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and 
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Uear Reader, 

The Conference on South-South and South-North Co-operation in Science 
organized by the "Ihird World Academy of Sciences took place on the premises ot 
the international l;entre for 'l:heoretical t'hysics in l'rieste irom :> to 
10 July 1~85. For the first time ever representatives of science and research 
councils ot tne ·rhird World ac.d industrialized countries met to discuss 
problems concerning the development of science in the Third World and examine 
modalities of South-South and South-North c~llaboration in this reKard. 

The specific objectives of the Conference were: 

to identify science projects in which South-South and South-North 
co-operation is most profitable and examine possibilities of finding 
financial support for these projects; 

to strengthen co-operation between between science academies and 
research councils of the South and promote their role in the 
development of science in the Third World; 

to strengthen co-operation between academies of the South and those ot 
the North; 

to develop and set indicators to study the status ot science teaching 
and research in the 'fhird World and examine possibilities of 
South-South and South-North co-operation in the advancement of 
science; and 

to identify high-level scientit1c research performed by 'J:hird Worlcs 
scientists as a modality ot South-North co-operation in the 
advancement ot science. 

The Conference was or,anized into five workins ,roup• in order to 
formulate proposals for South-South and South-North co-operation on 
agricultural sciences, biological sciences, medical sciences, physical and 
mathematical sciences, and chemical sciences. ~roblems and expectation• were 
discussed in regional groups and the role of international or,anizations, 
science foundation• and networka were reviewed. UNlUO made a presentation of 
its activities in promoting science and technology in the ~outh, notably its 
role in the establishment of the international Centre for 'ienetic Engineering 
and Biotechnology (lCuEB) in Trieste and New Uelhi. 

(Continued) / . 
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While it was agreed that the l;onference was a novel approach and an 
imporcant torum for sciencists of the Third World and their colleagues in the 
industrialized countries to meet and discuss coamon problems, attention was 
given to the establishment of mechanisms for the Third World Academy of 
Sciences to follow. The Conference accordingly established four further 
committees comprised of scientists and academics to deal with South-South 
co-operation, North-South co-operation, global projects and science centres. 
The Italian Govertllllen~ announced the contribution of US~J million to ·the 
Third World Academy to implement some of its recommendations .nd provide 
research grants for high-level and promising scientific work, ~L~ze awards and 
fellowships to highly qualified research scientists in developing countries. 

Discussions covered common trends of thought, with the emphasis on 
science transfer rather than on technology transfer. In regard to the 
statements made by the Executive Director of UNIDO, Dr. Khane, great interest 
was shown for the UNIDO-promoted IC~EB and a proposal was made to establish a 
like centre for micro-electronics, a subject which is engaging the attention 
of UNIDO. 

A proposal for strengthening biotechnology at the global, regional and 
country levels was made by representatives of the Latin American region as the 
large number ot studies carried out in recent years had made it clear t ... at tile 
new techniques included io "modern biotechnology" revealed great opportunities 
to combat problems of health and tood production. Oespite the relative 
strength of biological sciences in the Latin American region, qualified 
researchers were few and whole areas ot essential biology were very weak, in 
particular micro-biology, molecular genetics, plant sciences and 
macro-molecular structure. Networks ot scientific centres existi~g in 
Third World regions have been proven to be an effective means of joining and 
co-ordinating resources. Tne Latin American Biological Sciences Network, 
which was also supported by UN~Sc;o and !CSU, which has been operating for ten 
years witn very beneficial effects for the participating countries was cited 
as an example. Following the networking idea, UNDP drafted a proposal to 
organize a Latin-American Network of Biotechnology Centres to be linked to the 
ICGEB at Trieste and New Delhi. Proposals for action by the Third World 
Academy of Sciences included financial support to strengthen deficient areas 
~f biology; that UNOP be encouraged to approve the proposed project for the 
~egional Network of Biotechnology Centres; that UN.lDO direct the attention of 
the ICGEB towards supporting these regional and national networks; that the 
Third World Academy of S'iences promote the adoption cf policies by 
Third World governments towards drafting national ~iotechnology programmes; 
and assistance in providing post-doctoral fellowships and training. 

The next ~onference will probably be held in 19H7. 

For those wishing to have further information on the act1v1t1es of the 
'!bird World Acadec.y of Sciences, the address is c/o The international ~ntre 
for Theoretical Physics, J4l0U Trieste, ltaly. 

l;. S. \Oour i 
Uirector, 

Oivision for lndustrial Studies 
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A. POLICY• NEWS AND OTHER EVENTS 

UNIDO Neva 

International Centre for Genetic Engineering: Recomaendacions on vork 
programme, affiliated centres and related isa~es also made by scientific panel 

Tbe Panel of Scientific Advisers for the International Centre for Genetic Engineering 
and Biotechnology (ICGEB), which held ita first session in February at UNIDO headquarters in 
Vienna, concluded that the moat important criterion ior the Centre to be comparable in 
scientific stature and quality to the world's leading scientific institutions vas to have a 
scientific staff of the hig~tat standard. These standards should also apply to 
administrative and support personnel. 

In order to speed up the establishment and operation of the Centre in Nev Dr.lhi and 
Trieste tbe Panel recOllllended that the Preparatory CoSlaittee of Iet;EB enlist five to ten 
internationally outstanding scientists to be designated as "diatinguistl.~d s.enior scientists" 
of t~e IccaEB during l~S). They would aaai~t tbe work of the Panel in enlarging the range of 
e&pertiae and e&peri•nce available for the Centre's establishment and auake suggestions tor 
the posts of scientific staff. 

They would elao assist in organizing ~pecialized .vorkahops ~~ auajor areas ot the vork 
progr .... to be held in 1~8) which would enable a sharper definition of research and training 
activities to be undertaken in each proir .... area. The Panel considered the activity of 
such a group to be a vorthvhile inveataent for the speedy establishment and operation of the 
Centre and could usefully continue after tbe Centre is established, providing support to the 
Council of Scientific Advisers vhen it ia formed. 

The baa•c objectives of the ICGEB. as identified by the Panel. are to enhance the 
capabilitier of biotecbaolo11 in developing countries and focus this technology on the 
solution of probl ... unique to these countries. The Panel alao eaphaaized the iaportance of 
the Centre'• activities in basic and applied research; training of scientists froa 
developing countries; and development and delivery of technology to developing countries in 
key areas. The ICCEB'a activities should not atteapt to duplicate ongoing research and 
development in the advanced countries but should rather give special attention to problems 
unique to developing countries. 

~oncerning the work progr .... of the ICGEB. the Panel felt very strongly the importance 
that both the Italian and Indian components of the Centre strive to reach critical ... s as 
soon as possible, The Panel generally endorsed the research areas proposed vith aome 
qu~lificationa. 

The concept ot affiliated centres and their iaportance in implenaentin~ the objectives of 
the Iu.EB received e&tenaive discussion by t~e Panel. Mattera such as the criteria tor 
affiliation, the tiaing ot the organization 1f the network ot att1l1ated centres in relation 
to the e~tabliahaent of the I~EB, and the funding of projects in the af tiliated centres by 
the l\Ntl vere addressed. 

The Panel recognized that safety issues had become more than a purely scientific 
queat•on, havin1 political dimensions as well as scientific ones and occasional discrepancies 
between perception and facts. The Panel agreed that one of the lC<a~B functions should be to 
consider from ti.ii to ti .. the adequacy.of safety 1uidelines in effect and their relevance to 
the actual vork coaducteo in th•• ICGt;B and its affiliated centres. 

Social iuuea 

International Network on the soc~al Iaeacta of Biotechnology 

The purpo~e of the International Natvork on the Social lapacta of Biotechnology (INSIB) 
is to eetabliah linka&e• ..on& social, natural and life scientists, humanists, science 
writers, policy analysts, and ... blitra of public interest aroupa. Many individuals vith an 
interest in the social iapacta of biotechnolo1y find it difficult to CO!lmunicate vith one 
another either because they are situated in ·iifferenc disciplines or they are located in 
diff.arent cotAntriea. The fonaacion of INSlB is a step toverd iaproving c-unicariona 
transnationally and creatina a nev diaciplina1y locus for the study of the social function of 
b1otechnolo1y. In addition to current vritin&• of the network participant•, the 1uide also 
offers an Mnnotated biblioaraphy of selected published vork1 and public policy atate .. nta of 
international aianificance. keque1t1 cu be li1ted in the network auide should be directed to 
the lNIUB co-orduator, Department ot Urban and t:nvironmental Policy, Tufte University, 
"edford, Haaaachusetta U~l)S, U.S.A. 



Regulatory issues 

Ethical guidelines for genetic engineering recoamaended by Swedish government c011Dittee 

A Swedish government-appointed committee on genetic engineering has, in its final 
report, recommended the establishment of a nuaber of ethical guidelines rather than laws to 
regulate scientific research in the field of recombinant DNA techniques and to limit certain 
applications of it on living organisa1, in particular, man. The coaaiittee says, however, 
that the norms it has proposed should be aentioned in the law so that their existen~e is 
manifest and the responsibility for their promulgation and supervision is clarified. 

First among the recoaaendations is a nora proposing tr.at research and experiments on 
zygotes and embryos be acceptable, providing they are medically well founded, that they are 
performed within 14 days af:er fertiliz•tion (freezing time not counted), that the donors 
have given their free and informed consent and that embryos in vitro are not allowed to 
develop after 14 days of age. 

Other proposals state that human zygotes and embryos exposed to experiments must not be 
implanted anJ developed in vivo ; and that research and experiments on huaan som•tic cells in 
cell or tissue culture are acceptable as well as laboratory work with human DNA outside the 
living cell, experiments on huaan germ cells (aperia and unfertilized ova) and research aimed 
at gene therapy on human somatic cells. 

Where gene therapy on human sperm, ova, zygotes and early cells (blastomeres) is 
possible to perforia in a reliable way and implantation is to be considered, the operation 
must come under strict ethical exaaination which should include full knowledge of all the 
consequences, the report states. 

Experiments on a live aborted embryo or foetus should be considered in the same way as 
those on a child, and the use of prenatal DNA-baaed diagnosis should be restricted to severe 
genetic diseases which threaten the development of the foetus or the child. 

The report says the ethical c011111itteea for research already existing in each cf Sweden's 
university regions should bear the primary responsibility for putting the new norms intc 
operation, assisted by the Medical Research Council, the National Recombinant DNA Advisory 
Co ... ittee, the National Board of Health and Welfar~ and the M~dical Disciplinary Board. 

The report also states that in· regard to the use of DNA techniques for future medical 
care, a prohibition should be enacted in law to prevent DNA-baaed diagnosis without san~tion 
by the National Board of Health and Welfare, and that Sweden's efforts to support research in 
the developing countries ahould be aimed primarily at the development of vaccines and 
diagnosti~ methods for infectious diseases. (Source: S!P The Swedish-International Press 
Bureau, January 1985) 

U.S. biotechnology regulation 

While underscoring the scientific and technical significance of genetic engineering, 
spealr.•!rs at a recent semi-an"lual meeting of the U.S. Chemical Manufacturers Aa1cciation also 
streiYed the urgent need to assure the public of its safety. This is the first time that 
coma"ni.cations, public relations and just plain comaon sense have figured so t>eavily in 
strategic planning before a crisis has developed. 

Panel moderator Howard A. 5chneiderman, aenio• vice-pres~dent in research and 
development with Monsanto, suggested th•t genetic en~inee~ing, the core of biotechnology, wae 
not simply another 1reat scientific advance, as was the transistor over the vacuum tube. 
Despite the broadca•ti.n& 1enetic en1ineerin1 gets, its pending impact on soc.iety and its 
durability as a scientific tool in the service of humanity may be underestimated. ~ndeed, 
one can argue persuasively that 1enetic engine*rin1 may be the most signifir.ant scientific 
and technolo&ical discovery ever a£de. 

lt would be a tragedy of enormous magnitude if this promise were unfulfilled. An~ that 
conat itutas the chal i.n,e. lt can be stated. quite simply: One must ensure that cr.e products 
of biotechnology are safaly co ... rcialized. An~ one must ensure that the pu~lic at large 
perceives that biotechnolo17 is bein1 safely c~erci..;'..ized. 

Evan within industry today, there is some disa1reemcnt about whether 1egulation i~ 
necessary or not. The fi·1t task is to move beyond that que~tion as quic~~~ as possible. 

Tho•• in the che•ical induatry have ~earn~d - sometime• the hard way - that ~hen the 
public ha• a concern about how safe an industry is, that conce~n will be addresaed by the 
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government. Business has tvo choices: to be part of a partnership to develop the guidelines 
ensuring adequate protection - or to be adversaries. In the latter case, regulations emerge 
just as surely, but they often make the industrializa~ion a lot harder. 

"The processes and products emerging from ~iotechn~logy will and should Iall under the 
regulatory scrutiny of government." 

Schneiderman went on to of fer i number of suggestions; 

Regulations should be based on sound science and a firm knowledge of biotechnology and 
biology, and, to this end, funds that are needed to assemble an expert government !tatf 
should be allocated. 

Panels of scientists to advise agencies should be created. 

Risk assessment should be separated froa regulatory policy making. 

Opportunities for building consensus among parties interested in biotechnology should be 
created. (Extracted from Chemical •eeK, November 14, 1984; 

U.S. Central Science Board 

Last December, a U.S. Congressional House subcomaittee debated the creation of a Central 
~cience Board within the White House Office of Scieuce and Technology Policy (OSTP) to 
oversee biotechnology policy and regulation. The proposed board, which has already been 
dubbed "Super-RAC" by government regulators, would be patterned after RAC, the National 
Institutes of Health Recombinant DNA Advisory Comaittee. Super-RAC's aission would be to 
ensure uniform policies by the Food and Drug Adc£nistration (FDA), Environmental Protection 
Agency (EPA), U.S. Dept. of Agriculture (USDA) and other government agencies that v~t 
involved in regulating genetic engineering. The proposal, which will be described in more 
detail in a Guidance Document in the Federal Register, was greeted with some skepticism by 
those federal-agency regulators who would be regulated by Super-RAC. ThL !ocument's aim is 
to clarify regulatory requirements; reassure the public as to the safety of new 
biotechnology products; and to make the regulatory process, as it involves biotechnology, 
more ".efficient" and "certain". The document will include a "road aap" to help companies 
through Washington'• biotechnology regulatory maze; auidance from each agency involved as to 
how it intends to review commercial biotechnology products; and a model system for 
co-ordinating and sharing scientific data among agencies. 

While Super-RAC w~uld, according to Dr. B. ~. Bulkley, OSTP deputy director, "promote 
co-operation among federal agencies on emerging scientific issues," it would leave the 
jurisdictional disputes in other hands. Agency disagreements will be resolved "tor the time 
being" on an ad hoc basis by the Working Group on Biotechnology of the l.:abinet t.;ouncil on 
Natural Resources-and ~nvironment. 

One area rife with possibilities for jurisdictioral dispute is ~PA's definition ot all 
gene-spliced products - except drugs, jj)lants and animals - as "new chemicals" :>ubject to the 
Agency's Toxic Substances (;ontrol Act. ln an "interia policy" published in the October 17, 
1984 Federal Pegister, EPA has also claimed aenetically modified microbes as "pesticide•" 
under the Federal Insecticid~, Fungicide and Rodenticide Act (FIFRA). (Extracted from 
Chemical Week, 7 November 1984 and McGraw-Hill's Biotechnology Newswatch, 17 December 1984) 

Stricter controls called for 

Private genetic engineerin& firms should be subject to stricter U.S. government 
controls, according to the Foundation on Economic Trends, which has now filed a lawsuit to 
that effect in the District Court. Private firms now follow U.S. National Institutes of 
Health guidelines on a voluntary basis, but the foundation says private firms should comply 
with the ~nvironmental Policy Act because they use a patent license requiring them co ~~ec 
NIH guidelines. Licensees of the patent process held by Stanford University and the 
University of California agreed to comply with NIK g~idelines, and the foundation argues that 
private firm• must the~efore meet NIH requirements fo: approval of experiments. NIH says the 
patent does not cover experiments involving deliberate releaae of genetically altered 
organi•••· (Extracted from ~emical Marketing Report, 17 September 1984) 

New safety rules 

Biotechnology limped forward a step aa a fed~ral court in Washington laid down new rule• 
for experiM1ent1 uaing ge~etically 1lter~ or1ani1as in the environment. An appe1l1 court 
ruled that the National lnlLitutea. of llealth (NIK), 1r:hich funds moat academic biomedical 
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research, must perform an "environmental assessment" of eac:h proposed release of altered 
organisms. The f irat suc:h experiment will be the teat of doctored bacteria designed to 
replace natural bacteria causing frost damage to crops developed by Ur. Steven Lindow of the 
University of California at Berkeley. The experiment has been held up by a lawsuit filed in 
19ij3 by environmental groups. Anticipating the outcome of the suit, the NIH has already 
completed ar. envirollllll!ntal assessment of the proposed experiment giving it a clean bill of 
health. lf the assessment holds up in court, Lindow presumably may proceed. Future 
proposals will now get a similar review. 

The -:ourt ruled that the NlH must consider performing a lengthy "environmental impact 
statement" covering all possible experiments outsid~ laboratories, rather than reviewing 
individual proposals as they c:ome forward. Suc:h a statement could take years to complete. 
Meanwhile, private companies are sending their research proposals to the Environmental 
Protection Agency, the government's ~ody for controlling pollution, where environmental 
assessments are routine. The result of this division of regulatory labour could be that 
scientists at companies will forge ahead of their colleagues at universities. (Extracted 
from New Scientist, 7 Harc:h 1985) 

US federal agencies issue control policy on biotechnology products 

Tt.e long-awaited policy statements from federal regulatory agencies that will control 
the products of genetic: engineering and biotechnology were issued for public: commr.nt last 
January. Although there are no surprises in the detailed discussions for regulating 
biotechnology products, their publication provides a forum for discussing the proper 
relationships among government regulators and the scientific: and business communities on this 
important matter. 

One of the main components of the notice is a regulatory matrix prepared by the ~abinet 
Council Working Group on Bi~tec:hnology through the White House Office of Sc:ienc:e & technology 
Policy. The matrix outlines the laws, regulations, and guidelines that may be ~pplic:able to 
biotechnology products. lt involves research, development, marketing, shipment, use, and 
disposal. lt gives spec:if ic: legislative references for assuming regulatory .authorities, the 
agencies involved, t~e affected products, and statutory cross references. 

Following the marrix section are the policy statements from the Environmental Protection 
Agency, Department of Health & Kuman Se=vic:es, and D~partment of Agriculture. Basically, 
each iterates positions taken last year on that agency's ability to regulate the products of 
biotechnology under existing laws. Eac:h says that in many instances regulation of genetic: 
engineering products is going to have to proceed on a c:ase-by-c:ase basis, at least until more 
knowledge about suc:h products and their behavior is gained. 

The Food & Drug Adminatration (part of HHS), for instance, notes that its regulations 
are all applicable to biotechnology, in general, and that the agency's rul~s on process 
control will require inspection of laboratory operations. Among the c:onc:erns at FDA are the 
possible inclusion of oncogenes into maDD&lian cells used for products made by genetic: 
engineering or the occ:urrenc:e of mutation• in the gene-coding sequences that could change the 
product slightly from the original. 

EPA' a course has been clear fo.- some time. lt has long held that it has the authority 
to regulate biotechnology products. For example, last October EPA published a preliminary 
policy statement on the regulation of genetic: engineering prcx.uc:ts used as pesticides. The 
January •~atement amplifi~s on that as well as on controls possible under the t~xic: 
Substances Control Ac:t. liowever, E~A admits it does not expect to regulate an1lll<ll1 or plants 
that are altereJ or produced by genetic: engineering techniques. 

Plants and animals fall mostly unJer the auspices of USOA, which has a number of 
1tatutes relating to altered organisms. lt anticipates tnat new biotechnology-derived 
forestry ~nd agricultural product• will be ba1ically 1imilar to conventional product1 and 
w~ll keep its policies flexible, changing as the ata'e of the tech~ology changes. 

Because of t~e ~erceived importance of products from g2netic engineering, the government 
is 1ugge1ting a new, two-tiered over1ight mechani1m to oonicor the !ield. Each of the 
involved agencies would te ex?ected co 1et up a 1ciencific advisory board composed 
principally of 1cienciac1 with de~?n1trated expertise in fields of bio,echnology. Thoae 
review hoard• would examine ap~l1cation1 regarding advanced bi~technology technique1. The 
five agencie' include, ir addicioo to FDA, ~PA, and USDA, the National ~nacitucea of Health 
(which already hr.a ch-. well-recoanhed lleco11bin1nt-DNA Advisory Co-ittee) and the National 
Science Fo•.mdation. NSF ia expectad to examine the potential effect• o~ envirJ11111er1tally 
rel1t~d ba1ic ~e•e•r~h ir. biot~chnology. 
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In addition. a Biotechnology Science Board would be set up. composed of two membera from 
each of the agency-based committees and chaired by the assistant secretary of health from 
HHS. Thia group would review all applications relating to recombinant DNA. recombinant RNA, 
and cell f~aion and help develop generic guidelines for similar. recurring applications. It 
would alao serve a1 the main public foru• for biotechnology debates. (Reprinted with 
permission from Chemical and Engineering News 1 page s. 7 January 1985. copyright 1985, 
American Chemical Society) 

Another round on iasue of releasing genetically modified organisms into the environmen~ 

The National Institutes of llealth (NIK) and activist Jeremy Rifkin clashed again 
recently in federal court over the issue of releasing genetically modified organisms into the 
environment. If the judges' remarks in court and their past rulings are any indication. Nlrt 
may be required to produce a full-scale environmental impact statement before •?proving any 
more so-called deliberate release experiments. However. the actual ruling from the U.S. 
~urt of Appeals for the District of Columbia. which heard the case on 5 Uecember. is not 
expected for months. 

NIH and the University of California are appealing a decision handed down in Kay by 
federal district judge John Sirica that. in effect. put a moratorium on all field tests of 
genetically altered organisms by academic and industry researchers. ,Private ccmpanies are 
not legally bound to refrain from field testing since Sirica only halted only federally 
supported research, but so far companies have chosen not to go forward). Three tests had 
been planned when Sirica ruled in ttay. 

Rifkin had filed suit against NIH. claiming that it had broken th~ law by failing to 
conduct a proper analysis of che environmental impact of deJiberate release experiments. 
Sirica's ruling stopped NIK from approving any more of these experiments until Rifkin's suit 
is disposed of. It also halted a University of California field test of bacteria modified to 
prevent frost formation on potato plants, a decision that the university appealed at the same 
hearing. 

At issue is whether Nltl should have analyzed in depth a change in its policy in 1978 
that allowed deliberate release experiments on a case-by-case basis. 

The Justice Department. which is representing NIH, argues that a single impact 
statement, which is a comprehensive analysis. of deliberate release experiments is not 
possible because individual experiments vary too widely to be considered generically. Nirt 
argues that the proper analysis must take place on a ~ase-by-case basis. 

Just before the Uecember appeals hea1ing, Nltl conceded that it would write a simpler 
kind of environmental impact report of the three approved field tests. These reports, 
according to NIH ofticials. basically require the same information Nill has already collected, 
but in a oifferent format. {Extracted from Science. Vol. 22b• ll December 1984) 

Voluntary controls placed on embryo research 

A voluntary body of scientists and lay people will oversee British research into 
in vitro fertilisation until legislation is enacted. 

The idea of a voluntary authority is part of the MllC's re1p9nse to the Warnock report on 
human fertilisation and embryology, published last July. The Depart~nt of Health and Social 
Security had asked the MllC to comment on the Warnock proposals. 

The voluntary body will have "a strong lay representation" but will also have members 
Jrawn from the MllC and the Royal College vf Obstetricians and ~ynaecologista. lt will allow 
re~earch on embryos that are specifically donated for the purpose of reQearch, but it will 
not permit scientists to research with or handle ~mbryos that are older than 14 days. 

ln general, the MRC agrees with the recommendations of the Warnock co.1111ittee but feels 
that certain ~tters have been left in the air. "It ia essential that these be resolved 1~ 
advance of legislation," says the MB.C. The council ilould like the tena "embryo" deh 1ed to 
confirm that "this refers to a viable concaptus developed froaa a fertilised egg and not to 
tissue or call cultures of human origin, as many types of research {in~luding studies in the 
field or cancer) depend on 1uch embryonic material". 

The definition uf research 1hould include "new and untrie<:. tre11tment", and applied· 
~•search on embryos should not be awparated from pure re1earcl., ss Warnock envi••¥•d. The 
clluncil believe• that "pure and applied re1earch are part of a continuum", and the law 1hould 
reHect this. 
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In its response to the Warnock report, the KP.C says there are three reasons whv research 
on in vitro embryos must continue: 

for the developaaen: and improvement of methods of treating 1ntertility, 

for the detection and prev~~tion of hereditary disease and congenital malformations, 

for the development of safer and more effective methods of contraception. (Source: New 
Scientist, 24 January 1985) 

Government policy and biotechnology: Four key issues, by Bruna Teso and Salomon Wald l 

Experts agree that biotechnology is likely to be the last .:echnological revolution of 
the 20th century, bringing about vast economic and social changes through its impact on 
health, nutrition, the environment and energy. However, biotechnology is tlso.one of the 
oldest manufacturing activities. Kan learned to produce bread, vine, beer and cheese very 
early but without understanding the process of fe~ntat~on or the fact that yeast, which has 
been used of thousands of year•, is a living organism. What has led to the ~resent upsurge 
of thi1 technology are aci•~tific discoveries which permit betler understanding and control 
of fermentation as well as of many processes of microbial, plant and aniaa..l life. The 
invention of genetic engineering, using recombinant ONA and other methods, has provided a new 
and povertul tool with which to modify living organisms for industrial, agricultural and 
medical use, not by trial and error as in the past, but in a planned and 'cientific way. The 
economic stakes are high. 

Clearly, industriee that deal vi~h living organisms have special problems and raise 
challenges that are different froa Lhose of other industries. These problems and challenges 
~re faced by virtually all countries having a biotechnology potential or capability. O~~u'a 
Comaitte~ for Scientific and Technological Policy, which includes these countries (many have 
joint ventures across borders) has chosen to focus its efforts on vnat Kember countries 
consider to be the four mo1t crucial issues in the field. 

1. Safety znd regulation 

As recent headlines demon1trate, safety is at the heart of public and governmental 
concern with biotechnology. As early as 1973, some of the scientists involved is1ued 
warnings about the potential hazards of biotechnology and particularly one of its branches, 
genetic engineering. Two year1 later, scientists themselves reached a conaen1ua (at an 
international conference at Asilomar in California) on safety mea1ures to be adopted for 
laboratory expe~imenta with recombinant organiama. Specific guidelines 1et up then for 
conducting re1~arch have since been relaxed as improved scientific knowledge has indicated 
that. the hazards were considerably overestimated at the time. Nevertheless, the original 
fears rai1ed by the scientists have not been completely allayed; public underatandiny of the 
problem has not kept pace with that of the scientists. 

Three recent events show that there is still serious concern over this technology. In 
September 1983, the District Court of Columbia, in the United States, opposed the decision of 
the National Institutes of Health to release into the environment a recombinant DNA organism 
that protects plants from fro1t injuries. More recenLly a suit was filed, again in the 
United States, against experiaaenta aiming at injecting a human gene, coding for the growth 
hormone, into animals 10 that they could become a cheaper source of meat. Opposition ha1 
also been expreaae~ in other countries. 

Thus the coacern focu1ae1 now not on contained laboratory research, which - atter ten 
years •Jf experience - is considered by moat people to be 1afe, but on the large-scale u1e ot 
modified organism• in industry or in the environment and on the ethical aspects ot 6enetic 
engineering. Aa r~combinant organisms move out of the laboratories and into the rar.toriea 
for large-scale production, containment becomes one of the priority i1auea. Satety mea1ure1 
in factories where the volume• handled reach hundreds of thousands of litres cannot be 
extrapolated from ~a•,oratory conditions where experi-.ntsl cultures normally do not exceed 
20 litres in volume. A rare event in tne laboratory becomes much more probable on thi• large 
scale. The problem is to ensure adequate containment of the various operations in the 
production proces1, particularly when de~ling with dangerous pathogens or toxins. Strict 
1afety precautions, sometimes even stricter than required, are already being taken by 
induatry in new production units dealing with genetic engineering. 

Division of Scienc~ aad Technology Policie1, OECD. 
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Industry is confident of the safety of biotechnology for several reasons. Compared to 
the laboratory, industrial strains have the advantage of being well characterised before they 
go into produ~tion, and they are also genP.rally enfeebled. furthermore, industry has long 
experience and a good safety record in handling livir-g organisms, harmless or pathogens, for 
the production of food, antibiotics and vaccines. W~at still remains uncertain is what 
safety requirements are appropriate and what levels of containment should be assigned to 
different organisms. Clear codes of practice should be devised in concertation with 
government and would benefit the public as well. 

Agricultural and en••ironmental applications raise different concern• since, contrary to 
what happens in industry where enfeebled strains are used, the organisms are deliber&tely 
engineered to survive in order to accomplish the desired function and are of course not 
contained at all. For these reasons, risk assessment must be conducted with extreme care. 
The difficulty in weighing the pocential risks of such applications is due to the fact that 
there is a very complP.x interaction between living organisms and the ecological system - and 
very little information about the links is available. 

How should assessment for indust~ial 
what schemes of regulations or &uidelines 
an international one; micro-organisms do 
requirements could create trade barriers. 
not limited to a single country. 

ano environmental applications be carried out and 
should be developed? The problem is by definition 
not respect national borders, and different safety 
Moreover, scientific knowledge on these matters is 

It is i~ response to these concerns that OECD countries have set up a special ad hoc 
group of scientific experts having governmental responsibility to monitor the safet~tion 
and to discuss reiulations and their possible international harmonisation. The group's 
.... ndate applies to "organisms" which includes, in addition to micro-organisms, plants and 
animals sine~ the application of genetic engineering techniques to these higher organisms is 
moving very fast. 

