutical ‘ncus-
try to enhance production of substances from microbia: sources. Pcrticular
success has deen cchieved with the cntibiotic penici'lin, which cerives from ¢
strcin of mold, and gentamycin, which is orocuced by g bccrerium of the

Streptomyces species. Un'ike recombincnt DNA methods, mutagenes’s 's incap-

able of encowing the microbe with properties that it does rot ciready cossess.

E TEKNEKRON
RESEARCH, INC.



That is, no new genetic material is introcuced; rather, existing capabilities are

enhanced.

2.2.2 Celt fusion methods

A method whereby one cell type can be endowed with properties of another cell
involves fusing those two cells tcgether into a single unit. This procedures is now
commonplace in the experimental laboratory and has been applied to a variety of
cells from microbes to man and from both plants and animats. The methodology
is relatively inexpensive ard is essentially the same regardless of the cel' type

involved. Two technical approaches are in genera!l use.

(1) Monoclonat antibodies (hybridomas)

Mcmmals have evolved a comoiex interral system of deferse agairst ‘oreign
‘ntruders, such as bacteria and viruses. This immune system functions in part by
producing proteins called immuroglobutins, or antibodies, that specifically recog-
nize and eiiminate these alien invaders. A typical immure respcnse toc c
bacterium, for example, consists of a great veriety of different antibody
mctecures, each capable of recognizing ard binding o a specific antigen on the
surface of the microbe. Each of these distirct antibody types is manufcctured
by a clone of antibody-producing cells. These ceils are called lymphocytes and
since numerous clones of lympbocytes are eacn recctirg to the presence of the

bacterium, the response is termed polyctonal.

Antibody preparations (antisera) have iong been used to grear advantage as
diagnostic agents. Immunodiagnostic assays currently comprise aporoximately
one-fourth of al! tests performed in the ctinical laboratory. Such assays are
heloful in rapidty diagnosing bacterial or virat infections and ir monitoring drug

or hormene levels in blood and urine.
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From a physiotogical standpoint, nolyctonal antibocy responses to antigens cre
highly advantageous since they ensure that the individual will effectively repel
foreign invaders. But to the clinical chemist, the diversity of antibodies can be
bothersome since closeily related antigens may not be distinguishanle using these
conventicna! antisera. In 1975, ¢ technique was described by Cesar Milstein in
Cambridge, England, that permits the gereration of monocional antibocies; that
is, immunoglobutins derived from a singte cetlular source or a singte clone of
cetls. Such antibody molecules are all chemicaily equivatent to one cnother.
The technique simpiy involves mixing antibody-producing celts (lymphocytes)
with cetls from a type of tumor, cclled a myeloma, that are themselves derivec
from tymphocytes. A fusing agent is adcded that partialty dissoives the
membrane that surrounds both ceil types, thereby permitting contiguous celts to
merge togefher.kf A common organic poiymer, polyethbylene glycol, serves as a
satisfactory fusing cgent. After removal of the fusing substence, the fused cells
are grown in tissue culture (see Selow) and desired ciones are identifiec by ¢
suitable selection procedure., Such a clone combines the qualities of the two
contributing cell tynes: it secretes ¢ specific, monoc:onat antibody cnd it grows
continuously anc rapidly owirg to its tumor-like proper*ies. This duct capability
is reflected in the term hybridoma, which is cpptlied to a clone of celis secreting
monoctonal antibodies. A diagram of the steos invclved in generating hybrid-

omas is shown in Figure 2-2.

The initial demonstration of the hybricoma technique and subsecuent comrmer-
ciadlization of the process have invclved ceils derved from laboratory mice. The
technology was recently extended -o the use of human tymphocytes. This
advence will soon read to monccicnar antibedies for in vivo diagrostic ard

therapeutic uses.

(2) Protoplast fusions and pltant tissue cuiture
The second general class of fusion techniques involves microorganisms or plant

celts, These cell types possess a rigic, orotective cetl wall that surrouncs the

o
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Figure 2-2

Steps in the process of generating monoclonal antibodies
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cell membrane. {Animcal cells lack cell walls,) The wall from such cetl's can be
readily removed using erzymes that specificc!ly digest the cellulose-tike sub-
stance that comprises them. The spherical, membrcne-surroundec entity thct

remains is calied a protoplast.

Using methods essentially equivalent to those cescribed for hybridoma produc-
tion, protoolasts can be fused together generating hybric cells that exhibit
properties in common to both the contributing cell types. Excmptes of the
application of fusion methods t¢ microorganisms include efforts to: (1) improve

the antibiotic yield from Streptomyces strains; (2) anarvze the genetics of

brewer's yeasts; and (3) develop hybrid strains of fungi from the Aspergillus

family to enhance citric ccid production,

The application of protooiast technology to plants is a relatively recent devetop-
ment, but one tha* promises to revoliuticnize the foed, agricurture, and forestry
industries, and to have considerabte impccts on the energy, chemical, anc
sharmaceuticci industries. Scientists are row able to regenerate full grownr
oiants from singie celts or protoplasts. So fcr, only a few species of ptant have
been successiutly cuttured in this way, inctuding tobceco, the Dougias fir, anc
ccrrots.  But rapid advances in this field shou'd soon ~ake avaicble this
rechnology for most plants of commercial interest. This capcbility wi'l occasion

several acdvantages:

* mass oroduction of clones of identical nlents, each
having the improved cuatities of the originc! parent;

) rapid growth of the plent n tissue curture to the
seedling stage of cdevelopment, thus sherienirg gen-
erction times;

) a ready-made ‘n vitro system for concucting genetic

engineering in 2iarts,

A great vecriety of plants produce chemiccel compounds that are highly usefut to

man. T hese compouncs inciude drugs (such as digitalis, vitamins, s-ercids, ard
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arti-cancer agents), rubber, and petroleum substitutes. The advent of plant ce!!
and protoplast tissue culture technology mackes possible the targe-scale ferment-
ation of ptant cells in much the same fashion that microorganisms are currently
grown in bulk. Useful plant products would be excreted into the growth medium
and readily isolated. Future processes of this type will cbviate the necessity of
devoting iarge tracts of arable land to cultivation, and production costs shouid

plummet.

The cel! fusion procedures described in this section, both for plant and for animat
ce!ls, denend greatly for their success on the techniques of in vitro cell culture.
Sciertists have xnown for some time how to explant cel's from particular
organisms or tissues and to keep them alive for limited durations Jnder sterite
conditions in an incubator. Various nutrient media have been formulated and
growth conditions established for a wide variety cf plant and arimal celts. A
serious drawback to the large-scale commercial use of cell culture technology is
its high cost, but future widespread industrial apolication, which seems likely,
will introduce economies of scale, and continuing refinements in the techniques

should lower costs.

2.2.3 Other gene-altering techniques

Several other methods exist for establishing new genetic mater’a' in microbes
and in cells of higher plants and animais. Some species of bacteria possess ¢
natural ability to excharge DMA 5y wcy of a process carled conjugation.
Extrachromosomar DNA, or plasmids, is especiclly mobile and is transferrec
between bacterial strains with consicderable sase ‘n some cases. (The abili*y of
bacteria to develop resistance :o many types of cntbiotics is due *o genetic
informaticr ‘ocated on plecsmids. Since these piasmids move cbout so freely, ¢
nrumrber of becterial strains cathogenic to man have become relctively refrcctory
‘o antibiotic treatment.) >lasmids encoding distinct functions and resicing 0

different bccterial strcins ceon be combined into a singie bacterium. Such ¢
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"superbug" wcs. created by Chakrcbarty, who at that time was working at
General Electric. Plasmids from several strains of the species Pseucdomonas,
each capable of degrading a particular constituent of crude petroleum, were
combined into g single cell, enabling the strain that resulted to digest severa!
components of crude oil. This modifiec bacterial strcin became the subject of a
controversict pctent application, the titigation of which eventually reachecd the

Supreme Court (see Section 3.1.3.3).

An alternative to conjugation, which involves bacterium-to-bacterium transfer
of DNA, is the process of transduction, in which viruses serve cs *‘ragnsmitters of
genetic materiagl. When a virus infects a cell, normat metabolic cctivities cease,
and processes are undertaken to mass-produce new virus particles, Part of this
process involves replicating virus ODNA and packaging it into protein shells.
Occasionatty, smal! portions of host cetl DNA are carried aiong into the virus
shetts., After production of sufficient numbers of mature viruses, the host celt
bursts, reteasing the virus particles to initiate another round of infection. Celts
infected in this second round wil! receive, ir addition to virai DNA, the nortion
of DNA derived from the original host. Scientists have learred how teo
mariouicte these zrocesses so that soecific DNA sequences (geres) are trars-
ferred, thereby endowing *he recipient catts with properties previously interent
only to the initial hosts. The utility of transduction as @ mecns of producing
genetic alterations is well estaclished using becteria anc bacterial viruses
(bacteriophages). Recently, this general procedure has found appiication among
higher animals. Censideranle experimental work is being devotec to nerforming
transduction in primctes (e.g., monkeys) using the virus SY 40 ("SY" stends for
"simian virus'"). Tre eventual success of these studies has arofound implications
for geretic engineering in humans, with the prospects of curing qgeretic disecses,

such ¢s sickle calt anemia.

Genetic engineering in plants promises ‘o be greatly stimulated in the years

ahead owing to the existence of ¢ bacterium calied Agrcbeccterium tumefaociens.

This microbe infects plant cetls, qivirg rise to a ptant *umor, called a crown gall.
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The agrobacterium perpetrates this deed by trohsmiﬁing to the plant cell ¢ piece
of its own genetic material, calied T-DNA, which is sart of a plasmid, namely
the Ti-plasmid (for "tumor-inaucing' piasmid). Copies of the T-DNA are
incorporcted permanently into the picnt geres, cnd the agrobacterium s no
longer needed. This instance of naturally occurring recombinant ONA provices a

potentially very powerful tool for introducing foreign genes into plants,

2.3 Immobilized bioprocesses.

Several techniques kcve evolvec in recen: years that cve managed, to some
exrent, to expioit celluiar biological processes on cn ndustrial scale. These
methods generally consist of corfining, or immobilizing, intact cells or cellular
enzymes within an irert mairix, followed by passage of substrate matericls
through this bioreactor. Chemical reactions {i.e., bioconversions) then take place

that transform the substrate into more useful or less toxic precducts.

Enzymes are proteins that catalyze the chemiccl react ors of iiving cells, L xe
most oroteins, they are reiativery unstabie gna tend to lose their activity wher
exposed to cengturing conditions, such as hect, extremes of o ard salt
concentration, the presence of surface-active agents (detergents) or heavy
metals, and so forth. Immobilization procedures genercily serve :o protecrt
enzymes from denaruration, thereby lengthen.ng their useful lifetimes. A .crge
number of inert support materials have been :ested for various apolications,
‘ncivcing naturcl  are  man-mace polymers, such as ce!lulose, starch,
polyacrylamide, chitin, polyethylene, glass, cnd coilager. Enzymes can be eitner
tinked securely to the surtace ot the pciymer or entrapped within a porous
microcapsule. In order ‘o maximize the reactive surface area, the support
matrix can bde fashioned into tiny beads or hollow fibers or semi-permeable
membranes pf"or to affixing the enzyme. Ia all cases, successiul operation of
the bicreactor depends on maintaining a securely fixed, acrive orepcraton that,

nevertheless, cermits free movement of the substrates and oroducts,
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Current ond potential applications of this technology are vast and will cffect

many industrial sectors. A few examples irclude:

. Chemical industry
--alkene oxide production from corresponcing glycols
--surfactant production from glycerices
--hydroxylation of carboxylic acids

--amino acid synthesis

e Energy industry
—hycrogen proccuction from water using chloropiast enzymes
--desulfurization of crude oii

—biomass conversions into methanol or ethanol

o Medical industry
—procuction of urocanic ocid, a sunscreening agent
--inter-conversion ¢f various penicillin derivctives
--steroid derivitizations

--clinical analysis of blood and urine constituents (e.g..
vrea and gluccse) by electrobiochemical reactions

—synthesis of the antibiotic Gramacidin

° Pollution control industry

—conversion of lignoceliulosic wastes into useful products,
such as glucose

—biodegradction of toxic substances, such as PCB, «epone, di
oxin, DOT, phenols

--concentratior of toxic heavy metcls in waste streams

("]
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--qir cisirfection (e.q., for hospitals) using enzymes that
destroy viruses and bacteria '

--conversions of whey (waste product from dairy industry) to
useful food products

--rotating biological discs fer waste water treatment

--fixed-bed bioreactors for cn-stream waste management

° F ood ond agricuiture industry

—milk coagulation (the first step in cheese producticn) using
the enzyme rennet

--production of high-fructose syrups from starch and ceilulose
for use as ¢ sugar substitute

—conversion of amino acic isomers to convert the nor-
nutritious D isomer into the L form

—clerification of fruit juices and wines

Future developments in this area cre likely to include improved methods for
‘mmobilizing live cells, especially microbes and plant ce:ls. The process of
microencapsulation promises to find consicerabie applicction here.  Each
microcapsule cen be thought of as a tiny living colony in which ceils divide srd
perform metabolic functions within the confines of the beac. Mecnwhile,
substrates pass through the becds and are converted into procucts which flew out
of the system uncontaminatea by cellular materici. Moreover, the biocatalytic
system would be self-regenerating since the micro-colonies within each capsule
cre uncergoing continuous turnover; thct is, cead cells cre alwcys being replaced
3y live cells, This form of reccrivation never occurs with .mmobilized enzyme
systems since 'solated erzymes cre not capcble of seif-reiuvenation ord, upcr

inactivation, must be replaced.
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Another - likely development in the area of immonilized bioprocesses is the
increased use of enzymes isolated from thermophilic bacteria. These microbes
are remarkably insensitive to high temperatures, even up to 80° or 90° Celsius
(water boils at 100°C). Thermophiles can be recovered from hot springs or other
-similar environments. They owe their heat resistance to having enzymes that
are extremely insensitive to heat denaturation. Thus, these enzymes are
considercbly more stable than comparcble enzymes from mesophilic organisms

and are ideal for immobilization processes.

2.4 Fermentation technology

Commercialization of processes reliant on recombinant DNA or other modern
biotechnologies will frequently entail large-scale microbial fermentations. In-
dustrial fermentations have been carriead out with great efficiency for mrany
years and have made available at fow cost such procucts as antibiotics, fiavoring
and coloring agents, amino and organic acids, and vitamins, The expectation that
new drus, such as interferon and human insuiin, will soon be mass-asroduced
deoends to a large extent on the ability of the fermentation engineers “o adapt
the appropriate microorganisms for growth in quantities vastiy greater than

those encounterec in the laboratory.

A standard cerobic fermentor consists of ¢ ciosed, cylincrical vessel equipoed
with a stirrer and internal baffles to provide agitction, heat exchangers o drain
off the considerable hect generated during fermentative growth of the microbial
culture, an cerator, and one or more inlets for media sampling and harvesring
and exhaust gas removal., A device for rapid steam steriiization of the vessel is
essential; as are controls designed to monitor and cdjust growth corditions, sucn
as tempercture, air flow, oressure, pH, and degree of foaming. Crucial to the
overcil design is that no foreign microorganisms gcin access to the system; all

components are sealed to prevent ieckage and ccn se steam-steriiized between
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batches. The fermentor can be of any convenient volume, ranging up to about

{00,000 gallons, in which the media alone would weigh more thcn 400 tons.,

A fermentor designed by Eli Lilly for large-scale growth of recombincnt DNA
organisms is shown in Figure 2-3. Incorporating design features sucn as exhaust
gas filtration and double agitctor seals, this reactor exceeds the safety and
contginment specifications of typical fermentors and, as such, sets the standard

for fermentors designed for use with recombinant DONA organisms,

The fermentor cescribed cbove carries out a batch fermentation; fngt is, the
media and microorganisms are mixed, the microbes grow for a ixed period
{usually one to seven days depending on the organism and the conditions), then
the culture is harvested, After cleaning and sterilizing, the fermentor is ready
for another batch. Following completion of the batch, the fermertation product
must be isolatea from the culture system. If the microbe excretes the cesirec
product into the growth medium, as is prefercble, then the culture broth must be
processed foliowing removal of the microbial population. Or the other aand,
products that cccumulate within the micrope must be recovered oy lysing the

microorganisms after ciscarcing or recyciing the cuiture liquics,

Fermentction technology has advanced ‘n at least two ways in recent vears. It is
now possible to conduct continous fermertations in wnich growth mecia are
added sicwly througn the growing phase of the microbiar culture, At the same
time, smail portions of the culture are contirually removed fromr tnhe fermentor
for processing. The possibility of inadvertent contcmination woulc seem *o be
greater for this centinuous method, but efficiencies are greater since downtimes

setween bDatches are elimirated.

A second advance in tnis technology is called solid phase fermentarion. in this
process, nuirient media are trickled through a reactor corsisting of a solic

support matrix ‘o which the microorganisms are steadiastly aitached, Tne
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Figure 2-3
Features of a contained fermentor
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microbes continuously excrete the product of interest into the broth which
eventually emerges at the bottom of the fermentor. The broth is then processed
to isolcte the ‘ermentation product. . Clearly, solid phase fermentation methods
are not apoticable to the mass-production of substances that accumuiate inside

the microorganisms,

2.5 Gene therapy

Perhaps the most exciting topic in the field of applied genetics, and lixely the
most controversial, is the arobcbility that medical scientists will soon be abple to
serform genetic engineering in humans. Society in generai views this prospect
with a mixture of hope and skepticism, and cssurances have been given that this
capability is many years away. 3But recert scientific deveiopments suggest that y

this future may be here quite soon.

Consicerable attention was recent!y directed to the efforts of a *eam of UCLA
scientists, headed by Martin J. Cline, who traveled to Israe! and ltaly to conduct
experiments on human subjects. These experiments were deemecd toc prelim-
inary to be performed in the United States. Those patients who were trectec
suffer from a genetic biood disease, called beta-thalassemiaq, ir which production
of one of the two protein components of hemoglobin is atmos? regligibie. The
theraopy attempted to insert ccpies of rormal geres for memogiobin into cel's of
the bone marrow, where hemogiobin is synthesized. The experimert s given
very little chance of success, but the mere fact that it was attempted, added to
the fact that a similar experiment succeeded in laboratory cnima!s, hints
strorngly that some primitive form of gene ‘*herapv in humans will short'y be

possible.

In another recent cevelooment, scientists transplcnted cel! nuclei from ecrly

embryos of mice into fertilized eggs isolated from c cifferent mouse strain.

~N)
~J

TEKNEKRON
RESEARCH, INC.



After severci days in tissue culture, these new embryos were inserted into the
uterus of a third mouse. These embryos developed En’ré normal infant mice that
were related genetically to the mouse that origncily donated the cell nuclei.
This outcome has been hailed as the first instance of cloning in mammals. That
is, identical offspring were produced by taking cetls, or ceil nuclei, from a singte
individual and growing them up into complete, cdult orgenisms. So fcr, it has not
been possible to generate clones from adult donor ce!is--only cells derived froem
an early stage of development, such as the embryo, are suitcble. But this
stumbling biock may soon be overcome. If so, and despite the claim by scientists
that these experiments are cesigned only to study gere expression ‘n mcmmals,

then society will be faced with some very sticky ethical issues.
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SECTION 3

INTERESTED PARTIES

3.1 Domestic activities

Immense excitement has been genercted in recent vears by the advent of
recombinant DNA technology and the prospect that coplied genetics will improve
the quatity of life in many ways. This interest arose from findings made in basic
research (abs at universities, which gquickly burgeoned into @ multi-million dotlar
commercial industry. Activities on both fronts are expanding continucus'y.
Meonwhite, various government agencies have developed an interest in this area
owing, in part, to concerns for public safety arising from overly fast commerci-
alization of a technology whose safety has not been established absoiutely. Thus,
all three sectors--universities, private industry, and government--are deeply
nterested in the evolution of the cpplied genetics fietd. From a socioeconomic
viewpoint, applied genetics will provide the opportunity to cnatyze end irrprove
relationships between industries and universities on the one hcnd, and between

‘ndustries and government on the other.

The remainder of this section of the report wilt detail ac*ivites in each of these
three sectors in the United States, foilowed by ¢ brief discussion of applied

genetics as practiced overseas.

3.1 Universities

Most fundamental advances in both the science and engineering aspects of
biotechrology have been made in university research labs. This fact will
continue to ho!d true for some time to come, aithough considerable expertise s

now beirg acquired by commercial firms engaged in cpplied genetics R&D.
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A few of the many academic scientists who have contributed to the foundation
of the apptied genetics industry are listed in Tcble 3-1. This list, by no means
exhaustive, includes many of those prominent academic scientists who have.
become offitiated with one or another genetic engineering firm.  Several
companies were founded through the efforts and energies of university researcn-
ers who, nevertheless, maintained facutty status at their academic institutions.
This state of affairs has occasioned o certain degree of rivalry cmong university
scientists who now view their research as potentiatly lucrative. As a resu'r, the
qualities of cooperation and ntercommunication that once characterized aca-
demic resecrch have been seriously compromised. Thkis trend is likely to
continue for the foreseeable future with accompanying improvements in indus-
try-university relations at the expense of freedom of information flow within the
scientific community. The situation could improve if private industries under-
take programs to support basic academic research on an unrestricted, ro-strings-
attached basis. Commerciat firms are being encouraged by Corgress *o do so via
proposed tcx credits and other investment incentives. Corporate backing of
acedemic research has recently become especially desircote since fecerc!
sources of funds for basic diomedical research (i.e., NIH ard NSF) have failed to

keep pace with growing demand.

University faculties are organizing to offer tteir services as technical experts in

applied genetics. Two examples are:

. Biolnformation Associates, Inc. - A group of MIT
professors from the biclogy, chemistry, and chemical
engineering departments who provide wide-rangirg con-
sulting services for basic and-cpptied research in genetic
engineerirg.

) Biotechnology Research Center - Established at Lehigh
University in Bethlehem, Pennsylvania, this joint effort of
scientists and engineers provides educction in biotech-
nology and conducts research n the creas of biomass
conversions, microbial desutfurization of coal, ard im-
proved methods for waste treatment.
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Table 3-1

A few academic scientists engaged in genetic engineering
research; commercial affiliations (not inclusive)

Name University Affiliation

Bert O'Malley Baylor

James 3onner Cal Tech

Leroy Hood " "

Gerald Fink Cornell advisor to Collaborative Genetics
Walter Gilbert Harvard co~founder of Biogen

?hilip Leder
Tom Maniatis
Matthew Meselson
Mark Ptashne

Dan Nathans
Hamilton Smith

David Baltimore
David Botstein
Arrnold Demain
Philip Shary

Paul Berg
S:tanlev Cohen
Ronald Davis

Roy Curtiss

Martin Cline
Winston Salser

Jokn Bax:ter
Jerbert Bover

Anand Chakrabparcy
David Jackson
Stanlev Falxow

winsten Brill
Timothy Hall
Howard Temin

Trank Ruddle

11

Johns Hopkins

t e

MIT

1
1

1"

Stanford

it

1
Univ. of Alsbana
UCLA

UCSs™

Illinois
Jniv. cf Micnigan
Univ. of Washingtcn

Jaiv. ¢f Wisconsin

1t (M "

&l 1 11

founder of Genetics Institute

advisor to Mcnsanto
advisor to Cectus

Collaborative Genetics
advisor £o Collaborative Genetics
advisor to Cetus

co-founder of Bicgen

acvisor o

advisor to Cetus

31

advisor to Collaborative Cenetics
co-founder of AMgen
co~founder of AMgen
co-founder of Jenentech
on leave to Genex
advisor zo Cetus
advisor to Cetus
advisor to Agrigenetics
EﬂTEKNEKRON
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Harvard University recent!y developed, then rejected, a plan to establish its own
genetic engineering company. This proposal evolved as a means to put the
considerabte talent of the Harvard faculty to the purpose of genercting profits
for the university, rather than to serve the interests of outside commercial firms
(such as Bidgen, co-founded by HHarvard biologist, Walter Giivert). The plan
succeeded only- in generating controversy. Facu!ty members argued that profit
motives woutd add to the rivalry that already existed within the biology
denartment and that traditional acedemic goals of education cnd research are
‘mcompatible with a orofit-making orientction. Eventually, the plar was
abandoned, but Farvard biologist Mark Ptashne, who conceived the venture,
proceeded to establish his own firm, catled Genetics Institute, Inc., loccted in
nearby Somerville, Massachusetts. Harvard owns approximately 10% of the

equity of this new firm,

3.1.2 Commerciat firms

The excitemert generctec by the field of biotechnoiogy, particuterly recombi-
nant DNA and genetic engineering, has been felt most emphatically in the
private sector of the U.S. economy. We have identified over 100 corrpanies
currently engaged in some cspect of modern apotied genetics (see Tatle 3-2).
More firms are becoming involved every month. It s estimated that capital
‘nvestrment in gpptied genetics R&D reached $500 miltion in 1980, 'n five more
years, the vatue will he 5 biltion, and n ten years, 525 biltion. Many investors
and business analysts anticipate that the decade of the 1980's wil! occasion a

"biology boom' akin to the electronics explosion of the 970",

In general, capitat investment in biotechnoiogy has occurred along two different
oaths. Initiatty 'small, new companies specializing in geretic enginreering were
created by young scientists/businessmen who combined keen foresicht with a

oropensity for financial risk-taking. These individuals anticipated the nuge

(98]
[y

TEKNEKRON
RESEARCH, INC.



£e

Table 3-2

U.S. companies engaged in applied genetics R&D.

Naute location Projects Col laborators
GENERAL
Cetus Rerkeley, €A cthanol from Liomass National Uistillers
alkene oxides/fructose Chevron
oil-related projects Ao Co
interferon Shell 0Oil
single cell protein
peplide hormones
Gonentech San Francisco, CA interferon Hoffmamn-1aRoche
fnsulin €1i Lilly
growth hormone A.B.Kabi (Sweden)
atpha-l1-thymosin National Cancer Institute
commercial scale-up Fluor
Lubrizol
Monsanto
Genex Rockvitle, HD interferon

Bethesda Research
Laboratovies (sit)

Collaborative Genelics

tnzoBiochem
Genetics Institute

AMgen (Applied Molec-
ular Genetics)

Synergen

Bethesda, M)

Walthawm, NMA

New York, NY
Somerville, MA

tos Angeles, CA

Boulder, 0

chemical praocesscs
fnterferon

resecarch enzymes
wonoclonal antibodies
hepatitis vaccine
cthanol from biomass
intertevon

industrial processes
aeneral biomedical

ucneral hiomedical

general biomedical

ageneral biomedical

gristol-Nyers
Koppers

New York Blood Center

Green tross (Japan)
Dow Chemical
National Patent Development

Harvard University

Abbolt Laboratories
TOSCO



Table 3-2

U.S. companies engaged in applied genetics R&D.

Hame

location

GENERAL (cont .}

DNA Science

Alpha fherapeulic
Avinos

Atlantic Antibodies
Becton Dickinson
Bioassdy Systems
Rio-Response
Biotech Research

Cio-technical
Resawrces

Brain Research

Centocor
Clonal Reseavch
Cytugen

Damon Biotech
Lastwan Kodak

flectro-Nucleonics

Projects

New York, NY

Los Mceles, CA
San francisco, CA
Bar Harbor, ML
Paramus, N2
Woburn, MA
Wilton, CT
Rockville, M)

Manitowoc, Wl

New York, NY

Philadelphia, PA

Newport Beach, CA

Fdison, NJ

Needham Heights, MA

Rochies ter, NY

Fairfield, NJ

Coltaborators

provides venture capital

vaccines
instrumentation
diagnostics
diagnostics
interteron testing
tissue coltare
diagnostics
consutting
diagnostics

anti tumor agunts
monocianal antibodies
mono¢ tonatl antibodies
diagnostics

tissue microcncapsuiation
monaclonal ant ibodies

diagnostics
instrumentation

diagnostics
varcines

t.fF. Hulton
Yeds R&D (Isvact)
Battelle Colimbus

{spin-off tyom Genentech)

{owns subsidiary in the Nethey
Tand Antilles to test druys
outside 1.5, jurisdictlonf

Histar Institute

Harvard University
Mir
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Table 3-2

U.5. companies engaged in applied genetics R&D.

Name ' Lucation Projects

Collaborators

GENERAL (cont )

tnergetics Palo Alte, CA instrumentat ion

Flow Generval Mctean, VA interferon
tissue culture

Genetic Systems San Francisco, CA instrumentation

fiem Research Rockville, MD interferon
tissue culture

Hybritech Ladolla, CA monoclonal antibodies
Immunetech fampa, L diagnostics
IntelViGenetics Stanford,CA tomputer software for

yene sequence analysis

Interferon Sciences Hew York, NY interferon
M.A. Bioproducts Walkersville, MD diagnastics
Motecular Genetics ‘ Minneapolis, MN vaccines

tndustrial processec

Honoclonal Antibodies Palo Allo, CA monoc tonal antibodies
diagnostics

Neo-Bionics Atbuquerque, HNM diagnostlics

New England Biotebs Beverly, MA resgarch enzymes
Organon Ueot Orange, NI diagnostics
University Patents Nowwalk, (1 general hiomedical

Veqga Laboratories Tucson, A7 instrumentation

HIT Cell Culture Cenler

Applied Nedical bevices, Inc!

Stanford tiniversity

National Patent Developwent
Organan

Mmerican Cyanamd

Micvobiological Associales
(M A Bioproducts)
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Table 3-2

U.S5. companies engaged in applied genetics R&ID.

Nawme

Location Projects Collaborators
1. PUHARMACEUTICAL

Abhott Labs North Chicago, 1L urokinase Agen
antibiotics
vitamins

Baxter-1ravenol Deerfield, 1l diagnostics

Bristol Myers New York, NY interferon Genex

E1i Lilly Indianapolis, IN insulin Genentech
growth horaone University of California

G.B. Scarle Skokie, N interteron subsidiary in lligh Wycombe, U.K.

Hof fmann LaRoche
Melay labs

Merck

Hiles Labs

Hutley, HJ
Springfield, VA

Rahway, HJ

Elkhart, N

interferon
interferan

intevieron
antibiotics

hormones

tGenentech

{subsidiary of Revion)

{subsidiary of Bayer, A.G.)

wastewaler treatments

Ortho Raritan, NJ wonoclonal anlibodies (subsidiary of Johnson & Johnsan)

Pficer New York, NY interferon

agricultural products

Richardson-Merre) Wilton, (1 geneval biomedical {subsidiary of Dow Chemical)

Schering Plough Kenilworth, i) interteron Bioyen (Swilzerland)

Smithkl ine

Southern Medical
& Pharmaceutical

Squibhb

Philadeiphia, PA

Brandon, fL

Princeton, NI

grneval biomedical

interferon

general biowedical

Key bknergy Enterprises ., Tampa
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Name

Location

Table 3-2

U.S. companies engaged in applied genetics R&D.

frojects

Callaborators

1.

I

.

PHARMACEUTICAL (cont )
Syntex

Upjohn

Harner-t ambert

Zoecon

INDUSTRIAL CHIMICALS
Agri-Business Research
Allied

American Cyanamid

Celanese

Diamond Shamrock
Dow Chemical
Dullont

W.R. Grace

Monsanto

Palo Alto, CA
Kalamazoo, Mi
Morris Plains, NJ

Palo Alto, CA

Scotlsdale, A/

Horristown, NJ

Wayne, NJ

New York, NY

Tucson, A7

Midland, Mt

Wilminglon, N

New York, NY

St. touis, M)

general biomedical

interferon-inducing drugs

tumor diagnostics

steroids production

petrochemicals from
desert plants

industrialfagricultural
chemicals

general blomcdical

methane from pelrochem-
fcal wastes

oilts and rubber from
desert plants

general biomedical
fndustrial processes

intevieron
general biomedical
chemical feedstocks

industrial chemicals

tndustrial chemicals
general biomedical

Penn State University

Arizona State University

Biolagicals {Canada)

Molecular Genetics

University ol Artzona

Collaborative Genelics

New England Nuclear
{acquired Ly DuPont)
Cal Tech

Biogen (Switzerland)
Genex
Genentech



U.S. companies engaged in applied genetics R&L.

Table 3-2

L.

Nawme

location

INDUSERIAL CHEMICALS (cont.)

Pennzoil

Revion

Rotun & Nadas
Stauffer Chemical

Union Carbide

ENERGY

Arthur b, Little
Ashiland Oil
Bio-Gas

Dynatech RE&D
Lcoeneryetics
Fxxun Research

National Bistillers
and Chemicals

Shell Ol

Standard 0§l of Cal-
ifornta (Chevion)

Standard Qil of
Indiana (Amoco)

tubrizol

Houslon, 11X
New York, NY
Philadelphia, PR
Hestport, (1

New York, HY

Camhvidge, MA
Ashland, KY
MArvada, €0
Cambrvidge, MA
Vacaville, (A
Flovham Park, MNJ

Hew Yoric, NY

Houston, TX

San Irancisco, CA

Chicayo, 1l

Wicklitie, Ot

Projecls

petrochiemicals from plants
drugs from plants
agricultural chemicals
industrial chemicals

industrial chemicals

biafuels

ethanol from cornstarch
wethane from animal wastes
fuels from algae

brofuels

geneval energy-yelaled

general encrygy-velated

petyvochemical substitutes

alternative sources of
Viquid fueds

enhanced oil recovery
general eneryy-relaled

peltrochemical substitules

Collaborators

Meloy Labs

Advanced Geaelic Systems

Qak Ridge National Labs

not
Publbicker Industries

Laos Alamos tational tabs

Cetus

Celus

(etus

Celus

Genentech
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U.S. companies engaged in applied genetics R&D.

lable 3-2

Name

Localton

Projects

ENERGY {wont,)
Native Plants

Sobar Fncergy Research

Phillips Petroleun

Synthetic tuels Corp.

uoe

POLLUTION CONTROL

ARCO Chemicals

Battelle Colunbus

Biochemieal Carp.
of Anerica

Cytox

tecolotrol

Envivolech

General {lectric

Jacobs Tugincerving

Salt take City, Ul

tolden, €O

Bartlesville, QK

Washington, 0OC

Pes Plaines, IL

Philadelphia, PA

Cobumbus , OH

Birmingham, A

New York, NY

Salt Lake City, @7

Schenectady, HY

i*fasadena, CA

biofuels

photabiological enerqy
conversion

alternative sources of
tiquid fuels

fuels from biomass

microbial chemical catalysts

bioloyical wastewater
Lreatments

chemical detoxificetian

biological wastewater
Lreatments

chemical detoxification

bivlogical wastewater
Greatments

mineval leaching

oil degradat ion
cthanol fvom biomass

biological wasleuatey
trcatuents

Collahoralors

Plant Resources institule, Utah

ot
numnerous contractors

Mational (il €o. of Spain

division of Sybion Corp



Table 3-2

U.S. companies engaged in applied genetics R&D.

Hanw lLocation Projecls Collahorators

V. POLLUTION CONTROL. (cont )

Polybac Allenlown, PA activated sludge wmicrobes subsidiary of (ytox Carp.
SRI International Menlo Park, CA chemical detoxiticat ion
Syhron Biochemical i rmingham, Al biological wastewater

treatiments

VI. AGRICOLTURL/FOOD

Rgrigenetics Madison, Ui nitrogen fixalion
crop development

é-:, Avcher-Damiels - ecatur, 1L agricullural rescarch
Midland ethanol from cornstarch
AL, Staley Decatur, 1L fructose syvup
Calgene ' Davis, CA agricultural research
Campbell Soup Camden, NJ food products
frito-tay NDallas, TX food products
Genetic Engineering Benver, CO animal hushandry
Inteynational Plant San Carles, CA agricultwral rescarch

fesearch Institute

titton Bionetics Rockville, MD agrichemicals
medicinals

Ratston Purina St. lowis, MO food products




commercial potential of modern biological technigues and macnaged to attract
venture copital to underwrite their business plans, The two pre-eminent

examples of this venture capital apporach are:

. Cetus Corp., founded in 1971 by UC Berkeley physicist
Donald A. Glaser, bicchemist Ronald E. Cane (who also
earned an MBA degree from Harvard), and Peter J. Fartey
(a medical doctor with an MBA from Stanford). Even
before the advent of recombinant DNA techniques, Cetus
funded its operations through centracts with larger com-
mercial firms, especially pharmaceutical houses. Current
backers of Cetus include major oil companies, such as
Amoco, Chevron, and Shell.

® Genentech, Inc., founded in 1976 by Robert A. Swanson
(who nolds degrees in chemistry and business management
from MIT) and UCSF biochemist Herbert 'W. 3over. The
firm was established express'y to commercialize on DNA
technology and was initia'ly underwritten by venture
caoitel, chiefly from Kleiner & Perkins in Catifornia,
Wilmington Securities in Delaware, and Lubrizct Enterpri-
ses in Ohio. Gerentech currently operates with ccpital
derived from specific contracts with !arge firms, such as
Hoffmann-LaRoche and Eti Litly, and with capital derived
from a recent sublic sale of stock.

The contribution of smctl, inncvative companies such as these to the emergence
of the applied genetics industry has been summarized >y Neison M. Schreider, a

drug-industry investment analyst for E.F. Hutton:

Ail major new technologies have been promoted and
fostered by small companies. The small guys have the
opportunity onty because the bigger guys ignore it. The
5ig companies can't see the forest for the trees. They
choose rnot to pariicipate because of their own ingrown
bureaucrccies.

Thus, small companies such as Cetus and Genentech, and the dozen or more

similar young firms that have sprung up recentty, have the flexibility and the

TEKNEKRON
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expertise to *ake advantage of scientific advances in the applied genetics field.
But today's smail companies are determined to grow. Says Peter Farley,

president of Cetus:

It's biotogy's turn now. We actuctty saw it coming, oand we
were determined right from the outset to become a major
company. It's not a get-rich-quick scheme. We expect to
be around fifty years from now as a mcjor company.

It remains to be determined whether Cetus, as a major corporation, can continue

to ""'see the forest for the trees."

The second principal business strategy for investing in biotechnotogy has been for
large, technicaily oriented companies to undertake independent, n-house R&D
programs. Virtually every major U.S. pharmaceutical firm has engoged in or
made plans to initiate recommbinant ONA research. The high level of interest
among firms in this industry stems from the obvious apptlicctions of the new
technology to the manufacturing of new or improved drugs. Some drug firms
have undertaken collcborative research ventures with smcll genetic engineering
firms directed towards the development of specific products. Examples include
arrangements between Genentech and Foffmann-LaReche to mcke interferon,
Genentech and Eli Lilly to make human insutin, and Gerex and Bristol-Myers to

make interferon.

LLarge corporctions representing other industriat sectors are also investing
heavily in aop!ied genetics. DuPont, the world's largest chemical producer, nas
undertaken a sizeable commitment to R&D in the bioscierces. Likewise, severci
major oil companies, such as Amoco and Phittips, have established in-house
programs in biotechnology. These large, wealthy companries are hiring high-
qualtity scientists and bioengineers for the purpose of developing biologicat
sotutions for problems such as alternative sources of energy and petrochemical

feedstocks. Coilaborative agreements with small firms exist here too, such as

~
~

Eg TEKNEKRON
RESEARCH, INC.



contracts between Cetus and severat oil companies, including Amoco, Chevron,

and She!l, to conduct R&D on energy-relctec projects.

While small genetic engineering firms will continue to conduct laboratory-scale
R&D, commercial scale-up of biotechnological processes will require capital
investment that only large firms can undertake. Thus, the relative importance
of large companies, with respect to the growth of the applied geretics ndustry,
witl increase at the expense of the smaller firms. A trend can be anticipated
paratieling that which occurred in the semiconductor irdustry during the 1570's;
namely, larger ‘irms will acquire through merger (or drive out of business) the

many small, specialized genetic engineering comparies that have emergec.

The recent efforts of Cetus and Genentech to raise large sums of money by
offering shares of stock to the public reveal the difficulty that smal! companies
face when undertaking capital-intensive projects. A short time ago, the
corporate mancgement of both companries expressed desires to avoid going pubtic
with their stock untit the mid-1980's at the earliest. However, several fcctors
served to alter their plans: (l) commitments to pursue costly in-house programs
of commercial scale-up; (2) the failure to attract additional financirg from iarge
corporate bcckers (such as Chevron and Amoco in the case of Cetus); ard (3) the
absence *o date of saleable products derived from R&D investments. Public
owrership may compel these companies to lose some of their flexibiiity and
fcrsightedness that provides them with the competitive edge over large, bureau-

cratic corporations.

3.1.3 Federal government

The involvement of the federal government in applied genetics stems from a
concern, first expressed by research scientists in the mid-:970's, that the

apolication of recombinant DNA techniques could produce new organisms that

o~
w
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mignt escape from the !laboratory and endanger the human pooulation cnd the
environment. Thus, the rote of the government in bictechnology has so far.been
limited to considering the practice of recombirant DNA methods in academic

and commercial settings.

3.1.3.1 The Noﬁondl Institutes of Health

In the United States, the Nctional !nstitutes of Hearth (NIH) controt the
administration of atl fe.derqHy supported recombinant DNA research ond of alt
such activities carried out by commercial firms in voluntary compliance with
NIH Guicelines for Research Invoiving Recombinant DNA Molecules. Other
government agencies also involved in the potentia! regulation or cortrot of
commercial activities are the Food and Drug Administration (FDA), the Occupa-
tional Safety and Health Administration (OSHA), the National Institute fer
Occupational Scfety and Health (MIOSH), cond the Zrvironmertcl Protection
Aéency (ERPA). Figure 3-1 depicts the organizationcl relationships between the
various government agencies and any company invoived in recombinart DNA

activities.

The purpose of *he NIH guidelines for recombinant DNA resecrch is to specify
proper practices for constructing and handling recombinant DNA molecules and
for handling organisms and viruses containing such molecutes. Compliance with
the guidelines is mardatory fer all institutions engeging in such researcn anc
receiving federal support. The guidelines were first published in the “ederal
Register in the summer of 1976. Since then *hey have been amended consider-
ably and now reftect a more confident and relaxed attitude about d>otential risks

inherent ‘n these activities. The Tost recent version of the guideiines appeared

in the November 2!, 1980, issue of the Federal Register.

The director of the NIH is responsible for the establishment, implementation,

anc finat interpretation of the guidelines. Pursuant ‘o the gu.delines, the

£~
£
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Figure 3-1

Government agencies involved in recombinant DNA activities
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Director has established the Recombinant DNA Advisory Commiztee (RAC) and
the Office of Recombinant DNA Activities (ORDA) to provige technical and

administrative gssistance in the fulfillment of these responsibilities.