The first task of the group will be to review the differing country satety policies fur 
genetically engineered organisms in industry, agriculture and the environment. The review is 
particularly timely because of the divergences between countries. Some are now d1scuss1ng 
new legislation while others have not even assessed their needs. 

The group's second task is to identify scientific criteria which could serve as the 
basis of guidelines or regulations. An investigation into the safety of genetically 
engineered organiams for indu11trial, agricultural a11d environmental purposes nec~ssarily 
means entering partially unknown territory. It is very likely that handling genetically 
engineered organisms will not entail risks different from tnose raised by conventional 
organisms, but a prudent course of action is necessary to take account of potential dangers. 

As a prerequisite to setting criteria therefore, the components of the risk must be 
identified and analysed. A common approach to risk assessment would allow governments to 
monitor the fast-moving area of biotechnology in industry and ~n the environment without 
stifling its progress. 

At the present moment, more than half of OECD's 24 Member countries are already engaged, 
to different degrees, in industrial applications of biotechnology with genetically changed 
organisms. Approximately ten countrie1 follow the United States' National Institute of 
Health guidelines, which entail a voluntary system of r1tification by industry. Whether this 
system ~s adequate is atill a matter of debate. Wh~t i11 clear is that governments must 
continue to play an act i'1e role· i.1 promoting 1afety procedure• in biotechnology. They must 
also enaure that 1uch procedures are flexible enough to keep pace with the rapid development 
taking place in this field. 

2. Patent protection 

Patents can be considered an in1trument of innovation policy, e1pec1ally for governments 
which prefer indirect to direct meaaurea, in that patenta encourage inventora by providina 
opportunitie1 for financial reward. Thia i1 true for all invention1, but even more 10 tor 
biotechnology in that the chemical and pharmaceutical companie1 which preaently carry ouc a 
larae part of all biotechnology R&D ~~ve traditionally relied on patent• ano are well ver1eo 
in how to handle them. 

But there are more 1ub1tantive reaaona why the patent i11ue i1 10 crucial to tne future 
of biotechnoloay. There are baaic difference• ~hie~ 1eparate microbioloai~al from all other 
invention• - first, the fact that the 1tartin& material of moat biotechnological processes, 
the micro-organism, i1 living and •elf-replicating under suitable c~nditions. A 1econd 
difference i1 that a micro-organism cannot eaaily be de1cribed verbally or with a formula in 
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t!.e vay that, say, a chemical compound can. As patent law requires that an invention covered 
by a patent claim must be disclosed to the public, and as this disclosure must be repeatable 
by a person skilled in the art, biotechnology had raised new legal and scientific questions 
and h~s challenged traditional princ~ples and procedures of patent law which are often based 
on 19:h century science and technology. 

Many countries have found an innovative legal response as a first step in solving the 
difficulties inherent in the patenting of living matter. Instead of depositing a description 
of the invention, together with the patent claim, the micro-organism itself can now be 
physically deposited, not necessarily with the patent office, but ~ith a culture collection 
recognised b7 that off ice. 

Since the essence of patenting 1~ that it should be valid vorldwide, an accord was 
1eached in 1977 on an international framevork - The Budapest Treaty on the international 
Recognition of the Deposit of Micro-Organisms for the Purposes of ~atent Procedure, si~ned by 
15 countries. 

However, there are differences between countries regarding some aspects of the deposit 
requirement, for example the time when the micro-organism must be deposited, and who may have 
access to this deposit. There are also differences in the laws and regulations vhicn govern 
release of the deposited micro-org•nisms to the public. the time and the conditions of this 
release vary widely between countries and have led to considerable debate. Should the 
micro-organism be released together with the compulsory first publication of the patent 
application, as in some countries, or only when the patent is granted, as in others? lhe 
biotechnology industry is worried about deposit and release conditions in some countries. It 
fears that a competitor could take the micro-organism and r£plicate it before a pa_ent is 
granted or, when the patent is granted, through infringement of patent rights which might be 
difficult to prove. Improvement of deposit and release conditions, and some additional 
measures of international harmonisation, would allay these and other fears. 

A second issue is raised by claims to naturally occurri .• g micro-organisms. The law says 
that only an "invention" is patentable not a "discovery". Accordingly, few countries accept 
claims to naturally occurring micro-organisms without restriction. But several 
micro-organisms which have been, so to say, "found" in nature have turned out to be very 
useful in industry. It must be added that the act of "finding" is no quick or easy procedure 
but one that requires years of costly R+D, involving isolation, purification, toxicity 
testing, etc. This work is, scientifically and technologically, no less demanding than work 
with genetically engineered, that is "invented'· micro-organisms. Should such work not also 
be worthy of patent protec~i.on? 

A third issue is related to the problem of plant 9rotection. ln most countries, new 
plant varieties produced by plant breeders fall into the domain of special Plant Variety 
Rights. ln the past, new plant varietien have been the result of a complex, otten protracted 
trial-and-error process which was not av~aable to written, scientific description and 
repetition, hence not patentable. But tie new genetic engineering techniques -~~ the tast 
advances in plant genetics have opened up the possibility of repr.oducin~ plant breed1ng 
auccesses and hence pose the question; should it not be ~oasible ~o cover them by patent 
protection aa well? 

A fourtt. i11ue: many inventors in the field of biotechnology are academics and nave a 
tradition of open communication ~f their results. ln fact they may be bound to publisn or 
periah. But if they publiah, the information comes into the public domain and can nc 10·1ger 
be patented. So the academic choice becomes publish or patent - unlesa, that is, there ia a 
"grace period" which allowa the inventor to publish first, then patent within some specitied 
time period without loaing his patent righta. (If there is such a grace period, the inventor 
can both publish and patent.) Only a few OECD countri•s have a grace periuu, however, and 
thi• seems to give them an advantage over countries which do not. 

3. Long-term economic impact of biotechnology 

The likely impact of the "biotechnolosy revolution" on the economy and society was one 
of the first issues to be publicly discussed, and save rise to stron& disagreement. To some, 
biotechnology was simply a tachnical tool - one among many - of the chemic'l and drus 
industries, in their continuous search, more than a cen·ury old, for new pr)cesses and 
markets. To others, biotechnolosy heralded the 1reatest socio-economic revolution of man 
since the prehistoric invention of agriculture. 

Hore recently, the polemic has ceased, and doubts about the prospc;ts of this technology 
seem to have been larsely dissipated. lnterest has focussed in1tead on how lone it will take 
for the "biotechnolosy revolution" (the term is nov widely accepted) to have a -jor economic 
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impact - 10, 20 or 50 years - and in which sectors the impact will be felt first and most -
public health, the pharmaceutical industry, food, agriculture etc. A nU111ber oi 
biotechnological advances seem to have been more rapid than predicted by the experts. 
Already, the new technologies are penetrati.ng industry. ~llere are hundreds of industrial 
firms, big and small, in the OECD area using or ptoducing biological molecules or 
micro-organisms, with a combined annual turnover equivalent to many billions 01 U.S. dollars, 
not counting any of the traditional industries involved in manufacturing fermented foods and 
beverages. 

'Ole basic facts and figures that would be necessary to investigate the long-term 
economic impact are not yet availa~le, but the international biotechnology indu~try feels 
that it will soon be able to ~v··~cibute to such a study, as many ~iotechnology products and 
processes have reached the industrial production stage. 

From the beginning, biotechnology has :-.... d a strong international basis, with numerou~ 
R and D, industrial and other links extendin! across national borders. Also, it is a 
reasonable working hypothesis that the main econoaic and social impact of biotechnology is 
likely to be quite similar in OECD countries. 

S0111e of the questions that will be addressed by OEtll: What will be the capital and 
ener~y-saving effects? What will be the employment effects, if any? Kow about the impact on 
international trade in agricultural and other organic commodities? On industrial structures? 

4. Government policies and priorities in biotechnology R and D 

Lit~ked to the question of long-term economic impact i• that of research prioriti.es i.n 
biotechnology R+D since, to some extent, the economic impact will depend on these R+D 
priorities. Conversely, government R+D decisions will depend on their appraisal of the 
likely economic consequences of the research as well as coamercial opportunities. There i~. a 
strong and increasing interest, nationally and internationally in g~ve•nment policies 
SUFporting biotechnology research and develo~ment. Obviously, because of the competi.ti.ve 
nature of this new technology, international comparisons ot such polici.es are ot parti.cular 
interest to governments. 

OECD's work in this field will focus on a number of issues. Une is the priori.ti.es ot 
various OECD countries in their support of biotechnology R and D; it would probably be more 
interesting to find out where these priorities differ rather than where they coincide. 
Another issue :s that of so-called orphan fields in science and technology which are relevant 
to biotechnology - those which industry is neglecting and which may, therefore, require 
government support. A third issue is how to overcome the shortage of qualified 
biotechnologists through training and higher education. A fourth issue is how to strength~n 
industry-university cooperation or in some cases how the independence and openness of basic 
research can be protected . ~•inst strong commercial interests. (Reprinted from the OECD 
Observer, No. 131, November 1984) 

Biotechnology policies in industrialized countries 

A su111111ary o& recommendations made by experts on the development and promotion 
of biotechnology for their =espective countries or co111111unity 

.,...----..... --..--..,.P.ecommendations/Steps taken 
___ c_r_i_t_e_r_i._a _______ c.0-"u•n;.;t;.;r;.:i;.;e;.;s;.:/;.:O;.:r;..ig;i.;a;.;n"'i.;.;

1 
z;.;;a r ions l>escr ~pt ion 

l. Definition of 
biotechnology 

2. Research and 
Development 

OECI> 

CSlRO 
(A11stralia) 

OECD 

• To adopt a common definition ot 
biotechnology. 

~ive nighest priority tor the contin~ed 
development of techniques for genetic 
engineering in ~SlKU. 
~1tabli1h an ;ndustrial microbiology 
•mit i.n 1,;SlRO for innovative research 
with adequate research personnel 
Continue research with recombi.nan~ DNA 
strains. 

• To support research, especially in plant 
gen,.tic1, microbial physiology and 
biochemical engineering • 

• To study new organism• other than 
Eacherichia coli. 



Criteria 

3. Manpower and 
Training 
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Recoaaendations/Ste s taken 
Countries Organ~%ations 

Japan 

France 

Chemical Economic 
Development Co111111ittee 
liK 

West Cena.any 

Allelix Inc. 
Canada 

CSllO 
(Australia) 

OECD 

Second E;.aropean 
Congress of 
Bioted.nology 

Chemical Economic 
Development Committee 
UK 

11.oyal Society, 
UK 

Description 

• Classify biotechnology as one of the 
fields in which research and development 
should be emphasi%ed • 

• Attention given to research which cannot 
be accoaaodated under existing research 
structures • 

• <>overnment extending ~ubsidies to 
universities, and private corporations 
pursuing research on biotechnology while 
itself also conduc:s its own research 
~nd development • 

• <Oovernment has s~t up a systematic 
prograimae for research and development 
of en%yme technology • 

• <>overnment identified biotechnology as 
one of the maJor strategic areas for 
development on which the science law and 
funds will be focused • 

• French <>overnment policy on R&D will 
give increased emphasis to high 
technology sectors including 
biotechnology • 

• 11.&D in manufacturing industry should be 
increased on a selective basis. 
Biotechnology is one of the chemical 
sectors where the emphasis should be 
given • 

• Government plays an active part in 
funding and planning biotechnology R&D 
in universities and industry • 

• Will spend *100 million over the next 
10 year• focusing on the development of 
biotechnology-bs,ed products and process 
for co111111erciali1ation. 

To consider the needs for increased man­
power in industrial post-graduate 
training, including biochemistry, micro­
biology and chemical engineering • 

• To introduce industrial pose-graduate 
awards financed by the Science Resaarch 
Council to attract mor~ participants • 

• To increase specific skills in the 
interdisciplinary context of biotech­
nology at university level and abo~~ • 

• To provide oppo-tunities for organi%a· 
tion1 to advertise vacancies available 
10 as to attract biotechnologi1t1 from 
countries whose government lack intereat 
in biotechnology. 
C~ll1 for an increased output of 
1cientist1 with appropriate 1kills -
biologist•, biochemi1ts, toxicologi1ts 
and othe11. 
Call for a concerted drive by the Briti1h 
c;overnment to develop an active national 
policy on education for biotechnology • 

• The re1esr:h and teaching ef f~rts in 
biotechnology should be based in a few 
centre• which mu•t be provided with 
sufficient 1taff and !unds. 



Criteria 

4. Co-operation 
between 
Universities 
and relevant 
Research Groups 
and Industries 

5. Law& and 
Regulation& 

b. International 
Trade and 
Markets for 
Biotechnological 
Produc'ts 
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Recommendations/Steps taken 
Countries/Organizations Description 

CSlRO 
Australia 

Japan 

Britain 

OECD 

Second European 
Congress of 
Biotechnology 

CSlRO 
Australia 

OECI> 

Chemical Economic 
Development Committee 
UK 

Canada 

• To take positive steps to foster close 
cooperation and collaborative work 
between the molecular and other cellular 
biology units, universities and other 
relevant research groups in Australia. 

• To facilitate mutual exchange of 
competent staff between CSlRO, univer­
sities and indu.·tries by secondment or 
other practical means to accelerate 
research and commercialization targets • 

• Private corporation advancing research 
vigorously in new tields through 
technical licence agreement with their 
foreign counterparts with the aim of 
developing co111111ercial processes • 

• Form4tion of biotechnology company whose 
objective is to make avail•ble for use 
by industry a range of products and 
know-how derived from outstanding 
biotechnology research in UK • 

• Establishment of specialized organic SWP 
to coordinate the efforts of interested 
parties to increase the total UK effort 
in this field and should be actively 
puroued • 

• To investigate possible legal and insti­
tutional solutions to the problems 
raised by industry-university links so 
that trade secrecy does not prevent the 
dissemination of information • 

• To investigate and compare the various 
patent systems of OECD countries with a 
view to making them more suitable for 
the new realities of biotechnology and 
possibly achieving harmonization between 
various countries • 

• To study the problems connected with the 
dangers and regulations governing the 
use of biotechnology especially at 
industrial level. 

• To review the regulatory policy on human 
therapeutic products, since the present 
regulator/ requirements may be doing 
more harm than good. 

To make every effort by CSIRO to secure 
relevant pro~pt information on existing 
and potential international markets for 
biotechnological products, and to seize 
the world market for Au1tralian products • 

• To undertake a 1er1ous 1tudy ot the 
long-term economic impact of biotech­
nology and to examine any ensuing 
changes in international trade • 

• To e•·aluate raw materials needs and 
costs and examine the competitivenes1 of 
biotechnology ~ompared to other 
teclmologiea • 

• Companies in all sectors of the industry 
should be alive to the opportunities for 
exploiting development in biotechnology 
to serve worldwide markP.ts • 

• Setting up of Allelix Inc. to develop a 
world scale biotechnology business. 
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Recoaaendationa/Stepa taken 
Criteria Countriea/Organizationa Deacription 

7. Cultur"! 
Collection 

CSl.RO 
Auatralia 

OECU 

Conaerve the existing majo·: microbial 
culture collections in Auatralia and to 
accomaodate future new strain• in a 
M.otional Microbiological Culture 
Collection l;entre • 

• To facilitate national and international 
coordination of the component 
collections by supporting the World Uata 
Cent.re. 
To im~~QVe and fund microbial culture 
'ollections. 

(Extracted from Asia-Pacific Tech. Monitor, November-December 1~84) 

Council of Europe to di~cuas unifor. biotechnology standards 

In Karch the Council of Europe' a Conference of Ministers responsible for human rights 
met to examine "the challenge to human rights posed by the development of science and 
technology: protection of human beings and their physical and intellectual integrity in the 
context of the progress being aade in the fields of biology, medicine, and biochemistry." 
This follows adoption by the Council of Europ~, towards the end of 1984, of a recoaaDCndation 
by it• Ad Hoc C:O..ittee of Experts on Genetic Engineering (CAHGE) to establish a notification 
•ystem for recombinant DNA experiments. The measure was designed to harmonize practices 
among the 21 Western European member atatea. 

The docwaept incorporated auggeationa made in a 1982 text prepared by the European 
Economic Community for its ~en members, but with three differences. Because CAHGE conaidered 
the risk of a harmful gene escaping from the laboratory a "conjectural hazard" which had been 
overatated, the new text left individual countries to define the categorie• of hazard. 
Second, in order to aafeguard scientific and industrial aecrecy and protect intellectual 
property, member atates were asked to arrange that all notifications should remain 
confidential unle•• the notifying laboratories agree otherwise. Third, the Council of ~urope 
decided it would not yet adopt specific proviaiona concerning recombinant UNA techniques for 
tranafer into human patienta. In recent months l.:AHCi~ haa been studying problems likely to 
ariae from the combined use of genetic engineering and new technique• of artificial 
procreation. (Source: Rio/Technology, January l~ij)) 

New biotechnology study group formed 

Aa a result of the increasing importance of federal monitoring of genetically engineered 
organism•, a top farm chemical trade association ha• decided to form a biotechnology atudy 
group. The National Agricultural Chemicals Association (NA.CA) had not become involved with 
the ia.;•Je until last au-r, when critic Jeremy Rifkin petitioned federal regulators to 
require experimental use permits for field teats of genetically altered peaticidea. The 
Environmental Protection Agency responded by requirin& companies conJuccing outdoor 
experiment• to notify EPA to determine whether a permit ia neceasary. NACA's new arm will 
study gene-splicing issue• pertaining to the Federal Insecticide, Fungicide and Rodenticide 
Acc. (J::xcracted from Chemical We~k, 26 September 1984) 

General (mi1cellaneoua information) 

Biotechnology products in FDA pipeline 

In the past four year•, the U.S. Food and Drug liminiatration (FDA) baa approved for 
marketing 55 "device•" involved in biotechnology - ma:...nly diagnoatic teat kits and enzyme 
••aaya - but only a 1ingle recombinant-derived drug, hum.in insulin. Testifying laac month 
before the House of Repreaent•tivea' ~nergy and eo..erce Subcoaaittee on Oversight and 
lnve1tigation1 the FDA'• recently appointed coU11iaaioner, Dr. Frank E. Young, aubmitted a 
list of all biotechnology drug• and device• in his agency' a pipeline tor approval. 

Be1idea the 55 device• and one hormone, the list shows three hybridoma-baaed dia1noatic1 
u havina cleared the FDA' 1 hurdle. Fifty-one other human healthcare products, plus sou bU 
veterinary aubatancea, are in or approachin& inveatigational use. Keproduced below ia the 
unabridged array of recombinant-DNA and monoclonal product clas~e•, rearranged tor 
readability. le reflect• the broad aweep or biotechnology'• impending impact on tne practice 
of 1114!dicine - human and an~mal. 



- 11+ -

Produced by recombinant-DNA techni9ue 

!tor.ones: 
Hu-n insulin* 
Growth hormone• 
Interferon ~ P • ...,-) 
Interleukins (1 1 21 3) 
Colony-stimulating factors 
Differentiation factors 
Hormone-releasing factor• 
heuroactive peptides 
Reproductive hormones 
lmmunoauppressive factors 

Blood coaaponenta: 
Clotting factors 
Clot-dissolving factor• 
Human-serum albumin 
Anticoagulant factors 
Low-density lipoprotein 
High-density lipoprotein 

C>(...-1 antitrypain 

In-vitro diagnostics: 
DNA hybridi%ation probes 
- of genetic disease 
- for infectiou• agent• 

In-vivo diagnostic•. 
therapeutics: 

:mmune-ccmpetence-teat 
antigens 
Infectious-agent test 
antigens 
Tumor antigens 

Bacterial: 
Bacillus anthracia 
Bacillua pertussis 
Cloatridium botulinum 
Cloatr1d1um tetani 
Diphtheria 
Escherichia coli 
Legionella 
Salmonella 
Shigella dyaenteriae 
Staphylococcua aureus 
V16no cholerae 

Parasite: 
Filaria 
Leish-nia 
Hal aria 
Schiatoaomiaais 
Trypanosomes 

Viral and Rickettaial: 
Hepatitia B 
Herpes simplex 
lnfluen%a virus 
Polioviru• 
llabiea 
Vaccinia hybrid 

Produced by 
tlybridoma techniques 

In-vitro diagnoatica: 
Anti-human aerua* 
An:i-h~n serum anti-C3d* 
( 125r) antibody to hepatitis B 

surface antigen* 
Anti-tumor antigen an;ibodies 
Anti-tr•naplantation antigen 

anti.bodies 
Anti-differentiation antigen 

antibodies 
Anti-drug antibodies 

In-vivo diagnostics. therapeutics: 
Anti-tumor antigen antibodies 
Anti-transplantation antibodies 

antigen 
Anti-differentiation antigen 

antibodies 
Anti-toxin antibodies 

Veterinary products** 

Drugs; 
Intel>"ferons (O(..and 'T) 

Interleukins (1 1 i, J) 
Growth hormones (bovine. porcine} 
Anti-tumor en%ymea 
Antibiotics derived by 
recombinant DNA*** 

Food additives: 
Single-cell protein 
Amino acids 

* Approved by FDA for marketing; 
othera in or near inveatiga­
tional use. 

** FDA ia proceasing some 60 INADS 
(Inveatigational Nev Animal Drugs) 

*** Pre- INAD 

(Extracted from McGraw-Hill'• Biotechnology Nevawatch, 21 January 1985) 

Centre planned for atudy of plant genetics 

A plant gene expreaaion centre to study the application of bi~technology to agriculture 
will be formed a• a co-operative effort of the U.S. Department of -J,riculture and the 
University of California. Berkeley. It will be located at the Western Regional Research 
Center of USDA' a Agricultural Reaearch Service in Albany. California. 

At • preu conferenc•_ U:iUA aaaiatant secretary for science and education 
Orville ~. Bentley said that research at the centre will focus on the biochemistry of plant 
gene expression to develop materials and technique• that can be u•ed to 1mprove cro~ 
productivity and disease and atre•• resistance. 

To facilitate application of the basic research findings, the centre will operate a 
consortium which. through funding incentive•. will establish co-operative prograaae1 with 
other research inatitutiona and private industry. The goal ot such prograamiea will be to use 
the ba1ic knowledge generated at the centre to develop specific agricultural product•, an 
activity not envisioned for the centre itself. (Extracted with permission from Chemical and 
Engineering News, page ~. 6 August 1981+, copyright 1981+, American Chemical Society) 

Biotechnology centre for North Carolina 

Natinnal Science Foundation ia providing $600,000 over five years for establishment of a 
research centre for imDunolo&y and production of monoclonal antibodiea at Duke University and 
the University of North 'arolina, Chapel Hill. The grant is pare of National Science 
Foundation's industry-university co-operative research centre progra .... to strengthen ties 
between industry and universities. In addition to the NSF grant. $15U,000 will be provided 
from state funds throubh the North Carolina Biotechnology Center and each industrial 
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part1c1pant will contibute ~7S.OOO per year to be a member of the ce~tre. The new research 
centre. directed by Willard C. Hamilton. ia the first NSF co-operative project in 
biotechnology. (Extracted with peraiaaion froa Chemical and Engineering News. page 2n, 
28 Janiury 198). copyright 1985, American Chemical Society) 

Chromoaoae-specific human gene libraries made available 

Recently the first batch of SO chromoaome-apecific human gene libraries was shipped from 
Lawrence Livermore National Laboratory ~o JJ re1earcnera scattered around the world. Tne 
shipment represents a aile1tone in a two-year-old project at LLNL and Loi Alamos National 
Laboratory to establi1h gene libraries for each of the i4 difterent human cnromo1ome1. 

About half of the fir1t phase of the project has been completed. consisting of 
constructing libraries containing relatively 1hort - fewer than ~.ooo base pairs - stretches 
of human DNA. Such libra~ies will be used primar:ly by medical genetici1ts in what i1 called 
restriction fragment length rolymorphism (&FLP) analysis. a method of screening for genetic 
diseases. 

So far. LLNL bas 1ibrarie1 for chromo10111es 4. 6. 13, 14 and 15 combined. 17. 18. 20. 21. 
and Y. Los Alamos has libraries for cbromo1omes l and 2 combined. 11. 13, lb. 18. 19. and 
22. Van Dilla'• counterpart at Loi Al11D01 i1 Larry L. Deaven. 

The second phase of the project. which vill get under way later this year, vill aim at 
producing librarie1 containing much longer pieces of DNA. up to about 40,000 ba1e pair1. 
Such piece1 of DNA are long enough to contain a complete human gene and its flanking 
sequences: thus, libraries containing them vill oe ua~ful for molecular biologists probing 
the structure and function of 1pecific human gene1. 

Kost gene libraries con1ist of DNA fragments derived from the entire chromosomal 
complement of an organism. That makes finding a specific gene or DNA fragment particularly 
difficult. Dr. Van Dilla. who directs the project at LLNL, says that construction of gene 
libraries containing DNA from single human chromosomes was undertaken at the two laboratories 
because botn posaeas the instrumentation and experience to sort chromosomes and because both 
had received numerous requests over the past few year1 to provide purified chromosomes to 
researchers. 

The laboratoriea decided that producing cnromosome-specitic gene libraries - in wn1cn 
the DNA from a given chromosome i1 cut up and packaged in phage& - would be more efficient 
than continuing to purify chrUtllC'somes for individual re1earcher3. (extracted with permission 
from Chemical and Engineering N~·-!s, page 24-25. 4 K·arch 1985. copyright 19H5, american 
Chemical Society) 

UK e1tablisbea national collection of animal cell cultures 

To meet Europe'• need for an internationally recognized patent depo1itory for animal 
cell1, the UK baa e1tabliahed the National Collection of Animal Cell Culture• (MCACC) under 
Dr. Alan Doyle. The fir1t 1ucb facility for animal cell culture• in Europe. the MCACC ia in 
Porton Down, Sali1bury, Wilt1hire. lt waa opened in July 1984 under the auspice• of the 
Public Health Laboratory Service as part of the Department of Trade and Industry'• progra111111e 
to 1upport British biotechnology. Previou1ly, there had been a gap in Europe in the 
worldwide network of national culture collection• - a gap which had become more apparent aa a 
result of increa1ing empha1ia placed on the uae of animal cell1 in biotechnology. 

ln the pa1t. 1cienti1ta in the UK and on the Continent had to obtain ani111&l cell 
culture• from the American Type Culture Collection in the US. Thi• va1 expen1ive primarily 
becau1e of the high co1t of the 1pecialized 1hipment required for transporting animal cell 
culture•. 

The NCACC is envisaged a1 a 1e~vice facility to coaaercial and re1earch organization• 
throughout Europe, and therefore it• development will depend up?n the requirement• of it• 
uaera. Some of the 1ervicea currently offered by the Hc.:;.cc are a1 follows: 

Patent Cell Depo1itory. The NCACC i1 regi1tered as an lnternational Depo1itory 
Authority under the terms and condition• of the Budapest Treacy. a• adm1n1atered by the World 
lntelleccual Propert/ Organization. ln thi1 capacity it 1erve1 aa an archival holder of 
certified cell line• in support of patent application1. 

Safe Depo1it Facilitie1. lndividual 1cienti1t1 and commercial organization• who wi1h to 
1afe,uard valuable cell 1tock1 can depo1it ampoule1 for a rental fee. ~ommercial 
organization• that u1e or 1upply cell culture• can u1e the facility co have their 1eed 1cocka 
expanded under cert1tied condirion1, in addition to u1ing the 1afe depo1it faeilitie1. 
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Specialist Collections. Various collectors within a particular field, research 
councils, and some international organizations may require a central bank of specialized cell 
types for standardization purposes - e.g., biopsy cell lines with genetic or i ... unological 
markers, human homozyg~us typing cells, or cell lines derived from families for disease 
marker studies. Such lines could be available for open distribution or only within J 
recognized group of depositors. 

National Collection. All scientists will be actively encouraged to deposit well-studied 
cell lines fo• accession to a National Cell Culture Collection in which cells, after 
characterization, will be available to all applicants. 

National Recerve Collection. The policy is to maintain examples of all the 
internationally recognized and well-characterized cell lines as a guaranteed safeguard 
against possible imposition of import/export restrictions in the future. The aim is solely 
to guarantee future supplies rather than to act as a distribution agency as long as 
alternative aonr~ea remair. available. 

Distribution and Cataloguing Services. Cella obtained from individual depositors, or 
under contractual agreement, ca~ be distributed from this central facility, thus relieving 
scientists of the burden of uaing their time and resources to maintain seed stocks and 
dispatch cells. The NCACC will accwaulate data obtained within its own laboratories, and 
from users, on all lines held. Tbe MCACC could also act on behalf of users as a central 
liaison authority with other internatiocal cell banks. 

Other Services. The MCA~ offers the following: (l) the treeze-preservation of cells, 
either by routine techniques or by determining the optimal conditions for maximum viability, 
together with the retention of unique characteristics or functions; (l) an identitication 
service, including karyo-type analysis and iaoenzyme analysis; (3) at.:·rility testing for 
mycoplaamaa, bacteria, fungi, and selected viruses; (4) functional testing for virus 
susceptibility, product expression, antibody studies, etc. 

Research. Research topics in the general area of genome preservation, stability, 
product expression and identification, and quality control will be pursued. Thia will 
provide an opportunity for funding by reaearch councils and for contract research. 

The MCACC is housed in a purpose-built suite of laboratories adjacent to the main 
building of the PHLS Center for Applied Microbiology and Research. There are specialist 
laboratorie1 for ti11ue culture, microbiology, and t~ochemistry. Dr. Alan Doyle, the 
curator, is responsible to the director of the Vaccine Research and Production Laboratory for 
the day-co-day management of the NCACC. An advisory coaaittee representing users and funding 
bodies will provide an additional safeguard of the commercial integrity and independence of 
the culture collection as well as advising on scientific policy. There will be close liaison 
with other national and international culture collections. 