The RAC was established to provide technical and scientific assistance to the
Director of NIH. Consequently, its membership must collectively reflect
expertise in scientific fields relevant to recombinant ONA technology and
biological safety, Acdditionally, at least 20 percent of its members must be
knowledgeabie about applicable law, standards of professional conduct and
practice, the environment, oublic and occupational nealtn, and reloted fielas.
The RAC meets four times a year and advises the NIH Director on changing the
containment levels specified for various types of experiments covered under the
guideiines, assigning containment levels to experiments not covered by the
guidelines, and recommending new host-vector systems. The recombinant DNA
tield has expanded rapidly over the past few years, especially with the increasing
involvement of private industry. Consequently, the RAC has been compeliec to
assess large-scale fermentation procedures, to examine conficential incustrial

datg, and to review occupational safery and health standards.

However, the RAC has little expertise in industrial engineering. Furthermore, as
cn advisory committee to a ron-regulatory agency, it has no authority to require
compliance with its advice. The RAC has recently decided to limit 'ts
assessment of industrial facilities to an excmination only of the biolegical
characteristics of the operation (45 FR 77379 Consequently, private
commercial firms will no longer be requested to suomit to the NIH the detaiis of
their physical piants. medical surveiilance programs, environmental monitoring

schemes, or emergency plans,

The Office of Recombinant DNA Activities (ORDA) is responsibie for providing
maximum access to information on every aspect of the recombinant DNA field.

As the focal point for all infermation on such activities, it provides tecnnical and
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administrative advice to any institution, agency, or individual within or outside
the NIH. In cddition, it serves as executive secretary to the RAC, publishes the

Recombinant DNA Technical 3uttetin, and reviews and aporoves IBC membership

tists (see below). ORDA's responsibilities atso include the scheduling ard -
announcing of RAC meetings and the publishing of revised guidetines in the

Federa! Register. ORDA atso distributes information regarding poticy decisions

relevant to recombinant ONA research, announcements of trcining courses
deating with experimentci and safety issues, up-dating of cporovec host-vector
systems and other experimenta! protocols, and publishes a bibliography of newly

released articles on recombinant DNA.

The NiH guidelines were cmended in Jenuary 1980 to .ncluce a section dealing
with voluntary compliance by private commercial firms engaging in recombinent
DNA activities. This action was tcken as a compromise ‘o proposed mandatory
controls put forward by the FDA. A scheme of voluntary compliance encourages
private companies to follow the same cdministrative and technica! procedures
that are required of ary federal'y supported institution. “However, al! items of
information provided to the RAC or to ORDA by compl!ying companies cre
protected as tracde secrets, thus prchibiting subseaquent disclosure under the
Freedom of Informction Act. In addition, companies that éomply voluntcri'y are

asked to register c!l projects involving recombinant DNA technology.

‘n Aoril 980, the NIH published a set of guidelires deating with large-scale
apotications of recombinant DNA methodology. These guidelines cdetail the
physicc! containment requirements for the production of recombinent DNA

organisms in velumes exceeding ten liters.

Any company engcged in recombirant DNA activities and in voluntary com-
pliance with the NIH guicelines must estabtish in Institutiona! Biosafety Commit-
tee (IBC). Each firm's IBC must include ct least five members, with ¢ minimum

of two (but.no fewer than 20 percent) having no cffitiaticr with the cempary.
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The IBC members cotlectively must have expertise in recombinant DNA research
and be capable of assessing the safety of such.experiments and the risks to
workers and the community. The non-affiliated members are to represent the
best interests of the surrounding community with respect to health cnd the
protection of the environment. Officials of state or !oca! public heaith or
environmental protection agencies, members of other local government organiz-
ations or persons active in community medical, occupational health, or environ-

mental affairs are ail eligible to serve on an IBC.

The primary responsibility of the IBC is to review all recombincnt ONA
experiments conducted by *he company to ensure cormpliance with the NIH
guidelires. The IBC review must include cn assessment of the containment
revels utilized as well as cn evaluation of the facitities, procedures, trairing, and
expertise of the nersonne! conducting the experiments, The IBC must arso adopt
emergency oians covering accidental spilis cnd contamination resultirg from

recombirant DNA research.

In addition to an IBC, any firm or institution engaging ‘n recombinart DNA R&D
invotving high levels of physical containment (P3 or P4) must appoint a biological
Safety Officer (BSO). The 350 is ¢ member of the IBC anc is responsible for
conducting pericdic inspectiors of lab facilities, recorting to the IBC any
significant violations of the guidelines, developing emergency plans, ard inter-
acting with the orincipal investigator (Pl) in areas of lab security, technica! and

safety procedures, and acherence to the guidelines. -

3.1.3.2 Other Federal agencies

Recombinant DNA technotogy is rapicly moving out of the exclusive domain of
university research lacboratories and into industrial iabora*ories and large-scale

production fccitities. Concurrently, government agencies other than the NIH are
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pecoming increasingly involved with issues concerning environmental monitoring,

worker safety and health, and product quality.

The Food and Drug Administration has been invoivec from the very beginning
with industrial scale-up of recombinant DNA technology. This interest stems
from the faoct that the first commercial products emerging from this new
technology are likely to e intended for human use; namely, insulin, human

growth hormone, and nterferon.

MNew drugs intended for human use must se certified by the FDA through the
approval of two company-submitted forms: (1) a notice of Claimed investigation
Exemption for a New Drug (IND); and (2) a New Drug Appiication (NDA).
Together these forms supply the FDA with proprietary information on drug
composition, results of human and animal testing, and manufacturing procedures.
As of June 1980, the position of the FDA was that crugs producecd by recombinant
ONA technolgoy could not be marketed uncer existing INDs or NDAs as simply

changes ‘a1 manufacturing technique.

Submission of an IND informs the FDA thct ¢ company nas tested a potential
new drug and that it will be testing it further. Required by the form is a
staterment of the methods, facilities, and controls used for the manufacturing,
processing, anc packaging of the new drug to establish and mcintain approprigte

standards of identity, strength, quality, and purity.

The NDA is a request for approval to market the drug. Although intended
primarily o orovide information on *he results of clinical testing, the NCA also
contains detailed information on the monufccturing of the drug. It covers all the
information *hat the sponsor «nows about the drug and often consists of

thousands of pages.

The Occupational Safety and Health Administration (OSHA) was estcblished under
the Occupational Safety ana Heclth Act of 1970, OSHA is ¢ regulatory agercy

‘.\
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within the Department of _abor that is chargea with developing and promu!go-
ting stancards, formulating end enforcing appropriate regulations to maintain
safe ana healthtul conditions in the workplace. OSHA has announced that it will
develop a recombinant DNA reqgulatory policy over the rext two years, This
could prove-to be g difficult task since hazards associated with this technology
have remained speculative. Two recent events will further contripute to the
difficulty that OSHA will encounter in efforts to regulate recombinant DNA
technology. In a recent Supreme Court decision, reduced standards for exposure
to benzene were disallowed owing to a icck of evidence that the existing
exposure levels were dangerously nigh. Similarly, there exists no firm evidence
of risk resulting from contact with recombinant DNA organisms (at cny leve! of
exposure). Secondly, OSHA has no authority to preview the technical details
that a company intends to use in the large-scale production of recombinant DNA
organisms. Until now, OSHA has obtained this information from the RAC, but,

as mentioned cbove, the RAC no ionger intends to gather this informction,

The National Institute for Occupational Safety and Health (NIOSH) was
established by the Occupational Safety and Heclth Act of {970. NIOSH is a
component of the Center for Disease Control under the Public Health Service
cnd is authorizec to conduct research and recommend workplace standards to

OSHA. NIOSH is interested in the following areas relevant fo recomazinart DNA:

° Process operations with attendant potential for worker
exposure;

) Engineering controis, such as pnysical containment design,
ventilation, exhaust gas filtration, waste product control,
etc;

° Validation procecures pertaining to sterilization of equip-

ment, physical containment, and process rermination;

® Work orcctices, ermergency and accicent procecures, med-
ical surveillance, environmental monitoring, ard employee
training and ecucation. ’
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3.1.3.3 Patent issues

The issue of pctent protection for products and processes evoiving from
recombinant DNA R&D is both controversial and very imporiant to commercial
firms engaged in these activities. Two events have had a sizeable impact so far.
One established the legal prececent that man-made microorgcnisms are not
excluded from patent srotection; the second extended natent coverage to the

inventors of certain basic laborarory procedures.

On June 16, 1980, the J.S. Supreme Court ruled in a narrow 5-4 decision *hat tre
General Electric Corp. should not be denied patert protection on an "oil-eating”
microorganism developed by Dr. A. M. Chakrcbarty. The decision hinged on
whether a microorganism is unpotentable subject motter simoly beccuse it is
alive, The Court found that the principcl criteria upor which an invertion is
deemed oatentabie (namely, that it be new, useful, and ron-obvious) were in no
way infringed by the fact that the invention is alive. The dissenting minority
argued that those who originally fromed the patent statutes never intendec that
pctent protection be afforded to living things, The Court admittec to ¢ iack of
competence in evaluating the potential dangers or berefits of this new technol-
ogy, and they further declared that any binding policy regarding pctentability of

livirg organisms must originate in Ccngress.

On December 2, 1980, Stanford University and the Jniversity of Californic were
jointly awcrded a patent cealing wth gere cloning technigues used in recomoi-
nant DNA experiments. The tecbniques, developed oy Stanley Conen at Stanford
and Herb Boyer at UCSF, have become the bcsis for virtually all recombinant
DNA experimentation to date. The two universities have declared that tney will
license the technology to ony company that wishes 1o employ the techniques and
they will coilect royalities on its use. Tkey have further statec that a condition
for use of the techrology wiil be acherence to the NI guideiines. However, the

patent applies only to the use of recombinant ONA technoiogy within the borcers

(Wi}
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of the Unitec States and would not cover overseas operations by 'J.S.-based
companies, or by foreign firms. !t is highly uniivkely that this.patent could
withstand a legal challenge if it is deemea to inhibit the commercial deveiop-
ment of recombinant DNA technology. Moreover, litigants will argue that
numerous refinements to the basic itechniques have been made so that the

original inventors are no longer entitled to patent protection.

3.2 Foreign activities

The overseas practice of applied genetics has proceeded in a fashion similar to
its evolution in the United States. Much of the basic biologice! research that
gave rise to this new industry occurred in foreign laboratories, particularly in
Western Zurope. As in the United States, there has emerged in several countries
a variety of small new genetic engineering companies. Likewise, established
corporations are engaging in applied genetics R&AD. We are aware of over ferty
foreign companies, large and smcll, that have invested in biotechnology (see
Taole 3-3).

In contrast to U.S. cctivities, however, some foreign goveraments have suopiied
considerable financiai backing to flecgling genetic engineering companies. “or
exarple, the British goverrment, in concert with four London investment firms,
has estchiished Celltech. This nationally owned venture came into being only
after extensive hand-wringing on the part of government planners, but Ceiltech
can now hope to commercialize significant scientific achievements of Sritish
researchers, several of whom have already lost the opportunity to capitalize on
their findings owing to a lack of public interest. (For example, the monoclonal
antibody technique was discovered in Englang, but the scientists involvea failed

to patent the process within the necessary time limits,)

With regard to applied genetics in France, the government there has fostered a

heai*hy relationship between universities and industries, thereby facilitating the
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transfer of basic biotechnotogy from academic lcbs into the commercial sector.
The French government is committed to spend abcut $25 miition over the next
five years in support of Siotechrology. Several “rench government science and
research agencies have cooperated in support of a new business venture, called

G3, which will concentrate on biomedical applications of genetic engineering.

In Japan, where government-industry cooperation is legendary, over a dozen
established chemicat and pharmaceutical firms are cctiveiy pursuing genetic
engineering programs with government support. The Japanese are considered
wor!ld leaders in certcin areas of biotechnology, particularly fermentation
techniques. They are far aghead of the rest of the world with regard to the
quantity and diversity of products, such as antibioctics, vitamins, and food

additives, that can be readily mcnufactured by fermentation procedures.

Most of the commercial development of genetic engineering ‘n Canada has
preceeced via private investment. A small new firm, BiolLogicals in Toronto,
recent!y signed a mutti-million dollar agreement with Ailiec Chemica! (a U.S.
firm) to conduct apolied research into the uses of geretic engineering for the
production of industrial and agricultural chemicals. Connaught Laboratories,
formerly associated with the University of Toronto and the site where *the
hormone insutin was first isolated in 192}, has been largely taken over by the
Canadicn government. The firm is now engcged in an ambitious revitalization

program that inctudes large-scale investment in genetic ergineering.

In Israel, biotechnology is being apptied to mee* rational needs in the areas of
agriculture, industricl chemicals, cnd waste management. Consicderable effort is
being expended to investigate various types of photosynthetic algae as potentia!
sources of sirgle cell protein and useful biochemicats. Ceneticcily engineering
salt tolerance into olgoe, thus atlowing the microbes to thrive in brackish ponds,

has received soecial attention.
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For the most part, government regluation (or pseudo-regulation) of recombinant
DNA activities in foreign countries has followed ¢ path similar to that in the
United States. Actual legisiction dealing with this area exists only in the United
Kingdom, where the GMAG (Genetic Manipulation Advisory Group) reviews
experimental protocols much as does the RAC in this country. |In Britian,
however, emphasis has been placed solely on physical containment of recombi-
nant DNA organisms, rather than on both pnysical and biological containment, as
in the United States. Other Western European nations have generally followed
the modei set by GMAG,

The Japanese government has followed the U.S. lead in estabiishing voiuntary
guidelines for recombinant DNA resecrcn. The trend in Jepan, as in all nctions,
has been to continvally revise downward the restrictions imposea by the
guidelines s information accumulates indicating bichazards inherent to recombi-
nant DNA techniques are no greater than the risks associated with microbiologi-
cal methods in general. Governments in all nations are fearful that unnecessary
reguiction of genetic engineering may adversely cffect the commercial potential

that this rew technology offers.
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Table 3-3

F orcign companies or government agencies engaged in applied genetics R&D

Name Projects . Collaborators
CANADA
Biologicals industrial/agricultural Alied (U.5.)

chemicals

Connaught Labs vaccines {6/% government-owned)

W
Ut

Inco

Levochem Industries

NabLional Rescarch Council

industrial chemicals

amino acids

tndustrial processes

Biogen (Switzerland)

(subsidiary of Conmercial Organics,
Canada)

Ontario Paper {Canada)

of Canada

Sybron Biochemical

industrial waste treatment Paper Research Institute of Canada

UNITED KINGDOM

Burroughs -Wellcome intevferon (tissue culture)

Celttech medical diagnostics { 100Z govarnment owned)
Fospur bioloyical wastewater treatment
il Specialties industrial chemicals Tate & Lyle {U.K )

Hercules (1K)

IC! (twperial Chemical
Industries, Ltd.)

single cell prolein

Sera Labovatories monoclonal antibodies
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Table 3-3

Foreign companies or government agencies engaged in applied genetics R&D

I'rojects

Collaborators

FRANCE

WLSY

Chimie Industrielle

Elf-Aquitaine

Genetica

G3 (Groupcment de
Genie Genetique)

Sanofi

Transgene

GERMANY
Boehringer-Mannheim

jloechst

Schering

industrial chemicals

energy from biomass

aminn acids
nitrogen fixation

pharnaceuticals

hepatitis vaccine
hormones

interferon

pharmaceuticals
bivenerqy

enzymes

synthetic peptides
hoymones

phaymaceuticals

{subsidiary of Rhone-Poulenc. France)

Institut Pasteur

Nat fonal Institute for Health and
Medical Reseavch (INSERM)

National Center for Scientitic
Research {CHRS)

National Institute for Agricultural
Rescearch (INRA)

Institut Pasteur

Paribas (France)

Massachusetts General Hospital (1.5.)
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lable 3-3

Foreign companies or government agencies engaged in applied genetics R&D

Name Projecls Collabarators
SHITZERLAND
Biovgen interferon Schering Plough (U.S))
industrial chemicals Monsanto (U.S.)
mining _ Inco (Canada)

Grand Metropolitan Faoods {U.K.)

Ciba-Geigy pharmaceuticals
agricultural chemicals

to f fmann-1 aRoche interferon Roche lnstitute (U.S.)

Sandoz biological insecticides Universily of California

OTHMER LUROPEAN

Alfa-Laval {Sweden) ethanol from biomass

Kabi (Sweden) human growth hormone Genentech (U.5.)
‘ Novo Industri (Denmark) human insulin

Gist-Brocades (Netherlands) industrial chemicals

amino acids

Nizo (Netherlands) ethanol from biomass Duteh Institute for Dairy Reseavch
ISRATL

Koor tood stngle cell protein Heizmann Institute (lsracl)

Yeda R&D interfevon Ares Co. {Switserland)

DNA Science (U.S.)



Table 3-3

Foreign companics or government agencies engaged in applied genetics R&D

Namg Projects Collaborators
JAPAN

Ajinomoto hoymones

Asahi Chewmical vaccines

Kyowa Hakko Kagyo aming acids

Sumitomo Chemicals industrial chemicals

Milsubishi Chemicals 2 flavoring agents
Dainichiseika Chenticals microbial air deodorants

Hiki wastewater freatment ’
Japanese Fermentation bacterial concentration

Rescarch Institute of heavy melals
Japanese Science and general microbhial

Technology Rgency biolechnoloyy
Mitsubishi Kakoki Kaishha wastewater treatment Beppu University (Japan)
Ringen Riological Research pharmaceuticals
Shiunogi insulin
Green Cross interferon Collaborative Genetics (H.S))
fakeda Ciemical interferon

loray Industries inteyferon Japanese Foundation for

Cancer Research




SECTION 4

INDUSTRIAL APPLICATIONS, TRENDS, POTENTIAL HAZARDS

This section contains an industry-by-industry cnalysis of biotechnology. Each

industrial sector will be examined for:

. Current activities in applied genetics. Some speculation
may be required inasmuch as certain information is held
as proprietary by private industries.

° Future prospects for the application of biotechnology
within each industry.

° Assessment of potentiagl hazards of applied genetics both
as practiced currently within each industry cnd as possible
future uses unfold.

The following commercial sectors will be examined: (I} pharmaceuticals,

(2) industrial chemicals, (3) energy, (4) mining, and (5) pollution control,

4.1 Pharmaceutical industry
4.1.1 Current activities

The largest efforts to date towards commercial cpplication of modern diological
techniques have taken place in the pharmaceutical industry. The marufccture of
new or improved drugs and vaccines surzly wiil be the first commercial fall-out
from recombinant DNA technology. Scientists recognized very =zarly in the
development of these technigues the immediate potential for mcss-producing
human biologicals, such as normones ana serum proteins, for eventual use as

therapeutic agents, |f available at all, such agents iraditioncily have been
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isolated from animal sources, a practice frequently leading to shortages in supply
or to variation in quality from batch to batch. Moreover, biologics cerived from
animals generally differ slightly in structure from the human form of the analo-

gous compound, thus providing a less than optimal human therapeutic.

The production by modern biotechnological methods of specific pharmaceuticals

will now he considered.

Interferon is a protein synthesized by most cells of higher organisms in response
to virus infections. |ts production and secretion in miniscule amounts by
infected cells serves to "interfere'" with the spread of the infection to healthy
cells. Thus, the administration of interferon as a drug promises to be a potent
anti-viral therapy. In addition, interferon has been shown to act as an anti-
tumor agent for certain types of cancer. Its potential as a cancer drug is now
under Thbrough investigation at several clinical centers in the United Stofes,r

notably the M.D. Anderson Hospital and Tumor Institute in Houston.

The severe shortage of ourified human interferon hecs nampered adequate testing
of its therapeutic value, but scientists have succeeded in applying recombinant
DNA technigues to create bacterial interferon "{actories" thct promise to
increase greatly the supply of the drug, while reducing enormously its current
cost of several thousand dollars per dose. A oredicted market of $3 pillion per
year has lured numerous commercial firms, both in the United States and
overseas, to invest huge sums in interferon oroduction anc testing. Some
companies are pursuing tissue culture methods, rather than recombinant DNA

techniques, to obtain usable quantities of interferon. The therapeutic and

commercial values of interferon will likely be reveated within the next year or
two,
60
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Insulin, a hormone made in the pancreas, aids in the metabolism of sugar. It is
corrposed of two small polypeptides, the A and B chains, which cre composed of
2! and 30 amino acids, respectively, In the pancreas, proinsulin is made as a
precursor to insulin. Prior to secretion, *he proinsulin is converted to insulin by
the enzymatic removal from the middle of the molecule of a stretch of 35 amino

acids called the C chain.

There are currently several strategies for producing insulin by recombinant DNA
technology, Here we discuss two of them. In one, the genes for the A and B
chains are chemically synthesized separately and inserted into separate slasmids
as fusion proteins joined to the lac operon enzyme, beta-galactosidase. The gene
to be cloned is a combination of the gene for the A or B chain and the gene for
the enzyme, joined by the triplet codon for the amino acid methionine. The
plasmid is then cloned in a bacterial host. Since neither the A nor B chain
contains methionine, it can be efficiently removed from the fusion orotein after
the orotein is extracted from the host, Removal is accomplished by treating the
fusion protein with cyanogen bromide, which cleaves at the methionine juncture.
The A ard B chains are bound together as insulin by two disulfide bonds. After
extraction from the enzyme proteins, they can be joined in the laboratory by
Lsing an air oxidation technique involving S-sulfonated derivatives and an excess
of A chain. This methodology is 50 to 80 percent efficient in mcking the

complete insulin molecule.

The second method utilizes only one organism to produce a fusion protein
containing proinsulin,  As in the first method, the extraction is made with
cyanogen bromide, The isolated molecule is then treated with enzymes to

remove the C chain, and the active insulin is recovered,

Figure 4-1 shows schematically the synthesis of proinsulin and insulin by recombi-

nant DNA methodology.
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Figure 4-1

Alternative methods for insulin production in E. coli
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Human growth hormone (hGH) or somatotropin is produced in the pituitary gland
and mediates growth and stature, pcrticularly " in children. The hormone-
traditionally has been extracted from the nituitaries of human cadavers {animal
substitutes are not suitable) and is used in the treatment of dwarfism in children.
Recombinant DNA technology offers the prospect of sharply ircreased supplies
of the scarce hormone, leading to speculation that hGH will be useful in the
treatment of a variety of disorders including uicers, burns, bone fractures, and
bone deterioration {osteoporosis, a common ailment of the elderly). Moreover,
nGH may stimulate growth in a group of children (numbering close to @ million.in
the United States) who are abnormally small despite having seemingly normal
levels of circulating growth hormone. Clinical trials of "recombinant hGH" have

just been initiated.

Human growth hormone has been sequenced in its entirety, The synthesis of an
expression plasmid for bacterial hGH synthesis involved cloning o synthetic DNA
fragment coding for the first 24 amino acids separately from o clone coding for
the remaining 167 amino acids. The nonconjugable nlasmid oBR322, which codes
for resistance to the antibiotics ampicillin and tetracycline, was used as vector
for both c]onings.' The combined hybrid gene for the entire |9! amino acids was
fused to the gene for beta-galactosidase in the lac operon and then inserted into
a new expression plasmid subsequently designated pHGHI07, Figure 4-2 shows
schematically the stages involved in constructing the final expression plasmid

coding for the complete amino acid sequence of hGH,

The synthetic DNA segment coding for the 24 amino acids was constructed from
|6 chemically synthesized lengths: of DNA, These fragments were joired
together using the enzyme T4 ligase. The resulting 84-basepair fragment was
cesigned to nave sticky ends by adding additional nucleotides at each end and

then freating it with the restriction endonuclease enzymes Zco Rl and Hind 11 .
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Figure 4-2

Construction of a bacterial plasmid coding for
the synthesis of human growth hormone
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Eco RI ond Hind llIl were also used to open the vector, plasmid pBR322. The
synthetic fragment was inserted into the plasmid and subsequently cloned. Then
the plasmid with the correct DNA frcgmenT was isolated from a clonec colony
and designated pHGH3.

The 501 -basepair cDNA fragment coding for the remaining 167 amino acids was
prepared from pituitary mRNA, treated with the restriction endonuclease
enzyme Hae lll, and tailed with chemically synthesized segments of cytosine (C)
nucleotides. The plasmid was treated with Pst| and joired to synthesized
segments of guanine (G) resicues. The vector aond the fragment, rendered
complementary under these conditions, were then joined together. Insertion anc

cloning followed.

In order to clone the complete gene, the two fragments were isolated from their
plesmids and then joined together. The shorter, synthetic piece was cieaved
from its plasmid with Eco RI and Hindlll and then treated with Haelll to
produce an Eco R | sticky end at one end of the fragment and a Hae :ll blunt end
at the other. The larger cDNA fragment was then cleaved with Hge lll and
Xmal to produce a Hae lll blunt end and an Xmal sticky end. The complete
gene was made by joining the two Hgae [l blunt ends of the fragments with T4
ligase, Simultaneously, the Xma | end of the larger fragment was blunted with
Smal. This made that end suitable for insertion into g new plasmid (pGié), as
shown in the figure. This plasmid had been previously cloned with @ copy of the
lac operon. It was opened with Eco Rl and Hind Il and treated with S| nuclease,
thus leaving the plasmid with one Eco Rl sticky end and one blunt end. Thre
complete hGH gene was then fused to the lac operon, which permitted the

expression of the hGH gene in the presence of lactose.

A number of other "uman oeptides have been synthesized using recomoinant

INA techniques. These include: .
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) Somatostatin, a short fourteen amino acid peptide hor-
mone secreted by the hypothalamus, was the first human
substance produced in bacteria. !t may have therapeutic
potential in the treatment of diabetes;

) Thymosin, a thymus hormone, requlates the development
of a portion of the immune system. As c potential drug,
it may influence the aging process and have agpplication in
cancer therapy;

° Beta-endorphin is a naturally occurring opiate that mimics
the action of morphine. It has considerable therapeutic
ootential as ¢ safe, non-narcotic pain-killer;

° Urokinase, a kidney enzyme, dissolves blood clots, [t has
potential as a drug to reduce the likelthood of heart
attacks and strokes.

A second major pharmaceutical area in which recombinant DNA techniques are
finding considerable application is in the development of new vaccines, Conven-
tional vaccinations against viral diseases involve immurnizing with inactivated
virus particles, which stimulates the host's immune system to defend against ¢
subsequent exposure to a live, active virus infection. The use of entire viruses as
the immunizing agent, however, entails the risks that either the vaccine may
elicit the disease (owing to incomplete incctivation), or that the vaccire will be

ineffective cs a result of denaturation of the virus during inactivation,

Medical scientists have acquired an understanding of the molecular basis of
vaccination, so it has become possible to isolate the specific proteins from the
outer surface of viruses that are responsible for stimulating an immune response.
Injection of these proteins alone is sufficient to generate adeguate immunity to
the viruses, but the proteins are totally non-pathogenic; that is, they do not
mediate an infection. Using recombinant DNA techniques, it has been possible
to clone the viral DNA that directs the synthesis of these proteins and to gain
expression of the genes in bacteria so that the proteins are manufactured. Such

research nas focused on efforts to genercte vaccines to immunize against:
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) Hepatitis,. a serious liver disease that has reached epidem-
ic proportions in some parts of the world;

° Influenza, the many forms of which have made reliable
vaccines unobtainable using conventional techniques;

) Foot-and-mouth disease, a life-threatening disease among

domesticated livestock,

In oddition, vaccines are under development to combat certain pathogenic

bacteria and the diseases that they cause, including:

. Gonococcus, which causes venereal disease;
) Pathogenic E. coli, which give rise to digestive ailments

such as severe diarrheq, of life-threatening concern in
infant children;

e  Oral bacteria, which are responsible for tooth decay.

The discussion of applied genetics in the oharmaceutical irdustry has so far
centered on the uses of recombinant DNA technology. A variety of other

biotechnologies are finding application in this industry as well, including:
° Monoclonal antibodies for use as diagnostic agents for
viral and parasitic ciseases, such a hepatitis and malarig;

) New antibiotics generated by combining the synthetic
capabilities of different cntibiotic-producing strains;

. Bacterial production of chemical intermediates for use in
drug synthesis, such as glutathione, a liver drug interme-
diate;

) The production of human serum oroteins by tissue culture

of cells derived from fusions between human embryonic
cells and mouse liver tumor cells;

. The production of vitamin 312 by bacteria, which should

prove maore economic than its isolation from fungi, as
currently practiced;
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. Chemical modifications by microbes of drug intermedi-
ates, as in the synthesis of various antibiotics (streptomy-
cin, pemcxllm and gentamycin), and the transformation of
steroids towards the manufacture of contraceptives;

) The use of higher plcmsv and seaq creatures for the produc- -
tion of steroids, antibiotics, atropine, digitalis, etc;

) A great variety of phormocologicolly active agents can be
isolated from naturally occurring microorganisms; a part-
ial list is shown in Table 4-1,

4.1.2 Future prospects

[t is the biomedical field where applied genetics will likely mcke the most
dramatic, and most controversial, future impacts. The prospect of genetic
engireering in humans raises deeply personal ethical questions that are not of
concern to applications of biotechnology to other commercial sectors. As is the
case with other new technologies, however, specific develooments are cifficult
to predict; often the most significant applications are not even conceived of
several years in advance. Nevertheless, cer*ain trends are apoarent that will
direct the course of commercicl activity in the biomedical area over the next

few vears at least,

. Interferon is not a single substance, hut exists in multiple
forms (numbering at least eight so far). The physiological
role of each of these interferons has yet to be unraveled,
but a better understanding of this biological system will
lead to a wide variety of new drugs for treating soecific
viral diseases and some cancers, A note of pessimism:
patients on long-term interferon theropy will probably
develop resistance o the drug, much as chronic use of
some antibiotics and anti-malarials has reduced the ef-
fectiveness of these drugs. Thus, continual development
of new chemical forms of interferon will be needed.

° There will be a resurgence in the secrch for natural drug-
like substances produced by slants and sea crectures. A
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Table 4-1

Examples of pharmacologically active natural products

isolated from microorganisms

Activity Product Producing strain
anticoagulant Phialocin Phialocevhala repens
antidepressant 1,3-Diphenechylurea Strepitomyces sp.
anthelmentic Avermectin | Streproryces avermiitilus
antilipidemic Ascofuranone dscoeryta viciae
antipernicious anemia Vitamin B12 Strepitoryeces sriseus
coronary vasodilator Naematolin Yaematoloma fasctculare
detoxicant Detoxin Streptoryces CcespLiosus
\ + £ <
Dhingzizi;zrmat*on Antraformin Strgptonyces sp.
esterogenic Zearalenone Zibberella zece
food pigment ¥onascin Monascus sp.
herbicide HEerbicidin Strepioryces 2a5anonendis
hypotensive Fusaric acid Fusariwm sp.

immune 2nhéncer

insecticide
eiticide

plant hormone
salivaticn inducer

serotonin antagonist

N-zcetylmuramvl
tripeptide

Piericidin
Tetranactin
Gibberellic acid
Slazramine

HO

2138

Source: Wocdruff, H.B.

(1980) Science, 208:1228.
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variety of powerful drugs (e.q., digitalis, morphine, vin-
cristine/vinblastine cancer drugs, and many steroids) were
first isolated from plants. Modern crugs based on these
compounds are now chemically synthesized. There exist
numerous ratural products that may serve as useful drugs
but which occur in such limited quantities or which are so
difficult to synthesize that commercial development is
unlikely, ‘Applied genetics will soon permit mass procuc-
tion of these substances by genetic manipulation of the
organisms that produce them,

Monoclonal antibodies (*hybridomas") have so ‘ar been
produced cnly in mice. Mouse antibodies are ncppropri-
ate for use as human therapeutic cgents, but recent
developments have extended the hybridoma technique to
nermit the production of human antibodies. Such antibod-
ies will have muitiple drug uses: as antidotes for acute
bacterial or viral infections; as agents for localizing and
treating inaccessible tumors; as an adjunct to tissue
transplantation to prolong graft survivel; as safe contra-
ceptive agents., Although the array of cotential applica-
tions of hybridoma technology is considerably smaller
than that of recombinant DNA methodology, drugs based
on monoclonal antipodies will appear on the market in
greater variety and with shorter delays than will the
products of gene-splicing tecnniques.

Recombpinant DNA methods inciude the ability to transfer
human genetic material into bacteria. This ccpability
depends on certain bacterial vectors, usually nlasmids or
viruses, that carry the foreign DNA into the nost microbe.
Similarly, transfer of human ONA into ofher human celis
or tissues is feasible through use of appropriate vectors
that mediate the exchange. Such vectors, namely mam-
malian viruses, are under development; their availability
witl facilitate genetic engineering in humans. More
serious technical questions stand in the way of eventual
- medical application, however., For example, which humran
genes should be transferred 'n order to treat whicn
disease, cnd how cre those genes isolated? ‘Ahat steps are
required to establish those new genes in the recipient
individual? Apart from techniccl obstacles, unresolved
political and ethical issues pertaining to genetic experi-
mentation in humans are certain to forestall widespread
application of this technology for years to come.
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4.1.3 Potential hazards

The range of potential heclth and environmental hazards posed by appliea
genetics will vary depending on the industrial setting. In the pharmaceutical and
chemical industries, for exampie, processes involving' genetically engineered
microorganisms are likely to be contcined within closed reactors or fermentors.
Many applications of biotechnology in the mining and pollution control incdustries,
on the other hand, foresee deliberate release of microbes into specific open
environments, These two general modes of operation clearly impose different
risks or (1) the health of the workers involved and of the surrounding community

and on (2) the local ecology.

The application of biotechnology in the pharmaceutical industry gives rise to

potential hazards at several levels of activity:

) The research laboratory, where scientists and technical
personrel engage in the initial stages of development of
new drugs or therapeutic regimens, A potential risk
arising from the creation of new microbial strains vig
recombinant DNA techniques, for example, will be first
experienced by laboratory personnel, Tne specific
hazards involved are mitigated, however, 3y the high level
of personnel trcining in general laboratory safety and by
the relatively small quantities of materic! encountered in
the laboratory setting.

° The production facility, where large-scale manufacturing,
oroduct isolation, and oackaging processes are under-
taken. The drug industry has amassed consicerable exper-
ience in the safe operation of huge fermentation facili-
ties, There remains the potential risk, however, of
exposing the workplace (and to a lesser extent, the
surrounding community) to aqerosols containing vicble
microorganisms, Although their health is monitored quite
closely, aroduction workers are less able than cre highly
trained iab personnel to recognize the symptoms of
microbial infection. Certairly, individuals resicing in the
surrounding community are generally wunaualified to
appreciate the risks posed by these activities.
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° The end users, including medical personnel ana patients,
of drugs manufactured through applied genetics. Risks
here are minimized by (l) enforcement of existing
government regulations pertaining to the introduction of
new drugs -and biologicals and by (2) strict control of
product quality by the manufacturer,

Microbiology iaboratories have been examined since the turn of the century as
sources of bacterial and viral infections. A recent survey (see R. M, Pike, 1974)
summarizes nearly 4000 lab-associated infections dating back to the early 1950's.
The most common bHacterial and viral disecses reported among lab workers were
brucellosis, typhoid, tularemia, and hepatitis. However, fewer than 20% of these
infections could be associated with a knowh loboratory accident of any kind.
(The lab practices most frequently giving rise to infections are mouth nipetting
and the use of needles and syringes.) Although the incidence of such infections
among lab workers is 5- to |0-fold higher than their frequency in *he general
nopulation, the iocal community surrounding a microbiology lap apoears to be ct
no greater risk than the population at-large. For example, despite 102 lab-
associated infections at the Center for Disease Control during the period [947-
1973, no secondcry cases were reported in family members or community
contacts. In sum, these data suggest that, while workers in microbiology labs are
exposed to increased health hazarags, the risk to the surrounding community is

minimal.

As mentioned previously, applied genetics, especiaily recombinant DNA technol-
ogy, has received more commercial promotion in the pharmcceutical industry
than in other commercial sectors, r~or this reason, assessments to dcte of the
potential risks arising from this new technology have been made in the context

of laboratory and industrial practices pertinent to the pharmaceutical sector.

A number of risk cssessments have been conducted attempoting to evaluate the

safety of using £. coli K12 as a host bacterium for the manufacture of human

proteins vio recombinant DNA techniques, Three conferences dealing with this

issue have been held: (1) at Falmouth, Massachusetts, in June 1377; (2) at Ascot,
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England, in January 1978; and (3) at Pasadena, Californiq, in Aprit {980. The

viewpoints expressed at these sessions are summarized as follows:

) The natural fragitity of K2 would make 't very difficult,
if not impossible, for it to colonize the hurmcn gut, or to
be communiccted between individuals.

) The transfer into <12 of genes encoding the manufacture
of virulent proteins (toxins) would rot produce a fuily
pathogenic Kl2 strain, and the insertion into Ki2 of DNA
from human viruses would present fewer risks than the
same viruses existing freely in nature.

. The ingestion of a Ki2 strain that synthesizes and secretes
a humen hormone, such as insulin, would not contribute
significantly to the hormone leveis that occur naturclly.
Even assuming that more efficient hormone-producing
strains are ceveloped, current procedures require that the
secreted protein be gttached to extraneous materia: that
's removed durirg commercial processing of the product,
but which would prevent the formation of an active
hormonal substance in the gut of an ndividuai. Future
technical cdvances, however, may obviate this safety
feature.

) The bacteriagl synthesis of human proteins in the Cl tract
(or elsewhere in the body) would not likely trigger an
auto-immune response ‘o the humcn substance. That s,
an individual infected with insulin-oroducing Ki2 would
not produce antibodies to numan insutin.

Thus, the great bulk of evidence indicates that E. coli Ki2 is emirent!y safe as a
host bacterium for mediating the synthesis of human proteins, There current.y
exists no firm evidence conflicting with this conclusion. Although one can
speculcte cs to the risks arising from the concurrence of a variety of unlikely
events, the experience accumulated so far indicctes strengly that the risks cre

minimcl or non-existent,

Other microorganisms will soon be utilized as hosts for recombinant DNA
procedures leading to the commercicl procduction of drugs anc biologicals. The

two microbes most often discussed in this regard are a common soil Sccterium,
g ’
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Bacillus subtilis, and brewer's yeast, Saccharomyces cerevisige. As with E. coli,

more is known of the genetics and molecular biology of these organisms than of
any other microbes. Apprehensions fegording risxks inherent in the use of these
microbes have been for less than for E. coli KI2, Neither B. subtilis nor S.
cerevisige cause serious infections in humans; only easily treated minor eye

infections are attributed occasionally to B. subtilis.

Thus, these three microorganisms will likely underlie most commercial
recombinant DNA activities within the pharmaceutical industry for the
foreseeable future. Each of the three microbes has certain tecnnical cdvantages
and disadvantages that recommend its use on a commercial scale. The choice of
which organism to use in a particular application will be made largely on

economic grounds,

The NIH has recently approved the use of various species of Streptomyces as

host orgcnisms in recombinant DNA experiments (see 45 FR 5053.). These
microorganisms are especially important in the drug industry owing to their
ability to manufacture the aminoglycoside class of antibiotics, including
streptomycin, erythromycin, and tetracycline, The application of recombinant
ONA technology to these microbiai strains promises to generate improvements in

product yield and, perhaps, to new and useful types of antibiotics.

NIOSH and NIH have examined the issue of worker safety in the pharmaceutical
industry within the context of recombinant DNA activities, The NIk "has
proposed recommendctiors for large-scale fermentation of recombinant DNA
organisms (analogous to the Pl to P4 designations for laboratory
experimentation). Commerciai firms are expected to comply voluntarily with
these recommendations. So far, two U.S. firms, Eli Liily and Genentech, have

been granted NIH approval to proceed with scale-up operations.

in the spring of 1980, a NIOSH team conducted walk-through surveys of both
these facilities, Eli Lilly operctes a state-of-the-crt cecmmercial fermentation

plent. All operations are ciosely monitored for leakage or contamination of

@TEKNEKRON
RESEARCH, INC.



biological material, Equipment is designed to minimize the formation of
cerosols and to initiate sterilization procedures in the event of an accidental
spill.  Programs to ensure worker safety and health are in place, including
medical surveillance, periodic safety inspections, monitoring employee work

practices, and the provision of safety equipment and protective clothing.

Similar programs have yet to be instituted at Genentech, a firm that was
founded in 1976 and has !00 yecrs less experience than Lilly in large-scale
fermentation operations. NIOSH, therefore, has recommended that Cenentech

plan immediately to implement similar safety and health orotocols.

[n summary, the pharmaceutical incustry as a whole appears to be well equioped
to deal with the various experimental and engireering safety issues that are
nosed by the advent of recombinant DNA techrology. This industry historically
has been involved in the "business of biology," and there exists a long tradition of
safety associated with their operations, Moreover, a firmly established regula-
tory apparatus (largely housed in the FDA) already exists that closely monitors
activities and screens new products criginating from this industry. One must
conclude that new products and processes stemming from verious applicctions of
genetic engineering in the pharmaceutical field will encounter the same careful

scrutiny that haos been devoted to conventioral activities,
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4,2 Chemical industry
- 4.2.1 Current activities

While not attracting public attention to the extent that interferon has, the
chemical incustry has been influenced by recent advances in biotechnology.
Moreover, the industry may be on the verge of a techniccl revolution in which
biological processes and renewable resources will rapidly replace the pnysical-
chemical transformations of petroleum feedstocks upon which the industry is
currently based. This section will attempt to outline some of the applications of
biotechnology that are now in use end which serve as prototypes for the kinds of

Sioprocesses that may soon pervade this industry,

One chemical process utilizing biotechnology that has received some attention is
under development by Cetus in conjunction with Chevron Gil, The process
entails oxidation of alkenes to the corresponding alkene oxides. These end-
products are utilized in enormous quantities for plastics manufacture; for
instcnce, ethylene oxide and propylene oxide are the raw materials for the
production of polyethylene and polypropylene, respectively. The Cetus/Chevron
bioprocess consists of three enzyme-catalyzed steps, as follows:

R glucose + O2 - Hz-——'—b fructose + H202

i, propylene + HZOZ + KBr .._g_.’ bromoisopropanol

i, bromoisopropanol —-—:-3—0 propylene oxide + KBr
enzyme | = glucose oxicase

enzyme 2 = chioroperoxidase

 enzyme 3 = halohydrin epoxidase
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The process is now undergoing pilot plant scale-up. The plan calis for designing
an immobilized enzyme bioreactor in which the three enzymes are stadly linked
to an inert mctrix., A continuous flow process ensues in which starting materials
are percolated through the reactor, and oroducts (fructose and aikene oxice) are
recovered at the reactor outlet, It remains to be seen if this process is
economically competitive with conventional alkene oxidations. Moreover, since
the alkene starting material will genercily be obtained from petroleum feed-
stocks, the process fails to overcome the dependence on dwindling and ever-

more-costly oil supplies,

The general use of microbial enzymes in industriai orocesses (Tasle 4-2) is
rapidly becoming a big business. One estimate places the 1985 'narket in enzyme
technology at $500 million. The food industry historically has been the orimary
user of enzyme-based processes, and will continue in this role as demand
increases for sweeteners cerived from cornstarch and from other !ess conven-
tional forms of piomass, 3But rising demand for gasohol will lead to further uses
for enzymes in ethanol production, Three general classes of enzymes are finding

increasing commercial use:

o Amylases break down polysaccharices, such as ceilulose,
and mediate biomass conversions;

) Proteases break down proteins ard cre used commoniy in
the foocd industry, for example as neat renderizers;

. A miscellanecus group, which includes oxidases and
isomerases capaole of performing specific chemical trans-
formations of substrates, may soon find considercb:e
utility in the chemical industry.