A nondifferential charging system has been introduced and will be levied on all 
1ervice1, except for the deposit of a cell line which baa no restrictions on it• 
distribution; such deposit• will be free of charge. 

The MCA'~ facilitie1 are excellent and contain the latest cell-handling equipment as 
well as an excellent support staff. All information on the animal cell cultures ia 
computerized for easy access. Thi1 facility serves a very impor~ant function and baa been 
needed for 1ome time. The aritiah government ia to be cocmaended for support in building and 
organizing facilitie1 which will be of great help to European acientiat1. 

Directory of courae1 in biotechnology avoilable 

A directory of graduate degree progra ... ea, 1pecial non-degree courses, and internships 
in biotechnology for developing country acienti1ta haa been prepared, 

Thia directory is baaed on information obtained earlier this year from college1, 
univer1itie1, research inatitutea, profe1aional aaaociations, and industries. It includes 
1eparate li1ts for inatitution1, degree progracmiea, and 1pecial course•. 

The institution li1ting include• addre11es and phone number• for key contacts as well a1 
information on consortium meaber1hips and previous experience with developing country 
1cienti1t1. The listings for the degree programae• and special courses include a title and 
brief description of the subject matter and admi11ion requirement• a1 well aa :nformation on 
advi1or1 or instructors and degree1 or certificates awarded. An index i1 also included with 
sectoral li1ting1 of opportunitie• under Agriculture, Engineering, Lnvironment, Health, 
Interdisciplinary Programme• and aasic Studies, and Veterinary Sciences. 
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The directory is intended for use a• a first step in dete1•ining where specific types o; 
training can be obtained and to facilitate c011111Unication with th~ institutions iaentified. 
Full detail• can then be readily obtained from the institutions of interest. 

For copies of this directory. please write to BOSTlD Report Distribution. National 
Research Counci!. 2101 Constitution Avenue. N.w •• Washington. D.C., 20418, USA. 

Rockefeller Foundation biotechnology career fellowships 

The Rockefeller Foundation announces a prograaae of career development fellowships 
designed to enable scientists from developing countries. trained at outstancing centres fo~ 
advanced research in biotechnology. to continue to work at those or other institutions tor 
three months each year. over a period of at least three years. conducting advanced research 
and keeping abreast of new development• in their fields. The prograiame will focus upon the 
development and application of advances in molecular and cellular biology and i11111unology 
relevant to agriculture. health. and reproductive biology. 

Funding will be 1hared between the Foundation and the host laboratory. with the 
Foundation providing travel and per diem support. It is hoped that the fellowships will 
encourage the establishment of ongoing working relationships betw~en outstanding younger 
scientists working at thi~d world institution•. and research teams at advanced laboratories. 

Applicants to this progr411111e should have at least Ph.D. - 4r H.D. - level training. a 
proven record of scientific productivity. and a permanent position at a research or teaching 
inacitution in their home countrf. A written project proposal must be developed and 
1ubmitted jointly by the candidate and the laboratory sponsor. 

Information about r.pplication procedures can be obtained by writing to Biotechnology 
Career.Fellovahipa, Fellowship Office, Rockefeller Foundation. 113J Avenue of the Americas, 
New York. New York 10036 1 USA. 

International Network of Biotechnology 1elects 40 students 

The collaborative projects set up by the "Technology• 16rowth and t:mployment" working 
group at the Versailles and Williamsburg summits have reached the operational stage. Within 
the framework of the International Network of Biotechnology, some 4u students trom dev~lopin~ 
countries have_been selected for the academic year 1984-85. 

Collaborative research progruaes have also been organised in such areas as: downstream 
processing. cellulose bio-conversion and nitrogen fixation. Details from: Dr. Ron Coleman, 
chairman. International Network. Department of Trade and Industry, Laboratory of the 
Government Chemist. Cornwall House, Waterloo Road. London SEl 8YX. Alternatively, 
Hare Chopplet, executive secretary, International Network of Biotechnology, l, rue Ueacartes, 
75005 Paris, France or on 634.36.65. (Source: Biotechnology Bulletin. Vol. 31 No. 11, 
December 1984) 

Market for bioequipment predicted 

Three growth sectors in the bioequipment field are identified in a study published by 
Creative Strategies International (CSI); computerized bioreactora, automated DNA and peptide 
synthesizers, and biosenaora and other bioelectronica equipment. According to CSL'• 
fore,aata, contained in Emer in bioe ui ment markets: New technolo ies in the 19801, the 
value of the world-wide market or these three types of equipment will grow from l00.5m in 
1983 to $296.la by 1990, repre1enting a compound annual growth rate of 16.7% (see Table 1). 

Table l: Projection• for emerging bioequipment markets, 1983-1990, in $ millions 

Compound 
Annual 

-"~a-rk_e_t ___ a_e~1~·~e-n~t _______ 19_8_3 _____ 1_9_84 ____ .....;;.19_s_5 _____ 1_9~8--6 ~--l-9_8_7 __ ~1-9_8_s _____ l_9_8_9 ____ ~19_9_u ____ ~_·r_o_w_t_h __ R_a_t_e 

Computer-aided 
bioreactora 
Automated 
synthesizer• 
Bioaen1or1/ 
Bioelectroni-:1 

90.0 

10.5 

105.l 

11.9 

l2J. :.t 144. 2 

13.4 15.3 

0.5 0.6 

TOTAL 100.5 117.2 137.l 160.l 
(Source: Creative Strategies International.) 

lbb.7 197.j "J. 70. l 17.U4 

17. 2 19.4 J.4. 7 

o. 7 0.9 1.1 1.3 21.11 

186.6 217.6 253.9 29e.1 16. 7% 
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Computer-aided bioreactors account for approximately 901 of the total market over th~ 
forecast period, whereas the biosensors and other for.a of bio~lectronic equipment will only 
achieve sales of more than Slm world-ide i.n 1989, although the growth rate in this a·:ea is 
forecast to be highest of the three areas studied. Details from: Dr. Giselle Toth, director 
of industrial biotechnology, Creative Strategies lnternatLonal, 4340 Stevens Creek Boulevard, 
San Jose, CA 95129, USA. (Source: Biotechnology Bulletin, Vol. 3, No. 10, November 1984) 

Biotechnology for·!cast 

The biotechnology industry will need 5,000 more bioprocess engineers than are now 
available, according to Consulting Resources (Lexington, HA). By 1995, 35,000 tioprocess 
engineers will be needed. A shortage of A:ricultural specialists knowledgeable it. plant 
genetics, growth hormones and ani-1 vacc_ .. c?s will also develop. Sources of capital for 
biotechnology are now shifting away from •1enture capital and public stock offerings to 
acquisitions and joint ventures. Antibi ;ics, antibody diagnostic kits and animal 
biologicals pre>ent lucrative opportunitiea for biotechnologica~ research. 

Sales of biotechnological pharmaceutical products are expected to rise from $35 million 
in 19~J to $900 million in 1988 and $4 billion by 1993. Sales of biotechnology manufactured 
agricultural products will probably rise from S2 million in 1983 to $201J million in 1988 and 
$5 billion by 2UOU. Sales of biotech..,logical chemical products will rise from $5 million in 
1983 to SlOO million in 1988 and S3 billion by 2000. Pharmaceuticals under development with 
biotechnology include urokinase, interferon, DNA probes, growth hormones and vaccines. 
(Extracted from Chemical Marketing Report, 31 December 1984) 

British biotechnology technology transfer club 

The Biochemical Separation Technology (BIOSEP), a techno:ogy transfer club for the 
biotechnology industries, has begun its operations from the Harwell Laboratory at Didcot. lt 
begins with 38 members, including some of the world's largest biotechnology, food and 
chemical engineering companies. 

The BlOSEP was set up in collaboration with Warren Spring Laboratories to develop the 
large-scale biochemical separation technology (down stream processing) which is essential for 
industrial applications of major advances in biotechnology. lts ai~ is to provide 
information rapidly. Its services include design studies, data a11d state-of-the-art reports, 
etc. for use in construction and operation of separation plant. 

Key research topics include membrane separatiou precesses, adsorption and 
chromatography, and pri-ry solid-liquid separation, including gravity and surface methods. 

BIOSEP membership fees are linked to company turnover, with overseas companies paying a 
surcharge determined by the degree of thelr involvement in the UK economy. (Source: 
Asia-Pacific Tech Monitor, November-December 1~84) 

Gene therapy 

Investigators will aoon be ready to 'est recombinant-UNA therapies tor correctinK 
genetic disorders. Such techniques would be applied only to certain somatic cells \body 
cells, as opposed to eggs or sperm); they would not create Lnheritable alterations Ln the 
patient's DNA or affect the human gene pool. Nonetheless, the prospect of human gene therapy 
has raised some worries outside the scientific community. 

A. part of an effort to alleviate public concern, a working group within the Recombinant 
DNA Advisory Co111111ittee (RAC) of the National Institutes of Health has published a draft of a 
document titled "Points to Con1ider in the Design and Submission of Human Somatic-Cell Gene 
Therapy Protocols." 

Among the diseases that might be amenable to gene therapy are disorder• of the immune 
system that occur when the gene for a particular enzy- is deficient. T-. treat such a 
disease some of the patient's bone-marrow cells might be removed and infected with a virus 
into which a functioning gene has been spliced. Once such a gene ha1 been i'corporated into 
the marrow cells' genetic material, the cells would be reimplanted. 

Preliminary attempt at such therapy may be made in 1985. Heritabh gene therapy is not 
being seriously considered for humans because of both technical and ethie»l barriers. Human 
gene therapy could be developed for five hU111an diseases, including Lesch-Nyhan 1yndrome and 
deficiencies of the enzyme• adeno1ine dea~inase, purine nucleocide pho1phoryla1e, 
argino-1uccinate 1y11theta1e and ornithine carbamoyl transferase. 



- 19 -· 

The draft document li1~1 que1tion1 that will be considered by RAC when deciding whether 
or not to accept a proposal to teat such therapy in human subjects. Tne list is a lon' on~ 
and includes many specific qu•ationa about the nature and objectives of proposed 
experiments. There are also quite detailed questionJ about the experimental methods to be 
followed, the theoretical and practical bases of such methods, and the safety procedures to 
be employed. (Extracted from Science News, 5 January 1985 and American Scientist, Harch l9d~) 

Biotechnology stock prices. 

The prices of biotechnology stocks still bear little relation to the field's evclution 
and development - at least that is what Wall Street analysts maintain. This is small 
consolation, however, for edgy investors who have witnessed the steady decline in these 
:ssues 1ince the stocks pea~ed two suaaers ago. Perhaps of more concern to the companies is 
that the low valuations have made it more difficult for them to secure additional f inancit•6 -
perhaps slowing their development ev~n further. 

Stock prices of selected biotechnology specialty firms 

Companies emphasizing recombinant 
DNA technology 

Advanced Genetic Sciences 
*Amgen 
*Bio Logicals 
*Biogen 
*Biotech Research Labs 
*Biotechnica International 

B io.te::hnology General 
California Biotechnology 

*Cetus 
Cb ire•, 

*Collaborative Research 
CooperBiomedical 

*t:nzo Biochem 
*Genentech 
*Genex 

Integrated Genetics 
*Molecular Genetics 

Companies emphasizing antibody 
production technologies 

* &io-Reaponse 
*Cambridge Bioscience 
*Centocor 
*Damon Biotech 
*~enet1c Systems 
*itybritech 
*Monoclonal Antibodies 
*Sumu Hedical 

Companies emphasizing other 
product& or biotechnologies 

Applied Byosyatems 
*Genetic Engineering Inc. 
*l-unex 
*Interferon Sciences 
*iibi 1-unochem 

Vega Biotechnologies 

Price 
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5 
L.J/4 

11 
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6 
6 
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10 
4 

13 
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3.3/4 

10.1/4 
7 .1/2 
7 

lb.l/4 
l:.t 
4.3/8 

18.3/4 
4 
6.1/4 
3.3/4 
7.1/2 
4 

Price Percent 
Dec. 10 ~hange 

3.J/8 
4.1/2 
L.1/4 
5.1/4 
7.1/4 
6. 7/8 
3.3/4 
4.1/2 
8.5/8 
4.5/8 
4.3/4 
2. 7/ 8 

15. L/2 
31.3/4 

6 
3 
7 

4.3/8 
1.1/4 
9.1/4 
5 
5.3/8 

14.L/4 
8.3/4 
l.5/8 

27.L/4 
2.3/4 
7 
3 
7. 5/8 

l.11/16 

-41 
-10 
-29 
-52 
-21) 
.;.15 
-38 
-55 
-24 

-31 
-63 

0 
- 6 
-40 
-25 
-46 

-65 
-67 
-10 
-33 
-2J 
-12 
-27 
-17 

+45 
-31 
+12 
-20 
+ 2 
-58 

52 week 
tti-low 

Harket capitaliza­
tion in $ millions 
(stock price x 
number of shares 

outstanding) 

U. l/l-1. l/4 
8.1/4-J.J/4 
1.1/n-1 

14-4. l/2 
12. l/ 4-b. 3/ 4 

9.1/2-3.3/4 
8.1/4-3. l/2 

1).3/4-4.1/4 
14-8.5/8 
8.3/4-4.1/2 

10.3/8-4 
9.1/8-2.3/4 

26.1/2-11.3/4 
42.1/4-28.3/4 
17.1/4-4.3/4 
6.3/4-2. 7/8 

16.1/4-6 

14.3/4-3.5/8 
4.3/4-l 

lb.l/4-d.l/4 
10.1/2-4.J/4 
lU.J/4-4.l/J. 

2J-ll 
1.). l/ 1-1) 
8.3/n-J.. l/2 

31. l/2-lb. l/2 
5. 7/8-1.3/8 

9-4 
5. 7/8-2.5/8 

12-b 
5.3/4-1.5/8 

Jd 
49 

7 
9d 
J7 
26 
17 
22 

190 
33 
47 
51 

135 
457 

77 
25 
43 

35 
5 

bb 
9b 

lib 
152 

.l l 
2d 

155 
7 

41 
12 
2& 

5 

The BlO/Tt:CIUIOLOGY Index of Specialty Firms stands at &27 as of 10 December 1984, down from 
t:i78. on 11 Kay 1984. The Index is composed of the 23 companies in the chart that are marked 
by an asterisk. For a more complete explanation of the Index, see BlO/TECKNOLOGY 1:53&. 

(Source: Bio/techrology, January 1985) 
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Biotechnology and industry 

Biotechnology was expected to change medicine as radically as electronics did the 
information industry. The parallel is proving misl~ading. Genetic engineering is merely a 
tool; the transistor is a product. For medicine, biotechnology has simply provided another 
way to make drugs. Many biotechnology firms van~ to irow into multinational pharmaceutical 
companies. But to do so they are having to compete with the established giants of the drugs 
industry. 

So far, only one biotechnology drug has reached the market - a vaccine against pig 
disease. Only one biotechnology company, r.enentech, is anywhere near to laun~hing a 
significant drug - human growth hormone. Wh't is making money is research, not products. 
Hore and •ore small biotechnology firms are c•lllling to rely on servicing the drug companies 
through contract research and research partnerships. 

lnvestors are beginning to lose patienc·.! a.s they realise how long it takes this new 
industry to get its products on the maiket. The price of the shares of biotecnnoloxy 
companies has slumped, and in many firms c:1sh is running low. Patent offices have ~at on 
applications for biotechnology p~tents. M>st of th·,se they hav~ approved are for processes 
rather than p::oducts - and are therefore ha'."."d to eaforce. 

Of the 200 biotechnology companies in the world, only a handful are still rich enougn to 
stand a chance of becoming drug companirs in their own right. The most notable are 
publicly-quoted Genentech and Cetus in California and Biogen in Massachusetts; and the 
privately-ovned Genetics Institute in Maaaachuaetta. Even these are finding the going hard, 
having to sack employees and prune research projects. The mass of smaller biotechnology 
fir•• may be wiser to continue aa service companies. 

Genetic engineers in researching a drug have a aimplP brief; to look for proteins 
imp,Jrtant to the normal functioning of the body, and then find ways of mass producing them. 
On the checklists of moat biotechnology firms are (a) interferons and lymphokines which 
trigger anti-viral or immune responses; (b) hormones such as insulin or human growth 
hcrmone; and (c) blood proteins such as tissue plasminogen activator (TPA), which dissolves 
blood clots during heart attacks, or Factor 8, the blood-clotting agent for haemophiliacs. 

This search for suitable candidates for treatment is the easy part. The hard part is 
isolating the genes of these proteins and the~ mass producing them. As natural proteins, 
genetically-engineered drugs were expected by their ~nthusiasts to prove far more effective 
and safe than synthetic drugs. But, TPA apart, moat of the clinical trials carried out ao 
far have been disappointing. Side-effect• are a further complication. Naturally occurring 
products ought to be free of side-effects coamaon to synthetic drugs, but interferon causes a 
kind of fever. Genetically-engineered K~K also seems to provoke a reaction, perhaps because 
it is not an exact copy of the human protein (bug-produced KCK carries a different amino acid 
at one of the protein ends), or because it is not sufficiently pure. The regulators have 
asked Genentech to perform more tests on the KGK that it had hoped to market this year. 

Obtaining regulatory approv•l has become a more protracted process than tr~ 
biotechnology companies originally expected. Biotechn~logy drugs are as open to abuse as any 
others, and the risk of abuse ia increased by the grandiose claims once made for 
biotechnology products. 2egulators w'rry that when interferon comes to market it might again 
be touted as a wonder-drug by che unscrupulous. 

Scaling-up biote:i1nology processes - getting them (rom the laboratory to the factory -
is another problem. The E. coli bug once expected to become the all-purpose workhorse for 
the biotechnology incuatry haa its flavs. First, a foreign protein made by it loaea its 
three-dimensional structure and must be "renatured" - pushed back into its original shape. 
That ia relatively straightforward if the protein ia small, such as insulin, but impossible 
with larger ones, such as Factor 8 or TPA, Second, E. coli, in coamaon with all bacteria, 
cannot produce a perfect copy of a human protein. lt does not have the enzyme• to 
manufacture the chain• of sugar molecules which attach to protein• in the body and may be 
nece1aary for the protein to do its job. 

Thia mean• that biotechnologist• are having to uae more expensive ma11111alian cell culture 
1y1tema to ... ke large sugared proteins. But moat biotachnology firms other than Genentech, 
and perhap• Britain'• Celltech, lack the expertise to 1cale up maaaalian cell1. Hany are 
having to turn to a drug company, Britain' a Wellcome Foundation, to make protein• this way. 

Biotechnulosy product• face another hurdle; proteins have to be injected into the 
body. If taken orally, they are broken down by acid in the stomach or prevented by their 
molecular 1tructure frOftl crossing the gut wall. New ayatem1 will have to be found 1f 
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biotechnologists are to sell drugs to patients suffering from diseases not normally treated 
by injection. Scientists are trying to devise biode&radable polymers, loaded with protein, 
which will be slowly broken down to release the drug once they are implanted under the skin. 
Although the implant itself may have to be injected, it should last up to a year. 8ut tnese 
systems are still some way from the market, and will be of use mainly to thosP suffering from 
chronic diseases. Th.se obstacles can be surmounted - at a price. 

The real money-spinners may turn out to be not protein-based products, but synthetic 
"second generation" drugs produced by genetic engineering. Or so the big drug companies 
hope: these are the sort of drugs they are used to making. They plan to design products 
which enhance or block the activity of hormones by acting at the receptor sites on the 
surface of the cell. To bring this off, they first need to make large quantities of protein 
(this i• where the genetic engineering comes in) for use in modelling the synthetic drug. 
Such synthetic models, their enthu!iasts claim, will be patentable and easy for a patient to 
take. Biotechnologists disagree. They note that proteins are highly complex and may bind at 
more than one receptor site. Drug companies, they say, may-be good at producing drugs that 
block activity ("antagonists"). But they vill find it ha~de:- to make "agonists", drugs which 
enhance a bodily function - it is the difference between gumming up a lock and making a key. 

The biotechnologists think they still have an edge. And they st1ll have a world to 
conquer. Of the 50,000 proteins -.ade within a hum.an cell, only about 100 have been clon~d so 
far. The question for inve1tor1 is whether the pioneers now staking their claims will be the 
ones who mine the big profits. (Extracted from The Economist, 8 December 1984) 

Name NationalitI 

Ajinomoto Japanese 

Ciba-Geigy Swiss 

Corning Glass American 
Dow Chemical American 
Du Pont American 

ELF-Aquitaine French 

Eli Lilly American 

Exxon American 

General Electric American 

Gist Brocades Dutch 

Gulf Oil American 

ttoeci1s t West C>eriun 

lCl British 

Kikkoman Shoyu Japanese 

Kyowa Hakko Japanese 

t.afarge-Coppee French 

H•!ij i Hilk Japanese 

Heiji Seika Japanese 

"Old" and "new" competitors 

Major activity 

Agro-food, chemical, 
phar-cy 
Chemic a 1, agro­
chemical, pharmacy 
Glau 
Chemistry 
Che•istry (1st rank 
in world) 
Petroleum 

Pharmacy 

Petroleum (world's 
largest industrial 
group) 

Electric • elec­
tronics industrie1 

Industrial & phar­
u.ceutical fermen­
tation produc~1 
Petroleum 

Che~iatry_ pharmacy 
(lat rank in world) 
Chemistry, petro­
chemistry 

Fermented product• 
(sauce•, alcoholic 
beverage•, pharma­
ceutical enzyme1) 
Pharmacy, chemistry, 
food1tuf f s 
Cement 

Agro-food (dairy 
products) 
Agro-food, pharmacy 

Biotechnology 

F:rst world producer of lysine and 
monosodium glutamate lamino acids) 
J..arge research program, especially 
in seed and health fields 
Enzyme bioreactors on glass slides 
Enzymes tor cheese making 
Human interferon research program 

Seeds; research on valorization 
of whey through biotechnology 
A major world producer of 
antibiotic1; considerable 
feTIDentation capacity 
Research program on application 
of biotechnology to oil induatry 
(extraction, pollution control) 
and chemiatry 
Research on ethanol production and 
indu•trial applications of mono­
clonal antibodie• 
Second ranking world producer of 
enzymes 

Ethanol production by cellulose 
fermentation 
A major world producer of 
antib1otic1 
Production of unicellular organic 
protein• (UOP); development ot a 
biodegradable polymer 
1.argest Japaneae producer of 1oy 
aauce ( ahoyu) 

A major Ja~anese producer of amino 
acid a 
Amino acid• (ranking European 
producer of ly1ine and 1odium 
glutamate); 1eed1 
Research directed toward ph1rma­
ceut ical1 
First Japanese producer of anci­
biotics in bulk 



Name Nationality 

Mitsubishi ~hemical Japanese 

Mitsui-Toatsu Japanese 
Chemical 

Monsanto American 

Novo lndustrie Danish 

Rhone-Poulenc French 

Royal Dutch Shell UK/Dutch 

Roussel-UCLAF French 
(Hoechst group) 
Sanofi French 
(ELF-Aquitaine gp) 

Sankyo Japanese 

Schering-Plough American 

Searle American 

Shell Oil American 

Suntory Japanese 

Takeda Chemical Japane~e 

Unilever Dutch 
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Major activity 

Chemi~try (rank~ 
1st in Japan) 

Chemistry 

Chemistry 

Fermentation pro­
ducts; industrials 
& pharmaceuticals 
Chemistry, pharmacy 

Petroleum 

Pharmacy 

Pharmacy 

Chemistry, pharmacy 

Pharmacy 

Pharmacy 

Petroleum 

Agro-food (alco­
holic beverages) 

Pharmacy 

Agro-food (ls t 
rank in world), 
chemiatry 

(Source: L'Usine Nouvelle, 23 February 1984) 

8. COUNTRY NEWS 

European Economic Community 

EEC - funding cutback 

Biotechnology 

Its enzyme fixation process 
accounts for 40% of world SKTf 
[expansion unknovnl production 
Research on urokinase and 
interferon contracted to Genex 
and Genentech (USA) 
Seeds; animal growth hormones; 
large genetic engineering 
research program 
Ranking world producer of enzymes, 
with )0% or market 

World's third Largest 
fermentation capacity; ranking 
French firm in bio-industry 
Large research program focused on 
petroleum recovery, ores 
processing, chemistry, agriculture 
Leader in cephalosporine 
antibiotics 
Products of biological origin 
(serums, vaccines, diagnostic 
reaction agents) account for 15% 
of turnover 
First Japanese producer of 
vitamins in bulk 
Antibiotics; invested 
~100 million to produce Biogen's 
Alpha interferon 
Production of aspartame, a 
sweetening product; research on 
interferon 
Financing C•5 million) of 
research on ir.terferon conducted 
by CETUS Lexpansion unknown! 
Research on fermentation 
processes, enzym.atic technology, 
genetic recombining 
Largest Japanese producer of 
enzyme-based and antib1ot1c-based 
medications; second ranking 
producer of vitamins in bulk 
Focuses large part of its research 
on biology: working on enzym.atic 
sy1tem1, application of monodonal 
antibodiea, cellular cultures, 
cloning of oil palms on 
co-ere ia 1 aca 1 e 

The European Council of Reaearch Hinistera has approved $40 million in funding spread 
over five years for biotechnol~gy programme• propoaed by the European Co111111i1sion, a 
policy-malting body of the European Coaaunity (~C). The award ia a sharp cut from the 
$64 million that EC biotechnology official• had proposed. The approved funding will maintain 
reaearch and training proar-•• that •lready axiat. However, reaaarch cont~·acts that the 
European (;o111111i1sion had hoped to grant to European firm• and univeraities, as well as 
research on risk aaaessment, will not be funded. ln addition, there will be l1m1tations on 
the timing for spending the newly allocated funds. Only *25 million may be spent during the 
fiut two years; in mid-191111, the research mini1ters will meet again to review the remainder 
of the prograaaes. (Source: Chemical We~k, 2-9 January 1985) 
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Australia 

Chemicals from algae 

The Australian government has awarded an A$3 35m. contract to Westralian Farmers 
Co-operative Ltd. of Western Australia for a project to investigate the production of 
chemicals from algae. Geneti~ manipulation of algal cells to enhance their productivity will 
form a part of the project. Laboratory work will be carried out at Bayswater, Western 
Australia, and field test~ at the company's pilot facility at Kutt Lagoon, north of 
Geraldton, WA. (Souce: European Chemical News, 22 October 1984) 

Blood clot assay 

The University of Ql.eensland has developed an assay based on monoclonal antibodies to 
detect blood cl.ts more rapidly, accurately and cheaply than currer.tly available assays. The 
monoclonal anti Jody can detect low levels of D-dimer, a byproduct of clot formation. 
Clinical tests have shown that the antibody can distinguish between normal D-dimer levels and 
those found in patients with dangerous clot formation. The assay can be completed in several 
•inutes, as against six hours for conventional tests. M#.bCo, a biotechnology firm, has 
developed a kit form assay and has applied for FUA (US) approval. (Source: Cheiuical Week, 
22 August 1984) 

CSlRO breakthrough 

Australian researchers working at CSlkO, Canberra City, Australia, have scored a m&JOt 

plant biotech breakthrough using mutagenesia. They have created a linseed plant whose seeds 
contain an edible form of linseed oil. The development is expected to have an impact in 
certain wheat-growing regions of Australia, Canada, the USSR and Argentina. (Source: 
BioEngineering NewaR, Box 290, Willits, Ca. 954~0, USA, Vol. 5, No. 27, l~ Uecember 19~4) 

Venture fund backs bioprocesses 

An Australian venture capital firm is to fund the development of two biotechnology 
processes developed at the University of Queensland. The company, Queensland Science and 
Technology Limited (QSTL), has financed the university's marketing concern, UniQuest Limited, 
for the developm~nt of the Bio-Wastech protein-from-wastes process and the Sucrotech process 
which produces ethanol and fructose from sugar cane. QSTL is to fund R6D projects at the 
university and will license and market the resulting technology. The company is 
contemplating funding a number of projects, including an ovarian cancer dia,~nostic and a 
bovine mastitis vaccine. (Source: European Chemical News, 4 March 1985) 

Austria 

Austrian developments in biochemistry 

Since the discovery of the acid-stable Penicillin V, Biochemie GmbH has developed into 
Austria's largest producer of antibiot~cs. The special strength and experience of the firm 
is in the area of the fermentative production of antibiotic substances. For some time now, 
the research and development department of Biochemie has concentrated its activities on the 
stock imp•ovement and fermentation of micro-organisms as well as on the processing and 
chemical refinement of substanc~• produced by them. Whereas hertofore there has been an 
attempt to achieve greater yields in the "trial ar,d error" method througn mutation, 
hybridization, subsequent selection and recombination of the stock material, now the 
apectular progress in molecular genetics is opening up possibilities to construct 
improvements through cloning. With the recent completion of two new laboratories, the 
company will also participate in basic research in genetic engineering. (~xtracted from 
Die Presse, 21 November 1984) 

Belgium 

New Belgian biotechnology firm 

A new biotechnology firm is being set up in Belgium to develop drug-delivery systems 
based on liposomes (lipid micro-enca~sulation). The company, Cellt~rg, is a joint venture 
between The Liposome Company (TLC) of Princeton, New Jersey, and Belgium'• Louvain University. 