These industricl processes utilize microbes as sources of biological catalysts
(enzymes) that, in turn, convert organic starting materials into products. A
large variety of microorganisms directly synthesize simple organic chemicals

when grown on carbohydrcte substrates (see Table 4-3). Since many of these
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Table 4-2

Commercial uses of enzymes

Znzyme Uses
Jroteases:
alcalase detergent additive to remove protein stains
bromelain meat tenderizer
papain stabilize chill-proof beer; meat tenderizer
pepsin digestive aid in precooked foods
trvpsin, ficin, and .
7P ’ ’ wound debridement
streptodornase
rennin cheesemaking
carbohydrases:
aryl.ase digestive aid in precooked focods
azyloglucosicase production of dextrose Zrom starch

cellulase and
hemicel lulase

glucose iscmerase
invertase
lactase

pectinase

cata’.ase

lipase

lipoxygenase

preparation of liquid coffee concentrates
and conversion of cellulose tc sugar

production of high-fructcse syrups
prevention of sugar granulation
prevention of lactose crystars in ice cream

clarificaction o wine and fruit iuices

peroxide removal iz cheesemzking

flavor production in cheese

bread whitening
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Table 4-3

Organic compounds obtainable by microbial fermentation

Compound Structure

acetone CH hCF
3¢hE,

acetic acid CH3COOH

acrylic acid
butanol

citric acid

ethanol
ethylene glycol

furfural

gluconic acid

zlycerol

isopropanol

itaconic acid

CE.,=CHCOCH

T

CH3VIZC52CHZO:

HOOC-(- (CH,COCH),
OH  ~ )

CH,CH, O

EOCH ,CE,,OH

~

¥~ CEO
1]

?OOH
(CHEOH),
i <
CHZOH
HOCHZ?dCdZOﬂ
OE

pd3TdCh3

OH
Co0H
c=Ci.,

ol "l aleTe} M
vl.7uu0h
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Table 4-3 {cont.)

Compound

Structure

keto-gluconic acid

lactic acid

palic acid

methanol

propionic acid

tartaric acid

CoOH
(CEOE)
CH,,0%

3

COOh

CH3CHEVCOH

?OOH
(?HOH);
coon
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compounds are toxic at relatively low concentrations, considerable research
effort is being expended to generate microorganisms that tolerate higher doses
of these organics. Also, modern fermentation technologies, such as continuous
flow and solid state processes, will be useful here since metabolic products never
accumulate to poisonous levels, |n addition, the use of unconventional substrates
for microbial fermentation, such as cellulose and lignin wastes, is rapidly
becoming feasible. These technical advances may soon make economic bYiopro-

duction of these and many other organic compounds possible,

A number of microbial species growing on carbohydrate are able to synthesize
surfactants or detergents. These compounds are typically long-chain fatty acids;
current commercial production of surfactants requires petroleum feedstocks.
The British sugar producer, Tate & Lyle, is now engaged in »ilot-scale develoo-
ment of this process. Similar microorganisms are exploited for the production of
polysaccharides for use in the food industry and the production of chemical

tlocculants, or precipitating agents, for use in sewage disposal,

Photosynthetic algoe offer the prospect of direct conversion of sunlight into
useful organic chemicals, A considerable variety of end-products may be
obtained from marine algae as shown in Figure 4-3.

Whereas certain microorganisms can syntnesize various simple orgaric com-
oounds, some higher plants have acquired *he ability to manufacture rather
complex molecules, As shown in Table 4-4, these substances include rubber and

petroleum substitutes, insecticides, steroids, anc other drug precursors.

The potential applications of genetic engineering in the chemical industry lie
largely in the area of organics nroduction. Many organic chemical feecstccks
can be produced utilizing fermentation technology (see Table 4-3). In principie,

the efficiency of microbes in any fermentative process car be improved by using
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Figure 4-3

The extraction of useful chemicals from algae

ALGAL
BIOMASS

fermentation

organic
acids

extraction

concentrated
organic acids

distillation electrolysia\}‘

Ziquid
aydrocarbon
fuels

acetic mixed
acid olefins

fraectionation

ethyliene
oropvlene
butylene
pentene

Source: Sanderson, J.E., =tal. (1979)
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Table 4-4

Examples of useful chemicals derived from plants

Plant Substances Uses

gopher plant latex rubber, setroleum
(Zupnordia) sterols substitutes, drugs

joioba long-chain esters surfactants, emulsifiers,
(Stmmondsia) waxes, lubricants, ore-

Suffalo gourd
(Cucurbita)
guayule
(Cartheniwm)
scorpion flower
(Phacelia)
nilkweed
(Asclerias)
juniper
(Pinaceae)
Varthemia condicans
Jotropha
meadowfcam
(Zimarthes)
money plant
(Lunaria)
bladderpod
{(Lesquerella)
thistle

7,

(Chamaepeuce)
kinkaoil ircnweed
(Verronia)
hartleaf Christmasbush
(Alehcmea)

starch
linoleic acid

latex

latex
chronenes

latex
silk-1like fiber

terpenoids
cadinene

sesquiterpene lactones
vegetable oils

farty acids

fatty acids

hydroxy fatty acids
hydroxy fatty acids
2pCxy fatty'acids

epoxy fatty acids

servatives, cosnetics

sweeteners
edible oils

rubber.

rubber
insecticices

rubber, chemical feed-
stocxs, taxtiles

antimicrobials
insecticides

antinicrobials
surfactants

surfactants

surfactants
lubricants

lubricants
ointnments

tubricants

plastics
coatings

coatings
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recombinant ONA techniques or other bictechnologies. The extent to which
biological processes will supplant chemical processes in the chemical industry
will surely be a function of economics; the future cost of petroleum wili be
perticularly influenticl, Though the entire chemiccl industry uses only 7 percent
of the petroleum supply in the United States, this industry is neavily dependent

upon this resource,

Fermentation technology is not new to the chemical industry, Prior to World
War |l (before the introduction of cheap oil), scores of chemicals were manufac-
tured by fermentation processes. For example, only 36 percent of total ethanol
production during the mid-1940's was based on petroleum sources; the remainder
was made biologically. rlowever, ten years later, almost 60 percent of the
ethanol production was derived from oil. Fumaric acid was also manufactured on
a commercial scale by fermentation. Production by this route ceased when a
more economical synthesis from benzene was developed. In general, once a
chemical process using petroleum was developed, it quickly replaced the existing

fermentction process.

In spite of this history, a few chemicals are now produced by fermentation,
notably citric acid, lactic acid, and varicus cmino acids. These srocesses have
all been improved over the years using applied genetics (e.g., microbial mutagen-

esis), but recombinant DNA technology has yet to have an impact in this crec.

Citric acid is the most important acidulant in the food industry, representing
55-65 percent of the acidulant market. This acid also has pharmaceutical and
chemical processing applications, Citric acid is produced commercicily using the

fungal organism, Aspergillus niger. The efficiency of this mold kas been

dramgatically improved using mutagenic technigues, A four-folc ircrease in

oroduct yield has been obtained.
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The bacterium Lactobacillus is used in the commercial production of lactic acid.
Large cjuom‘ities of this product are obtained using such raw materials as
sucrose, glucose, and lactose (from cheese whey). Most of the problems in the
manufacture of lactic acid exist in product recovery, not in the fermentative
process itself. Thus far, biotechnology has been applied very little to improve

this industrial process.

World production of amino acids is currently dominated by Japan; there is very
little domestic U.S. production, The bulk of amino acids production is destined
for research appiications and to nutritional or biomedical preparations, Three
amino acids are particularly usefult glutamic acid for the production of
monosodium  glutamate (MSG), o flaver enhancer; lysine and methionine as

animal feed additives,

Glutamic acid production provided the first instance in which biotechnological
methods were applied to enhancing amiro acid production. The method involves
the manipulation of microbial growth conditions and isolating mutant strains,
Glutamagte is produced irn the presence of ammonia by a species of

Corynebacterium. Growth of this particular species ciso requires the addition of

biotin to the growth medium. In the presence of low concentrations of bictin,
bacterial cell membranes become leaky to small molecules, thereby permitting
glutamate to ciffuse out of the ceil, But at high biotin levels, the membranes
are normal and prevent glutamate secretion. Furthermore, the biosynthesis of
glutamate is reduced in the presence of high biotin leveis through a feedback

inhibition mechanism,

_ysine is produced both by chemical ard fermentation processes. This represents
one example where the chemical production method has not totally replaced the
biclogical procedure. Due primarily to the lower direct operating costs incurred

Sy fermentation procedures, about 80 percent of the lysine production world-
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wide in 1980 was via microbial means. The United States imported about 7,000

meiric tons of lysine in 1979,

Recent announcements made by Bethesda Research Laboratories (BRL) indicate
that recompinant DNA technology has been used to isolate some of the genes
requirea in the synthesis of the amino acid oroline. BRL is currently seexings

ways to exploit this discovery on an industrial scale.

Table 4-5 lists those amino acids that are produced microbiologically and the

bacterial species used in their manufacture.

4.2.2 Future prospects

The ease with which gpplied genetics has been integrated into the. phcrmaceut-
ical sector is a result of that industry's predisposition towards- the biological
sciences. On the other had, the chemical industry depends largely on the
technical disciplines of physical and organic chemistry end chemical engineering
Tor its commercial founcarion. Recent decades have seen remarkable advances
in the mass production of industrial chemicals thot have benefiteg society in
numerous ways, Agricultural chemicals have improvea fooa production,
synthetic fibers have revolutionized the clothing industry, plastics influence our
lives in countless ways, and so forth. But traditionally the chemical industry has
not involved itself with biological processes. Only within the past few years
nave chemical firms, such as Allied, Dow, DuPont cnd Monsanto, undertaken

programs to examine niotechnology as a way of doing business in the future,

A variety of issues relevant to the future of biotechnology in the chemical

industry can be adduced,.
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Table 4-5

Fermentative production of amino acids from glucose

Yield

Amino acid (gm/1) Microarganism
DL-Alanine 40 Corynebacrerium gelatincswn
L-Arginine 29 Brevibacterium flavwn
L-Citrulline 30 Brevibacterium Flavum
L-Histidine 10 Brevibacterium Flawnen
L-Homoserine 15 Cerynetacterium glutamicm
L-Isoleucine 13 Brevibacterium Flavum
L-Leucine 28 Brevibacterium lactofermentum
L-Lysine 32 Brevibacteriwn Flavum

44 Corumnetacteriwn gLlutantowr
L~-Crnithine 26 Corynebacteriim glutamicum
L-Prenvialanine 2 Brevibacteriwr Ilavum

6 Bactllus subrilis

L-Proline 29 Erevidbacteriwm filcuvum
L-Threonine .8 Brevibaocterium flavwm’
L-Tryptophan 2 Brevibacteriwn Flavwa
-Valine 23 Brevibactertum Lacicfermentum
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) 't is unlikely that biological processes will be applied in
the near future to the large-scale manufacture of most
commodity chemicais; i.e., bulk chemicals wnhese produc-
tion capacity is measured in the millions of pounds
annually. Although many of these products are derivec
from ever-more-costly petroleum feedstocks, biooroces-
ses will be unable to compete economically with tradi-
tional synthetic routes for 10-20 years or more. There
exist oovious exceptions to this general conclusion, sucn
as ethanol and some short-chain organic acids (see Table
4-3), tut even these substances will be more cheaply
produced by conventional methods for some time to come,

) A significant role for applied genetics in the chemical
industry will be in the manufacture of high-priced special-
ty chemicals or in synthesizing new chemicals that have
no practical alternative route. Enzymes will be employed
as highly specific catalysts for performing discrete chem-
ical steps in a synthetic route, Microorganisms that
express the desired enzyme activity may de used diractly,
Microbes will be sought that carry out chemical trans-
formations otherwise requiring large inputs of energy,
such as hydrogenations, amidations, etc,

) The economics favoring the use of bioprocesses in the
chemical industry will depend substantially on preccess
design and engineering chcracteristics, rather than on the
biotechnology involved. This is true for the chemical
industry to a much greater extent than for the pharma-
ceuticcl industry. Thus, practical cpplications of biotech-
rology in this industriar sector will appear slowly cnd only
following extensive anclysis of tae relevant biochemical
engineering factors,

4.2.3 Potential hazards

The near-term role of applied genetics in the chemical incustry predicts that
bioprocesses will be deveioped that perform chemical transformations on
specific feedstocks to manufacture specialty products. Consecuently, the
industry will be comrpelled to engage in large-scale microbial fermentations in
order to obtain the necessary reagents (either the organisms themselves or the

enzymes they synthesize) to perform these chemical reactiors. Such
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fermentations, and subsequent product isolation procedures, will proceed in a
manner entirely analogous to similar operations in the pharmaceutical industry.
There exist differences, however, that may be of concern from an environmental

or safety and health stancpoint:

. The species of microorganisms likely to be utilized in the
chemical industry differ from those in the drug industry.
For example, wvarious species of Pseudomonas,
Acinetobacter, and Flavobacteria may find application in
mediating chemiccl processes >ecause these organisms
naturally possess enzyme systems capable of catclyzing
chemical reactions involving organic substrctes (such as
petroleum products) that are of interest to the chemical
industry.  Many of these micrcbes are opportunistic
pathogens in man; that is, they infest skin lesions or cause
severe infections in individuals who are already weakened
Sy a pre-existing ailment,

. The chemical industry is unaccustomed to the appiication
of biological processes as a business enterprise,
Commercial-scale fermentations are alien to this
industry. Chemical firms interested in adopting one or
another bioprocesses may choose to purcnhese the
technology, or *o obtain the service through outside
contract, rather than develop in-house ccpabilities.

° The chemical industry has a poorer record than the
pharmaceutical sector in greas reicted to worker safety
and environmental protection. This discrepancy may
reflect the grossly different commercial operations
performed by these two industries rather *han neglect.
Nevertheless, one might be apprehensive of the
introduction of o new technology into an industry where,
historically, hazards have surfaced only after serious
harm was done to workers or the environmrens.

In the long run, the replacement of conventional chemical processing steps with
biological processes shouid serve to reduce the level of overcil risks. The
microbes or enzymes that mediate the bioprocess will be susceptibie to
inactivation by high concentrations of many organic feedstocks. Thus, feed
streams will have to be diluted with non-toxic substances to obtain

concentrations that permit survival of the biological systems ‘nvolved. As a
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conseqguence of this dilution, the feed streams will become less toxic to workers
who run the processes and to an environment that may encounter the stream in

the event of a spiil,

All currently envisiored applications of biotechnology in the chemical industry
anticipate the use of closed bioreactor systems for performing discrete chemical
reactions or for growing large volumes of microorganisms for use as biocatalysts
or as sources of substitute feedstocks. Experience accumulated in the
pharmaceutical sector indicates that routine operation of such systems poses
mirimal environmental hazard., A typical fermentation operation is depicted in
Figure 4-4, Each step in the process, including double-sealed stirring rotors,
positive pressure inside the vessel with loss-of-pressure alarms to warn of a
breach in containment, and pre-sterilization of all added materials, including air,
anti-foaming agents, acid, and base for pH control, is conductec to ensure
sterility and containment. Furthermore, since the air ventec from the fermentor
generates qerosols containing microorganisms, this exit gas should also be
sterilized.  Although not performed routinely, this can be accomplished by
passing the air through high-efficiency particulate cir (HEPA) filters, or by

exposing the gas stream to radiation, electrical dischcrge, or germicidal sprays,

The fermentation process shown in Figure 4-4 involves sterilization of the
reactor contents prior to sample work-up; that is, the microbes are killed before
they are discharged from the vessel, The chemical industry might employ such a
procedure in order to isolate an enzyme that the microbes have accumulated
intracellularly or excreted into the medium. Figure 4-5 dicgrams a process flow,
including feed streams and waoste sireams, for isolation of an intracetiviar
enzyme, The wastes from these processes consist of highly vcriabie ligquid
streams containing high levels of suspended solids. These wastes typicclly have
elevated chemical cnd biochemical oxygen demands (COD and 30D), as weil as
significant nitrogen and phosphate lcadings, The pH is generally in the

ccceptable range, pH 5 to 9.
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The application of biological processes in the chemical industry is in ¢ very early
developmental state. The ability of microorganisms, or their products, to
mediate chemical transformations of organic substrates on a commercial scale
has yet to be demonsirated. |t seems probable that processes based on microbial
systems will rely on activites that occur naturally among populations of
microorganisms, Thus, genetic engineering to encow the microbe with new
characteristics will find limited application for the foreseeable future; that is,

for the next five to ten vears.
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Figure 4-4

Steps in a typical fermentation process
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Figure 4-5

Product recovery from a typical batch fermentation
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4.3 Energy industry
4.3.1 Current activities

The potential applications of biotechnology in the energy field are vost.
Proponents anticipate that ¢ sizeable proportion of future world energy needs
will be met through biological processes, Genetic engineering of microbes and
higher plants will undoubtedly have significant impact on the development of
future bioenergy systems, although activities to date nave shown little evidence
of this practice. Current activities in this industry will be considered within two

general areas: energy from biomass and enhanced oil recovery.

4.3.1.1 Energy from biomass

Biomass resources encompass cil the storage repositories of solcr energy. This
includes photosynthetic organisms of all types, organisms that feec on photosyn-
thetic biomass, cnd crimal wastes, Biomass is a renewable energy source, a
quality that distingquishes it from fossil fuels, which are aiso derived from
biomass, but which require eons of time to develop. The energy content of the
carbohydrates generated annually in higher plants alone has been estimated to be
ten times the globcl energy consumption. The inclusion of marine biomass, such
cs phytoplankton, might increase this factor another ten-fold. Clearly, tapping

this vast.energy supply must be considered c top priority in the years ahead.
Biomass fuel sources have five major acdvantages over fossil fuels:

. They are renewable;

° They do not contribute to carbon dioxide pollution be-
cause, at a steady state, carbon dioxide is incorporated
info plant material and removed from the atmosphere at
the same rate that .t is put into the atmosphere by
combustion;
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) The rate of carbon dioxide fixation into uschle plant
material by photosynthesis is fifty times greater than our
current rate of fossil fuel consumption;

] Biomass ootential is more evenly distributed geographi-.
cclly than are fossil fuel reserves; and,

) The potential market in biomass is huge aliowing R&D
costs to be amortized over a large number of production
units, ‘

Biological systems useful in the conversion of biomass to liquid fuel have not
been intensely developed. Current commercial practice is founded on the
production of alconol for distilled beverages. Corn is the main feedstock and the

yeast Saccharomyces cerevisige is the principal fermentation organism, [t is

clear that 5. cerevisige can be made to convert carbohydrates by fermentation
to ethanol with ¢ much higher efficiency than is currently achieved. This higher
vield can be approached in two ways: (l) a greater mcss of ethanol can be
produced per mass of carbohydrate consumed, and (2) a product with a higher
percentcge of ethcnol can be produced. The overall efficiency of the process
ccn be improved by exploring mixed bacterial-yeast fermertation systerms and by

adapting the whole fermentation process to a continuous flow mode.

Ethanol for use as fuel, either alone or mixed with gascline to make gasonoi, ccn
be produced by microbial fermentation of sugars. Two sources of sugars cbound.
First, starch (for wnich fermentaticr technology is well advanced) is cvailable
from edible plant products, such as corn, wheat, potatoes, sugar cane, sugar
beets, and cassava. Second, cellulose, from which conversion to ethanol is
difficuit, is abundant in municipcl/agricultural wastes and forests. Utilizing
starch as the feedstock for ethanol production- entails a diversion of crop iand
that could otherwise contribute to the food supply. This disadvantage has not
deterred the government of 3Brazil from investing $5 billion during tnhe past
decade on facilities to mcnufacture ethanol from cassava, sugar, and molasses.
Ultimateiy, all of Srazil's motor vehicles will be run on ethanol. !t is estimated

that 2% of the nation's land will be devoted to this enterprise.
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Ethanol represents one of the most promising alternative fuels to OPEC oil. [t
can be burned in conventional automobile engines without modification as a 20%
alconol/80% gasoline mixture. Relatively minor engine and fuel system adjust-
ments agre required to convert gasoline engines to 100% ethanol use. The Ford
Motor Co. of Brazil currently sells a conversion kit for about $250 that will
convert a standard auto engine to permit use of 100% ethanol, Alconol can be

efficiently handled as a fuel by existing petroleum distribution networks.

Ethanol production by yeast may be greatly enhanced using molecular cioning
techniques. The biochemical pathway unique to ethanol metaboiism is relatively
simple. Pyruvate is converted by the enzyme pyruvate decarboxylase to
acetaldehyde and carbon dioxide. Acetaldehyde is convertec to ethanol by the
enzyme alcohol dehydrogenase. The gene for alcohol dehydrogenase has been
cloned in several laboratories and it appears possible to increcse the efficiency
of the fermentation process by increasing the level of alconol dehydrogenase in
the cell using genetic engineering techniques. The other enzyme in the process,

pyruvcte decarboxylase, should also be amenable to genetic engineering.

In the long run, ethanol production from cellulosic wastes will be oreferable to
using foodstuffs as the raw material. Typical cellulosic materials consist of 50%
cellulose (a glucose polymer), 25% hemicellulose (a polymer of xvylose, o five-
carbon sugar), and 25% lignin (a complex phenolic polymer). This semi-
crystalline lignocellulose is broken down with difficuity into fermentable
constituents, by ccid treatment or by the enzyme cellulase. This expensive
initiai phase of cellulose preparation is where process ‘mprovements cre most
needed, Figure 4-6 provides a general scheme for etharol procuction utilizing
either cellulosic or starch feedstocks, anc Figure 4-7 provides an overview of the
variety of petrcchemical feedstocks that can be ootained from cellulosic starting

materials,
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Figure 4-6

Steps in the conversion of biomass to ethanol and vby-—producfs
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Figure 4-7

The conversion of lignocellulose into useful chemical feedstocks
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Methane generation by anaerobic digestion of biomass provides another route
whereby renewable resources are utilized for energy proauction. Animal feedlot
wastes and municipal sewage are most often cited as providing the raw materials
for this process, although forest residues and food crop biomass are also suitable.

The process produces:

° Biogas, consisting of approximately 60% methane and 40%
carbon dioxide;

) Residual solids, containing vegetable proteins, which have
potential value as feed additives or fertilizers; and,

° Spent process water, laden with nutrients, which is suit-
able for growing algae or as q fertilizer.

Since the process occurs in closed digesters to exclude oxygen, the waste
matericls used as feedstock are prevented from spoiling *he environrent or
giving rise to pathogenic organisms. Anaerobic reactors cre classified into three
types depending on the operating temperature (i.e., the optimal terrperature for
growth of the particular microbial strain involved): (1) psychophilic (under 2OOC),
(2) mesophilic (20° to 45°C), and (3) thermophilic 15° to 65°C). A typical

digester used for sewage treatment is cepicted in Figure 4-8.

Most applications of this technology involve small, community-scale operations,
Biogas generators associated witn large animal feedlots or municipal sewage
treatment facilities might readily supoly the energy needs of the local popula-
tion, Simple angerobic digesters of this *ype are common in the Peoole's
Republic of Chinag, Korea, Taiwan, and india. 3ut large-scale ooerations may be
feasible. A study commissioned by the U.S. Science and Education Administra-
tion of the USDA found that economical biogas production could Se achieved
with feedlots averaging {,000-2,0C0 head of cattle in size, Others have proposed
¢ large, centralized facility that could produce 50 million cubic feet of methane

per day using biomass crops as feedstock. Also, the mass-cuitivation of water
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Figure 4-8

A single-tank anaerobic digester of biogas production
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hyacinths on sewage lagoons for use as a fermentation substrate has been
proposed. Current R&D efforts in this area tend to emphasize aspects of process
design and engineering rather than microbiology. Nevertheless, genetic engin-

eering may have a significant role in future developments of biogas production,

Hydrocarbons are synthesized and accumulated by a wide variety of bacteria,
algae, and yeasts (see Table 4-6). These microbes generally extract carbon
dioxide from air and vutilize energy derived from photosynthesis to reduce
chemicaily and polymerize CO2 into long-chain lipids. Some microbes utilize
carbohydrates such as glucose as carbon sources, As much as 40-50% of the dry
weight of certain oil-bearing microorganisms can consist of reduced hydrocarbon
materials suitable as substitute fuels. Many higher plant species produce a sap
or fruiting body that is high in hydrocarbon content. Most familiar are vegetcble
oils, such as sunflower, cottonseed, linseed, paim, etc., some of which cre under
investigation as diesel fuei additives, A variety of less familiar tropical plants

and trees is also uncer examination as hydrocarbon producers,

The production of hydrogen gas from water has seen demonstrated in laboratory
studies—its commercial-scale fecsibility remains to be shown., The system
utilizes units of photosynthetic acrivity, called chloroplasts, isclated from green
plants, such as lettuce or spinach. A biophotolysis reaction is established in

which energy from sunlight splits water (H,O) into molecular hydrogen (hz) ard

oxygen (02). Successful operation of the iystem requires a means of removing
oxygen to prevent reaction with hydrogen to regenerate water. Rather than
isolating chicroplasts from higher plants, it may be preferable to use intcct,
photosynthetic algae or bacteria. The future use of hycrogen as ¢ fuel offers the
promise of a non-polluting, inexhaustible energy source. However, numerous

technical obstacles remain before this prospect will be realized.
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Table 4-6

Some species of algae that produce hydrocarbons

Speciles

Lipid content
(% dry wt.)

2iddulphia aurita
Chlamydomonas cpplanatre
Chlorellia pyrenoidosa
Chlorella vulgaris
Yonal Lanths salis
MHonallanthus salina
Jannochloris so.
¥itzschia palea
Cocystis reiymorpha

Surocoecus sp.

Skeletonema costatum

Scurce: Shiirin, N.S.

anéd Chisholm,

S.W.
in "Algae Biomass'', p. 633, Elsevier Press.

(1980)
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4.3.1.2 Enhanced oil recovery

A second major area of the energy field in which applied genetics will have an
impact is not the creation of new sources of energy but enhanced recovery from
existing energy supplies. Primary and secondary oil recovery techniques manage
to extract only about-one-half of a known oil reservoir. An estimated 200 billien
barrels of oil in the continental United States remain out of reach with
conventional recovery techniques. A variety of microbial-based tertiary recov-

ery methods has been proposed as a means to tap this vast resource. These

include:

. The injection of oil-degrading bacteria into an oil field
would reduce the oil's viscosity, or convert oil to natural
gas;

° The injection of microbes to re-pressurize a spent oil well
by synthesizing carbon dioxide or other gaseous metabo-
lites

* The injection of microbes that manufacture and secrete
chemical surfactants that would act to mobilize tightly
bound oil.

In addition to these potential applications in existing oil fields, microbial
processes have been promoted for use in extracting tar and oil (bitumen) lodged
in tar sands. Also, g bacterial process is under development gt the University of
Southern California that would release kerogen (a petroleum mcterial) from oil
shale. This process could generate ¢ harrel of oil per ton of western oil shale
without extensive ore crushing, retorting, or environmental damage that attend
strictly physical recovery methods. Finally, analysis of subsoil microbial nopula-
tions may assist in locating previously unknown oil anc gas fields below. This
microbiological method of prospecting for petroleum is stiil in an early stage of
commercial deve(o;:rﬁem‘, as are all of the microbial recovery methocs described

above,
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4.3.2 Future prospects

The range of potential uses.of applied genetics in the energy industry appears to
be far wider than in the chemicals sector. However, most of these possibilities
lie far in the future, at least with regard to arge-scale commercial application.
Development of systems for ethanol production from biomass for use in gasohol
are proceeding apace, especially in petroleum-poor areas like Brazil, but the
economics of this process and the energy savings incurred will remain unfavor-
able, probably for the remainder of the 1980's. Nevertheless, several long-range
projects can be envisioned that may one day provide significant sources of

energy.

° Mass production of hydrocarbon substances from various
species of higher plants, including those listed in
Table 4-4, can become economically feasible when either
(1) plant cells are manipulated to grow in massive cultiva-
tors, akin to microbial fermentors, in which excreted
hydrocarbons are continuously collected, or (2) the genet-
ic information that enables the plant cell ro synthesize
hydrocarbons is transferred to microorganisms which, in
turn, manufacture and excrete the fuel-like substances.
The biotechnical and engineering obstacles that stand :n
the way of such a project are formidable,

] A biological solar battery will someday replace the panels
of silicon solar cells that find specialized uses today. The
biological battery will operate via a direct conversion of
sunlight into electricity (i.e., a current of electrons) that
is generatec during photosynthesis. Although all green
plants engage in photosynthesis and are, therefore, suit-
able sources of materials for constructing a biolegical
battery, a primitive, purple photosynthetic bacterium,
called Rhodospirillum rubrum, may be exploited as the
living solar cell. Alternatively, the pnotsynthetic blue-
green algae, which utilize carbon dioxide and nitrogen
directly from air may serve this purpose,

° Ethanol production may become more efficient through
use of microorganisms other than common yeasts (e.q.,
Saccharomyces cerevisiae, or prewer's yeast). A bacteriai
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‘species, called Zymomonas mobilis, carries out alcoholic
fermentation two to three times faster than yeasts, This
bacterium, now employed to make tequila, is under inves-
tigation by researchers at the USDA's Northern Regional
Research Lab in Peoriq, lilinois,

. Acidophilic, iron-oxidizing Thiobacilli bacteria (commonly
used in mineral leaching operations, see Section 4.4.1) may
prove useful in oil shale or coal conversion processes. The
bacteria will mobilize the inorganic mineral content of
the shale or coal without affecting the hydrocarbon
content of the material. The porous zones that this
process generates in situ may assist in subsequent retort-
ing or gasification schemes,

4,3.3 Potential hazards

The application of biological processes to the energy industry is ct a very early
stage of development. Other than the fermentation of ethanol from cornstarch
tor use in gasohol production, no commercial-scale bioprocess will have an
impact on the enerqy sector for at least five years. The production of biofuels
(e.g., ethanol, methane, vegetable hydrocarbons) from unconventional feedstocks
has progressed only to the piiot scole, whereas biologicei hydrogen production is
little more than a laboratory curiosity at present. Likewise, field tests have so
far failed to demonstrate the general feasibility of using microbial systems for
ennanced oil recovery. Thus, potential environmental hazerds resuiting from the
use of applied genetics in energy production are highly speculative.
Nevertheless, several comments are appropriate and some areas of potential

concern can be identified.

'y The oroduction in the United States of sufficient ethanol
to have a significant impact on domestic fuel supolies wiil
require the diversion of enormous qucntities of food
crops, particularly corn. According to one estimate, a 4
billion gallon-per-year ethanol program could resuit in a
10 to 20% shortfall in corn supplies by 1990. This would
severely limit the cvailability of grain for livestock feed
or exports, thereby driving up food prices. Four billion
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gallons represent less than 5% of current annual fuel
consumption. Clearly, useful alternative biomass feed-
stocks for ethanol production are sorely needed.

The prospect that cellulosic materials may serve as
suitable feedstocks for biofuel production forewarns of
large-scale deforestation, oparticularly in areas lacking
alternative sources of biomass. - Huge tracts of prime
forest land in certain parts of the world have already been
cleared for purposes of agriculture or fuel use. The
wholesale conversion of wood biomass into ethanol
threatens to exacerbate this trend.

Processes designed to convert lignocellulosic materials
into substrates suitable for ethanol fermentation entail an
initial hydrolysis step (see Figure 4-6). Hydrolysis can be
accomplished either chemically, using strong mineral
acids, or biologically with enzymes. The latter cpproach
is preferable from a safety and environmental point of
view but is less likely to be implemented in the near term.
Thus, commercial processes generating large quantities of
acid wastes can be anticipated,.

As mentioned previously, the utilization of wastes and
municipal sewage as raw materials for biogas generation
promises to lessen the environmental burden imposed by
these pollutants. Hazards may arise, however, If large
centralized biogas facilities are planned, then one faces
risks associated with the transport of the raw wastes to
the site from wvarious points of origin. A program to
establish numerous local biogas genergting stations may
encounter variations in operating characteristics or in the
level of personnel training that could mitigcte cgainst
long-term safe operation of any particular facility.

The species of microorganisms likely to be utilized in
enhanced oil recovery schemes -- Pseudomonas and
Acinetobacter, for example -- cre the same as those
mentioned previously in the context of biotransformctions
of organic substances in the chemical industry. As
already discussed, these microbes agre potentially serious
pathogens in man, :

It is probable that the near-term use of microorganisms to
mediate bioprocesses in the energy industry will exploit
naturally occurring microbes, Thus, as is true for the
chemical industry, the impact of gernetic engineering
(especially recombinant DNA techniques) will be minimal.
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Finally, established energy companies are not accustomed
to dealing with biolegical systems as a means of producing
energy. (Most oil companies, however, do maintain some
expertise in microbiology to assist in prospecting.) These
firms will be compelled to strengthen their technical
competence.in areas related to biology as commercial
orospects for bioenergy brighten, Hopefully, they will
devote adequate attention to environmental hazards that
may emerge from these new areas of business,
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4.4 Mining industry
4.4.1 Current activities

The impact of biotechnology on the mining industry is currently quite limited in

scope, consisting of two general creas:

. The accumulation of metals by organisms, either by
binding at. cell surfaces or by intracellular uptake of
metals; and,

) Biochemical transformations of metals, including
solubilization or precipitation, oxidation/reduction pro-
cesses, and the interconversion of inorganic and organic
metal compounds,

The various bioprocesses subtended under these categories are all carried out by
a relatively small number of bacterial species. Figure 4-9 lists these orgenisms
and summarizes the means by which these microbes extract energy from
chemically reduced inorganic compounds (such as ferrous iron or sulfur com-

pounds) and employ either inorganic (COZ) or organic carbon sources.

The microbial orocess whereby metals are solubilized from their ores is calied
bacterial leaching. The operation consists of percolating acidified water through
heaps or dumps of low-grade ore that may contain up to four billion tons of rock.
3acterial action within the cump oxicizes mineral sulfide, producing sulfuric
acid, and solubilizes the metal. The solution, or leachate, is collected and
processed to recover the dissolved metal, The residucl liquid, containing sulfuric
acid and ferrous/ferric iron, is recycled to the dump. This somewhat crude pro-
cess has been used in mining operations since Roman tirﬁes. Currently, its
greatest use occurs in copper and uranium mining operctions. Approximctely

12% of U.S. copper production stems from dump leaching of this *ype,
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Leaching bacteria: organisms and basic metabolism
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The feasibility of large-scale dump leaching was first demonstrated in {750 in
Rio Tinto, Spain. The technology is still practiced widely in mining operations
throughout the western United States, including mines owned by Kennecott
Copper at Bingham Ceanyon, Utah and Santa Rita, New Mexico, as well as the

Butte, Montana mines operated by Anaconda Copper.

Despite the long history of mineral leaching, the role of microorganisms as
mediators of the process was not recognized until the mid-I1950's. The principal

microbes involved in copper extraction are Thiobacillus ferrooxidans and Thio-

bacillus thicoxidans. Both species are rod-shaped, aerobic bacteria that thrive in

an gcid environment (pH 1.5 to 3.0) and use carbon dioxide as a carbon source.

They function within a temperature range of 18° to 40°C (54° to 104°F).

The bacteria require, in addition to water and oxygen, a reduced iron or sulfur
energy source, as seen in the following equations (unbalanced):

(1 f
Fe SO& + O2 + HZSOQ'—_’ Fez (504)3 + HZO

Sq + O, + H O —ep H

g v O+ My 259,

HZS + O, ———p HZSOQ

2
Ferric iron (Fem) and sulfuric acid (HZSOQ) generated by these bacterial
reactions are very effective chemical solubilizers for numerous mirerals, includ-
ing those listed in Table 4-7. In addition to those shown, other minerals, such as
uranium oxides, that co-exist with iron or sulfur-containing ores, cre readily
leached. These reactions occur at rates agpproximately 500,000-fold faster than
the oxidation of iron and sulfur Sy air in the absence of bacteric. Both of the
Thiobacillus species are found in great abundance in leochi'ng operations--as
many as IO7 organisms per gram of ore, Indeed, the high concentration of mi-
crobes in leachate solutions poses difficulties during subsequent mineral extrac-

tion and isolation.
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Table 4-7

Minerals readily leached by bacterial action

Mineral Formula
pyrite Fe52
chalcopyrite CuFe82
chalcocite CUZS
covellite CuS
arseﬁopyfite AsFeS
melybdenite MCS2
stibnite SbZS3
pentlandite A _ }:iFaS2
zincblende . In3
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Bacterial leaching is also utilized to recover uranium from low-grade ores, mine
tailings, and other ores that are rich in pyrite. The following reaction pertains

to this process:

+ FeHI

uo 2

) (50,)3 —————U0,50, + Fe'lsO,

This solubilization process has been used in scavenger operations in° mined-out
and low-grade stopes in the Slliot Lake region of Ontario., The ores of northern
Ontario are amenable to bacterial leaching due to the presence of large amounts
of pyrite, whereas the uranium deposits in the U.S. Rocky Mountains and
southern Texas contain insufficient pyrite to allow successful leaching opera-

tions,

Other bacterial species have been implicated in mineral leaching, including some
members of the Sulfolobus genus. These bacteria are obligate thermophiles,
requiring a temperature range of 45° to 80°C (110 to 175°F), cs well as an acidic

environment, Leptospirillum ferrooxidans is another iron-oxidizing acidophile

that has been shown to release pyrite more efficiently than T, ferrooxidans when

grown in mixed cultures with sulfur-oxidizing bacteria.

All organisms, including microbes, can accumulate certain metal ions that are
essential for metabolic activity. lron, magnesium, zinc, manganese, copper,
cobalt, nickel, moybdenum, and vanadium are required by vcrious organisms,
albeit frequently in trace quantities only. Nevertheless, certain microbes have
evolved highly efficient means of permitting the selective concentration of
metals far in excess of the local concentration. Toxic metals, such as cadmium,
lead, silver, and thallium, can be accumulated even though these substances have
ro metabolic function. Apart from the intracellular uptake of metals, positiveiy
charged metal ions can be removed from solution by adsorption onto the

negatively charged surface of the micrope.
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Microorganisms can also be utilized in the restoration of wastewaters from
mining and milling operations, One successful operation uses algae to remove
both soluble and particualte lead from the mill tailings of several mining

ventures in Missouri.

These operations consist of settling ponds and a series of shallow meanders in
which the algae are encouraged to grow. - Chemical analysis has shown that the
algae accumulate heavy metals from the effluent released from the settiing
‘pond. Algage species that have been identified to function effectively in these

types of operations include: Cladophora, Rhizoclonium, Hydrodictyon, Spirogyra,

.Potamogeton, and Oscillatoria.

At present the potential to use genetic engineering to improve the performance
of these, or other, algae species is remote, and may not be possible for several
years. On the other hand, genetic engineering techniques coulid certainly be used

to improve Thiobacillus ferrooxidans.

As explaired above, T. ferrooxidans derives its energy from the oxidction of
ferrous ion, metal sulfides, and soluble sulfur compounds in an ccidic medium.
The ferric ion generated in the form of ferric sulfate is then able to react
chemicdlly with several ore minerals and oxidize them. The ferric ion is then
regenerated by the microorganisms. Apparently, one of the primary rate-
limiting steps in the leaching of metal ores is the ferrous-to-ferric reoxidation.
Ferric ion competitively inhibits the rate of ferrous ion oxidation. Thus, as the

concentration of ferric ion increases, its production is slowed,

Since ferric ion has no other metabolic effect on T. ferrooxidans except to slow

its own production, it should be straightforward to isclate a suitable mutant

strain that is not affected by ferric ion concentration,.

Thiobacilli are able to develop considerable resistance to the very high concen-

trations of the metals being leached, but the microbe is inhibited by some metals
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such as silver, mercury, and ccdmiom, at quite low concentrations. Metabolic
resistance to heavy metals is frequently conferred by the presence of certain

bacterial plasmids. Experiments could be undertaken to isolate cppropriate
plasmids from other bacteria and to introduce them into Thiobacilli using

recombirant DNA or conventional genetic technologies.

[mproved bacterial growth and mineral leaching activity have resulted when
Thiobacilli are grown'in conjunction with the nitrogen-fixing bacterium, Beijer-

inckig lacticogenes. This latter bacterial species probably supplies Thiobacilli

with essential nitrogenous nutrients. Since B. lacticogenes is less able to
withstand the highly acidic environment required by Thiobacilli, it may orove
worthwhile to introduce the nitrogen fixation genes (nif genes) directly into

Thiobacilli. Alternatively, nif genes from Azotobacter or Klebsiella (two free-

living nitrogen fixers) can be utilized since these species share several structural

and biochemical features with Thiobacilli.

4.4.2 Future prospects

Of the five industrial sectors considered in this report, the mining industry has
demonstrated the least interest in applying biotechnology to its operations. The
types of bioprocesses that do pertain to mining are rather limited in scope, but
technical advances, leading to increased interest on the part of the industry, can

he envisioned,

° All known strains of leaching bacteria are gerobic; that is,
they require oxygen. However, essenticlly oxygen-free
conditions exist in the center of huge slag heaps of low-
grade ore. Thus, the engineering of anaerobic strains of
Thiobacillus would be received with great enthusiasm by
the mining industry., The technical feasibiiity of this
proposal is uncertain, Likewise, development of improved
thermophilic leaching bacteria would be very useful,
owing to the heat generated within ore dumpos.
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) The United States relies on imports for the vast majority
of certain mineral resources, including chromium, titan-
ium, and manganese (see Table 4-8). Recycling of these
mm‘er:cls is of increasing importance. The development
of efficient microbiological systems for extracting these
metals from industrial effluents and other waste reposi-

- tories would constitute a major industrial and political
tour de force.