T)'ie two parties will each put up 40 per cent of the new firm's BF72m. <•l.2m.) capital, 
with the remainder to be made available to the staff. To be set up on the university's 
campus at Sint-Lambrecnt1-Woluwe near Brussell, the ventJre i1 al10 being 1upported by local 
government cash. Marketing of product• from the new co~pany will be carried out by a 
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subsidiary. Eurolip. that TLC plans to ;et up in Belgium by the end of the next year. TLC is 
currentiy developing its proprietary liposome tech~~logy for the controlled release of drugs 
and biological agents in both animal and human health-care applications. Celltarg plans to 
focus its efforts on systems to treat malaria. hepatitis. liver cancer and related diseases. 
(Source; European Chemical News. 10 December 19ij4) 

wnada 

Chair in biotechnology 

Canada's first chair in biotechnology has been established at Mc~ill University in 
Kontreal. thro"$h a special USO 000-grant from Canadian Pacific Limited. The first 
incumbent, chemistry Professor Ke '.vin Ogilvie is known for his developl!lent of the DNA/RNA 
Synthesizer. better known as the ·~ene machine". important for the manufacturing of synthetic 
substances such as insulin and int~rferon. His current work includes the study of viroids. 
infectious agents made up of RNA ~ilich affect plants of c011111ercial concern. (Source; Canad3 
Weekly. 21 November 1984) 

Canada goes for biotechnology development 

A National Advisory Committee on Biotechnology has been formed in Candda with the 
appointment of 25 members. drawn from the private sector. ~niversities and government 
agencies. by the Canadian Minister of State for Science and Technology and Economic 
Developll'ent. 

The Committee will advise the Minister directly on the development of biotechnology 
areas such as energy. food. druis. chemicals, plastics. mining and agriculture. The 
Committee will also provide guidelines and ensure that the opinions of the industry and the 
universities feature as a main factor in the Federal Government's programmes in the field. 

The Federal Government of Canada has allocated C$22 million to implement the national 
biotechnology strategy so that Canada benefits from new development! in this area. the 
strategy supports research networks. involving industry, universities and government. which 
concentrate on using biotechnology to enhance industrial development and the use of Canada's 
resource base. (Source: Asia - Pacific Tech. Monitor, November - December 1~~4) 

Rapeseed harvest improvement 

Genetic engineering should improve the prospects for the industrial rapeseed harvest. 
Canadian rapeseed output was 3.246 million tons in 1984, about 50 per cent of which was the 
newly developed variety. Erucic acid content of the rapeseed was lowered by dry weather and 
different soil conditions to the California soil where the variety was developed. The new 
variety can be used for feed after the oil is crushed out. Industrial ~rade oil has abo~t 
45 per cent erucic acid content whereas the new variety has 41-54 per cent oil conten~, 
depending on location. lnduPCrial grade rapeseed is generally not used for feed because of 
its low glucosinolate content, but the new vari~ty has a higher concentration. (Extracted 
from Chemical Marketing Report, 7 .January 1985) 

China 

China and Japan 1Lgn five-year R6D agreement 

In the fir1t R6.D agreement between the People's Republic of China and a Japanese 
biotechnology company, Nippon Zeon Co. Ltd., and China's Biotechnology Development Center 
finalized a five-year pact in Karch. The Beijing centre and the Tokyo-based firm will 
undertake joint R60 in animal cell culture aimed at pharmaceuticals and fragrances. Under 
the first rotages of the agreement, two or three Chinese senior resea~cher• will join their 
Zeon counterparts at the firm's Kaw~~aki research centre, (Extrar.~ed from Hc~raw-ttill's 
Biotechnology Newswatch, lij March l~ijS) 

Discovery of N-RAS cancer gene 

A11istant re1earcher ~u Jianren and others at the Shanghai Municipal Oncology Kesearch 
Institute have discovered fo the first time the N-RAS cancer gene in human primary liver 
cancer. Experts believe that this discovery by Gu Jianren has provided a requirement tor 
future thorough research on molecular mechanisms of carcinomatous degeneration. (Source: 
RLNHlN RIBAO, 10 November 1984) 
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US/Gnina joint venture 

Under a joint venture with U.S. and Canadian firma. China ia forming ita first company 
for making products an. supplies for biotechnology research and genetic engineering. Based 
in Luoyang, tlenan Province. Sino-American Biotechnology Co. will receive advanced technology 
from Promega Biotec. Madison. Wis. - the first agreement for technology tranfer to China in 
this field. according to PrOt11ega. Nine senior Chinese scientists will receive training in 
Madison. Also a partn~r in the venture is SinoGenetik of Vancouver. a consulting firm. 
Production will start iolithin a year• and will expand vithir. three yea:.-s to include hwun and 
animal diagnostics research. instrumentation. and agricultural applications of 
biotechnology. {Reprinted with permission from Chemical and ~ngineering News. page LJ. 
4 Karch 1985. copyright 1985, American Chemical Society} 

Denmark 

Kuman insulin production facility planned 

Novo Industri is moving ahead with plans to build a commercial-&cale fermentation 
facility to produce recombinant DNA h11111&n insulin. The plant, ~~i:~ will also be able to 
produce other gene-splicerl hormones and enzymes. will be built in Kalunoborg at a cost of 
around DKrlOOaa. (~9.5m.) once the Danish ~uthorities give their approval. 

Since Novo can.1ot predict when Denmark's enviro111Dental agency will grant approval for 
the project, the :ompany will not estimate completion and ~tare-up dates. Construction will 
scare as soon as it is obtained. 

The multi-purpose plant, which ia to be engineered by a Novo team, will have shared 
downstream purification facilities to save on capital investment costs. It will be equipped 
with several "standard type and size" fermenters. If the Danish plant proves a success, Novo 
may well build a similar human insulin unil in Canada to serve the North American market. 
Novo has a Joint venture in CanaJa with Connaught 1.aboratories. (~xtracted fro~ ~uropean 
Chemical News, 12 November 1984} 

Natural pesticide 

Brown algae may be 4 natural sour~e ot pesticides. a:corl.ing to Urs. H. 4. Saleh and 
N. 11. Abdel-Hoein of the University of Cairo and Hr. N. A. Ibrahim of the Ministry of 
n,riculture. An ext:.-act f~om the algae reduced the appetite ot the cotton leat worm. The 
~oat active appe~~te supp~essant is an azulene-based compound. Researchers ~iscovered this 
property when they ob~erved that house flies ignored the algae when it was left to dry in the 
open. (Extracted from Science Neva. 12 January 1985) 

Federal Republic of C,;erma,.·• 

Ger111Sn genetic research into plant disease 

Viruses are more and more often determined to be the pat~ogenic agents of plant 
diseases. Improved diagr.ostic procedures now m&•~ it possible to identify these 
micro-organisms. To combat the pathological agents, more resistant plant• need to be 
cultivated with the help of botanical methods. Research in Gies1en has proved that plant 
viruse1 are found in rivers as well. Presumably they get into the waters directly fr~m 
di.teased plants or through the soil. Viruaes, without causing visiblt: damage, could lt!-:.d to 
a reduced harvest for fruit trees. 

Nev method• of biological plant protection are now being tried to protect u1eful plants 
trom viral attack. Research int6 procedures that improve the re1istance of plants without 
there~y changing their genetic constitution i1 bei~g undertaken in the Federal R'public ot 
Germany whereby virus-repulsing fungi are cultivated in a nutrient solution. The reaulting 
product i1 subsequently sp;ayed on the underside of the plant leaves. 'Chis method apparently 
activates the defensive system of the plant1. The same purpose is served by the development 
ot plants reaistant to viruses which will becOtSe more and more important in tne tuturc to 
repress disease-prone varieties. Meanwhile, with the help of 1ene technr,logy, it nas been 
poasi~le to develop resistant plants from isolated and resistar.c cell• ot potatoes and rape. 
lio\·ever, with the multitude of viruaes and plant varieties it is still a long '!llay to the 
de•:elopment ot permanently re1isr.;mt plants. (Extracted from Chemi1che industne, 
November 191:J4) 
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Germ&n s~oport for biotechnology industry expanding 

Another gene centre was opened at the beginning of Hay L984 in Munich. After l,;ologne 
and Hei~elberg, it is the third focal point in the FkG in which there is to be basic and 
applied research iQ gene technology. What is new is that scientists from the Max Planck 
Institute and the university will work together supported by a non-profit association. 
Working groups will be established at the Max Planck institutes in Hartinsried and in three 
departments of the Ludwig Maximilian University in Munich. Prof. Ernst-Ludwig Winacker is 
director of the Munich gene centre. (Extracted from Handelsblatt, 22 October 1984) 

Hoec~st to build r-DNA insulin unit 

llcechst has unveiled plans to build a plant to produce human insulin via genetic 
engineering. The move follows the pioneering work in this area by Eli Lilly and Novo. 

Construction of the new unit is to begin at Frankfurt this yea•, with co111111issioning 
following two years later. 

The capacity of the planned plant is unknown, but it may also be used for >ther 
fermentation-based processes. The amount of insulin produced will depend on market 
conditions. (Extracted from European Chemical News, 22 October 1984) 

BASF licenses TNi from Biogen 

Genetic-engineering firm Biogen, with laboratories in Cambridge, gass., and Geneva, 
~witzerland, has signed a licensing agreement with West Germany's BASF for the tumor necrosis 
factor (ThF) developed by Biogen using recombinant-DNA technology. In vitro tests have shown 
that TNF kills certain cancerous cells while leaving normal cells unharmed. Biogen has 
cloned and expressed recombinant TNF in quantities said to be sufficient to support clinical 
trials, but further development is needed before the product can be marketed. (~xtracted 
from Chemical Week, 19 December 1984) 

Biotechnology sulphur process studied 

Scientists at the West German mining research institute (Institut fur Bergbau-Forschung) 
in Essen have developed a process that uses sulphur bacteria to remove more than 90 per cent 
of the inorganic sulphur from r.oal. 

Amounts of fly ash and trace elements also ha'/e been reduced, the institute said. The 
process is currently being tested in & bench-scale unit to gather data for a pilot. plant, 
which will be built at an unspecified date in the future • 

Parallel to the experiment with sulphur bacteria, the institute is testing bacterial 
strains which can remove organic pollutants from process water in coal beneficiation plants. 
The institute said it is also working on biotechnical methods of converting coal and coal 
derivatives into higher added-value products. (Source; European Chemical News, 
ll February 1985) 

German Government sponsoring 

The FRG research ministry is funding projects on nitrogen-fixing < 
of DH3.2m. ($lm.) over a two-year period. Work on soil utilization of 
is being supported with DH9. 5m. annually. One project currently sponso1 .. 
developing a protein-rich potato. 

Projects designed to promote farm animal health get DH3.5m./year. 

'ants to the tune 
n fert i Lizer s 
JSes on 

The ministry also funds in-vitro fertilization R~D. In human health-care the gover1U11ent 
is funding the development of new types of interferon. (~xtracted from ~Jropean ~hem1cal 
News, 5 November 1984) 

France 

French cement group seeks growth in biotechnology 

Lafarge Coppee, the French-based international cement group, is expanding into food and 
agricultural-linked biotechnology activities following a series of acquisitions and expansion 
moves in France and the U.~. over the last few months. 
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L&farge's bio-activities are centred on Or1an, a concern with its roots in the sugar 
business going back to the beginning of the century. Orsan, which came under Lafarge's 
control in its 1980 li~1k-up with the Belgian group Coppee, got out of sugar and invested in 
the fermentation business during the 19601. 

Orsan provided Lafarge with the biotechnology entree it had been seeking. A£ a 
technological follow-up from its activities in sugar refining, Orsan is now one of the 
world's leading producers of monosodiua glutamate, and under a collaboration deal with 
Ajinomoto of Japan signed in 1974, controls about one-third of the world market for lysine. 

Lafarge was, however, determined that its biotechnology efforts should not stop at amino 
acids. Following months of searching, Lafarge through its Orsan unit bought the Illinois 
based maize seed company, Wilson Hybrids, one of some 200 smaller U.S. groups in the seed 
field behind the leader, Pioneer. lt followed this up just before ~hristma1 with the 
purchase of the seed prod~ction business of the U.S. chemicals group, l.:elanese, and by 
building up its stake in one of France's biggest seed companies, ~laey1-Luck, which 
specialises in wheat. (Extracted from Financial Times, 30 January 1985) 

French energy prograaae plans pilot plant to turn farm wastes into chemicals 

One ton a day of chemical solvents from 47 tons of agricultural waste is the target of a 
large-scale pilot facility at Soustons, France. lt vill combine three processes, each 
claiming to be an advance over existing practice in biomass conversion. The aim of the 
project is to obtain an economically produced cellulytic enzyme to break down the B-(l-4) 
linkages. 

'nle facility is scheduled to come on stream in the fall of 1986, and is part of the 
government's progr&m11e to produce substitute fuels from biomass in the framework of its 
petroleum conservation policy. The future plant is planned as the final stage before 
full-scale industrial production. It vill process 12 tons of straw and 25 cons of corn 
stover to yield 0.6 tons of butanol and 0.4 tons of acetone-ethanol. (Extracted from 
McGraw-Hill's Biotechnology Newswatch, 15 October 1984) 

Biotechnology in France 

As part of French efforts to break down the distinctions bet~een fundamental and applied 
research in biotechnology, Elf Aquitaine ~as set up a nev ~omplex at l.ablge to bring together 
key elements af the group's biotechnology efforts. The laboratory carries out genetic 
engineering rest~rch for development of pharmaceuticals and aromas for food and perfumes. 
One promising area is production of human growth hormone by general recombination techniques 
using cells from monkeys' kidneys. Another is the production of interleukin-2 (lLl) with 
potential for making good deficiencies in the body's resistance co disease. A further sign 
of France's interest in biotechnology, is the Banque National de Paris hiring of a reseac~u 
scientist to look after its expanding portfolio of participations in bio-companies (Extracted 
from Financial Times) 

Joint venture in seeds research 

The Monsanto subsidiary, HybriTech Seed international, and a French agricultural 
company, Coopirative de Pau, have announced plans to create a new research-oriented seeds 
joint venture. Its aim will be to develop and coaaercialize new and improved wheat and 
barley varieties and hybrids. 

Cooperative de Pau - also known as CACBA or Cooperative Agricole de Ciriales du Bassin 
de l' Adour - and Monsanto have been conducting joint triall for a year on genetically 
engineered corn. As part of the venture, Monsanto is also developing gametocides used to 
make hybrid cereals. (Extracted from European Chemical News, 26 November 1984) 

AIDS test kit 

France's Institut Pasteur Production has developed an Aids test that could be on the 
market next spring. The kit allows some 80 simultaneous automated determinations of the Aids 
virus, which has also been linked to the disease LAV. Based on anti-LAV antibodies, the test 
i1 to be made available to a dozen French blood transfusion centres and hospitals for 
trial1. Genetics Systems, lPP's US partner in the joint venture, Blood Virus 
Diagnostic lnc., also plans to launch a test in the spring. The market is estimated st 5Um. 
tests per year. (Source: European Chemical News, 10 December 1984) 
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Ou Pont A;ds test 

Ou Pont has started European clinical trial• of its Aids test. lf the multi-site trials 
are succes•ful, the company predict• that the product could be available coanercially early 
this year. 

the test, which is designed to check the •pread of the disease detect• antibodies to the 
virus (KTLV-3) believed to caus~ the disease. Ou Pont e•timates that European demand for 
•uch a test could top 20.. units a year. (Source: European Chemical News, 18 February 1985) 

Greece 

Hellenic Biotechnology 

Founded last April, Hellenic National Biotechnology Company is now performing custom 
peptide synthesis and developing RIAs. It is also said to be providing Greek bioresearchers 
with domestically-produced restriction enzymes. (Source: BioEngineering NewsR, Box 290, 
Willits, Ca. 95490, USA, Vol. 5, No. 27, 18 December 1984) 

Kungary 

Hungary seeks help 

Hungary is looking for help in establishing a plant to convert 140 OOU ton/year of corn 
to enzymes, corn oil, foader additives and other products. The unit would be built alongside 
an existing chemical facility. 

Enzymes to be produced in the proposed plant could include thermostable alpha-amylase 
and immobilized gluco-amylase. Hungary is interested in receiving proposals from firms on 
technology and the capital costs. (SoJrce: ~uropean Chemical News, 4 February 19~5) 

Ireland 

Allied Irish Banks backing 

Allied Irish Banks is backing a research progr&a11e aimed at cutting milk and cheese 
production cost•, and developing new products - including innovative chemicals - from milk. 

Biotechnology will be the key to this innovation, which the bank is sponsoring to the 
tune of E240,000. The research will be carried out over the next five years at the 
Agricultural lnstitute's Hoorepark research centre in Co.Cork. The Agricultural institute 
points out that the dairy industry ha• come through two decades of unprecedented growth in 
output, but the range of products made has not increa•ed much despite this expansion. 

Future profitability will depend on the ability of the dairy industry to diversify, and 
diversific•tion will need new technology. The Hoorepark centre researches food product 
innovation• involving modifications in milk protein, and i• concerned with new development• 
in chee•e manufacture. 

The AlB-backed project, which started la•t month, will pioneer development• in two 
important area•: Whey, a by-product ot chee•e and ca••ein manufacture, and •tarter• 
e•sential for making cheese and other fermented dairy product•. Over the pa•t four years, 
Moorepark •taf f in collaboration with UCC have developed a new •tarter •y•tem for cheddar 
cheese now u•ed in b) per cent of all Irish cheddar. Now it'• hoped to extend the •ystem to 
yoghurt and continental cheese varieties. 

The new AIB funded project will concentrate on studying the genetic• of lactic bacteria, 
with a view to developing •trains which will shorten the time needed for cheese to mature. 
(Extracted from Technology Ireland, January 1985) 

Irish firm to develop PCB-degrading microbes 

International Biochemicals is developing microbial cultures to deal with polychlorinated 
biphenyls (PCB) pollution. PCB dispo•al is a growing problem a• incineration comes under 
continued pre••ure. Several other companies are hoping to develop "•uperbug•" to deal with 
the toxic chemicals. 

Re•earcher• at International Biochemical•' Dublin laboratories ar~ also working on 
•y1tem1 to control nitrate level• in waatewater atreama. Other R6D project• focu• on pure 
culture• to treat 1pecific chemical and hydrocarbon-contaminated wa1te atreams. 
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Sales of effluent-treatment products have been growing at an annual rate of 33 per cent 
over the last three years. Currently growing at over 20 per cent a year, International 
Biochemicals' agricultural products probably have the greatest sarket potential. Shell 
Chegicals UK is marketing the firm'• microbi'l silare additive. Other potential areas 
include straw digestion and nitrogen fixation. 

In the institutional area, the company sells microbial cultures to replace chemicals 
such as acids and caustic soda in drain cleaning and grease removal in hotels, hospitals and 
fast-food restaurants. 

Although International Biochemicals' rese"archers are working on projects involving 
genetically altered micro-or~anisms, including Pseudomonas, no products are likely to be 
marketed until government agencies have drawn up clear guidelines covering their use. 

The company has solved a number of effluent treatment problems at petrochemical 
complexes and oil refineries. It developed a saline-resistant bacterial culture to degrade 
phenol contamination in wastewater from an ethylene cracker at Thessaloniki, Greece. ·[be 
Chinese Petroleum Corporation in Taiwan used its cultures to clean up oily effluent from its 
refinery complex. In addition, a chromium-tolerant culture was developed to treat effluent 
from a fertilizer plant at Pancevo in Yugoslavia. (Extracted from European Chemical News, 
7/14 January 1985) 

Italy wants biodegradable plastic bags 

The Italian governmP.nt has given the country's plastics producers until 1991 to come up 
with a biodegradable plas~ic for supermarket bags. The order does not cover industrial 
packaging. State-owned ENI, Italy's biggest polyethylene producer, is working on two 
processes. One focuses on an additive that triggers degradation of polyethylene by air and 
light. The other ia a system that involves chemical binding of a photooxidation molecule to 
the polymer so that the material will disintegrate over time. (Source: Chemical Week, 
16 January 19H5) 

Italy surveys biotechnology sector and issues report 

The report on "Biotechnologies in Italy" prepared by the Federation of Scientific and 
Technical Associations (FAST) in Milan, was drawn up by a research group charged with 
surveying 14i operational units. The report was completed under the auspices of Milan 
Popular Bank, Wiboro, Kontediaon, Pierrel, ~NR (National Research Council). lt showed who 
does what in Italy in the field of biotechnology, and what is the participation of the public 
institutions (universities, institutes, CNR [National Council on Research) centers and that 
of the industries or private institutions. 

The first object of the report was to set up a catalogue in which research group• are 
listed by field of interest. Another aim of the report was to evaluate the impact of 
biotechnologies on the industrial production process by analyzing the present or future 
achievements of other countries. 

Many Italian laboratories have an excellent level of skill, but without a clear view of 
the industrial implications of the new techniques, their skills would remain in the academic 
field; the report aims at stimulating relations between public and industrial research. The 
survey dealing with operational units ia limited to certain sectors, chosen among the moat 
promising: recombinant DNA, hybridomas, culture and ~uaion of cells, immobilization of 
bio-molecules, chemistry of proteins, chemistry of trar4-nucleotids. Thi• choice seems to 
exclude othe~ biotechnologies such aa fermentations, techniques which are already widely used 
in Italian industry but which will be strongly influenced in the near future by the latest 
techniques, which were of principal interest to this report. (Extracted from Biofutur, 
September 1984) 

New rice variety 

The Ministry of Agriculture, Fianery and ForeL~ry and Mitsubishi Chemical Industries, 
Ltd. have reached an agreement to jointly attempt to improve rice in the first case of 
co-operation between the Ministry and a private enterprise. The sources said the Hiniatry is 
also studying the possibility of joinina hands with some other privata enterprise• in 
biotechnological research aimed at improving rice atraina. 
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With rice now becoming the target of the next international "seed war", the Ministry, 
which has a wid~ variety of rice seeds, is teaming up with Mitsubishi, known tor its 
sophisticated biotechnology, to develop disease- and cold-resistant, high-yielding rice by 
aeana of cell fusion technology. The Ministry has so far worked on iaproving rice by the 
crossbreeding method. However, it has found that there is a liait- to such efforts by that 
aethod, and is turning to biotechnology. Last August it revised the joint research 
regulations to open the way for teaaing up with private enterprises in research for 
iaprovement of plants. 

The Ministry now has about lb,000 varieties of rice in its gene bank but has decided to 
treble its seed storage capacity to 150,000 varieties. (Extracted fro• Asati Evening Hews, 
lb January 1905) 

Japan increases budget 

While most of the iteaa in Japan'• 19d5 national budget will receive level funding, 
biotechnology will be increased by 17.6 per cent. 

For l9d) and beyond, aajor projects eapha•ized by the ainistriea include: 

Ministry of lnternational Trade and Industry (MITI) - to exaaine recombinant-UNA safety, 
establish guidelines by year's end; service patents with a ~l-level containment 
depository at the Microorganisa Industrial Technology Institute, l9db completion; 
recycle water by biotreatment and membrane separation, over the next six years. 

Science and Technology Agency (STA) - construct gene bank and r-DNA laboratory at 
Tsukuba Life Science Research Laboratory; diagnosis and treatment of cancer. 

Ministry of Agriculture, Forestry and Fisheries 
230,000 plants, 13,000 aicroorganisas by 1992; 
parthenogenesis, over the next five years. 

(HAFF) - construct gene bank; 
produce fish and shellfish by 

collect 

Ministry of llealth and Welfare - develop a faster system for examination and approval of 
new drugs; provide a distribution bank for 30,000 medicinal plants. (Extracted from 
McCrav-Kill's Biotechnology Newswatch, 4 March 1985) 

Mitsui develops plant-cell selection to scale up shikonin 

ln Japanese folk medicine, shikonin is a traditional remedy for burn injury, 
inflammation and hemorrhoids. Aa a stimulant of granulation tissue formation, it is used for 
wound-healing. But ahikonin'• deep purple hue makes the rare root extract particularly 
prized as a dyeatuft for silk shawls and kimonos. In nature, a stand of L. erythrorhizon 
cake• five to seven years to reach full growth, at which point its root contains 1% to 2% 
shikonin. Mitaui's cell-culture procea1 take• just 23 days to produce biomass yielding 124 
to 15% shikonin, a figure now increa1ed in the laboratory to 23.2l. Mitsui'• shikonin 1till 
sells for near the price of the natural product, but the new abundance has made possible new 
outlets, such as a joint venture with the Kanebo cosmetic company. 

Mitsui's process was developed by Dr. Yasuhiro Fujita, who built on primary studies ot 
pigment formation in callus ~ultures done a decade ago by Dr. Haaoru ·rabata at Kyoto 
University's Faculty of Pharmaceutical Sciences. 

Less than a year after introducing the first biotechnology consumer product -
1hikonin-dye "Sio-lipstick" - Kaneoo Ltd. is developing a plant-tusue-cultured perfume. The 
pharmaceutical firm claims its laboratories are the first to produce fragrances in vitro from 
geranium cell1. (Extracted from HcCrav-Kill's Biotechnology Newswatch, 15 October 1984 and 
21 January 1985) 

Proteins without use ot cells 

Wako Pure Chemical lndu1tries has developed a method to utilize mRNA to produce proteins 
in vitro without using eel~. In conventional ~roce11e1, proteins are produced in vivo, but 
this allows impurities and is of low efficiency. The new system uses mRNA, amino acids, 
1alt1, ATP and methionine added to a substance from rabbit reticulocytes. The labelled 
methionine allows the protein to be separated by electrophoresis. (Source: Technology 
Update, 15 Septeaber 1984) 

Ca-.. interferon 

Caimaa interferon with over 90 per cent purity ha1 been 1ucce11fully refined by 
re1earcher1 at Kyoto Univer1ity. A lymphocyte of a mouse producing antibodie1 that attached 
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to ga...,. interferon was fused to a cancerized aurine (mouse) lymphocyte with strong 
auitiplication potential to make a hybridoaa with both properties. Monoclonal antibodies 
binding only to gamaa interferon can be produced in large amounts by cultivating this cell 
line. (Japan Economic Journal. 14 August 1984) 

Human aonoclonal antibodies mass produced 

Horinaga (Japan) baa successfully aaaa produced hum.an monoclonal antibodies for lung 
canLer cells in a joint project with Kyushu University. A highly reproductive 
lymphoblast-type cancer cell was fused with a lymphocyte B-cell taken from a lung cancer 
pati~nt to produce a human-hlma&n hybridoaa that generates antibodies reactive to lung cancer 
cells. Diagnostic drugs using monoclonal antibodies are auch more accurate than enzyme-based 
drugs. and Horinaga-wants to coaaercialize a product in five years. The company hopes to 
develop anticancer drugs by coupling human monoclonal antibodies to anticancer agents within 
10 years. (Japan Economic Journal, 21 August 1984) 

Haas production of human epider.al growth factor 

Earth Chemical (Japan) has developed a technique for aaaa producing hum.an epidermal 
growth factor, a hormone that promotes epider.al cell division. The substance is a peptide 
aade up of amino acids. Earth Chemical designed a gene that helps the growth factor remain 
in E. coli' a periplaama. Then the gene could be transplanted into a plasmid for E. coli 
conversion. Yields of fused protein are currently 2-3 1113/L of culture medium. Earth 
Chemical will coaaercialize the growth factor.by 1986. (Extracted from European Chemical 
~. 13 August 1984 and Japan Economic Journal. 31 July 1984) 

Diagnostic joint venture 

Two Japanese Coapanies have formed a diagnostic• joint venture. The firms, Toray 
Industries and Fuji aebio, will sell monoclonal antibody-baaed teats licensed from the US 
firm, Centocor. 

The two concerns have already been distributing ovarian aud gastrointestinal cancer 
tests developed by Centocor. Under the latest ten-year licensing agreement, the joint 
venture will market the US firm'• monoclonal-baaed diagnostics for liver, breast and colon 
cancers. The deal gives the Japanese firms the option to include Centocor's monoclonal 
technology in their own products in exchange for a 2U per cent royalty payment. (Source; 
European Chemical News, 18 February 198)) 

Biotechnology forecast 

By the year 20UO, biotechnology products will account for $60.7 billion of Japanese 
industry sales, according to a report recently completed by the Bio Industry Development 
Center of the Japanese Industrial Fermentation Association. The non-profit ~•king centre 
expects that 91 different industrial sectors will be producing biotechnology products within 
1) years, and that products such as pharmaceuticals, coaaodity chemical• and specialties !DAY 
account for more than one-third of the biotechnology sales, with Sl2.8 billion, *6.2 billion 
and $4.4 billion, respectively. (Source; Chemical Week, 2-9 January 198)) 

Space experiment with plant seeds 

T. Sakata, a nursery company, will take part in an experiment to develop new plant seeds 
in apace. It will study the effects of cosmic ra;'• and zero-gravity on plant seeds in a 
series of experiments aboard a US apace shuttle. i~ is unknown what ef fecta cosmic rays 
might have on plant ecology. Over 10 million seeds of 20 types will be sent into apace, and 
Sakata aay distribute them among schools and plant experts throughout Japan for raising. 
US companies have become increasingly interested in the coirmercial use of apace. Under 
zero-gravity vacuum conditions, heat circulation does not occur, and this provides a good 
environment for a number of sensitive experiments and production processes. {Extracted from 
Japan Economic Journal, 23 October 1~84) 

Netherland• 

US plant planned for Netherlands 

Centocor, the US cancer biotechnology company, was last week poised to unveil plan• to 
etabliah a base in ~urope. The company is to b11ild a small aanufacturing facility adjacent 
to the Univeraity of Leiden in the Netherlands to produce in vivo monoclonal antibody-baaed 
therapeutic products. The planned facility is to be backed by subsidies froa the Dutch state 
investment company, Haatachaij voor Induatriele Projecten. If human monoclonal• prove 
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effective in therapeutic applications, kilogr ... e quantities of antibodies will eventually 
required. As well as developing_mon?cloual-based blood tea~• - to_ detect hepatiti~ Band 
Aids for instance - and cancer-imaging products, Centocor is working on therapeutics to 
trea~ colon, rectal and pancreatic cancers and fatal septicaemia. This spring, it put 
together an R&D limited partnership to raise ~LS.. to fund oncogene products. (Extracted 
from European Chemical News, 22 October 1984) 

be 

US Department of Agriculture sets up new technology exchange off ice in the Netherlands 

Arthur I. Morgan, Jr., director of the U.S. Department of Agriculture's Western Research 
Center, Berkeley, CA, since 1969, has been named to head USDA's new European agricultural 
research and technology off ice in the Netherlands. 