° Very little basic information is available regarding the
biochemistry and genetics of leaching bacteria. Conse-
quently, genetic engineering, especially recombinant
DNA, will have little impocf on developments in this area
for at least five years, The properties and commercial
suitabilities of existing, naturally occurring leaching bac-
teria will undergo thorough examination first,

4.4.3 Potential hazards

The limited scope of biotechnology in the mining industry confines the range of
environmental concerns that demand consideration, However, all foreseeable
cpplications of biological processes in this industry involve microbial systems
operating in relatively open environrhen?s, such as slag heaps or tailings ponds.
Consequently, there are risks that microorganisms or their metabolic products
will inadvertently contaminate the local ecology. Specific areas of concern

include the following.

) Bacterial leaching operations generate iarge quantities of
sulfuric acid which, if poorly contained, could seriously
contribute to the acidification of U.S. fresn water
supplies.

e  Thiobacilli and related bacterial species are not known to
be pathogenic in man or animals; indeed, their peculiar
metabolic characteristics suggest that they should be
quite innocuous from @ public health standpoint.
However, increased use of such microbes on an industrial
scale (resulting in greater exposure to huyman populations)
may select for bacterial strains that have acquired the
ability to infect humans, -
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The use of bacteria to concentrate metals from dilute
waste streams or settling pond entails the risk that metals
will accumulate in the food chain. Even though metal
ions, such as mercury and silver, are highly toxic to

bacteriq, it is through microbial cction that mercury, for -

example, is transformed into organic compounds that are

responsible for mercury toxicity in higher forms of life.

In other words, metals released into the environment are
metabolized by naturally occurring bacteria. The key for
safe commercialization of this bioprocess will be
adequate containment of the operation to prevent
dissemination of toxic - metals into the general
environment,

As with other industrial sectors examined in this report,
the mining industry has very little experience with
biological processes, This lack of familiarity could result

in a failure to recognize impending environmental hazards:

or in an eagerness to carry out biological processes before
their safety has been firmly established.
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Table 4-8

Strategic minerals and U.S. dependence on foreign sources

Percentage :
Mineral " Uses age Sources
_ imported
SauxXite aluminum QL7 Jamaica, Cuinea,
Surinam
chromium ferroalloys 91 Scuth Africa, USSR
cobalt superalloys 93 Zaire, Belgium,
Zambia
columbiun ferroalloys 100 Brazil
manganese Ssteel g7 Gabon, South Africa
nickel steel 73 Canada
platinum catalysts 87 - South Africa, USSR
rutile pigzwents 100 Australia
tantalum electronics 97 Thailand
components
titanium aerospace 47 Japan, USSR
componerts

(=
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4.5 Pollution control industry -
l;S.I Current activities

The organic matter invested in all living things, whether plant or animal, is
eventually recycled back into the environment as COZ.‘ The process whereby
organic carbon is converted into inorganic carbon is called mineralization.
Representing a major portion of the overall carbon cycle (see Figure 4-10),
mineralization is almost always a consequence of microbial action. That is,
bacterial decomposers are ultimately responsbile for the degracation of all
organic carbon-containing substances in the biosphere. For example, bacteria of
the Pseydomonas species metabolize simple alkane compounds, such as octane,
by means of cn enzymatic oxidation pathway-that converts the alkane (R-CH3)
into the corresponding carboxylic acid (R-COOH). The acid is then consumed as

an energy source by the bacterium via further oxidation to carbon dioxice,

Therefore, it is hdrdly surprising that microbiology plays an important role in
nollution control and waste management, particularly in the case of organic
pollutants. Moreover, inorganic poilutants, such as nitrogen-containing substan-
ces and toxic metals, are often treatable using bioiogical systems. Bioiogical
waste management has been practiced by mankind literaily for- thousands of
years, but modern advances in applied genetics may revolutionize the pollution
control industry to the extent that bioprocesses may soon replace many currently
employed chemical/physical systems, Current activities within this industry fall

under three general headings:

e 3iodegradation of organic substances, such as petroleum
products, pesticides, herbicides, industrial soilvents, and
lignin wastes; ' '

° Biologiccl denitrification and desuifurization processes;
and,
e  Removal or concentration of toxic heavy metals.

Each of these areas will be examined in the following sections.
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- GREEN PLANTS

Figure 4-10

The carbon cycle
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4.5.1.] Biodegradation of organic substances

Most current activity, and that which has the most potential for biological waste
treatment, exploits the capacity of microbes to degrade toxic chemical pollu-
tants. A great variety of naturally océurring microorganisms, largely isolated
from soil or aquatic environments, are known to utilize hazardous organic
substances as carbon and energy sources. Table 4-9 provides a sample of the
biodegradative processes that are currently in use or under investigation. Figure

4-11 shows the degradative pathways of several specific pollutants.

Efforts to improve on nature by applications of genetic engineering in this area
have been minimal to date, but such activities are certain to increase in the near
future. Several efforts bear mentioning. Among the first highly oublicized uses
of genetic engineering was that of Chakrabarty, then at General Electric, He
combined the qualities of several strains of the bacterium Pseudomonas, each of
which could degrade a single hydrocarbon component of crude oil, into a single
bacterial strain. This "man-made" bacterial cuiture proved superior to a mixed
microbial culture composed of each of the contributing strains in breaking down
crude petroleum. The '"oil-eating' microbes feed on the crude petroleum,
converting the hydrocarbon compounds into cellular constituents (biomass) and
carbon dioxide. However, the petroleum constituents that cre converted by this
microbial strain (namely camphor, naphthclene, and short-chain alkanes) are not
the major environmental concerns arising from oil spills, These volatile
hydrocarbons are eifhér vaporized or readily degraded by natural bacterial
action. Of greater impact are the various asphcltenes that constitute the heavy,
non-volatile fraction of crude oil. These compounds are exfremely refractory to
microbial degracdation. 'Desoite the publicity that attended Chakrabarty's
efforts, GE *has not pursued this project beyond the laboratory stage of

development.

Scientists at the Battelle Memorial Institute in Columbus, Ohio, are engagea in

genetic engineering of microbes that efficiertly degrade the chlorinated
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Table 4-9

Microbial degradation of various organic poliutants -

Pollutant

"Microbes involved

I. petroleum hydrocarbons

1I. pesticides/herbicides

cyclodiene type
(e.g., aldrin, dieldrin)

organophosphorus type
(e.g., parathion, malathion)

DDT
xepone

piperonylic acid

II1. other chemicals _
bis(2~ethylhexyl)phchalate
dimethylnitrosamine
ethylbenzene

pentachlorophenol

1V. lignocellulosic wastes

municipal sewage

pulp mili lignins
(various phenols)

200+ species of bacteria, yeasts,
and fungi; e.g., 4ctnetcbacter,
Arthrobacter, Mycobacteria,
Actinomycetes, and Pseudomonas
among bacteria; C(ladcsporiwr and
Scolecobasidium among yeasts

Zylerion xylestrix (fungus)

Pseudomonas

Pseudomonas, Artarcbacter

o

eniceilliwm (fungus)
Fseudomonas

Fseudomeor.as

Servctia marascens (dbacteria)
photosynthecic bacteria
Jocavdia tartericens (bacteria)

Prevdomonas

Peeudomonas
Thermoncspora (a thermcphilic
bacterium)

yeasts: s

» L 2hoSporon

bacteria: irthrobacter
Chyromobacter
Pseudcmonas
Xenthomonas
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Figure 4-11

Degrodation pathways of several phenolic compounds by Pseudomonds putida .
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" herbicide, 2,45-D. Likewise, SRI International has undertaken a program to
compile a list of common toxic chemicals that are amenable to microbial
biodegradation and to isolate and engineer improved strains that might have

commercial valye.

In general, chlorinated organics are more recalcitrant to biodegrodoﬁon than are
non-chlorinated substances. Thus, persistent pollutants such as DDT, PCBs, etc.,
represent @ more serious challenge to pollution control engineers who are hopeful
of applying biological treatment systems to waste management. Microbes exist
that can perform chemical transformations of these recalcitrant subsfonces (see
Table 4-10), but microorganisms have not yet been isolated that can utilize these
compounds as carbon or enerqy sources, Indeed, it is this lack of direct
metabolism by .microbes that explains the environmental persistence of com-
pounds such as these. Future success in developing biodegradative systems for
pollutants of this type may depend on locating microbial communities consisting
of several species of microorganisms which function cooperatively to decompose

recalcitrant compounds.

4.5.1.2 Denitrification and desulfurization

The various oxidized forms of nitrogen (NOX) and sulfur (SOX) present serious
environmental concerns owing to the ease with which they are converted to
strong acids (e.q., nitric and sulfuric) upon exposure to water, The acidiciation
of lckes and gound water poses a serious threat to the maintenance of aquatic
life and fresh water supplies, Although large amounts of nitrogen (and lesser
quantities of sulfur) are nutritional requirements for life, the large-scale burning
of sulfur and nitrogen-containing fossil fuels and the release of certain industrial
wastes have loaded the environment with toxic levels of these inorganic
substances. Traditional schemes for reducing the emissions of these pollutants

have been largely physicai/chemical in design. Biological processes are under
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Table 4-10

Type reactions for transformation of

chemicals of environmental importance

React:ion type Reaccionf Exampie
dehalogenation RCHZCL——+RCH20H Propachlor
ArCl— ArOH Nitrofen
Ar®™——r ATOH Flamprop-methyl
‘ArCl—Ard pentachlorophenol
ArZCHCH2C1——+Ar2C=CE2 DT
ArOCHCHCli—-+Ar2C=CHC1 00T
Ar,CHCCL ;—>Ar,CHCHCL, DT
< L & .
.‘-LI.’ZCHCCl 3——>Ar 2C=CC112 DDT
RCC 13—»RCOOH N-Serve, DDT
HetCl—+HetOH Cyanazine’
deamination ArNHz-—*ArOH Fluchloralin
decarboxylation ArCOOH—>ATH Bifenox
Ar ,CHCOOH—>AT,CH, InT
RCH(CHB) COOH— RCH,)CH3 Dichlorfop-methyl
ATN(R) COOB— ArN(R)H DDOD
methyl oxidation RCHB——+RCHZOH Bromacil
RCHB---* RCEO diisopropylnaphthalene
RCHB——* RCOOH pentacnrorobenzol

hydroxylation

B=oxidation

‘epoxidation

ArE— ArCH
RCHZR'——*RCH(OH)Rf
R(R'")CHR"— R(R') CHOH(R")

R(R') (R CCHy— R(R") (R")CCH

Ar0 (CHZ) nCHZCH2COOP§—>

ArO(CHo)nCOCE + CH3COOH

RCH=CHR'— RCH(O) CHR'

2

Benthiocarb, Dicamba
Carbofuran, DDT

Bux insecticide
Dermert

w=-(2,4-dichlorophenoxy)-
alkanoic acids

Eeptachlor
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Table 4-10 (cont.)

Reaction type Reaction* Example
N~oxidation R(R')NR"—+R(R')N(O)R" Tridemorph
S-oxidation RSR'—RS(0)R' or RS(0,)R’ Aldicarb
=S to =0 (AlkO)7P(S)Rr—+(AlkO)zP(O)R Parathion
RC(S)R'—RC(O)R' ethylenethiourea
sulfoxide reduction - RS(O)R'— RSR' Phorate
triple bond reduction RCECH——+RCH¥CH2 Buturon
double bond reductiom  Ar,C-CH,— Ar.?CHCI-I3 DDT
AT, C=CHC1—>Ar,CHCH,C1 ODT
< -
double bond hydrationm A'r2C=CH‘,—* Ar,)CHCHZOE onT
nitro metabolism RNO ,— ROH Nitrafen
RNOZ——>RNH2 Sunithion
oxime metabolism RCH=NOH— RC=N— RC(O)NH,, Aldicarb, Bromoxynil,
or RCOCH © Dichlobenil

‘Abbreviations: R = organic moiety
Ar = aromatic
AlX alkyl
Het heterocycle

0 ou

Source: - Alexander, M. (1981) Science, 211:134.
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investigation, however, and several systems have demonstrated feasibility in

laboratory-scale o;ﬁplica‘rions.

The biological nitrogen cycle entails three phosesvinvolving various oxidation
states of nitrogen (see Figuré 4-12). ArmoSpheric nitrogen (NZ)‘ is relatively
inert chemically and must be "fixed" into usable forms such as nitrate and nitrite
(oxidized nitrogen) or ammonia (reduced nitrogen). Meanwhile, fixed nitrogen is
recycled back into the atmosphere by anaerobic processes. All these steps are
ccrried out by various species of bacteria, according to the chémicol reactions
shown in Figure 4-12, Of these three phases, the third (denitrification) is the
least understood, but it is this process that promises to alleviate pollution

problems stemming from excess nitrate and ammonia,

Pollution by sulfur-containing compounds presents a more serious problem than
pollution by nitrogenous substances because of sulfur's greater toxicity to living
organisms and its greater prevalence in fossil fuels and industrial waste streams.
Inorganic sulfur compounds, such as sulfate (SOZ) and hydrogen sulfide (st);. can
be metabolized by certain microbial species, as shown in the foilowing reactions:

soz—-—.‘—_o 4,5 —_—y §°

{. Desulfovibrio desulfuricans

{I.  Chiorobium thiosulfatophilum or Chromatium vinosum

Laboratory-scale systems utilizing these microbial populations arrangea seriaily
are under investigation for potential use in trecting high-sulfur effluents, such as

those arising from coal and gypsum mining and general metallurgical operctions. -

Fossil fuels may contain up to 7% sulfur by weight, This sulfur is generally in

one of three forms:
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Figure 4-12

Microbial components of the biological nitrogen cycle

~ Atmespheric
nitrogen (NZ)

Nitrite (Nog)
)

Ammonia (NH3)

Nitrate (NO§

II

I. Nitrogen fixation
Rhizobiwn: Ny + H —— NH,

II. Nitrification

ditrosomonas:  NHy + 02—-——-—b(\902
Vitrobacter: NO; + 0, — NO3

[I1. Denitrification

Pseudcmoncs.: NH3 + NO; ——DNZC or N2
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° Orgdrﬁc sulfur, in which sulfur is covalently linked to
carbon either directly as R-5-5-R or R-5-R, or bound as a
sulfate, R-O-SO3;

. Pyritic sulfur in the form of iron pyrite, FeSZ; and,

e  Inorganic sulfate, SOZ

Of these, organic sulfur predominates in crude petroleum, whereas pyritic sulfur
and sulfate are found largely in coal. In all cases, the combustion of untreated
crude oil or coal releases to the atmosphere huge quantities of sulfur dioxide gas
(502) and narticulate sulfates. These 5ulfur compounds are intrinsically toxic
and, moreover, combine with water to form sulfuric acid. The removal of sulfur
compounds from fossil fuels prior to combustion has been deemed a desirable
adjunct to, or possible replacement for, costly scrubbers now widely used to

control stack emissions.

Biological desulfurizction is still in the experimental stage, but several microbial
systems are under investigation. Pyritic sulfur can be leached from mined coal

using Thiobacillus ferrooxidans and Thiobacillus thiooxidans--the same bacterial

species employed for mineral leaching in the mining industry. Also, a thermo-

philic microbe, Sufolobus acidocalderius, has been isolated, All these organisms

operate under acidic conditions (pH | to 3) and convert sulfides to suifuric acid.
Thus, the pyritic sulfur content of the fossil fuel is transformed into a water
soluble compound that can be recdily washed cwdy. However, the acid that is

generated represents a pollutant in its own right that must be dealt with.

Organic sulfur exists in crude petroleum largely as linear mercaptans (R-SH) or
as aromatic thiophenes. Microbial systems for converting thiophenes into water
soluble compounds are under development. T‘he biochemistry. involved in this
transformation is shown in Figure 4-i3." The principal drawback of this orocess
lies in the loss of carbon atoms (and, therefore, of Btu content) resulting from

the removal of sulfur-containing organics,
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Figure 4-13

Pcﬂhway of microbial conversion of dlbenzofhtophene
into water soluble compounds
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4.5.1.3 Toxic metals

Biological concentration of heavy metal ions from a dilute waste stream involves
processes -essentially identical to those described for the mining industry in
. Section 4.4.1, The emphasis for pollution control, of course, is isolation and
disposal of toxic metals, whereas ultimate recovery of the metals is of concern
to the mining industry. The incorporation of metals from an industrial effluent
into biological sediments (i.e., activated sludge) has proven to be a satisfactory
-application of biotechnology to pollution control, The immobilization of metals
by these sediments may be the result of (I) direct introcellular uptake, (2)
adsorption to cell surfaces, or (3) sequestration. in a microbially produced
exopolysaccharide matrix. In addition to bacteria, other organisms are used to
concentrate metals from dilute waste streams. Settling ponds containing
photosynthetic algae or rapidly growing cquatic vegetation, such as water

hyacinths, are also fulfiiling this purpose.

4.5.2 Future prospects

The greatest R&D effort involving near-term applications of biotechnology 1o
sollution control will bein developing improved microbial strains for decontami-
nation of polluted waste waters and for in situ detoxification of contaminated
scils and sediments. There exist considerable gaps in our basic knowledge of the
types of microorganisms capable of degrading toxic chemicals. In particular,
ancerobic beccteria and filamentous fungi represent two diverse classes of
microbe for which considerable potential exists for biological pollution control,

but little is known of their general properties.

Bacteria cre classified into several groups based on the effect that oxygen

has on their growth and metabolism:
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) Obligate gerobes require oxygen for growth. An example
is the tubercle bacillus, the causative agent of tuber-
culosis.

e  Obligate anaerobes survive only in the absence of oxygen.
Examples include clostridia (various species of which
cause botfulism, tetanus, and gangrene), bacteroides
(intestinal bacteria that ferment glucose to form organic
acids;- e.g., formic, acetic, propionic, butyric, lactic, and
succinic), denitrifiers that reduce nitrate to nitrogen gas,
sulfate reducers that produce hydrogen disulfide (a source
of pollution in anoxic ponds and streams), and rrefhone
producers that form marsh gas.

) Facuitative - organsims, such as many enteric bacteria
(e.g., E. coli), ccn thrive with or without oxygen by
shifting to different metabolic processes in each case.

Anaerobic bacteria are are particularly relevant to poilution control practices
because of their pre\)olence in sub-soil. Thus, bacteria of this ‘*ype will
~ encounter toxic chemicals or petroleum wastes that have been spilled, as well as
herbicides and insecticides that have been gpplied to the ground. A subgroup of
anaerobic bacteria, called microgerophilic, can toierate or even prefer low
oxygen pressures (but much less than in air). These conditions prevail just
beneath the surface of the soil, Thus, microaerophiles, about which very iittle
basic information is known, should receive considerable attention for possible
future use as in situ decontaminating agents. Likewise, anaerobic bacteria that
thrive in underwater sediments, such as anoxic settling ponds or in the bottom of
the kepone-laden James River, will be the subjects of more intense research in

the years ahead.

Fungi are classified into three groups: (l) single-celled yeasts, (2) multicellular
filamentous colonies, or molds, and (3) mushrooms. The filamentous fungi

include some well xnown types, such as Neursopora, Penicillium, and Aspergillus,

as well as lesser xnown cguctic watermolds and soil fungi. The genetics and

biochemistry of fungi are mucn less well understood than are bacteria. However,
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it is certain thdf, like bacteria, fungi serve crucial roles in recycling organic
matter throughout the biosphere. The contribution made by fungi to the
decontamination of oolluted soils and streams is becoming better appreciated,
and research into the application of fungi to waste management should receive

greater attention in the years chead.

The following list outlines some aspects of applied genetics and waste manage-

ment that will be under development.

° Cataloging the types of chemical transformations per-
formed by microorganisms and the microbes involved,

° Isolating and characterizing the genetic material and
enzymes responsible for the observed transforming act-
ivity,

. Conducting genetic engineering on organisms that occur

naturally in  a particular environment (e.q., river bed
sediment) to confer the ability to degrade a pollutant that
is not normally present in that environment (e.q., kepone)
Successful decontamination of polluted sites by in sity
biotreatment requires that the engineered microbe will
compete favorably with existing microfiora,

) Developing biotreatment systems for dealing in situ with
specific wastes under a given set of conditions. For
example, a chemical spill at a particular site magy require
a different microbe depending on the ambient tempera-
ture, or on the presence of certain nutrients. Exogenous
nutrients such as glucose may have to be supplied.