The office located in Wageningen, the ~etherlands, will coordinate the dissemination of 
European agricultural technology to U.S. farmers and researchers, said Terry B. Kinney, Jr., 
administrator of USDA's Agricultural Research Service. 

"Morgan's mission will be to aonitor the latest foreign technological developments -
especially in biotechnology and genetic engineering - assess their impact on United States 
a,riculture, and hasten the technology transfer to U.S. users," Kinney said. 

Several international agricultural organizations have their headquarters in Wageningen, 
which is about 30 miles inland from The l:lague. Wageningen is a centre for or,anized meetings 
and courses in agriculture, especially for foreign research scientists, and has one of the 
world's largest agricultural libraries. 

Inquiries should be directed to Agricultural Research Service, U.S. Department of 
Agriculture, Washington, DC 20250. (Extracted from R&DH Digest, October 1984) 

Fermentation company receives government subsidy 

Dutch biotechnology concern Gist Brocades has been granted D.fl. 100.. (S28.6m.) in 
government subsidies to help finance investments over the next four years totalling 
D.fl l billion. 

The grant provides for research and for project development over and above the usual 
Dutch investment subsidies. 

The Dutch minister of economy has set up an ei~ht-person supervisory coDDittee to review 
the various stages of the company's 30-odd projects in fermentation, pharmaceuticals, enzymes 
and environmental protectioL Gist recently entered a recombinant DNA research agreement 
with ~1liron Corporation of the United States on yeast improvement. The firm is also working 
with the Dutch blood-transfusion service on development of blood coagulant factor Ylll for 
treatment of haemophilia. It has a biomass alcohols development project with Shell in the 
UK. (Source: European Chemical News. 5 November 1984) 

State-owned company in TNO link 

The large state-owned c. 1cern DSM, has linked up with the Dutch applied scientific 
institute TNO and Wageningen agricultural college in a three-year state-backed research 
project focusing on the production of hydroxylated aromatics using enzymes from Aspergillus 
mould. The new company, Holland Biotechnologie, will be based at Leiden University and will 
initially sell health-care products, monoclonal antibodies, enzymes and ONA fragments 
developed by the university and TNO. 

DSM says it should take one and a half years to establish commer~ial feasibility. The 
project has received substantial government subsidies. (Source: European Chemical News, 
7/14 January 1985) 

Singapore 

Singapore investing in national biotechnology programae 

To recruit biotechnologists the government of Singapore is investing more than 
~30 million in a new Institute of Molecular and Cell Biology. The Economic Development 
Board {EDB) announced that the facility will be built near one of its sponsor•, the National 
University of Sinaapore and is expected to be operational by 1986. 

Singapore's own efforts to ~evelop a national biotechnology prograaae have been hampered 
b1 inadequate scientific manpower and an insufficient number of companies to train workers. 
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laitially, the laatitute'a i•plemeatation committee, headeQ by Dr. Christopher tan, will 
concentrate on developing local experti1e in diaeaae research and ~ell biology, but ia 
interested in direct investment, joint venture•, joint research or other proposals. 

the lnatitute will provide "an umbrella" for the University's joint lt6aD with local 
coapaniea. One of the pr~jecta currently underway accelerates aoy fermentation troa three 
months to nine daya, while cutting the salt content in the tinal proeluct by halt. (tJr.tracted 
from Mc~rav-~ill'a Biotechnology Mewswatch, 17 December 1964) 

Sweden 

Volvo/Pharmacia controlling interest 

Sweden's largest automobile .. nufacturer, Volvo, has acquired a controlling interest in 
the country'• aecond-largeat pharmaceutical firm, Pharmacia AB. 

Volvo bought ita equity in Pharmacia from the faailiea of the firm'• founders, who 
feared heavy inheritance taxes. 

Volvo'• latest acquisition givea the automaker a aubatantial position in Swedish 
biotechnology. It already ovna a controlling iatereat in ~biCen AB. Alao, in partnership 
with Alfa-J.aval, it control• AC Biotechnica, Arlov, a .. jor fermentation firm. (Extracted 
fro• McGraw-Hill'• Biotechnology Newawatch, 18 February 1985) 

Switzerland 

Cauliflower mosaic virus 

Cauliflower mosaic virus can be •ade into a vector ayate• to carry foreign DNA into 
plants, according to reaearchera at the Friedrich Mieacher Institute (Basel). A region of 
the viral genOlle was replar.ed with a gene from E. coli that confer• reaiatance to 
methotrexate. turnip plant• were then inoculated with the engineered virus. Kethotrexate 
solution aprayed on the infected plants had no etfect. The new type of vector should be 
convenient for the rapid introduction of foreign gene• into whole plants. (Extracted with 
permission from Chemical and Enginering News, page 23, 20 August lj1S4, copyright l~~. 
American Chemical Society) 

Thailand 

National Center for Genetic Engineering and Biotechnology 

The Government of Thailand has recently announced the setting up of a National Center 
for Genetic Engineering and Biotechnology under the aegis of the Ministry of Science, 
Technology and Energy, Bangkok. The Center (MCGEB) will aerve aa a focal point to strengthen 
Thailand'• capability in genetic engineering and biotechnology and their application to 
national development thereby promoting research and development, induatry-univeraity links, 
and co-ordinating support from Government and international source~ to various inatitutiona 
active in genetic engineering and biotechnology. 

The aims of NC~EB are grouped aa follows: 

lndu1trial applications 

Agricultural application• 

Public health applications 

Energy and environmental application• 

Building up of infrastructure in genetic engineering and biotechnology 

Within tha framework of the broad aim• defined above, the Policy Board of the NCGEB ha• 
idantifiad 12 major project• for the next five yea~• which are: 

l. Plant tia1ue culture for development of agriculture and agro-induatry. 

2. Production of improved rhizobium, organic fertilizer and mycorhiza. 

3. Production of improved bacterial larvicidea. 

4. ProductLon of •elected enzyme•. 
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5. Biotransformation of starch. 

Improvement of efficiency of biofuel production. 

. . Development of natural rubber • 

8. Production of selected nutritional biochemicals. 

9. Improvement of •-11 and medium scale industry. 

lJ. Utilization of industrial wastes. 

11. Development and design of pilot plants. 

12. Building up of infrastructure in genetic engineering and biotechnology. 

NCGEB also promote1 the strengthening of capability in RfaD through: 

graduate fellowships in genetic engineering and biotechnology 

providing re1ources for, and organizing seminars, symposia, workshops, exchange of 
personnel, lecture tours, etc. 

promoting R&D related to genetic engineering and biotechnology outside the scope cf 
the specific projects already outlined. 

United ltingdom 

Biotechnology research grants 

The Science and Engineering Research Council (SERC) is offering awards for engineering 
graduate• to undertake research into the engineering aspect• of biotechnology in association 
with UK companies. The object of the scheme, which is launched in a pilot fora this year, is 
to encourage the growth of engineering expertise in biotechnology production proce1ses. Each 
research prograuae vili be drawn up by an industrial sponsor in partnership with the chemical 
or proces1 engineering department of a univer1ity or polytechnic. Hore details may be 
obtained from SERC. (Source: Financial Times, 31 January 1985} 

New biotechnology firms 1et up 

A new biotechnology groupr Porton International, has been set up with headquarters in 
Washington and London, with the backing of 15 United ltingdom institutions, including the 
pension funds of ICI, ~aso, Barclays Bank and the Imperial ~roup. The new group's aim will 
be to concent-·ate on manufacturing rather than research. Included in the Porton group is 
LK Fermentation, which specializes in bioreactnrs and the supply ot advanced s11141ll-scale 
fermenters and ma1s cell culture equipment. Another Ult sub1idiary is Speywood, which 
1pecializes in purifyin' blood products such as porcine Factor VIII. 

Finishing touches are being put on a new British biotechnology company backed by 
Coimiercial Union and the Legal •General Assurance Company's venture capital arm, Cogent. 
The new firm will make use of expertise at University Coll~ge, London and St. Kary's hospital 
in London. The company will be a unique venture ba1ed on very new technology. The 
development of gene probes· for genetic screening will be high on ita li•t of priorities and 
will conduct basic research. It is to be housed in purpo1e-built laboratories associated 
with UCL's biochemistry department. (Extracted from European Chemical News, 
24 September 1984 and 22 October 1984) 

Biotechnology packages for schools 

The Technical and Vocational Education Initiative of the Manpower Services Coaaission is 
looking 1t the idea of supplying "biotechnology package•" to every 1chool in Britain. The 
packages would con1i1t of equipment and in1tructiona for simple experiments that would 
deta0n1trate the potential importance of biotechnology. 

The Manpower Services Commi11ion ha1 asked colleges and other organisations to develop 
oiotechnoloay kits. The idea i1 that each school should have a package costing a few hundred 
pounds or less to 1how teenager• how to manipulate biological processes. For example, one 
possible experiment might demonstrate how bacteria can break down va1te paper into 
single-cell protein. An>ther might enable pupils ·co ferment 1ugar into alcohol and extract 
vineaar from the alcohol. 
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One problem that people who work on the package will have to deal with i• aa~ety. 
Luckily for biotechnology student•, the processes they study do not involve working with 
genuine substances. For example, the biotechnology laboratory at t~~ South Bank has a model 
~ewage works which runs on molasses. 

The Manpower Services Coaa.ission hopes to produce a ~lan some time this year. But the 
co ... ission says that it .ay be n~cessary to train teachers in the disciplines first. 
(Source: New Scientist, 31 January 1985) 

Plant planning 

Early in 19114, the Biotechnology Unit of the U.K. Department of Trade and lndustry (DTl) 
coaaissioned John Brown Engineers and Constructors Ltd. to survey "The Future Market for 
Process Plant for Biotechnology" in order to assist British industry in identifying future 
opportunities. The report ia ready, and i: recoaaenda the following: 

The UK equipment aanufacturing industry should think ot biotechnology aa a major 
growth industry and closely monitor its development with the aim of meeting its future 
requirements. ln particular, it is moat important for industrial co.paniea to be aware of 
current process B.&D. Wherever possible the end result of this research should be 
manufactured equipment, not a concept or a key co.ponent leaving the U.K. 

The development of cost-effective large-scale microbial fermentation systems and 
small- to large-scale ani.IS&l and plant fermentation systems should be recogni&ed as high 
priorities for a national bio-reactor research and development progr....e. The clear 
objective is that the U.K. •ust build on ita current strengths and e•erge as the world leader 
in these technologies. Within this prograaae it is recoaaended that i111110bili&ed bio-reactor 
design, development, and manufacture i• a priority. 

The significant increase in the world demand for biotechnology equipment from 1990 
onwards must provide the incentive for a considerably increased investment and coaaitment by 
industry and government to ensure that the U.K. ia capable of meeting the needs of this 
market. 

The U.K. must fully recogni&e that the U.S.A. is the major world market for 
biotechnology process plants, and it must develop and implement a national policy to support 
U.K. marketing organi&ationa. 

No further public funding for new anaerobic digestion projects should be allowed,_ 
and those groups requesting aid should be told to pursue other, more relevant projects. 

Measurements in ani control of, bioconveraion proceasea must be recogni&ed aa 
national priority since this equipment will be required for a wide range of processes. 

11\oae aectora of the U.K. fabrication industry capable ot building large vessel• 
should be identified and suitably trained to understand the eaaential requirements ot 
biotechnology proceaaea. 

Serioui consideration should be given to the promotion of centres of excellence in 
U.K. univeraitiea for particular aspects of biotechnology processes - membrane technology, 
chromatography, and cell processing for example. 

A progra11111e should be instigated to prepare a British Standard relating to the 
suitability of fabrications and equipmenL to meet defined levels of containaient and 
sterility. Thia will increase the proceaa knov-hov of U.K. suppliers and lead to greater 
international credibility. 

The Otl must de·•elop ways to encourage U.K. user• to take part in equipment 
development test prograamiea with U.K. rather than overseas manufacturers. Also U.K. users 
must be encouraged to purchase new U.K. equipment and provide a "track record" for U.K. 
manufacturers. (Source: ~chnology, February 1985} 

Nitrogen fixing research 

Experiments on white clover co~ld help development of efficient strains of 
nitrogen-fixing bacteria, according to re1earcher1 at the Wel1h Plant Breeding Station at 
Abery1twyth. The efficiency of nitrogen fixation depend• on the genetic• ot the bacteria and 
the clover. Adding the proper •train of bacteriu• to a field can increa1e the yield of 
clover. ln order to match the proper clover with the proper b~cterium, res-.archer• have 
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developed a fora of tissue culture vhich forms aecondary embryo• from a normal embryo, 
allowing cloning of clover. The technique may assist in the aearch for clovers resistant to 
pathogens. (Extracted fro• New Scientist, 27 September 1984) 

Britain increases interferon production 

A British l.:oapany, Burroughs Wellcome, ia completing the largest facility in the wor~d 
for growing animal cell• in fermenter• to produce interferon. They believe the process will 
compete favourably vith interferon production from bacteria-based cultures. 

Controversy has aurrou~ded the Wellcome method, because it• interfe~on is ?roduced by 
cell• originally derived from a human cancer. "Conventional" genetic engineering for making 
pharmaceuticala involve• inserting the gene for human interferon into a bacterium or yeast 
and growing large quantities of these cells in fermenter&. The microbes obey the 
instructions of the foreign gene and manufacture copious amounts of the precious substance. 

ln the case of interferon these orders are very preciae: one particular i~terferon gene 
apecifiea only one type of interferon. So although there are more than 20 different subtypes 
of alpha interferon secreted in the body, the gene will code for only one. 

ln Wellcome's process, the human cancer cell• are stimulated to produce alpha interferon 
naturally by an infective agent such aa a virus. As their interferon is the natural product, 
it contain• all 20 alpha interferons. 

The regulatory authorities appear satisfied with the teats, becauae they have given 
Wellcoae Biotechnology approval to teat their product against virua infections and cancers, 
and the company expect• a product licence in the "not too distant future". 

Wellcoae licensed their technology to the Japaneae company Sumitomo in 1980, and are 
helping them build a co11111ercial plant to .. nufacture interferon. Meanwhile Wellcome is 
applying ita animal cell culture to .. king other scarce pharmaceuticals, such as tisaue 
plasminogen activator, which dissolves blood clots. (Source: Nev Scientist, 25 October 1984) 

Methane production 

BioTechnica Ltd (BTL) and Aveley Methane, a joint venture between the Greater London 
Council and National s~okeleaa Fuels, have aigned an R.i> agreement aimed at booating the 
production of methane at the Aveley refuae landfill aite in Easex. Gas fr0111 the site is 
currently being supplied to Thames Board for steam generation. BTL ia to use microbiological 
techniques to increaae gaa production under the term• of the three-year, llOU 000 contract. 
(Source: European Chemical Neva, 7/14 January 1985) 

United States of America 

Aspartame 

Pepsi-Cola USA ia to a~andon ita use ot aaccharin in diet drinks in favour of aspartame 
which ia produced by G. D. s~arle under the Nutrasweet label. Coca-Cola ia expected to 
follow auit. The tvo US soft drinks giant• have both been uaing mixtures of aaccharin and 
aspartame in their diet colas. Consumer teata by Pepai have ahovn that two out of three 
people prefer aspartame-only aweetened cola over the aspartame- and aaccharin-aweetened 
product. While Diet Coke ia the market leader in the United State•, Diet Pepsi aales have 
been increasing at an annual rate of 30 per cent. ~e diet aecto~ account• for clo1e on a 
third of the t25 billion US soft drinks market. (Source: European Chemical Neva, 
12 November 1984) 

No evidence of 1erious videapread aide effects from aapartame, G. D. Searle'• new 
artificial, low-calorie aweetener, wa1 found by the National Center• for Diaeaae 
Control (Atlanta). Scientiata there interviewed 517 people who had complained co the Food 
and Drug Adminiatration of ill effect& from eating aapartanie-containing foods. The 
re1earcher1 found no apecific aymptoma related to aspartame conaumption and that che great 
aajority of complaint• were generally mild. The atudy'• author• concluded chat there may be 
a certain few individual& with some aa yet undefined sanaitivity to cha product, but chat 
most complaint& more likely result from auggeatibility or coincidence of aymptoma with 
aapartame use. (Source: Chemical Week, 14 November 1984) 
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US biotechnology scene 

The US position as vorld leader in the co111111ercialization ot biotechnology is being 
severely threatened as Federal support for the life sciences decline and 1overnments of other 
nations select gene splicing and similar r·~•earch tor specific intusions ot development 
funding. 

"Japan may very well attain a larger market share for biotechnology products than the U~ 
a~tains because of its atility to rapidly apply results of basic research available from 
other countries", says a report from the Congressional Office of Technology 
Aasessment (OTA). In addition, says the OTA report, West Germany, Britain, Switzerland and 
F•ance are probable competitors of the US in biotechnology, even though those nations are not 
presently coaaercializing gene splicing as aggressively and rapidly as Japan or the US. 

The authors of the OTA report argue that Federal funding of broad applied research and 
personnel training in bioprocess engineering and applied mi:robiology in the US may be 
insufficient to support rapid commercialization. In the fiscal year 1983, for example, the 
nation spent significantly more mor.ey on basic research in biotechnology than on applied 
research. 

Another potential problem 1een by OTA is financing for new biotechnology companies. The 
continued availability of sufficient money is unlikely, the report states. But even if new 
firms do not encounter funding problems, they aay face obstacles in unraveling certain 
aspects pertaining to health, safety, environmental regulation and patenting, 1ays the report. 

In the past years, more than 100 US f inaa have come up to ::.:;,,aercialize biotechnolo¥ical 
innovations and established companies in many industries hav~ made their ovn investments in 
biotechnology. Nevertheless, the spectre of Japanese competition looms large over US 
companies aa the Japanese Government see• biotechnology as the key technology tor the future 
and is financing coo?erative proJecta within that nation's biotechnology indus~ry. 

Though the report does not say how the US can maintain its lead, it identifies 
10 factors that are potentially important to the comaercialization ot biotechnology. Tney 
are: financing and tax incentives for firms; government funding of basic and applied 
research; personnel availability and training; health, safety and environmental 
regulation; intellectual property law; university-industry relationships; anti-crust law; 
international technology transfer, investment and trade; government policies; and 
prevailing public perceptions. (Source: Aaia-Pacific Tech Monitor, November-December 1984) 

Federal response to AIDS analyzed 

Although federal funding of research on acquired i11111une deficiency syndrome (AIDS) has 
been substantial and has resulted in aignif icant advances in understanding the deadly 
disease, the amount has not been sufficient to support the effort that individual researchers 
and Public Health Service agencies believe is necessary, a recently released Office of 
Technology Aa1eaament technical memorandum says. The Department of Health and Kuman 
Services has maintained that funds for AIDS activities should be transferred from other 
Pu~lic Health Service activities. Aa a result, OTA says, health service agencies dealing 
with AIDS have been unable to plan adequately because of uncertainty about funding and 
personnel levels. OTA also points out that the effort thus far has emphasized a 
technolo1ical solution to AIDS, which doesn't seem likely soon, and that efforts to prevent 
the spread of the disease throu¥h education of high-riwk groups has been minimal. (ieprinted 
with permission fro• Chemical 6 Engineering News, page 20, 4 Karch 1985, copyright 1985, 
American Chemical Society) 

US company to begin field te1ting recombinant bacterium 

Konaanto A&ricultural Product• Co. (St. 1.ouia, KO) baa notified the U.S. LnviroOlllental 
Protection Agency (EPA) that it intend• to baain field testin& a recombinant bacteriua -
perhap1 a1 early as April. The oraani•• - a atrain of corn-root-colonizin& ~aeudomonas 
fluorescena - ha• been modified to produce Bacillu1 thuringienaia endotoxin, a potent 
insecticide for lepidopteral peats. 

Under ra1ulationa promul&ated by EPA in mid-October under the Federal insecticide, 
Fun1icida, and Rodenticida Act (FIFKA), Konsanto filed an 800-pa&• report outlinin& its 
techniques, 1afety analysis, and telt plan• for what could become the fir1t federally 
1anction.d field-teat of a recombinant or1ani... The company ha1 no plans to 1eak approval 
from the National In1titutes of llealth'1 Recombinant DNA Advi1ory Co .. ittae (RAC), 

Researchers in1arted the endotoxin 1ene in the P. fluore1can1 1enome via a proprietary 
tran1poaon vector system, accordin& to Robert J, Kaufman, Mon1anto'1 director of plant 
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aciencea reaearch. The recOtabinant bacterium may be freeze-dried and coated directly onto 
aeeds before planting, or it. may be •prayed onto the fields. 

Field experiment• with naturally marked wild-type P. fluorescens and laboratory tests 
with recombinant microbes indicate that. population• of the insect-killing strain remain 
active for only eight to fourteen weeka. Then they dissipate. The microbes do not 
over-winter and have no 'ong-term effect. on soil populations. 

Monsanto officials emphasize that the current. st.rain of recombinant P. flu~rescens is a 
"prototype product", with too narrow a range t.o aerve aa a co-rcial insecticide. Salable 
product• could appear between 1988 and 1990. 

Monaanto says reaearch worlr.era have apent over a year testing cha satety of t~e 
genetically engineered bacterium, including ta•t• in mice, ~uail, fish and Uaphnia. At least 
three colllDOn chemicals could be used to eradicate the bacteria if necessary. Monsanto says 
that the engineered bacteria will aurvive in the field about 8-14 weelr.a. lf the tests are 
aucceasful, commercial product.a could be available in 1988-90. (Source: Biotechnology_ 
February 1985 and extracted froa New York Times, 8 January 1985) 

NASA funds university biotechnology reaearch 

NASA ia aupporting establishment of two university-based centres of excellence in the 
field of biotechnology. One will be set up by the University of Arizona, Tucson, the other 
by the University City Science Center of Philadelphia, with 12 higher learning institution• 
in the region participating. The centres will research organic separations, bioprocesaing, 
and pharmaceutical analysis with the objective of stimulating use of the space environment as 
a bioprocessing laboratory. The two centres will each receive grants of 5450,000 annually 
for a minimum of three years and will solicit additional support from industrial and 
educational squrces. (Reprinted with pel"IDission from Chemical and Engineering News, page 10, 
29 October 1984, copyright 1984, American Chemical Society} 

De-contamination of soil and water 

FMC Corporation's US industrial chemicals group has set up a biological reclamation 
bu1ine11 to clean up contaminated soil and 1roundwater. The new unit, Aquife• Remediation 
Systems, plans to market it.1 pollution clean-up technology based on controlled injection of 
hydrogen peroxide as an oxygen source for the degrading micro-organisms. FMC has shown that 
the method can reduce levels of gasoline pollution at one site from 15ppm in 2U months. 
(Source: European Chemical News, 10 December 1984) 

USSK - Moldavian SSK 

New institute of ecological genetics 

A decision was made to organize the Institute of ~colcgicsl uenet1c1 in tne system ot 
the Moldavian Academy of Sciences, the l&t.h scientific department in the system of the 
Republic's Academy ot Sciences, and the first institute with this specialty. A. ~huchenko, 
president of the Moldavian Academy of Sciences, corresponding member of the USSK Academy of 
Sciences, stated that the organization of the Institute of ~cological ~enetics opened up wide 
h6rizons for further work on proble .. of adaptive strategy for intensification of 
agricultural production. One of the main problems that will be solved by the scientific 
associates of the new institute is the 1enetic nature of adaptive reactions of higher 
organis... On this basis, new .. thoda will have to be developed for breeding, controlling 
adaptive reactions and desi&ning fluocenoaes (?). (Extracted from Sovetslr.aya Moldavia, 
13 July 1984) 

C. llESEARCK 

Research on human genes 

BioTechnica files for patent on UNA fingerprinting method 

BioTechnica Ltd., the new British biotechnology company, has filed a patent application 
on what it describes as a novel .. thod for fin1erprinting the DNA of whole organiams. 
BioT•chnica says that the eventual pat.ant would be applicable to two main categories of 
identification: (1) the identification of organisms which have reproduced by asexual means; 
and (2) the identitication of a particular organism which is the product ot sexual 
reproduction. 

Invented by ~rof. Barry Hall and Prot. liOward Slater, re•pectively senior re•earcn 
conaultant and research director with Bioiechnica Ltd., the proce~• ia expected to find Jae• 
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with companies wishing to protect industrial property - and it should also be of value to 
type culture collection!. Specifically, it will enable companies to recognise microorganisms 
isolated from nat~re as their own. 

The BioTechnica method txploits the minute n•tural varia~ions that occur in the 
chromosomes of living organisms, from wilich a characteristic 'fingerprint' can be taken. The 
novelty of the invention lies ~n the way that highly di3criYinatin: patterns can be 
obta.ined. 

It should also be useful ~o plant &nd animal breeders, in any sit~ation where the 
correc: iden:ity of a u~ique individua~, such ~s a racehorse, is in di~pu~e or otherwise o~ 
some importance. Plant breeders will be able t~ protect unique breeding sto~~ prior to \ts 
rele•se to th~ marke~. Clinicians will be able to trace the source of in!ection3. Details 
from.- Dr R S l:logarth-Scott, BioTechnica Ltd, 5 Chiltern Close, Cardiff CF4 5DL or on 
0222 766716. (Source: Biotechnology Bulletin, V~l. 3, Ne. 10, November ~984). 

New tool for gene hunters 

American scientists have persuaded a~ enzyme to snip Qut intact single genes from an 
organism's DNA by cutting the DNA just before and .P.fter genes but uot in the middle of them. 
In doing so they have added ~ new preci~ion tool to the implements used by genetic engineers 
to mix and ma~ch genes at will. Their work might also lead to ne• relevations about the 
structural feat•1res of UNA that separate useful genes irom surrounding aections of so-called 
"jun:::' DNA. 

The enzyme concerned is a "nuclease" (a nucleic acid-cutter) found in mung beans, long 
used by genetic engineers to cut and degrade sections of si~gle-stranded DNA in • relativel~ 

non-spec\fic manner. The trick to improve its specificity is first to feed it 
double-stranded DNA, and, secondly, to add large quantities of formamide which seems to force 
the DNA at either end of a gene into a structure that can ce attacked and cut by the enzyme. 

Thomas McCutchan, Joanna Hansen, John Dame and Judith Mullin3 of the,,_"'" ·icao National 
Institute of Allergy and Infectious Diseases used the enzyme under the i=odi •. ed con-iitions tc 
cut up the DNA of the Plasmodium parasite that causes malaria. They investigated five 
specific genes of the parasite and found they had been snipped o~t cleanly, to provide single 
free CO?ies of the gene~ all about the same size (for any one gene} and not damaged by any 
cuts in their protein-coding sections. 

The usefulness of this gene-re.aoving reaction to genetic er.ginee-s will depend on 
whether or not it also works o~ the DNA of many other types of organism. The discovery that 
one enzyme can be made to snip out genes from Plasmodium DhA makes it quite feasible that 
other enzymes will be able to do the same job on the DN~ of other organism• - even ir mung 
bean nuclease cannot. The great advantage of the cung bean nuclease reaction is that it 
cuts, not at any arbitrary sequences that may or may not occur where wanted, but at the 
particular sites found at the boundaries of genes. 

The other topic of interest thrown up by this new work is the nature o' the sites that 
the enzyme is recognising and cutting. -rhe reaction works on nr~ej DNA, 10 it has no:hing to 
do with attached proteins aud theTefore presumably depends on the specific three-dimensiona 1 
structure that the formamide forces the DNA to assume. lf the regions at the boundaries of 
genes adopt a characteristic structure in the presence of formamide, they may well also ado,t 
a different characteristic structure in native DNA (albeit one that is not recognised by mun, 
bean nuclease). (Extracted from New Scienti~t, b Septei.:ber 1984) 

Alpha chain gene identified 

A gene that controls the body's recogn1t1on of invadi11g organisms has been identified by 
three independent groups of researchers at the National Jewish Hospital (Denver, CO), 
Stanford University and Massachusetts lnatitute of Technology. The alpha chain gene used by 
the t~ymusor is responsible for creation of a recognition site on the su· ::'.:ce of the T-cell. 
Beta and gamma chain genes with similar functions were also discovere~ in 1984. (Extracted 
from Chemical Marketing Report, 7 January 1985) 

Hodif ied protein to treat emphysema 

A modified form of a human protein could be used to treat emphysema, according to 
Dr. R. Carrell of Christchurch Hospital (New Zealand). Continuing emphysema is caused by the 
activity of elaotase, which digest• elastic proteins needed for normal lung functioning. The 
bo:ly is defended from elaetaee by alr;iha-antitrypsin (AT), which i1 a et ring of 394 amino 
acids. The active constituent of AT i1 methionine, which is 1usceptible tc oxidation and 



- 4U -

which causes a loss of efficacy. If methionine ia replaced by valine, efficacy is not 
i&paired and the compound becomes resistant to oxidation. Chiron (US) has now made human a1 
in veast cells, using genetic engineering techniques. if yeast cells could m&ke the 
substance in large quantities, and if it ia effective in the body, the compound could be used 
to treat emphysema in humans. (Extracted from New Scientist, 13 December 1984) 

Protein A 

Protein A, obtained from Staphylococcus aureus, is well known for its ability to bind 
the Fe region of most mammalian i111111unoglobulins, particularly those of the lgG class. 
Consisting of a single polypeptide chain with a molecular weight of approximately 42,00U, 
Protein A has four nearly homologous regions that possess binding activity. Pierce Chemical 
Co. is now offering Protein A prepared in their laboratories. It is available as a 
lyophilized salt-free powder and immobilised on agarose. Details from~ Tim Brennan, 
Marketing Manager, Pierce Chemical Co., fO Box 117, Rockford, lllinois 61105, USA. 
(~xtracted from Biotechnology Bulletin, Vol. 3, No. 11, December 1984) 

Apolipoprotein-E made by biotechnology methods 

Progress in work on two important biomolecules has been made by Bio-Technology ~neral 
Corp. (BTG), a U.S. firm with corporate offices in New York City and laboratories in Israel. 
In collaboration with the Gladstone Foundation, San Francisco, the firm has used rec~mbinant 
DNA methods to prepare human apolipoprotein-E, which plays a critical role in clearing 
cholesterol from the blood system. Apo-E's therapeutic and diagnostic potential will now be 
explored. (Extracted with permission from Chemical and ~ngineering News, page 18, 
11 Karch 198), copyright 1985, American Chemical Society) 

Peptide may lead to rheumatic fever vaccine 

Chemically synthesized peptide fragments may allow development of a vaccine against 
group A streptococcus infection that causes rheumatic fever, according to scientists at th~ 
University of Tennessee. The peptide mimics parts of the pathogen's K pro:ein, and induces 
protective immunity in rabbits without eliciting immune responses to human heart tissue. The 
K protein contains the antigens that evoke i111111unity to group A streptococ~i, and also 
contains antigens that produce antibodies that cross-react with host tissues. These 
cross-reactive antibodies cause rheumatic fever. A clinically testable vaccine is still 
several years in the future since more than 7U strains of the pathogen exists. According to 
the World Kealth Organization six million people in India have chronic rhe•Jmatic heart 
disease and that rheumatic fever· is a leading cause of heart disease among young people in 
many developing countries. (Extracted from Kedical World, 10 December 1984) 

Malaria research 

The genes for two antigens to the blood-stage malaria parasite have been c ~y 
Dr. K. Koenen and collaborators in France and the Federal Republic of Ger11141ny. ne - tigen 
is ~xpressed on the surface of malaria infected red blood cells, which consists ~· eated 
sequences of nine amino acids. The sequences may allow the parasite to generate la 
numbers of different antigenic appearances, thus avoiding destruction by the immune system of 
the infected victim. The other antigen cloned elicits a strong antibody response in monkeys, 
but does not work against milder infections common in nwuans. (~xtracted from New Scientist, 
8 November 1984) 

Vaccine for schistosomiasis 

Scienti1t1.are now becoming more confident about the po1sibility ot making an ettective 
vaccine to combat schi1tosomia1is or bilharzia. The latest work comes from Wellcome'• 
laboratory in Reckenham, Kent, and the ~org~ ~~~~;n~ton University in Washington O~ in 
the us. 

A vital 1tep toward• a vaccine for 1chi1to1omiasi1 came in l9ijJ, when a team led by 
Anthony Butterworth in the pathology department of Cambridge Univer&ity di1covered that some 
people are naturally immune to the disease. This team found that about 30 per cent ot 
children infected witk1 1chistosome larvae and adult worms experienced ao relap1e of the 
disease following drug therapy to kill the worm1. The children were from an area of Kenya in 
which the di1ea1e is endemic. 

One promi1ing antigen has been identified which wa1 te1ted a1 an experimental vaccine. 
In 1110nkey1 the vaccine made from the 1ingle antigen did not give 100-per-cent protection 
again1t infection, but it did reduce the worm load by about 40 per cent. •n mice it reduced 
the worm load by 70 per cent. 
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The most important fot'lll of immunity in schistosomiasis is thought to be "delayed 
hypersensitivity". In this T-cells that recognise schistosome antigens produce chemicals 
which in turn stimulate scavenger c~lls (macrophages) to kill the parasites. 

The search is on for schistosome antigens which stimulate delayed hypersensitivity 
powerfully enough to make a useful vaccine when their genes are cloned in E. coli bacteria. 
The antigens will have to stimulate a rapid reaction such that enough larvae are killed 
before they have the chance to disguise themselves with host antigens - a trick they are now 
known to play in order to escape immune surveillance. 

The vaccine need not eliminate infection to be valuable. One that reduces the wot'lll load 
by 70 per cent or even less could eliminate symptoms and also reduce by a useful amount the 
infected person's potential for infecting other people. (Extracted from Nev Scientist, 
14 February 19d5} 

Down's syndrome research 

A chromosomal abnormality can identify 30 per cent of people at risk of having a child 
with Down's syndrome, according to C. Jackaon-Cook of the Medical College of Virginia and 
prevent the birth of 1,500 Down's syndrome babies per year. The abnormality, which is a 
marker, not a cause of the syndrome, is found in the nucleous organizing region (NOR} of 
chromosomes 13, 14, 15, 21 and 23. About 30 per cent of the parents with Down's syndrome 
children had a double NOR region in one of these chromosomes. The abnormality occurs in only 
1-2 per cent of the general population. C. J. Epstein of the Down Synd~ome Research Center 
at the University of California (San Francisco} has developed a strain of mice that produce 
offspring with an extra chromosome l&, providing an animal model for ~own's syndrome. 
Affected mice do not survive to birth but it is evident they develop congenital heart disease 
which is also common in Down's syndrome. Another strain of mo1aic mice with two cell 
populations ha1 also been developed, so that the trisomy can be studied in animals that can 
survive one year. (Extracted from Medical World, 10 December 1984) 

Ulcer causing bacterium 

A bacterium that may prove to be the predominant cau1e of peptic ulcers and gastritis 
has been discovered by a researcher in Australia. lf clinical trials bear out this finding, 
antibiotics could replac~ Tagamet cimetidine, the world's largest selling drug, as the 
treatment of choice for these disorders. Moreover, 1ucces1ful trials would raise t •. e 
possibility that the disorders, which afflict 20 per cent of adults sometime during their 
lives, could be pr~vented if researchers develop a vaccine against the organism. 

Barry J. Marshall, a microbiologist at Freemantle Kospital (Freemantle}, and 
J. Robin Warren, a gastroenterologist at Royal Perth Kospital lPerth), reported isolating a 
new microorganism from the stomach tissue of patients with peptic ulcers and gastritis. The 
cause of gastritis, a discomforting inflammation of the stomach lining ~hat affects as many 
people as do ulcers, is unknown. Fully 85 per cent of ulcer patients examined by Marshall 
and Warren were infected with the bacterium, as were 75 per cent of those patients with 
gastritis. The bacterium, which Marshall named Campylobacter pyloridis, was not present in 
healthy patients. 

Soon afterward, two groups of researchers in England confirmed these observations, 
prompting Marshall to suggest that a C. pyloridi1 infection was the root cau1e of most ulcers 
and cases of gascriti1. Aa>ther Campylobacter bacterium living in the intestines cau1ed more 
cases of adult diarrhea worldwide than any other organism. Furthermore, Marshall proposed 
that such an infection - and, 'hu1, both ulcers and ga1triti~ - 1hould be treated with 
antibiotic• rather than with an~acids. 

While most re1earcher1 still view Mar1hall's work cautiously, many now ·believe that the 
evidence linking C. pyloridis to ulcer• and gastriti1 is 1trong enough to warrant trials co 
te1t the efficacy of antibiotics in the treatment of these ailment1. ln fact, preliminary 
r~sults of a limited 1tudy suggest that antibiotic therapy does indeed prevent recurrence1. 
Marshall treated 16 patient• with a 28-day ragimen of bismuth sulfate - bismuth is the active 
ingredient in Pepco-Bismol - and one of three antibiotics; erythromycin, tinidazol and 
a~oxicillin. A year after treatment, no patient has had a relapse. Marshall would like to 
see a vaccine developed against C. pyloridis which could be given along with any other 
childhood inoculations. 

While re1earcher1 debate the merits of Marshall'• theory and plan large clinical trials 
to determine that theory'• merit, K~rshall is working on a simple laboratory as1ay that can 
detect C. pyloridi1 without resorting to ~ stomach biopsy. The assay u1as monoclonal 
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antibodies to identify antibodies formed by an infected patient against the bacterium. These 
antibodies appear in the blood of such a patient. (Extracted from Ghemical Week, 
23 January 1985) 

Virogenes 

Studies of a ~erstaaann-Straussler syndrome (~SS) may provide the solution to a 
long-standing puzzle, the nature of the organisms responsible for the diseases kuru and 
scrapie. Researchers have suggested that "slow viruses" could be responsible for these and 
other conditions. Dr. Tim Crow and colleasues at the Clinical Research Gentre Northwick Park 
Hospital in London, have an alternative explanation - virogenes - genes which, under special 
and still-unidentified stimuli, can generate viruses. 

Crow and his colleagues have been studying GSS in a family in which the disease is 
cl~arly inherited. It follows the clear pattern of autosomal dominant inheritance, a 
condition found in 50 per cent of children of an affected parent. However, when they 
transplanted tissue from the brain of a patient who had died of GSS into brains of eight 
marmosets, all the monkeys developed GSS. 

One possible explanation is that the abnormal gene giving rise to GSS might make some 
people susceptible to a specific and separate virus infection but, for this to be true, the 
virus would have to be present not only in all the affected members of the family but also in 
all the marmosets affected. Crow thinks the most feasible explanation is the concept of 
virogenes. 

GSS appears to be a familial version of another degenerative brain disease, 
Creutzfeldt-Jakob syndrome (CJS) which has also been transmitted experimentally to monkeys. 
CJS is similar to scrapie, a brain disease of sheep, and kuru, a human brain disease spread 
by the eating of enemiea's brains in New Guinea. Immunological assays show that the same 
antigens are present in tissue from brains affected by all these conditions. The causative 
transmissible agent remains to be identified. Tests have shown it is not a bacterium. 
Stanley Prusiner, of the University of California at San Francisco, among others, believes 
the agent responsible for these diaeasea is an infectious protein. Such a concept would 
require the rewriting of the central dogma of molecular biology which holds that the pathway 
from DNA to RNA to protein is one-way. 

One hypothesis put forward to explain why prions have never been seen is that they 
contain no DNA, which would also explain why they are not inactivated by radiation or 
formalin treatment which would normally inactivate DNA. Another idea is that the prions 
contain only tiny amounts of DNA which act not directly, by coding for abnormal proteins, but 
by activating other normal genes in abnormal ways. The virogene theory could explain why no 
DNA has been found in prions - perhaps prions exist only fleetingly as independent entities 
and the rest of the time are no more than a potential possessed by virogenes. 

The virogene theory may also, Crow suggests, ultimately explain aspects of Parkinson's 
disease, Alzheimer's disease and motor neurone syndrome. All of these show a familial 
pattern in about 15 per cent of cases only and tend to occur in middle age. Differences 
between the DNA of people affected by such conditions and that of normal people may 
ultimately hold clues to other conditions in which "slow viruses" have been thought to be 
implicated. (Extracted from New Scienti1t, 4 April 1985) 

Monoclonal antibodie1 to cardiac myo1in 

A monoclonal antibody to cardiac myosin appear• to be a more accurate imaging agent for 
acute myocardial infarction than the commonly used pyrophosphate, ac~ording to a report to be 
presented at the annual meeting of the American Heart A11ociation (Miami Beach, 
12-16 November 1984). Another report to be given at the •~eting indicate• that monoclonal 
antibodies to cardiac myoain could be used to predict complications following myocard~al 
infarction. Centocor holda exclu1ive license for coaaercial development of antimyosin 
technology. The fir111 ia developing a monoclonal imaging product which it plan• to introduce 
in Europe by 1986, according to John w. Kus1, Manager of in vivo diagnoatic bu1ines1 at 
Gentocor. (Source; BioEngineering Newsl, loK 290, Willita, Ca. 9S4!1U, USA, Vol. ), 
llo. 22, ft 11ow..-r 1984) 

l!!Jeata for cardio-waacular re ... rcb 

The lateat ... itioaa to tile prod.ct ra11&e offered bJ .a..raball lotenaatioaal are reaaeota 
for tbe r .. ioi-·aoe•NJ of atrial aatriurei:ic peptide• (AllPa). A rec:eatly di11c:overed -ries 
of body cbeiaicala, Aml'a are beli.,,ed to be iDYolYed ia heart fuactioa. apec:ifically YalYe 
operation, aad tbeir atudy could be of Yalue io cambatioa byperteaaiOD. Aho juat available 



- 43 -

are labelled (T-125) ligands for studying AHP receptors. Details from: 
International plc, White Lion Road, Amersham, Buckinghamshire HP7 9LL. 
Biotechnology Bulletin, Vol. 4, No. 2, Karch 1985) 

Monoclonal antibodies and heart disease 

Amer sham 
(Source: 

Doctors are 1oon to begin trial• in the US and in Europe of a remarkable new way of 
imaging disease which could 1ave many lives. The technique employs radiolabelled monoclonal 
antibodies which in the ca1e of heart disea&e can accurately reveal the extent of damage 
after a heart attack. This.same type of agent can spot tiny cancer growths long before 
symptoms appear. 

Scientists at Centocor, a biotechnology company in Philadelphia, made monoclonal 
antibodies that bind to myoain. Hyosin normally occurs only inside the heart muscle cell, 
but it is released when the outer cell membrane ia damaged during a heart attack. 

The antimyoain mono~lonal antibodies, labelled with indium, are injected six hours after 
the heart attack. They recognise and bind to the exposed myosin molecule. An image taken in 
a conventional g~ counter will outline areas of damaged tissue. By distinguishing 
severely damaged and necrotic heart muscle from sick cells which can be recovered, doctors 
can make accurate therapeutic decisions more quickly. 

Poat-mortem examination• were carried out on people who died because of severe heart 
condition1. Thi1 showed that the monoclonal images were within 10 per cent of the actual 
size of infarct (dead zone). 

The larger trial sets out to aaae11 the impact of different therapies, and will involve 
hundreds of patients at centres in Boston, New York and Atlanta, Georgia. 

This L~chnique is being extended to cancer. Centocor is testing labelled monoclonal 
antibodies for detecting colorectal and ovarian tumours. (Extracted from New Scienti1t, 
28 February 1985) 

TPA possibly best to dissolve blood clots 

The naturally occurring protein tissue-type plasmin1gen activator (TPA) seems the best 
bet yet for dissolving blood clots that cause myocardial infarction. 

TPA is produced naturally in minute quantities by the blood vessel walls. The first 
samples, purified by Professor Desire Collen of the University of .L.euven in Belgium, were 
flushed out of dead animal1 and human• or their organs, a laborious process that yielded only 
a few micrograms of TPA. Then a laboratory culture of cells, the Bowe1 melanoma cell line, 
was found which produced higher levels of TPA. 

The drug worked w~ll in dogs and baboons, so in collaboration with Ur. Burton Sobel of 
Washington University School of Medicine in St. ~ouis, Desire Collen tried it in humans. in 
six out of seven patients, the blood clots cleared. 

For bigger trials, the researchers turned to Genentech. They managed to get the TPA 
gene working in bacteria, yeasts and mamaalian cells ir. culture and it is TPA from these that 
is now being tested in patients. 

The trials were carried out at three centres; at St. i..ouis, at the Johns Hopkins 
Medical School in Baltimore, and at the Ha1sachusetts General Hospital in Boston. Fifty 
patients were each given between 40 and 60 milligrams of TPA within an hour or two of their 
heart attacks. 

One of TPA's big advantages is that it can be given thr~ugh a drip into a peripheral 
vein. Previous clot dissolvers, 1uch a1 streptokinase and urokinase, made by fungi, had to 
be delivered by catheter into an artery near the heart. With TPA, treatment can begin in the 
back of the ambulance. 

TPA has a half-life in the blood of only 5 or 6 minute•, and a continuou1 infu1ion 
la1ting 60-90minute1 i1 enough to dis1olve moat clot1. TPA activate• pla1min which in turn 
break• down fibrin, the protein that make• platelet• 1tick together to form a blood clot. 
Unlike 1treptokina1e, TPA is a thou1and time• more active in the presence of fibrin a1 it i1 
in free-flowing blood. 

Between 8U and 85 per cent of the 50 patients treated with TPA have fully recovered. 
Another two trial• u1ing the drug to treat acute myocardial infarction are under way. There 
is hope that it might al10 prove effective in clearing the blood clot• in the brain that 
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Rut, a• with heart attacks, it depends on getting the drug to the patient 
(Extracted from Nev Scientist, 22 November 1984) 

Superoxide dismutase, hyaluronic acid, edge toward clinical trials 

Two substances aade in the hW11&n body, and bacterially fermented by Biotechnology 
~eneral, Inc. (JST~). in Rehovot, lsrael, have just aoved closer to market. BT~'s 
Nev York-based parent company last month signed an agreement with Pharmacia, lnc., of 
Piscataway, N.J., to produce hyaluronic acid, HA, a high-viscosity gel-fluid used in eye 
surgery and expensive cosmetics. 

Keanwhile, pre-clinical trials of a recombinant analog ot huaaan superoxide dismutase 
(hSOD) from BT~ are getting under way in the heart and kidney units of the Johns tiopkins 
University School of Medicine in ISaltimore, l'ld. Clinical studies are in prospect at the 
neonatal pediatrics department of Interfaith Kedical Centre, Brooklyn, N.Y. The three 
clinical areas where free oxygen radicals are under closest study include tne treatment ot 
cardiac ischemia, kidney transplants and oxygen toxicity in premature infants. Animal trials 
of hSOU at Johns liopkins have shoved significant salvage of heart function after myocardial 
infarction-caused damage in dogs and rabbits. In prospect is the use of hSOD to reduce heart 
attack damage when a blocked coronary artery i~ opened up by a clot-dissolving agent, such as 
tissue plasminogen activator. 

Bovine superoxide dismutase bas been approved by the U.S. Food and Drug Ari-inistration 
for experimental use only. Veterinarians are giving non-recombinant SOD to horses and 
domestic pets to relieve inflmiaatory diseases, and the substance is also being considered by 
the medical underground as a cure-all against the effects of radiation, food additives, 
pollution, poor nutrition and old age. (Extracted from McGraw-Hill's Biotechnology 
!evswatch, 4 February ~985) 

Artificial calcitonin produced 

Researchers at Rockefeller University in New York have used protein engineering 
techniques to produce an artificial version of the human hormone, calcitonin, with the same 
oiological activity as the natural protein. The analogue, which is bU per cent different to 
nature's version, could have advantages over the natural hormone in the treatment of bone 
conditions, such as Paget'• disease. The Rockefeller team have also modified papain to 
oxidize nicotinamides and have made the brain hormone, beta-endorphin, almost entirely from 
O-amino acids r~ther than the natural L-enantiom.ers. 

The Rockefeller res~archers say that their work with calcitonin is a big step t·.>ward 
making artiticial enzymes. In principle, calcitonin is not a great deal ditterent frOll the 
active site of an enzyme, the portion ot the enzyme where a reaction takes place. The object 
ot the work was to elucidate how each part of the calcitonin molecule functioned and then 
develop a technique for building new active sites in artificial enzymes. 

To achieve that goal, researchers used theoretical modelling and chemical synthesis to 
analyze calcitonin's structure and shape. As they elucidated the function of each part of 
the molecule, they synthesized substitutions tor those parts. Eventually they synthesized a 
compound that is almost completely a "nonhomolc.gous analogue" of the hormone·, an art ific ia l 
version that differs from calcitonin in 601 of its components, but still function• as 
calcitonin. 

The work, say the Rockefeller researchers, has given them a deeper understanding of the 
relationship between protein structure and function. A major portion of the calcitonin 
molecule, for example, seem• to fold in such a way that it forms an amphipathic helix. Such 
a helix occurs when the polar amino acids line up on one side of the protein and the nonpolar 
amino acids line up on the other. The heli~ ~ortion of calcitonin also corresponds to the 
molecule's binding site, which is structurally and functionally similar to an anzyme's active 
site. 

The techniques used to analyze calcitonin and design its analogue - the artif 1cial 
calcitonin - can now be applied to the active sites of enzymes • 

. The practical benefit of artificial calcitonin's development derives from the medical 
importance of the hormone, Since calcitonin regulates calcium blood levels, it is important 
in maintaining bone 1trength. In fact, injection• of calcitonin are currently used to ti,ht 
bone wasr•ge diseases. 

Unfortunately, calcitonin can be attacked and rendered useless by th~ 00<1y's 1111111une 
1ystem and by the stomach's protein-digesting enzY111e•, which ia why the hormone mu1t be 
injected. 
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there ia also reason to believe that the artificial calcitonin could survive enzyme 
attack in the atomach, aaking oral ingestion a poaaibility. Another plus is the eaae of its 
synthesis which could _.ke it lesa expensive than the naturally occurring hormone. 

Papain transformation. Synthesis of artificial calcitonin is only the Rockefeller 
researcher1 1 most recent advance in prote~n engineering. Earlier this year, the researchers 
transformed a co.aon, protein-hydrolyzing enzyme, papain, into a new enzyme that catalyzes 
the oxidation of nicotinaaides, dinucleotides that are normally oxidized by a group of 
enzymes called flavin oxidases. Naturally occurring papain and flavin oxidases are 
completely unrelated com.pounds vith fev atructural similarities, and the transformation by 
the Rockefeller researchers m.arked the first time that an enzyme had been changed from. its 
original form to one capable of catalyzing a completely different reaction. The technique 
used in synthesizing the nev enzyme is presently being applied to other enzymes that could 
have aore iaaediate payoffs. (Extracted from Chemical Week, 21 November l~IS4 and ~uropean 
Chemical Mevs, 10 Deceaber l~H4) 

Factor VIII produced 

Genentech (San Francisco, CA) and researchers at Royal Free Hospital (London) and a team 
of researchers at (;enetics Inst. (Boston, KA) and the Kayo Clinic (Rochester, KN) have 
independently produced Factor VIII from. ..... 1ian cells in culture. The tvo teams of 
researchers i1olated and reproduced the entire genetic sequence and inserted it into the 
cells to produce tb~ subatance, which is •isaing or defective in the 20 of every 
100,000 .. 1es vho are affiicted vith the most COlllmOn type of hemophilia. However it may be 
five years before a aafe product can be .. rketed. (Extracted from Science Neva, 
l December 1984) 

Hormones in bread 

Scientists at the Stanford University School of Medicine have found that baker's yeast 
contains natural estrogens. David Feld .. n and hia colleagues noticed that a protein in the 
yeast could not only bind one particular eatrogen - eatradiol - but could also displace the 
animal hormone froa it• protein. the yeast-derived compound also shoved affinity to another 
female hoI'lllOne, progesterone. 

Was the atuff really a hormone? Th~ scientist• tried it on rata whose ovaries had been 
removed ao that they had no natural supply of eatrogen. the exogenous compound acted like 
the natural hormone and doubled the weight of rat wombs. 

The exact nature of the compound derived from this yeaat - ~novn as 
Sacromyces cerrisiae - is yet to be identified. (Source: Science Age, January l~H)) 

Kullerian inhibiting subatance 

Kullerian inhibiting 1ubstance (MIS), which ia aecreted by embryos, is reported to be 
able to kill certain tumour• of the female reproductive ayatem, according to reaearchers at 
North Carolina State Univeraity (NCSU). MIS normally cauaea some embryonic cells to die off 
as reproductive organs develop in the fetus. If the cells do not die, they can cause 
tumors. MIS could be used against these tumors. the MIS g'ne has been cloned from chick 
embryos to allow production of the co•pound for clinical teating. (Extracted from 
Chemical Week, 30 January 1985) 

Potential birt~ control agent 

A new hormone that controls both sperm and eag formation, and which could be an 
effective birth control agent for both •en and women, h•• been iaolated after 10 years of 
work by researchers at Honaah University (Melbourne, Auatralia). the amall protein, inhubin, 
ia purified frOlll the fluid surrounding eggs aa they develop in cow ovaries. It acts a1 a 
me1senger from the ovary and testes, informs the brain of the state of egg and sperm 
development. When aper. and egg are fully developed, the level of inhubin reache1 a peak 
which aignal1 the pituitary &land to abut off production of another hormone, whoae function 
ia to 1timulate development of aperm and e11. Biotechnoloay Australia (Melbourne) has been 
sranted licen1ing right• to produce inhubin u1ing recombinant-DNA technology, and to bring 
the compound to clinical trial1. (Source: Chemical Week, 13 March 19H)) 

Of pygmies and poodle• 

Both pygmies and dwarf1 ·vho are abort becau1e of growth hormone deficiency have lov 
level• of the arowth promoting factor, called I~F-I (insulin-like growth promotin& factor). 
When growth hormone wa1 admini1tered to both pygmies and pituitary dwarfs, the l~f-1 Lavell 
ro1e in the dwarf1 only. According to Rudii Froeah and colleagues of Zurich Univer1ity, 
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Switzerland, it is the IGF-I deficiency that makes pygmies what they are. ln fact, when it 
cones to the growth hormone, the pygaies have just as much as their tall Bantu neighbours. 
Pygaies are also unresponsive to the hypoglyecemic effects of insulin. 

Another interesting find was that toy poodles, like pygmies, also lack I~F-1. Normal 
poodles have normal levels. (Source: Science Age, January 1985) 

Bone-.arrov transplant for genetic diseases 

Over 200 inborn errors of the hum.an metabolism are due to the deficiency of 5ome 
specific enzyme or the other. Several lines of treatment have been tried out for such 
diseases with various degrees of success. Enzyme therapy, which seems apparently the best 
answer, is riddled with problems. Besides, its effect lasts only as long as the treatment is 
administered. 

F. W. Gasper and colleagues of the Colorado State University, USA, are trying out what 
seems to be a more lasting and efficient therapy for a genetic disease called 
mucopolysaccharidosis VI which is the result of a deficiency of the enzyme arylsulphatase B. 
It leads to severe skeletal, cardiac and pulmonary complications. 

Bone-marrow cells produce this enzyme, so the Colorado scientists have tried bone marrow 
transplants. If performed early in life, they could prevent deformity. Gasper and 
colleagues were lucky in that they had an anillal model in cats. When affected cats were 
given bone marrow transplants from healthy litter-mates, they found their condition improved 
clinically. There was a marked clearance in the clouding of the cornea and the previous 
disability in walking and chewing also decreased. The cats also lived substantially longer. 
The biochemical improvement of the transplant, seen in the arylsulphatase B activity, also 
lasted for long: 250 days after the transplant. (Source: Science Age, January l~~)) 

Hamaalian proteins from plants 

Not 10 difficult after all. Mo, you don't have to go looking for plants that make 
them. Instead you could train plants to make .....alian proteins. Scientists at Monsant~'s 
Life Sciences Laboratory, in St. Louis, Missouri, have successfully introduced human DNA into 
petunias. The (HCC) human chorionic gonadotropin producing geoe functions in the petunia 
plant but the yields of the hormone are still low. The process, however, holds out hopes of 
using plants to produce human hormones and ......alian proteins cheaply. In fact there will be 
ever so many applications once the technique ia perfected. (Source: Science Age, 
January 1985) 

Cancer test based on fragile sites in human chromosomes 

Susceptibility to some forms of cancer could be detected with a test based on 51 fragile 
sites in human chromosomes, according to Dr. J. Yunis of the University of Minnesota. 
Some 20 of those sites are already associated with humar malignancies. Chromosomes in normal 
lymphocyte• had a tendency to break when grown in a culture medium deficient in folic acid 
and thymidine. Caffeine enhanced the tendency to break, perhaps by inhibiting DNA repair 
during cell replication. Earlier studies have found chromo1ome tran1locations and deletions 
in 9J per cent of 450 cancer patients. About 7 of the 17 oncogenes that have been mapped are 
near fragile sites. Chromosomes were less susceptible to breakage in culture if the patients 
had taken 5 mg/d of folic acid fnr three day• before the cells were cultured. Addit1on ot 
folic acid prevent• chromosome rearran1ement in culture. Populations with diets rich in 
fruit1, leafy vegetables and whole 1rains, which are rich in folic acid, are les1 susceptible 
to cancer so a diet rich in folic acid might be prudent for people with a family history of 
cancer or who are exposed to carcinogen•. (Source: Medical World, 14 January 19~5) 

Cancer re1earch 

Cancer i1m11unotherapists are trying multiple approaches to increa1e the effectivene11 of 
their treatments. Combining a vaccine made from a patient'• tumor cells with one raade from 
bacille Calmette-Guerin (BCG) resulted in a 67 per cent drop in recurrence rate• for colon 
cancer patient•, accordin& to re1earchers at the Litt~n Institute of Applied Biotechnology. 
Monoclonal antibodie1 may al10 be u1ed for in vitro treatment of bone marrow for autolo1ous 
transplantation, accordin& to 1cientiat1 at the Dana-Farber Cancer Center (Bo1ton 1 HA). 
Genetic engineering could eventually produce tumor-aa1ociated antigen• to make anticancer 
vaccine1. Some cytokine1 that affect tuaor 1rowth directly will require more re1earch. 
(Extracted from Medical World, 24 December 1984) 

Cell marker for early leukaemia 

Chine1e 1cientists believe they may hav-. di1covered a way of identifying leukaemic cell1 
early on. 
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Wu Qian and Zhang An. of the Chineae Academy of Medical Science• in Beijing. compared 
mitochondria in leukaeaic cell• vith thoae in cell• taken froa people auffering other blood 
diaorders. they !o~nd a conapicuoua difference in the atructure of mitochondria in cells of 
the tvo groups. 

Qian and An calculated the ratio of the length of criatae to the longest diameter of 
mitochondria in leukaeaic cells and cell• of non-leukaeaic disorders. the ratio in the 
control cells vas almoat dcuble that of leukaeaic cells. Moreover. the researchers found 
that the ratio could help to predict the outcomr. of acute leukaemia. 