'3 Designing bioreactors for on-line waste stream treatment.
Systems for immobiiizing microbes are under develoment,
Monitoring and controlling the concentration of toxic
substances in the waste stream agre vital since excessive
doses of most pollutants are deadly even to microbes that
thrive on low concentrations of these chemicals. Thus,
the design and engineering. of systems for diluting con-
centrated wastes prior to biotreatment may be a greater
technical challenge than is the development of microbial
populations capable of performing the biodegradcation.
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4.5.3 Potential hazards

Biological processes are currently in wide use throughout the pollution control:
industry, but so far modern applied genetics or genetic engineering has had
negligible impact. The potential exists, however, that these new biotechnologies
will drastically alter or replace conventional ' physical/chemical waste
management processes. Nevertheless, considerable basic information regarding
the relevant biological systems must be acquired before genetic engineering can
be implemented to improve on naturally occurring organisms, Very little is now
known of the biochemistry, metabolism, genetics, or natural ecology of the’
microbial .species that mediate biodegradative processes, - Indeed, the mere
identification of potentially useful microorganisms is far from compi'ete. Thus,
the impact of applied genetics may not be felt in this industry for five years or

more,

Nevertheless, increasing utilization of natural bioprocesses in pollution control
entails certain potenticl hazards that are noteworthy and that may forewarn of
future risks evolving from the application of genetic engineering in this industry.
Chief among these concerns is the generation of biclogical gerosols. These are
tiny droplets of water or dust particles containing active microbial marterial.
They remain suspended in the atmosphere to be transported by air currents to
distances of several miles from their origin. Many industrial processes have the
potential to create hazardous aerosols that contain pathogenic microorganisms.

Among these are:

) Agricultural practices, Stockyards and poultry feedlots
generate contaminated dust aerosols that may elicit very
serioys health problems, such as anthrax.  The
increasingly  common practice of applying partially
treated or untreated municipal sewage to crop lands has
led to improved crop yields and has proviced an
alternative to the direct discharge of sewage into lakes
and streams. 3ut this practice gives rise to potentially
harmful aerosols and to increased risk of ground water
‘contamination. Waste water from food processing plants
has also been utilized in land application programs.
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e Textile mills, The processing of wool and animal hair
produces dust cerosols that are known to contain
pathogens, such as the causative agents of anthrax end Q
fever. :

. Abagttoirs and rendering plants, The slaughtering and
processing of livestock is a serious source of infectious
gerosols,  occasionally  causing = epidemics . among
employees, The condition is exacerbated by livestock
farmers or ranchers who frequently rush their stock to
market at the first sign of disease among members of the
herd.:

) Sewage ireatment plants are probably the most numerous:
and varied sources of pathogenic aerosols. The bubbling
of air through an activated sludge facility and the
splashing of sewage water over the rock oed of a trickling
filter operation both generate numerous aerosolized

- particles, Approximately one-haif of these droplets are in
the size range (| to 5 microns) that are carried downwind
for considerable distances and which are readily inhaled
and deposited in the human lung. The magnitude of the
potential hazard posed by sewage treatment plants is
related to the abundance of these facilities, their
proximity to residential areas, the great variety of
microbial species fourd in sewage, and the nigh frequency
of aerosolization from these facilities which are in
operation all day throughout the year.

Thus, the threat to public heglth posed by infectious aerosols is considerable.
Moreover, many laboratory-associated infections also appear to result from the
oroduction of aqerosols, rather than from more obvious lab incidents, such as
pipetting by mouth, needle and syringe accidents, or simple spills. Clearly,
future efforts to minimiie risks associated with any microbiolcgical process,
including those involving recombinant DNA organisms, should focus on methods

of controlling aerosols.
The biodegradation of organic poliutants by indigenous microorganisms is chiefly

responsible for the eventual recycling of most environmental wastes. Organic

pollutants fall into three general categories:
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° Completely biodegradable, for which there exist microbes
- capable of mineralizing the substrate. Examples include
relatively simple hydrocarbons and aromatics, such as.
phenols,

'y Totally recalcitrant, for- which there exist no known
microorganisms capable of chemically transforming the
substrate, or it so, at a very slow rate. Synthetic plastics,
such as polyethylene or polyvinyl chioride, appear to be
in this category, as do some polychlorinated aromatic
hydrocarbons and pesticides,

Y Co-metabolized compounds are transformed to some ex-
tent by microbes that utilize other substances as sources
~of energy and biomass. Pollutants in this category, such
as DDT, aldrin and heptachlor, are degraded siowly,
Microbes have yet to be isolated that can use compounds

of this type as nutrients, :

The impact of applied genetics in this area will be minimal until more is learned
of the types of microorganisms involved. The suitability of naturaily occurring
microbes for waste cleanup will be examined initially. Particular attention will
be paid to in situ decontamination processes. However, several factors mitigate

against widespread success in this area.

) The concentration of toxic chemicals at the site of a spill
or dump site is often too high to permit survxvol of any
microbe capable of degrading the pollutant.

* Concentrations of toxic chemicals sufficiently low to
permit survival {(generaily less than [,000 opm) may be too
low to sustain bacterial growth. Thus, additional
nutrients must be supplied.

. Some toxic compounds, particularly those that are co-
metabolized, are partially degraded into substances that
are slightly less toxic than the parent compound but which
are more readily mobilized (that is, dispersed throughout
the local food chain). This is the fate of most polychlori-
nated organics.

135

E‘ TEKNEKRON
RESEARCH, INC.



Sinally, there exist natural microbial systems éapabie of concentrating inorgcmié
metal ions from dilute waste streams. .This ccéumulotion appears to be
associated with chemical transformations of the metal into organic forms, The
methylations of mercury and arsenic, for example, are known to occur as.a result
of microbial action in aguatic sediments. These organic derivatives are more
toxic than the corresponding inorganic substances, and they are more read.ily.
taken up from. the sediments by aquatic animals, Thus, commercial use of
microbial systems to remove heavy metal ions from waste waters must be

monitored for the release of even more toxic organic derivatives,
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SECTION 5

| SUMMARY AND RECOMMENDATIONS

5.1 State of the applied genetics industry

All indications are that the U.S. economy is on the verge of a "biology boom."
Excitement over the commercial potential of genetic engineering has beenAvery'
high, os,exémplifiéd by the considerable media attention to this areq, as well as
the enthusiasm shown by investors. Public expectations are aiso very high that
applied genetics will quickly and effectively solve many societal problems, such
as cancer, the energy crisis, our polluted environment, and the world food
shortage. The next several years will be crucial to the future development of
the biotechnology industry. [f few (or none) of the expected benefits from
applied genetics are realizea in the short run, public enthusiasm for this modern
technology may dissipate. Further commercial development will be hampered by
a lack of investment caopitcl, and adverse publicity will deter innovative
entrepreneurs from entering the field with ideas that could lead to short-term

success,

One aspect of applied genetics, recombinant ONA technology, nas received the
bulk of public attention. These experimental technigues involve the cutting and
splicing of genes and the subsequent joining together of DNA from different
organisms. This new technology offers the prospect of treating previously
incurable genetic diseases, such as sickle cell anemia and hemophilia, and of
understanding and eventually curing human cancer. On the other hand, the
practice of recombinant DNA nas produced the specter of inadvertent creation
of new and threatening life forms or of deliberate manipulation of human genes
for mischievous purposes. But the risks inherent in reéombincnt DNA tecnnology

are surely much smaller than originally feared (see below). As with other
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technological advances, recombinant DNA will be applied where it will vield
substantial commercial pay-off. Only the pharmaceutical industry is likely to
realize near-term returns on investments in this new technology. Other
industrial sectors will thoroughly investigate naturally occurring bioiogical
systems, including microorganisms and higher plants, for potential commerciali- -
zation, prior to making significant investments in recombinant DNA technology.
Although many non-pharmaceutical firms have initiated in-house programs in
recombinant DNA research, it may soon become apparent that this is a case of

putting "the cart before the horse." Two reasons for this conclusion are:

' Considerable basic scientific information must be
acguired in many areas pertaining to the species of
microorganisms and higher plants that will be of
commercial interest to non-pharmaceutical firms, For
example, the use of genetic engineering to endow
microbes with useful characteristics, such as the ability -
to fix atmospheric nitrogen, salt and drought tolerance,
and angerobiosis, must await g better understanding of
the biochemical and genetic basis of these traits,

. Technical advances in recombinant ONA methodology will
largely be made in academic laboratories, and they will
occur at a faster rate than will commercial developments.
Thus, the s<:|ermfsc feasiblity of a particular genetic
engineering operation will precede by several years, per-
haps, its commercial application. The chief factor contri-
buting to this time lag is the considerable disparity
between laboratory and industrial settings for the per-
formance of niclogical processes, For example, an engin-
eered microbial strain might thoroughly degrade kepone in
the laboratory, but be unable to survive in competition
with the natural microflora existing in James River
sediments, Eventual success in a project of this type
requires that more information be gathered regarding
indigenous organisms,

Thus, the glamour and attention surrounding recombinant DNA may soon subside
in favor of increased interest in naturally occurring organisms.,  This s

particularly likely in non-pharmaceutical industries, although the search for
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drug-like substances in higher plants and animals promises to reorient the focus

in the drug sector as weil.

Biotechnologies other than reéombinont DONA have received less public attention
but, nevertheless, are expected to contribute significantly to the commercial
success of the "biology business." Modern fermentation technologies will pe
applied to relevant operations in all industrial sectors, but the extent of their use
will obviously depend on the successful generation of new and useful microorgan-
isms that can be gréwn on a large scale. Likewise, immobilized bioprocesses,
such as on-stream bioreactors for waste stream detoxification, will be utilized
only to the extent that other hiotechnologies generate worthwile organisms or
enzymes for the purpose of attachment., Cell fusion techniques will undergo
further development os aon alternative to recombinant DNA methods for
producing genetically altered organisms, But applications of this technology are
limited for the most part to the biomedical field (e.g., monoclonal antibocies)
and to the agriculture industry (e.q., fusions of plant cell protoplasts to gererate
hybrids),

5.2 Overall assessment of risk

As with public perception of the possible benetits resulting from applied
genetics, considerations of potential risks associated with these technologies has
focused on recombinant ONA procedures, As mentioned in Section 4.1.3, several
workshops have been held during the past four years to review and summarize
the status of risk assessment in the recombinant DNA field. In addition, the NIH
- (through its Recombinant DNA Advisory Committee, the RAC) has srepared ¢
Risk Assessment Plan which will summarize and update annually information
relevant to recombinant DNA risk assessment. The most recent update was

pubiished in the September 17, 1980, issue of the Federal Register. A principal

component of the plan is to analyze risk data pertaining to three general

categories of host-vector systems in common use: prokaryotic (e.g., E, coli
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KI2), lower eukaryotic (e.g., Saccharomyces cerevisige), and higher eukaryéﬂc -

(e.g., mammalian: cells). The following excerpt summarizes the current under-

standing of the risks:

...despite intensive study by the RAC Subcommittee on
Risk Assessment and NIH staff, several conferences and
workshops to consider specific issues and several experi-
ments, no risks of recombinant DNA research have been
identified that are not inherent in the microbiological and
biochemical methodology used in such research, (45 FR
61874) '

Thus, in the absence to date of any compelling evidence to the contrary, and
despite assiduous efforts to identify any potential hazards, scientists are now
convinced that the practice of recombinant DNA techniques poses no health risks

over and above those encountered in normal microbiological research.

Since the NIH committee charged with the task of monitoring the field of
recombinant DNA has reached the conclusion that there exist no untowara risks
in practicing this technology, what will become of the committee itself? Inaeed,
what is the future of government involvement generally ‘n this area? Several

comments can be made:

) During the past year or so, the RAC has divested itself of
oversight responsibilities by delegating many of its func-
tions to the local Institytional Biosafety Committees
(IBCs). The IBCs are naturally reluctant to take on the
added workload in dealing with what are now deemed
innocuous safety issues.

° As are other government agencies, the RAC is beginning
to examine issues from a cost/benefit stancpoint. The
RAC recognizes that other areas of potentiai health
concern exist in the biomedical research field. These
more conventional hazards, which exceed the threat of
recombinant DNA as potential risks, include exposure to
pathogenic aqerosols, X-rays, radionuclides, and toxic
chemicals, Any future role for the RAC (or some other
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RAC-like organization) should include consideration of
these safety issues as a priority.

) Biotechnologies other than recombinant DNA have so far
received little attention with regord to potential hazards,
For example, cell fusions involving various cells derived
from human tissues may become increasingly popular as a
method for obtaining human biologics for drug manu-
facture. Large-scale application of this procedure entails
the speculative risk that pathogenic viruses will be
induced and propagated. Relevant government agencies
should be advised to monitor the application of any
biotechnology within their purview.

5.3 Recommendations to the EPA

The wide array of industrial uses of opplied genetics can be grouped into two
categories with respect to environmental issues: (l) those applications in any
industrial sector that constitute an adverse impact on the environment; and (2)
, bioprdcesses designea to assist in the effort to control pollution and constitute a
net positive impact on the environment. With this general distinction in mind,

specific recommendations can be made:

. The commercial applied genetics industry is at a nascent
stage of development and, so far, no incidents of environ-
mental concern related to this industry have materialized.
Any environmental risks arising from industrial use of
applied genetics are speculative. At this time, there
exists no compelling reason for the EPA to establish
requlations in this area.

) Should environmental hazards emerge in the future, it is
probable that they ccn be handled within the existing
regulatory framework, ODuring the past. five years, the
Office of the General Counsel at the EPA has examired
the applicability of existing legislation,  pcrticularly
TSCA, to commercial recombinant DNA activities, A
consensys appears to have been reached that EPA has the
authority to regulate commercial uses of this technology,
including: (1) requirements for premanufacture review of
industrial processes based on recombinant . DNA
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methodologies (Section 5.of TSCA); (2) restriction or
prohipition of manufacture, processing, distribution, or
use of recombinant DNA if such is deemed hazardous
(Section 8) and (3) dealing with imminent hazards
involving recombinant DNA (Section 7). Moreover, the
discharge of recombinant DNA material into the
environment could be regulated under existing statutes
within the Clean Air and Water Acts. In summary, no
additional legislation would seem to be necessary in order
for the EPA to regulate commercial activities involving
recombinant DNA.

The ERPA should continue to take an active role in pro-
moting applied research and development of biological
waste management processes and techniques. Emphasis
should be placed on the biology of relevant systems rather
than on process engineering and design. A particularty
troublesome problem requiring more research is in situ
decontamination of chemical wastes, A more tractcble
problem deserving EPA attention involves the use of on-
line bioreactors for freating industrial effluents at the
source,

The EPA should sponsor further investigation into the
generation, dispersal, and control of biological aerosols.

To the best of its abilities, the EPA should monitor
commercial and scientific developments in the field of
applied genetics with the aim of identifying both immi-
nent environmental hazards and areas where this techno-
logy might be applied to pollution control operations,
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GLOSSARY

This list of definitions is intended to help the reader and should not be considered

all inclusive.
antigen
agerobe
anaerobe
bacteriophage
chioroplast
chromosome
clone

chon

colicin

conjugation

crown gall

DNA

any chemical substance, natural or man-made, that eficits
an immune response in animals

organism requiring oxygen

organism able to live in the absence of oxygen; some
anaerobes are 'obligate'; i.e., they are killed in the
presence of oxygen

one of a subgroup of viruses that infect bacteria; consists
of a relatively smail amount of DNA contained in a
protein coat

a cellular organelle in higher plants; site of photosynthesis

the basic macrostucture of heredity; organization of DNA
in cell nuclei containing large numbers of genes

a coliection of cells each having an icentical genetic
cemposition

a triplet of nucleotides on @ DNA chain that specifies a
particular amino acid or otherwise controls protein syn-
thesis

a bacterial toxin, the coding for which is found on a
plasmid; some forms are toxic to humans

one-way transfer of DNA between bacteria in cel! contact
plant tumor caused by infection with Agrobacterium

tumefaciens; genes lccated in the Ti-plasmid of the
Agrobacterium are responsible for tumor induction

deoxyribonucleic acid; the motecu!ar basis of genes; made
from the sequential arrangement of four nucleotide buiid-
ing blocks: adenine, cytosine, guanine, and thymine; nor-
ma! configuration is in double-stranded helical form
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cDNA complementary DNA; laboratory-created DNA that is
: compiementary to mRNA extracted from a cell

entomopathogen insect pathogen, usually microbial in nature, such as a
bacterium, protozoan, or virus

enzyme organic catalyst of bicchemical reactions in a cell; com-
posed of protein

euvkaryote an organism composed of cells that are distinguished by
" the presence of a nucleus and multiple chromosomes;
fungi, protozoaq, and all differentiated multicellular forms

of life are eukaryotic

F factor fertility factor; plasmid that specifies gender in bacteria

gene a defined length along a chromosome, made of DNA and
coding for a protein molecule

gene library the result of a shotgun experiment in which each cloned
bacterial colony contains different segments of DNA

genome atl the genes of cn organism or individua!
HEPA filter high efficiency particulate air filter
host-vector system " in the recombinant DNA field, the particuiar organism

(host) into which the gene is cloned, and the vehicle
(vector)--usually a plasmid system--that carries the gere
into the host

intron an intervening sequence of DNA of unknown function
found only in eukaryotic genes; this sequence is not
expressed in the transcription to mRNA

lac operon an operon in E, coli that codes for three enzymes invoived
in the metaboli ism m of lactose

lambda becteriophage that infects E. ¢ r; commonly used as a
vector in recombinant DNA research
ligase an enzyre that catalyzes the linking of sequential 2ases

in single-stranded DNA -

Hignoceltuiose complex biopolymer comprising the bulk of woody plants;
consists of polysaccharides and polymeric phenols
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lymphocyte a type of cell found in the blood, spleen, lymph nodes, etc.
of higher animals; one sub-class of lymphocyte manufac-
tures and secretes anitbodies

lysis process of ceil disintegration; cell bursting

non-conjugable refers to bacterial plasmids that cannot be transferred
between organisms

nucleotide any of a class of compounds consisting of a purine or
pyrimidine base, bonded to a ribose or deoxyribose sugar
and to a phosphate group; ‘rhe basic structural units of
RNA and DNA

nucleus the ceil region containing chromosomes and enclosed ‘n a
definite membrane; found only in eukaryotic cetls

oligonucleotide the sequential arrangement of more than one nucleotide

operator a region of DNA that controls the expression of adjacent
genes by interacting with a repressor protein

operon a gene unit consisting of one or more genes and the
controls for that unit; the lac operon, for excmple, is
made up of three genes, the operator, and the terminator

aopines unusual amino acids synthesized by genes located on Ti-
plasmids; nopaline and octopine are examples

peptide two or more amino acids oined together
phage shortened form of the word bacteriophage: bacterial virus
plasmid a small circle of double-stranded DNA that exists and

replicates autonomously in bacteria; often codes for resis-
tance to antibiotics; may be transferred between bacteria
during conjugation

polymerase enzyme that catalyzes the assembly of nuclectices into
RNA end of deoxynucleotides into DNA

polypeptide a molecular chain of many amino aci ds joined together;
synonymous with protein

prokaryote cellular organism distinguished by the lack of a defined
nucleus and by the presence of a single, naked chromo-
some; bacteria and blue-green algae are the only major
exampies '
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promoter
protein
protoplast

replication
repressor

restriction
endonuclease

R factor

ribosome

RNA

mRNA
shotgun cioning

st icky end

T-DNA

the region on a DNA strand that indicates the place to
start the transcription of the gene into RNA

a sequence of amino acids; the ultimate expression of a
gene; primary component of enzymes and many hormones

a bacterium or plant cell from which the cell wall has
been removed

the process of making copies of DNA in a cell; depending
uvpon the plasmid, man copies may be replicated of’fer
insertion of DNA into the host

a gene product that orevents the transcription of an

operon by binding to an operator region

one of a class of enzymes that cleave both strands of
DNA at sequence-specific sites; used extensively in
recombinant DNA experiments

resistance factor; refers to plasmids coding for resistance
to antibiotics

a large molecular array, composed of RNA and orotein,
that is responsibie for translating messenger RNA into
protein

ribonucleic acid, used to form complements to ONA in
gene expression

messenger RNA, formed in the cell nucleus in the process
of gene expression; complementary to the base sequence
of the DNA of the gene

cloning procedure in which ai! the chromosomes of a
donor organism are enzymaticolly fragmented and placed
into hosts for expression; results in a gene iibrary

refers to double-stranded DNA that has been cleaved in
such a way by certain restriction endonuclease enzymes
that the end of one strand extends beyond the end of the
other; the end is called "sticky'" because the bases are
exposed and can thus mate with comp!ementcry sticky
ends -

a reqgion of the Ti-nlasmid that contains genes required
for crown gall tumor induction and maintenance
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terminator

Ti-plasmid

transcription

transduction

transformation

translation

transposons

~ vector

virus

a region on a gene that codes for the termination of
transcription

a targe plasmid found in Agrobacterium tumefaciens;
induces crown gail tumors in plants infected with the
bacterium

the process of copying DNA into RNA; the result is
messenger RNA

the transfer of genetic material from one ceil to another
by means of a viral vector (for bacteria, the vector is
bacteriophage) -

the process of inserting into the host organism a vector
containing a gene that is to be cloned

the process of making a peptide from mRNA; performed
by ribosomes

short DNA segments containing one or ¢ few genes thgt
are readily translocated between ceils or to different
sites within the same ceil; responsible for antibiotic
resistance in bacterio; also found in some eukarvotic
organisms; transposons may serve as suitabie vectors for
genetic engineering in various organisms

an agent consisting of a DNA molecute known ‘o au-
tonomously replicate in a cell to which another DNA
segment may be attached experimentally to bring about
the replication of the attached segment

any of the submicroscopic infective agents composed of

RNA or ODNA wrapped in a protein coat cnd capable. of
growth and multiplication only in iiving cells
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