This is the first time scientists have come up vith a quantitative criterion for 
electron aicroscopic diagnosia of acute leukaemia. The reaerrchers go so far as to say that 
vhen the ratio is ,.leas than 1.332. a diagnoais of acute leukaemia or preleukaemia can be 
made if clinical findings are conaiatent." (Extracted from Nev Scientist, 13 December l9d4) 

CK leukemia cells produce altered protein 

Chronic ayelogenous leukemia (QU.) tuaor cells produce an altered form of a protein 
found in normal cells, accordir: to o. Witte of the University of California Loa Angelea. 
the altered protein could be a .. rker for the diagnosis of CKL. The finding .. y help explain 
the observation that cancer-prcoducing viruses use 1enes picked up froa normal cells. These 
genes do no daaage in their orLginal cellular location. but subtle genetic differences 
between normal and .. 1i1nant forms of these genes .. y induce cancer. Human patients vith CML 
ahov a chromosomal break near one end of the c-abl gene. and the resultant segment attaches 
to another chromosome. Both the leukemia caused by a virus and the leukemia caused by 
chromosomal tranalocation involve an altered protein vith tyrosine kinase activity. Similar 
alte"ationa in the genes aay be caused vhen the cene is picked up by a virus or relocated by 
chromoaome breakage. (Extracted froa Science Neva, 4 August 1984) 

Natural anti-cance~ agent• found 

Scientists have isolated and cloned tvo members of the body's armoury which they believe 
might lead the vay·to a more effective and safe way of fighting cancer. 

The newly cloned protein•, called lyaphotoxin and tumour necrosis factor (TNF). are 
genuine killer• of cancer cells. The protein• are produced by white blood cella in reaponse 
to contact with bacterial toxin• or grovth-atimulatory aubstancea. Lymphotoxin and TNF are 
related; the former made by lymphocytes and TNF by monocytea. two types of white blood 
cell. 

Cloning the genes for the two 
biotechnology company, Genentech. 
from which lymphotoxin is aade and 
the gene encoding TNF. 

anti-cancer substances ia yet another triumph for the 
Bharat Aggarwal and colleague• isolated the messenger RNA 
Aggarwal'• team. with David Coeddel of Cenentech cloned 

The two proteins are present in the blood in only tiny quantities; the same problem 
that faced researcher• trying to study the interferons. To get around the problem of 
sparsity of material the team "worked backwards" f roa the protein. 

The two protein• turn out to be roughly the same size and one-third of their amino acid 
sequence is identical. Three regions of the protein• are very similar and are thou&ht to be 
the "vorkinc" parts; those needed to attach the proteins to cancer cells in order to kill 
them. 

The synthesised DNA va1 then used to make protein; the two lines of bacteria carrying 
the cloned cenea were grown, the purified LT and TNF produced b/ the bacteria va• injected 
into tumours in mice where they destroyed the tumour calla and caused regreaaion of the 
cancer. 

The research provides a way of obtaining enough of the factors for study. Scienti1t1 
will want to find out how the substances ltill tumour cells and how they manage to a·.,oid 
killinc normal cella. (Extracted from Nev Scientiat, 17 January 19~~) 

Ricin mutation •• anti-cancer agent 

With a grant froa aritain'• Science and ~ngineerin& Research Council, acientiata at 
Warwick University, Oxford University and th~ London-baaed laperial ~sneer Re•earch Fund 
(lCRF) aim to cenetically tailor the ricin toxin molecule into an effective anticancer 
agent. 
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Of the ric~n molecule's tvo polypeptide chains. A and B. toxicity resides only in the 
A-chain. Thus \:rategy in hitching the toxin to a tumor-directed monoclonal antibody has 
been to extract the A chains froa ricin's source in the castor bean. Ricinus coaaunis. and 
link these to the antibody. However these conjugates are relatively inefficient at killing 
cells. states Dr. Michael Lord. who heads the Warwick team. He has found that the intact 
ricin molecule. containing both chains coupled to antibody. killed all cells tested. under 
conditions that teaporarily altered 8-chain function. Warwick 1cientists now think that the 
B chain plays a double role: First. it delivers the A chain to it1 target by binding vith 
galacto~e sugars on cell 1urface glycoproteins. There the A chain enters the cell by 
endocytosis in small membranous sacs. The B chain's second play. Lord suggests, is to help 
the A chain escape these ainivesicles and move out into the cytoplasm to exert its toxic 
effect. 

Becau1e B chains will bind to normal as well as malignant tissue. the team hop~s to use 
1ite-directed mutagenesis to disrupt the galactose-binding sites while preserving the 
delivery role. lt has already patented coaplementary-DNA clones of the ricin precursor 
molecule. These will be mutated once the galactose binding sites have been identified by 
tl;eir colleagues at ICRF. Then the altered cDNAs will be expressed in yeast cells using 
phosphoglycerate expression vectors developed by Dr. Alan King1man at Oxford. {Source: 
Hc:rav-Hills's Biotechnology New1watch. 4 February 1985) 

Anticancer action of platinum compound 

A molecular probe for studying tbe biological aechanisa of action of anticancer platinum 
compounds (e.g. cisplatin) has been synthesized by S. J. Lippard and colleagues of 
Massachusetts Institute of Technology. Their probe links a dye aolecule, acridine orange, 
which break• DNA chain1 in the presence of light, to (l,2-diaminoethane) dichloroplatinum(Il) 
by means of a hexamethylene chain. The resulting compound binds to DNA through it• 
platinum-containing end. and, when exposed to light, nicks the DNA chains through its 
acridine orange end. Given the efficiency of the nicking reaction. it should be pos1ible to 
u1e the acridine orange moiety as an internal. photoactivated 'molecular scissors' to map 
platinum binding sites on labeled DNA restriction fragments. 

Cisplatin is thought to kill cancer cells by binding to two guanine sites in the faulty 
DNA. Recent research by Kenj Inagaki. Kyoko ltasaya and Yoshinori Kidani of Nagoya City 
University, Japan. has proved that 1.2-cyclohexanediamine platinum (II) bonds to specific 
nitrogen atoms of guanine and this is how th· -'·t~num moiety would bind to DNA after it had 
1hed the vitamin C part of the drug (see Figwc~ l). They experimented on tiny strands of 
nucleoside in which there wer~ two guanine units adjacent to each other. 

Even when it is known wh~re the drug attaches itself to DNA, it is not known how this 
kill1 the cancer cell or prevents it reproducing itself without affecting healthy cells of 
the body. Perhaps the DNA repair mechanism of cancer cells is deiicient. During c:ll 
divi1ion the cisplatin scramble• the genetic code - thereby producing a version that the 
iaaune system recognises a1 foreign. A healthy cell's repair mechani1m "see1" the cisplatio 
clinging to the strand of DNA and removes the faulty section. 

Figure 1 How ci1platin binds to DNA Figure 2 Acridine orange act• as a 
"molecular sci1sors", snipping the 1e1iaent 
of DNA to which it is attached 

(Extracted froa Chemical and Engineering Nevi, g Octobec 1984 and Nev Scientist, 4 April 1985) 
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One-armed antibodies 

Monoclonal antibodies have been made deadly enough to use in killing cancer cells 
without attaching toxi~ drugs to them, according to researchers S. l.:obbold and K. Waldman. 
By removing one of the two arms with which an antibody fastens itself to an antigen, the 
antibody is made much more efficient as a selective cell killer. One-armed antibodies have 
also been found to be better at inducing COlllplement to kill cells than norm.al, two-armed 
antib<>"ies because one-armed antibodies are not thrown off; thus there are more of them to 
act as markers for complements. (Extracted froa New Scientist, lJ September 1~84) 

Antibody ahedt light on oncogene function 

An antibody that is apecifi~ for the protein product of one of the !!!. family of 
oncogenes has been developed by researchers a: Cetus Corp., Emeryville, Calif. When tha 
antibody is injected into cultured kidney cells transformed by a !!!. oncogene, the celis 
temporarily revert to normal morphology and growth patterns, thus substantiating the direct 
involvement of the protein in the develop.ent of cancer. The research was a collaborative 
effort led by Frank P. McCormick of Cetu1 and James Feramisco of Cold Spring Harbor 
Laboratory. Ras oncogenes encode p2l protein. The complete biological activity of 
p2l protein i;;ot known; however, it ia known that p2l binds cellular guanine 
triphoaphate (GTP) and autophoaphorylatea by removing a phosphate group from GTP. The 
antibody developed by Cetus ia specific for p2l. ln the presence ot the antibody, p~l no 
longer binds GTP, suggesting that the binding process plays a role in raa transformation of 
cells. (lleprinted with per.is~ion from Chemical and ~nKineering News, page l), 
29 October 1984, copyright 1984, American Chemi~al Society) 

Tumor promoters boost cell trenaformation 

Tumor promoters apparently act aynergiatically with cellular oncogenes to cause norm.al 
cells to be transformed into cancerous ones. ln experiments using cultured Clli lOTl/2 cells, 
W.-L. W. liaiao, S. Gattoni-Celli and I. Bernard Weinstein of Columbia University found that 
incubating cells with the tumor promoter 12-0-tetradecanoyl phorbol-ll-acetate (TPA) for a 
few days before and after treatment with the transforming oncogene c-ras causes a five- to 
15-fold increase in the number of transformed foci obtained from the cell1. In addition, the 
transformed foci appear earlier and are often larger than in the cells not treated with tumor 
promoter. The increase was greate1t when TPA remained in the culture for at lea1t four days 
after transfection, although a two- to three-fold increase occurred when TPA was present only 
at the time of transfection. (Reprinted with permission fcom Chemical and Engineering News, 
page 15, 29 October 198'•, copyright 1984, American Chemical Society) 

Cancer immunotherapy i111111inent 

Research at the London !ioapital and the National Institute for Medical Research at Hill 
Kill baa led to a technique that protect• mice against a disease which closely lllOdels human 
T-cell leukaemia. The technique is a form of imaunotherapy, stimulating the mouse'• i111111une 
system to react more effectively against its leukaemic cells. But wherea1 immunotherapy in 
cancer has given conaistently diaappointing re1ult1 over the paat 20 year1, the work of 
Profesaor Killiard Featenstein of the London tlctpital and Ora Frank ~roaveld and K&m Kui of 
the National lnatitute auggeata that a new era of 1ucce1aful i111111unotherapy tor cancer may be 
about to begin, thank• to the untiring partnership of recombinant ONA and monoclonal 
antibodiea. 

Some 4U per cent of leukemic cell• in a form of mouae leukaemia have abnormally low 
level• of K antigen and 1-2 per cent have no K antigen at all. Although the tranaformed 
cell1 expre11 viral antigen•, they are recognized a• foreign, and the viral antigen may be 
recognized a• foreign only when it ia expressed next to the K antigen. When the gene for 
K antigen va1 replaced in leukaemic celi1, they did not grow and multiply, but were 
recognized and eliminated by the mouse i111111une 1y1tem. Cella with the K antigen can al10 
enable the i111111une 1ystem to cope with similar cells without the ~ antigen. 

The hope i1 that it may be po11ible to take infected, leukaemic T cells from patient• 
with huiaan T-cell leukaemia, implant Kl.AB (the equivalent of the mouae K antigen) gene• into 
the cell1, and reinject them into the patient to make him or her recogni1e and reject the 
leukaemic cells. lt i1 also poaaible that a 1imilar technique might be used to protec~ 
people who have not contracted T-cell leuksenaia from contracting it. Fe1ten1tein i1 now 
obtaining experimental material from Niieria and if the technique looks promising after 
further studies it coulrl be tried experimentally on hum•n• within a year or •O· Fe•tenatein 
emphasises th=~ it 1r too early to aay whether it might have any value in tha treatment of 
AIDS, which i1 thought to be caused, at least in part, by a human T-cell leukaemia viru•. 

So, for 1ome cancer• it will tecome po11ible to 1timulate patients' bodie• to reject 
their cancers by injecting them with their own tumour material, with added Hl.AB gene• and 
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irradiated to prevent the injected cell• from growing. Whether the antigen auppresaion is 
auff iciently similar in different individuals to allow the technique to be used to provide a 
vaccine to protect against cancers i• another question. But for T-cell leukaemia •t least it 
is a real poasibility, though cloned virus material may provide an alternative vaccine. 
(Extracted from New Scientiat, 22 November 1984) 

tracking the effects of oncogene proteins 

An activated gene called.!.!! is present in lU per cent of all human tumours. This is 
one of the 20 or so oncogenes, genes believed to be involved in the transformation of nonaal 
cells to cancerous ones. Despite the ubiquity of ras, very little is known about the protein 
encoded by it, and what that protein does in the eel:. 

Nev research by James Hurley and colleagues at the ~alifornia institute ot rechnology 
and the University of Texas Health Science Center at Dallas suggests that the product of the 
ras proto-oncogene is responsible for modulating levels of cyclic adenosine monophosphate 
(cAKP) in cells. Hurley and his colleagues have found that parts of the C-proteins of bovine 
brain cells are very similar in sequence to part• of the ras proto-oncogene protein. In 
addition, a C-protein analogue called transducin, which i-;-lound in the red cells o! the eye, 
silllilarly shows homolo,y with the_!!! protein. 

There is a whole family of G-proteins; different G-proteins are found in different cell 
types. But one thing that they have in cOtm10n, according to Hurley, is a glycine molecule at 
position 12 in the amino acid chain. And the only difference between the normal ras 
proto-oncogene product and the product of a !.!.! gene take~ from a human bladder c~inoaa is 
that the glycine at position 12 is replaced by •nother amino acid. 

Other researchers have suggested that other oncogenes might code for protein kinases, 
some of them specifically for tyrosine protein kinases, which may not affect cAHP levels in 
the cell. (Extracted fro• Mew Scientist, 22 November 1984) 

AIUS virus infects brain cells 

HTLV-lI1 virus not only destroys the I-lymphocytes of persons infected with the virus 
who develop acquired i11111une deficiency syndrome (AIDS) but may attack brain cells, causing 
serious nervous system damage. The suggestion comes troaa research by \Oeorge "· Snaw and 
Robert ~. Gallo of the National Cancer Institute, Bethesda, ttd., and a team of colleagues 
there and at several other medical research institutions. Knowing that many A1US victims 
develop dementia and other signs of brain cell impairment, the researchers examined the 
brains of 15 individ~als with AIDS and brain disease to see whether the tt!LV-111 virus was 
present in brain cells. In five of the 15 cases studied, ttTLV-III sequences were detectable 
in the brain. And in the one case checked, the concentration of ttTLV-111 in the brain was 
much greater than that found in ?ther body tissues, such as the spleen, liver, lymph node, 
and lung. (Reprinted with permission from Chemical and Engineering News, page 26, 
7 January 1985, copyright 1985, American Chemical Society) 

AlUS victims still await vaccine 

Two teama of molecular biologists, one American and one French, have published what they 
believe to be the entire genetic sequence for the virus that causes acquired i11111une 
deficiency syndrome (AIDS). With·this sequence they can make a vaccine. Already, two other 
teama from coamercial laboratories in the US have joined the race to find and patent the 
first vaccine. They claim to be on the verge of publi1hing similar papers which describe the 
virus's genetic sequence. There are two types of vaccine that 'ould be made to fight AIDS, 
The first is to make fragpients of the protein that coat• the viral genes. This is safer tha 
the second, which uses debilitated whole viruses. But the fir1t type require• a knowledge v. 
the genetic sequence. With this 1equence it i1 possible to mak1' the virus's coat-protein in 
vitro. This protein can be injected into people at risk of contacting AlDS, to help them~ 
build up a re1istance to the virus. (Extracted from New Scientist, 24 January 1~~5) 

The AIDS connection 

Sleepini 1ickne11 is cau1.d by African trypanoaomes, which are protoioa. AlUS seems to 
be caused by a type of iNA v:cus. At first glance, tha two dis••••• ••••to have little in 
coaaon, but several groups of investigators are currently looKing to see .f tne tryvanosomes 
may have similar effect• to those of the AlDS viruses on the immune 1y1tem and, if so, 
whether that can lead to new in1ights into either disease. 

John Mansfield of the Univ~:aity of Loui1ville, for example, finds that trypanosome• 
produce i111111une sy1tem changes in mice that very much resemble the changes seen with AIDS. 
Whether the 1ame effects occur in humans i1 unclear, but a team of scientists from the 
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Center• for Diseaae Control, the National Inatitutea of Health, and Zaire are currently in 
Zaire testing and comparing patient• vith AIDS to patient• vith any of several paraaitic 
diaeaaes, including aleeping sickneaa, to aee hov theae paraaites affect i .. une function•. 

The investigator• in Zaire are not juat looking to aee if aleeping aickneas and AlOS 
produce the saae imaune auppreaaion. They are alao inveatigating a hypothesia that AIOS is 
prevalent in Zaire because trypanoaomiasis and other parasitic infections that oc.cur in Zaire 
render patients lesa able to fight off the AlOS virua. 

A final AIDS connection ia vith suraain, a drug that is commonly used to treat aleeping 
sickness. Recently, Robert Gallo and his associates at the NIH discovered that it is 
effective against the putative AIDS virus in vitro. They are nov beginning studies to see if 
it can be administered to AIDS patients. It is another intriguing link between the ancient 
disease of trypanosomiasis and the recently discovered AIDS. (Extracted from Sc~, 
vol. 226, 23 November 1984) 

Gram-negative sepsis 

Scientist• at Stanford School of Medicine and the University of California, San Diego, 
have developed a potential treatment for a bacterial illness gram-negative sepsis, or 
poisoning of the bloodstream, which is a leading cause of death from infection in hospitals. 

The potential new treatment consists of a protein that neutralizes endotoxin. The 
protein is highly effective in protecting animals from ~acterial endotoxin-induced sickness 
and death and is thought to be the first human monoclonal antibody demonstrated to have 
therapeutic promise and biological effectiveness. It vill be tested in hum.ans within the 
coming year. 

The newly e~gineered monoclonal antibody has been effective in preventing death in 
laboratory animals injected vith a wide variety of unrelated gram-negative bacteria that 
produce endotoxin. Although different gram-negative bacteria may produce slightly different 
forms of endotoxin, the nev antibody is thought to be capable of neutralizing them all 
because it recosnizes a portion of the molecule which ia co111DOn to all and becauae of this 
versatility it is hoped to be of broad clinical use. (Extracted from ~~tic EngineerinK 
~. 24 Maier 1~85) 

REsearch on animal genes 

Hew vect~r for u•e in animal cells 

Taisho Pharmaceutical (Japan) has developed a new vector for use in genetic 
~ecombination with animal cells jointly with the University of Tokyo's Applied Microbial 
Research Institu~e. The main rcle in genetic recombination ia currently played by E. col~, 
but animal cells are better suited to ~he production of nev drugs. Basic research into 
manipulation techniques uaing animal cells ia progressing in many countries. The race to 
develop a i,.,,.:-:~ctor syatem using animal cells is therefore intensifying. Animal cells have 
low productivity vereus coliform bacilli, but are able to authentically reprodu~e body 
glycoproteins. Current vectors for animal cell systems are primarily based on the simian 
virus SV40 or the bovine papilloma virus. The new vector ie derived from a plaemid found in 
the mouse L-cell. The L-factor pla•mid has a reproductive rate of 5,000 copies/cell, two 
orders of magnitude higher than any known anim.al vector. (Extracted from Japan Economic 
Journal, 7 Auguat 1984) 

llaisinK hair 

The hair grows from a bulb in the epidermis - cells differentiate into hair. To control 
the hair there grows anotl.er tiesue, which the dermal papilla project• into the bulb. Recent 
reeearch on the papilli4ry cells from the eeneory hair of rat'• anout, when cultured, ehowed 
they retain their ability to etimulate the growth of hair. 

When each cultured cell was used on rats who•• derm.al papiliae had been removed they 
grew full-blown whisker• in no time. The follicle• that had received the implant developed 
new bulbs, with epidermal cells properly aligned around the dermal papillae. 

Advance• in culturing the cellular component• of hair follicles are particularly 
eignificant. About two years ago, reaearchers showed that epidermal c4lle taken from 
follicle• could be cultured in the laboratory. ~·lw that it has been established that 
cultured papilla cells retain their ability to 1timulate the growth of hair, re1earcher1 can 
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put the two type• of cells together in culture and begin to explore how papilla cells induce 
epidermal cell• to produce hair•, and how horlllOnes such as te•tosterone influence their 
interaction. 

The rat'• whisker may thus serve as an ideal system in which to study the genesis of 
hair. (Source, Science Age, January 1985) 

Research on plant genes 

Kybrid bacteria fix nitrogen in crop plant 

Work on transferring nitrogen-fixing genes directly into crop plants, has shown that 
corn and •ugar beets infected with hybrid bacteria fixed nitrogen and had yields 10 per cent 
to 180 per cent higher than laboratory controls. 

Crop l.ienetic• International NV, of Dorsey, Maryland, claimed the results in a recent 
European patent application (APO 125 468). While nitrogen-fixation remains interesting, the 
company will focus on specialty-chemical delivery, including anti-fungals and 
anti-bacterials. The nitrogen-fixing hybrids are made by protoplast fusion of Azotobacter 
vinelandii and either Ervinia stewartii or .Agrobacterium tumefacien~ as the "infecting 
bacteria". With no field testing to date, product development could take tive to seven 
years. (Extracted from HcGrav-liill's Biotechnology Newswatch, 4 March 19~)) 

Plant interferons 

It seems they do. In a disease like the tobacco mosaic virus, which causes localised 
infections (blotches on the leaf) the surrounding tissue develops i111111unity and contain• the 
viral infection. When scientists analysed the Juice from the infected anJ neighbouring 
uninfected tissues of the Datura plant, they did find a virus inhibiting substance from the 
juice of the uninfected portion. The juice, when poured on the infected blotches, dampened 
the spread of the mosaic virus infection. The component that damaged the infection, like the 
normal interferon, was resistant to heat and extreme pK. 

In many other ways too the plant product responded like animal interferon. 

When infected tobacco leaves were treated with human blood interferon the gcowth of the 
virus halted and remained controlled till the interferon was washed. 

It is likely that plant interferons could be used in medical therapy or they could be 
the starting point of new drug synthesis. (Source: Science Age, January 1985) 

Protoplast fusion and plasma transfer 

Protoplast fusion to produce a hybrid bearing two or more nuclei has not produced new 
crop plants. Protoplast can be made by a wide range of plant cells, including crop groups 
such as the forage legumes. They can now be produced from leaves or other tissues, but the 
soya bean has resisted all attempts to produce protoplas•... Sugar beet protoplasts form cell 
walls but do not divide. Most cereal sper.iea do not form procoplasts easily. When 
protoplasts from very different parents are fused, many complications arise. The two nuclei 
may not divide together or one may not divide at all. incompatibilities may also arise 
between the nucleus and organelles such as mitochondria or plastids. Research on genetic 
improvement of crops is now concentrating on tne use of UNA vectors. 

The microorganism used for genetic transfer of DNA into plants may work on a far wider 
variety of crops than previously thought, according to researchers at the University of 
~iden, Netherlands. .Agrobacterium tumefaciens causes cancer in plants by transferring a 
piece of plasma UNA into cells of the host plant. Once inside a host cell, the foreign DNA 
causes the production of a mass of undifferentiated cells known as a crown gall. Researchers 
have nn~ Jiscovered that the bact~ria can infect some monocots although the plants do not 
prod1.ce tumors. It had previousl) been thought that monocots were i.111111une to A.tumefaciens. 
A peculiar hormone metabolism in monocota mAy prevent them from responding to tumor-inducing 
genes in the bacterium. (Extracted from Hew Scientist, l November 1984) 

Useful mutants 

Plant biochemists at Rothamsced ~xperimencal Sta ·, 
different type of genetic change which could produce c~ 
and potato. Simon Bright and colleaguer found that wheat ana 
i111111&ture embryos and undifferentiated leaf tis•ue1 (calluses) 
number of chromosomes. About 7U per cent of the wheat plants 

Hertfordshire have observed a 
ly valuable varieties of wheat 

potato plants grown from 
often contained an abnormal 
gr1>wri fru1n <:1ilr.1r-!I .·ll.1 
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contained multiple sets of chromosomes. The culture medium ingredients have all been test~~ 
for their effects on genetic material, but none of them seem to be the cause. 

Meanwhile, this somaclonal variation haa yielded a wheat mutant which appears to be 
resistant to brown rust disease. One of the potato mutants ia being teated in lreland for 
resistance to scab. (Extracted from New Scientist, 15 November 1984) 

New way to manipulate plant genes 

One of the major problems to overcome in introducing foreign DNA into plant cells is 
knowing, for certain, that the plant cell has expressed the foreign gene. The ~irst clear 
examples of such manipulation were made using the tumcur-inducing (Ti) plasmi~ isolated from 
the bacterial plant pathogen Agrobacterium tumefaciens where tumour 6rowth was the selection 
marker. However, because the transfer and integration of Ti-plasmid sequences into the plant 
genome is a natural consequence of infection by the bacterium, the possibility always 
remained that the transformation by purified Ti-plasmid DNA was still being effected by 
pathogenicity genes carried by the plasmid itself. 

~ group at the Friedrich Kiescher Institute in Basle has shown that purified DNA can 
indeed be transferred to plant cells and that those cells can be regenerated into whole 
plants and the foreign DNA inherited quite normally through seeds to subsequent generations. 
Thia important demonstration relied on inserting into plant cells, a gene that confers 
resistance to the antibiotic kanamycin. ~be researchers obtained this gene from a 
bacterium. 

ln its natural form this resistance gene would not have been recognised by the plant 
~ystema for gene expression - the plant enzyme• that make messenger RNA (mllNA) from a DNA 
gene and then translate it into a protein. Therefore the first task facing the group was to 
replace the bacterial signals with signals that a plant cell would recognise, ao that the 
gene would produce a protein in the plant. 

For this the team extracted signals from gene Vl of a plant virus which does not 
integrate into the genome of plant cells when it infects them, but instead normally remains 
as a free circular molecule. Thus any integration that followed could not be due to the 
presence of these viral sequences. 

The hybrid gene produced a fusion protein carrying the first 25 or so amino acids of the 
gene VI protein product joined to the bacterial kanamycin-resistance protein. The group then 
treated the plant cells with DNA and polyethylene glycol. After one week they began to 
divide, and kanamycin waa then added to the culture medium. One month later, one in a 
million of the protoplasta had divided and grown into a small clump of cells in the presence 
of the antibiotic and were thus transformed. Thia frequency, although low, was repeatable; 
and clumps grew from bacteria treated with the control plasmid con1truction. 

The researchers regenerated whole tobacco plants from the cell clumps and shoved that 
the plants not ~nly contained the expected kanamycin-inactivating enzyme, but also the 
expected DNA in a form which indicated that it was integrated into the DNA in the nucleua of 
the plant. 

For one particular regenerated plant, 50 per cent of plantlet• derived from ita pollen 
were rea;atant to kanamycin. And when self-fertilised seed were teated, 75 per cent of these 
produced kanamycin-reaistant plants. Both result• indicate that the regenerated parent plant 
carried one copy of the resistance function per diploid cell and that the function was a 
dominant trait. (Extracted from New Scientist, 3 January 19~5) 

lmportant steps in tobacco research 

The successful expression of the first collli1lercially useful gene in agronom1cally 
impor~ant crop plants by recombinant DNA methods was announced in February by ~algene lnc. A 
team led by Dr. Luca Comai achieved the exrresaion of the glyphosphate tolerant aroA gene in 
regen~rated tobacco plants. The transformed plants demonatratad a aignificantly~rea1ed 
tolerance to glypho1phate when apraved as a herbicide. Calgene first announced the cloning 
of an ~gene from a genetically modified atratn of Salmonella typhimurium in July 1983 and 
an article characterising this gene will appear in the April 1985 issue of the Journal of 
Biological Chemistry. (Source: Biotechnology Bull~tin, Vol. 4, No. 2, March 1985} 

~::rasting protein'• structure unraveled 

';:t." three-dimensional structure of a protein that i1 regarded a• the sweetest-tasting 
aub1tance known to human• ha• been determined by reaearch?r1 at the Univer1ity of California, 
Berkeley. 
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Professor Sung-Hou Kim and colleagues discovered that a molecule of thaumatin I, a 
protein from the berry of the African shrub ketemfe, contains two distinct structural 
regions. In one, the amino acids are arranged in sheets, while in the other, the amino acids 
form complex loops. '!he evidence strongly suggests that these loop~ ~ind to taste bud 
receptors that recognize sweet substances. The research is published in the Karch issue of 
the Proceedings of the National Academy of Sciences. 

The researchers are close to determining the three-dimensional structure of another 
intensely sweet protein, monellin. The amino acid sequences of both thaumatin and monellin 
are k~own but do not resemble each other. However, they appear to possess many structural 
similarities suggesting that they interact with taste bud receptors in the same way. 

Thaumatin may find coamercial applications. It might be used as a sweetener itself - as 
it has been in Africa for centuries - or as a model for development of artificial 
sweeteners. Another property of thaumatin that could find coamercial application is that it 
is a strong flavour enhancer. (Extracted with permission from Chemical and ~ngineering News, 
page 7-8, 11 Karch 1985, copyright 1985, American ~'hemical S ciety) 

Research on yeast and fungus genes 

Scientists exploit nature for pest control 

Aphids have plenty of enemies apart from farmers and gardeners. Fungi, tiny wasps and 
chemicals that plants themselves produce can inhibit or kill the insects. With a little 
manipulation in the laboratory, and a lot of investment by industry, these natural pesticides 
could one day replace chemical ones. 

Work at the Agricultural and Food Research Council's Rothamsted Experiment3l Station, 
near Harpenden, England, is at a most advanced stage and involves controlling aphids with a 
fungus that can control Aphis fabae, or black fly, out of doors. 

The fungus the team chose is Erynia neoaphidis. Testa in bean-fields showed that 
releasing aphids infected with fungus spreads the diseasP. into the natural population of 
aphids. The population of aphids declined earlier than in untreated plots. And at the most 
there were fewer than half the number of insects in the treated plot. 

The beans did well, too. Yields· went up where infacted aphids were released, bu~ nearby 
plots treated with a chemical insecticide did better. 

The next step was to find a more convenient way to distribute the fungus around a 
field. The team infected aphids in the laborato~y, dried them out and ground them into a 
coarse powder which was dusted onto plants. This seemed to work as well as releasing live 
infected aphids, and a farmer would obviously find it a lot easier. 

Another finding is that the fungus will grow in culture dishes. Industry snould be able 
to scale up the process. The scientists hope to start work on cereal crops next year, and to 
develop strategies for applying the pesticide. They will also be looking tor new, more 
potent strains of ~. neoaphidis. 

Experiment• have also shown that aphid$ themselves have chemicals that attract 
parasites; A lot of aphids have been crushed and dissolved in thr. entomology laboratories at 
Rothamsted, but the substance responsible has not beP.n isolated yet. 

Scientists have done better at imitating nature in another area of natural peat 
control. Reeearchers at Rothamsted have isolated and synthesised anti-feedants - substances 
that some plants have rvolved to protect them from insect peets. 

The most promising anti-feedant is called polygodial. In nature, it protects marsh 
pepper from aphids and main viral infections. It is relatively easy to synthesise in the 
laboratory, and could be sprayed onto other crops to protect them from pests. 

The problem with making polygodial synthetically is that two isomers come out of the 
reaction. One protects crops, whereas even traces of the other erode the leaf of the treated 
plant. Sut produ,ing the chemical biologically would avoid this problem. 

Even if polygodial does not turn out to be a practical ~rotection for crop1, several 
other plants produce anti-feedant1. An Indian tree called the neem produces anti-feedants as 
well a1 many other procai1ing chemicals. The geranium al10 produces anci-teedants againet 
1lug1. (Extracted from Ne~ Scientiet, 15 No~ember 1984) 
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Enzyme isolated to convert proteins to amide forms 

Unigene Laboratoriea ha1 i1olated an enzyme that rapidly and efficiently converts 
proteins produced by genetic e~gineering to their amide forms. Production of many important 
human proteins, such as calcitonin and growth hor.one, by the single-1tep fermentation of 
bacteria or yeast was previously impossible bec~use human proteins a~e amidated at the 
carboxyl link, and bacteria and yeast are incapable of amidating ?rL The new enzyme 
enables Unigene to amidate recombinant proteins in a single step fol ng their production 
by a host microorganism and subsequent purification. Eventually, Unib~ne will incorporate 
the gene coding for the amidating enzyme into cells readily adaptable to large-scale 
fermentation. (Extracted from Chemical Week, 24 October 1984) 

Cold-l~ving enzymes reported 

By splicing genes from a cold-loving microbe into Escherichia coli, Japanese researchers 
plan to lower this bacterium's optimum temperature by 5 C to 10 C, thus reducing the energy 
costs for fermentation. Dr. Hasao Kanabe of the Resource Chemistry Institute, Tokyo 
Engineering University, is worLing jointly with Hokusan Chemical Co., Hokkaido, to develop a 
bacterium that will produce hydrogen at relatively cold temperatures. 

Kanabe spliced a chromosomal leucine-synthesis gene,$ -isopropyl malic acid 
dehydrogenase <p-J.MD) from the cryophilic F.nterobacter aerogenes into ~- coli via 
plasmid pBR322. 

In F.. coli, P-llW has a temperature optimum of 4!>°C; 
functions~·c to 40°C. Kanabi's next ate~ will be to 
hydrogenase genes, u1ing the low-temperature p-lltD enzyme 
HcCrav-Hill's Biotechnology Newswatch, 4 Karch 1985) 

·Heat-stable enzyme 

the introduced ~. aerogenes enzyme 
clone in E. aerogenes cryophilic 
as a marker. (Extracted from 

Wakamoto Pharmaceutical Co •. Ltd. announced the development of a genetically engineered, 
immobilized, heat-stable ~nzyme that converts lactose in milk to galactose and glucose. 
Theirp-galactosidase f.>-gal) column can operate continuoasly at 75°C, virtually eliminating 
bacterial contamination. 

The thermostable catalyst is produced by splicing the p-gal gene from Bacillus 
stearothemophilus into a strain of B. subtilis. Only the desired enzyme is heat-stable, so 
purification is easily achieved b) raising the temperature to 70°c to selectively denature 
the B. 1ubtilis proteins. 

Researchers at the Genetics Department, Trinity College, Dublin, claim the gene that 
codes for production of a commercially important, heat-stable form of th~..c..-amylaae has for 
the first time been cloned and introduced directly into Bacillus subtilis. 

The high-temperature amylaae gene was isolated from a strain of Bacillus licheniformis 
that produces ~he enzy~e, but not at commercially acceptable levels. Using recombinant DNA 
technique•, it was incorporated into .. ( -amylaae-negative mutants of B. subtilis, in which it 
produced the enzyme and remained stable. The enzyme produced by the recom~inant B. subtilis 
is claimed to be stable up to 93°C. Theo<.-amylase now commonly used for d~irarlation and 
hydrolysis of 1tarche1 in the food and distilling indu1tries ordinarily requires a two-step 
proces• with o~erating temperature• that begin at 50"-ao"c and are elevated slowly to about 
lUO"c. The hi~h-tamperatura enzyme could accompli•h both conversions·in one step, while the 
higher operating t~mperature1 would al•o facilitate pumping of the resulting 1tarch 
s lurrie1, 01,lington says· (Extracted from KcCrav-ltill 11 BiotechnoloKY Newawatch, 
4 March 1985 and Bio/Technology, February 1984) 

Research on bacterial genes 

Protein patterns identify bacteria 

Scienti1t1 at St. Bartholomew'• Hospital, London, believe they ·have found a way to 
identify bacteria, 1i~ply and ditectly. 

Ora. Silnaan, Holland ~nd Tabsqchali label the protein• prod~ced by bac~eris with 
radioacti••e sulphu1, which emitl electro111. The1e proteins are then placed on a gel and 
1ubjected to an electric field. The protein• move down the gel to different po1ition1 
depending on their 1ize and elect:ical charge. 
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The patterns are then scanned in a few minutes by a detector. As the detector scans the 
picture, the pattern it "sees" is fed as a digital signal to a microprocessor which produces 
a pattern on a Vl>U. 

The technique is important because hospital laboratories need to discriminate between 
bacteria so that doctors can decide on suitable treatment. An average laboratory may use lU 
to 15 different tests, such as staining and microscopy or fermentation reactions, to narrow 
down the options, but often the final analysis of bac.teria depends on the expertise of the 
staff. 

Ideally, bacteria would be identified by their genes, but the proteins they produce 
could provide, in theory at least, an identification for each species as well as each 
sub species. (Extracted from New Scientist, 23 August 1984) 

Advantages of host cells 

Genetic engineers first tinkered with the bacterium E. coli; more recently, attention 
has focused on the advantages of other host cells, such as Bacillus subtilis, yeast and 
mammalian cells. At the Third European Congress of Biotechnology held in Kunich last 
September, Biogen researchers Andrew Pickett and Kimber Hardy assessed the relative merits of 
the hosts. 

Kost recombinant DNA products have so far been obtained from E. coli, a gram-negative 
bacterium with two membranes which secretes only a very few proteins, such as haemolysin, 
through both membranes. The proteases of E. coli can reduce the yiPlds of some proteins. 
Some protease mutants have been isolated, but it seems likely that the complete elimination 
of all proteases will be impossible, as some degredative activity seems to be essential for 
cell growth. 

During downstream processing, pyrogens (lipopolysaccharide) derived from~. coli must be 
reduced to acceptably low levels. In practice, this does not present a aignif~cant problem 
since pyrogens can be removed either by column chromatography or by using the new generation 
of charged membrane filters.· 

Numerous E. coli strains have been developed and used as hosts for expressing 
recombinant DNA. These include strains developed for their inability to survive outside of 
the laboratory environment and mutants lacking a specific protein or enzyme which decreases 
yields froo a recombinant plasmid. Strains of E. coli other than those derived from 
E. coli K-12 are often not ~•ed as hosts. 

Other bacteria have been used on an experimental scale; 
PseudoCDOn~s, and Kethylomonas. Potential advantages of other 
Bacillus to secrete proteins and the possibility that certain 
proteases (which degrade the product) than E. coli. 

for example, Bacillus, 
bacteria include the ability 
species might produce fewer 

Bacillus species secrete many proteins, often in large amounts. Being gram-positive, 
they have a single, cytoplasmic membrane. Kowever, despite this considerable potential 
advantage - not least for large-scale c0111J11ercial production - it cannot be realized at the 
moment because the basic genetic systems for expressing cloned genes are not suf f ici~ntly 
well-developed. 

of 

In particular, 1trong promoters which can be efficiently controlled do not exist, 
although several plasmids comprising such promoters are presently being developed. Other 
problems associated with Bacillus include plasmid instability - both loss of the entire 
plasmid and also genetic rearrangements - and high levels of protease. Plasmid instability 
can sometimes be avoided by making sure there are no short duplications ot the ONA sequence. 
lt appears that Hacillus may have a particularly efficient system for recombination between 
such sequences. 

Although genetically the best characterized species, H. subtilis may not be amongst the 
most useful species of Bacillus for expressing cloned genes because it is a highly 
proteolytic organiam. Other Bacillu• species, ~or example B. 1phaericu1, produce no more 
protea1e than E. coli. 

Yeast is the •os: attractive alternative of the microbes to E. coli at the moment. lt 
can be used for the production of protein1, which are difficult to make in E. coli and 
proteins can be 1ecreted from yeast, !~r example, by using the alpha mating factor sy1tem. 

At present, primary cloning is usually carried out in E. coli. Once the cloned gene is 
obtained, it can then be coupled to other promoter• and plasmid• for expression in other 
bacteria, in yeast or in 111annalian cell cultures. 
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Although mamaalian cell cultures are awre expensive to run, they may have particular 
advantages for certain products or at certain stages of an investigation inco a new product. 

~aaaalian cells may be able to secrete a protein specified by a cloned gene such that 
the secreted protein is in the correct conformation. In addition to correct folding, 
glycosylation of the molecule may also be obtained. ~ relatively small amount of correctly 
folded material may be all that is needed for preliminary teats on a new product. This can 
sometimes be obtained more easily from a aa&m11alian culture, especially if it is secreted, 
than from a bacterial culture. 

Criteria for the choice of bacteria, yeast or fungi 
aa suitable boats for recombinant DNA 

Bacteria Yeast Streptoaycete1 

Ease of gene manipulation +++ ++ + 

Development of expression 
systems +++ ++ + 

High density growth +++ +++ +++ 

Ease of cell harvesting ++ ++ +++ 

Ability to process cell 
material +++ ++ + 

Excretion of required 
products + ++ ++ 

Glycosylation of required 
products + + 

Comparison of Escherichia coli and Bacillus sp. as boats for 
large-scale production of recombinant DNA products 

Expression systems 
Stability of cloned genes 

Ease of genetic manipulation 
Kigh-denaity growth 
Secretion of products 
Proteases 
Product recovery 
Safety 
Pyrogena 
Current use aa host 

Escherichia coli 

+++ 
+++ 

lin certain strains} 
+++ 
+++ 

+ 
++ 

+++ 
+++ 
+++ 
+++ 

(Extracted from European Chemical ~ewa, 24 September 19S4) 

B. brevia as high-secretion host 

Kamaalian cells 

++ 

++ 
+ 

lmicroearr iers j 
+ 

++ 

++ 

++ 

Bacillus sp. 

+ 
++ 

++ 
+++ 
+++ 

++++ 
+++ 

+++ 

+ 

Selected for its ability to export protein• without degrading them, a laboratory strain 
of Bacillus brevis produced five times more cloned enzyme than a similarly transformed 
culture of the indu1trial microbe B. aubtilis. Dr. Shigezo Udaka, professor of food 
engineering and chemistry at Nagoya Univer1ity, claims that a. brevis can secrete three to 
four times its maaa in the form of two high-dalton, cell-wall proteins. By linking thi1 
export system to foreign gene1, hi1 re1earch group ha1 boosted the yield of cloned 
alpha-amyla1e - the commercial enzyme that converts starch to sugars. Udaka's strain of 
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8. brevi• i• low in protea•e actLVLty and it• cell• tran•foraed with the alpha-amyla•e genes 
from 8. •tearother110philu• did not degrade the cloned enzyae aecreted in the culture medium 
even after three daya. The B. brevis cell• produced 15,000 unita/ml of alpha-aaylaae, 
compared to only l,COO units/al for gene-spliced B. aubtilia. In another experiment, Udaka 
put the alpha-amyl••• gene froa 8. licheniformia into an area downstream from the 
high-accivity, cell-wall proaoter in B. brevis, and thereby increased enzyme expression 
10- to 15-fold. (Extracted from KcGra~liill'a Biotechnology Nevsvatch, 15 October 1984) 

liybrid antibiotic 

A hybrid antibiotic has been developed by combining aedermycin and actinorhodin by 
scientists at the John Innes Institute, Norwich, UK. The antibiotic is of no medical value, 
but aay make possible a new generation of antibiotics. Some b~ coaaercially imp<Jrtant 
antibiotics are made by atreptoaycetes, which are bacteria that live in soil. The new 
technique involves transferring part of the package of genes coding tor the antiuiotic in one 
•treptomycete into another atreptomycete. The technique aay enable development of new 
~ticancer drugs, antifungala, antibiotic•, and a new drug to combat lepro•y. The principal 

antibiotic used against leprosy ia rifamycin, and introducing more copies of the genes into 
other strands should allow aore of the antibiotic to be produced. (Extracted from Nev 
Scientist, 4 October 1984) 

Research on viral genes 

Retroviruses linked to cancer, hepatitis and AIDS 

Retroviruses have now been linked to cancer, AIDS, and hepatitis. The viruses have long 
been known to cause aniaal diseases such •• cancer in chicken•. They could be auitable 
vehicles for gene transplantation. Some of the viruses can kidnap genes from aniaal cells 
and reintroduce them intc other cells. Retroviruses poaseaa the enzyae reverse 
tranacriptaae, which can reverse the flow of 1enetic inforaation from DNA to RNA so that RNA 
serves as a template for DNA. This DNA copy of the virus' RNA can then become a permanent 
part of the infected cell's genetic aakeup. Intense study of retroviruses has become an 
important part of cancer research. The first retrovirus linked to a human cancer was human 
T-cell lymphoma virus (liT~V-I), discovered in 1980, and liTLV-IlI has now been linked to 
AlDS. Reverse transcriptase activity haa now been discovered in blood serum samples of a 
patient with non-A non-B hepatitis. The viruses known to cause types A and n hepatitis are 
"~~ related to the retroviruses. (Extracted froa Nev York Timea, 20 Moveaber 19~4) 

liepatitis C virus found 

The elusive third hepatitis virus may have been discovered. The discovery ot a 
retrovirus or an agent with retrovirus-like properties has been reported among a group of 
male homosexuals and intravenous drug users. Doctors believe that some 90 per cent of case• 
of hepatitis in the US that are associated with blood transfusion• derive from thi1 third 
hepatitis C agent. 

The inve1tigators from the US and Sweden who di1covered the virus 1ay it may 1oon be 
possible to remove the virua from transfusion blood. There could aoon be a vaccine which 
would further reduce the toll from thi1 important and often fatal di1ease. 

The investigator1 are from the US Food and Drug Administration lnd the University of 
Goteborg in Sweden. One of the investigators warned that there may be a fourth hepatiti1 
virus. (Source: Nev Scientist, 25 October 1984) 

Research instrumentation 

Medical diagnostic technology 

Chemical Seniors ha• oeen formed by Biotechnology Development to coaaercialize a 
proprietary medical diagnostic technology based on the sensitivity of piezoelecLric crystals 
to minute changes in surface mass caused by specific adsorption of analyte molecules such as 
proteins and DNA ae1ment1. It can uae various active agents, including monoclonal antibodies 
and DNA probe1. The agents respond to aubmicron levels of analytes, and may need no sample 
manipulation or chemical separations. Performance will be equal or superior to current 
diagno1tic aaaay methods such as radioi ... unoaaaay and iaaunofluoreacence. Initial 
applications will include measurement of therapeutic dru1 levels, infectious disease markers, 
pre1nancy hormonal indicators and antibodies characteristic ot iaaune disease. (~xtracted 
from Ch .. ical Week, 24 October 1984) 



In-situ hybridization procesa 

A proceaa called in-aitu hybridization uaea a radioactive DNA piece to allow photographs 
to be taken of protein ayntheaia. the proceaa ia beina uaed for baaic research to allow 
scientiata to discover which apecific cell• are conductina protein manufacturing. The 
technique will alao allow reaearch on brain development and Alzheimer' a diaease. the 
technique can be uaed to help underatand the mechanisa controlling beta-endorphin production 
in the hypothal .. us and ACfH in the pituitary. (Extracted froa Science News, 6 October 1984) 

General 

Amoeba transformation 

International Genetic Science Partnership researcher• have developed a simple, efficient 
aethod for the tranafQra&tion of a single cell a.oeba, Dictyoatelillll discoideua, that offers 
significant advantages over the use of bacteria for genetic engineering purposes. Being a 
eukaryotic organi .. , it routinely carriea out aodificationa of which bacteria are not 
capable. Genetically tranafor.ed aoulds also have certain 'industrial' advantages; large 
quantities of them can be eaaily grown in conventional fer.enters to produce horaonea, 
glycoproteina, interferon• and other vital producta. (Extracted from Innovation, 
November 1984) 

EOS project fails 

De1pite operational difficultiea experienced on the maiden flight of the HASA shuttle 
Diacovery, it had been thought that tne horaone produced by the McDonnell Douglas 
electrophoreais operation• in apace would be active, but unfortunately it la not. It looks 
as though bacterial contaaination of the EOS ayatea, possibly ,consequence of pre-flight 
delays, resulted in the production of endotoxina and the destruction of the target hormones. 

According to James T. Roae, EUS project director, some bacte:ial contamination waa 
inevitable, but the delays compounded the problea. The equipment was sterilised two days 
before the scheduled lift-off and the next day a litre of pre-prepared raw .. terial was 
thawed and added to 30 litre• of sterile buffer solution. This was then placed in the EOS 
equipment, which sat aboard the shuttle for over 48 hour• aa one delay followed another. 
Later, the sample material vaa refrozen - and did not get into apace for another month. 
Bacterial cont1aination, in the•e circuaatances, aeeaa to have been almost guaranteed. 
Details from: James T. Roae, EOS project director, McDonnell Douglas Corp., St. Louia, 
Kisaouri 63166, USA. (Source: Biotechnology Bulletin, Vol. 3, No. ll, December 1984) 

DNA and the disappeared 

Molecular biology is beginning to contribute to the identification of ~<Jm&n remaina. 
The tooth'• pulp ia probably the beat place to dig. It lies within a protected cavity where 
cell• are more likely to eacape poat-.ortea degradation by microbial and chemical invasion. 
A variety of protein markera, auch as blood group antigen•, enzymatic markers and 
i11111unoglobulins recovered froa teeth have allowed scientiats to obtain genetic typing from 
akeletonised cadavera. Chroaoaomea, complexes of protein and the nucleic acid DNA alao may 
aurvive in a tooth'• necrotic pulp tisaue. Japaneae and Welah acientiata have determined aex 
by specific staining of the Y male chromoao .. froa-teeth. 

Aa a body deteriorates, protein markers becoae increaaingly unreliable. Foreign 
biomolecules borne by microorgania .. fro• analytical procedures for recognising apecifi~ 
proteins are not discriminating enough to distinguiah between hum.an protein marker• and the 
"protein noiae" from aoil aicrobea. thia diacriaination, however, is •oaaible when dealin, 
with DNA, the master molecule of genetic infor .. tion. Genetic engineer• can construct DNA 
probes that can easily diatinguiah sequences of human DMA from that of other organi•••· 
Recently refined procedures allow typing of UNA fral'JDenta down to the exact 1equence of 
nucleotide in the living organiaa. (Extracted froa Nev Scientiat, 15 Mo~ember 1984) 
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D. APPLICATIONS 

A vaccine agains~ .alaria bas been brought tvo steps nearer, with the cloning and 
expression of two more genes from the .. 1aria parasite, P falciparum. 

Michael Koenen and collaborators in West Germany and France have now cloned the genes 
for two antigens expressed by the blood-stage parasite, which causes the symptoms of 
malaria. One is expres~ed on the surface of .alaria-infected red blood cells, and consists 
of repeated sequences of nine amino acids. 

The other blood-stage antigen-cloned by J(oenen's group is unique among those 10 far 
examined, in that it does not consist of short, repeated sequences. lt also elicits a 
strong antibody response in monkeys, which in turn was able to partly protect the monkeys 
against severe infections with .. 1aria. It did not work against the ailder infections which 
are common amongst huaans in .. 1aria-infested areas. 

Both the recently-cloned antigens do bind to antibodies in the blood of humans who have 
developed i .. unity to .. 1aria. But there is still no evidence that any of the antigens 
studied so far will elicit a sufficient i..une response to .. 1aria infection in humans. 
(Extracted from Nev Scientist, 8 November 1984.) 

Saallpox vaccine modified for rabies 

French scientists are working on a new vaccine to combat rabies. Trials carried out on 
mice seea to show that the genetically engineered vaccine is safe, effective and easy to 
administer. Researchers at Transgine set about producing such a vaccine by applying known 
biotechnology techniques. They worked with Cowpox (vaccinia) which is the basis of the 
smallpox vaccine to try to .. ke it carry genes froa a rabies virus. If the gene codes for 
antigenic protein is typical of a rabies virus then the antibody response mounted by the 
body would prevent rabies viruses becoming established in the body. The teaa at Transgine 
plus workers at the Wistar Institute in Philadelphia and at Inserm in Strasbourg found that, 
for the theory to work, hybrid vaccinia needed to carry only one rabies virus gene. This is 
because there is one gene that codes for a glycoprotein that sticks out of the lipid sac 
enveloping the rabies virus. This glycoprotein is the sole antigenic determinant of the 
virus. In other words it is che only part of the rabies virus that stimulates production of 
antibodies. 

Once the scientists had successfully clooed this rabies virus gene, they incorporated 
it into the vaccinia. They mixed the vaccinia viruses with plasmids carrying the cloned 
gene, and cultured the vaccinia in chick cells. Finally, the acientista screened out the 
vaccinia which had taken the rabies gene on board. 

To test the vaccine, mice were iimaunised by lightly scratching their tail• and rubbing 
the viral suspension into the skin. The mice were given .. saive doses of virulent rabies 
virus. Those that were imaunised survived~ 

The acientista now bore that as long as the rabies virus cannot change its antigenic 
determinant as quickly as the influenza virus does, they have an effective vaccine against 
r abiea. 

the rabies virus binds to the neuronal receptors designed to accept acetylcholine, 
according to Dr. T. Lentz and colleagues of Yale University. The viral glycoprotain and the 
neurotoxic proteins pres~nt in snake venoaa have identical sequences of amino acids in 
several regions. Snake venom is known to exert its neurotoxic effects bf binding to the 
receptors. (Extracted from New Scientist, 6 December 1984 and 3 January 1985.) 

Vaccine againat diarrhoea 

A successful vaccine against rotavirus which kill~ by causing acute diahorrea is 
nearin& reality. 

The vaccine consists of a live, disabled rotavirus taken from infected calves made by 
tl.e Bel&ian aubsidiary of Smith lline and French. 

iotavirus, according to the World tlealth Organization (W~), ia perhapa the world'• 
leading killer of young children. The WKO is now sponsoring trials of the vaccine in Peru 
and the (;ambia, according to Ur. Francu Andre of Smith Kline ttn. The National lnatltutes 
of ttealth in the US began trial• there laat October of a vaccine ba1ed on a monkey v1ru1. 

• 
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Other organizations intend to clone into bacterium one of the LL genes that aake up the 
rotavirus. They hope to .. ke large quantities of the viral protein vhlch can then be 
extracted and aade into a vaccine. One advantage of such genetically-derived vaccine is that 
it involves only a part of the viral DNA and so cannot nara the recipient. (t:xtracted from 
New Scientist, 25 October 1984.) 

Marketing approval for met-hGli denied 

Approval to market genetically engineered aethionyl human growth hormone (aet-hGli) for 
postaarketing studies ha• been denied. The United States FDA cannot approve the aarketing of 
a drug for investigational use, and so requested additional follow-up data from clinical 
trials from Genentech who claim that met-hGH is as effective as natural pituitary growth 
hormone (pit-hGH). The FDA asked for more information on antibody formation in treated 
children, and aore data should soon be available from a trial involving children with 
Turner's syndrome. Protropin, the final version of Genentech'• aet-hGH, has been used only 
since 1983, in 14 patients with growth hormone deficiency. An earlier preparation produced 
an antibody response in 21 of 22 patients. The aechanis• of met-hGH antigenicity is not 
understood. It aay be due to the presence of proteins fro• Eschereichia coli, which is used 
to produce the hormone. (Extracted from Medical World, 8 October 19~.) 

Human growth hormone 

Bio-Technology General is producing huaan growth hormone (HGH) with genetic engineering 
and enzymatic techniques. Genetically engineered bacteria produce methionyl-HGH, which is 
then enzymatically converted to true HGH. Ret80ving the aethionyl residue produces dGd that 
causes ~o immunogenic reactions in patient&. HGH can be used to treat dwarfism, and .. y be 
useful in treating bone fractures, burns and ulcers. (Source: Chemical Week, 
12 September 1984.) 

Bovine derived growth factor 

Exclusive worldwide rights to tissue culture technology that utilizes a new cellular 
growth factor has been granted to Nova Pharmaceutical (Baltimore, 11d.) by the Children's 
tlospital of Boston. The factor, knovn as bovine derived growth factor (Bl>Gf) is expected to 
support the growth of a wide variety of hum.n and ......alian cells in tissue cultures. BDGF 
is said to replace partially, or coapletely substitute, blood serum in the growth of certain 
cells. In addition, BDGF - derived from colostrum, the first ailk secreted by the .... ary 
gland after birth and discarded by the dairy industry - is abundant and inexpensive to 
produce. The factor, Nova says, supports particularly well the growth of hybridoma cells 
that produce monoclonal antibodies. Nc:wa plans to market the factor to companies and 
research laboratories that aeed to produce aonoclonal antibodies in large quantities. 
(Source: Cheaical Week, 13 February 1985.) 

Diagnostic method for tumors 

A staining method u1ed inside the bladder and viewed through a f iber1cope to ~pot 
bladder cancers ha1 been developed by researchers at the Univer1ity of Chicago Medical 
Center. The diagno1tic method, 1aid to be quick, ea1y and acc•.rate, uses the dye methylene 
blue which binds only to tumor cell1. It is put into the bladd~r through a catheter and 
flushed out; tuaiors, even tiny ones, in the bladder show up as blue 1pots and are removed. 
(Extracted froa Cheaical Week, 30 January 1985.) 

Interferon effective again1t non-Hodgkin'• lymphoma 

According to research~r• at National ~ancer ln1titute and lloffmann-La lloche recomb1nant 
leukocyte A interferon i1 effective agai.11t low- and intermediate-grade non-dodgkin' 1 
lymphoma, a cancer that iffect1 the white blood cells, and is characterized by abnormal 
growth of ly•phocyta. The mechanism oy which the interferon works is not yet knovn. 
(Extracted from Science Nevi, LU Noveaber 1~84.) 

Interferon help• 1hingles 

After eight year• of re1earch a fira in the Federal Republic of Germany ha• ieveloped an 
interferon preparation which i1 1aid to relieve the pain even in the wor1t case• of 1hingle1 
in only a few houri. After one day the inf l .... tion of the akin sub1ide1; after two d~y1 
the patient ha1 no more pain. After about one week he is cured. Even d ... ge re1ulting from 
thi1 dangerous virus diiea1e, 1uch ss lo1s of hearing, paralysis and neuralgic pain, can 
largely be avoided or at lea1t con1iderably improved with this drug. (Extracted froa !£.!!.!., 
ll Novt!IDber 1984.) 
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liepatitia B 

Two hundr~ aillion people carry the hepatitis B virus, tor which there is no known 
cure, yet a vaccine to prevent this disease haa been available tor more than two years. lt 
reaaina little used because it coats too aucb. 

That aay sound a depressingly familiar story, but for hepatLtLs 6 it has an interesting 
twist. Certain aroup• of people are much •ore at risk than others, and one especially 
vulnerable group includes doctors and nurses. In parts cf Asia and africa aa many as one in 
six people carry the virus. In Britain and America, less than two in a thousand are 
carriera, but with the increase of travel to the Third World the incid~nce in the West is 
risLng. One in 10 auf!erera still harbour the virus in their livers even after they recover 
and they are vulnerablr. to other kinds of liver damage, in p~rticular a recently discovered 
and virulent agent called delta (which piggybacks into the body on the hepatitis virus). 
Carriers aay develop cirrhosis and, every year, 200,000 ot them die of liver cancer caused by 
the virus. 

The new vaccine ia effective and safe. It conaiata of the protein overcoat of the virus 
without the crucial DHA innards. Thia protein is made in large quantities by carriers' 
livers. It has to be harvest~ fr011 theic blood before being purified and sterilised. Hence 
the coat: 63.50 for a course of three injections in Britain. 

Health services are unwilling to conteaplate the widespread use of such a costly 
vaccine. Instead, Lhey are waiting for a cheaper one. Thanks to genetic engineering 
techniques, one should not be long in coming. (~tracted frOll The Economist, 
12 January 1985.) 

Nev technique for detecting genetic defects 

A method to teat fo.- genetic abnormalities in fetuses that avoids the hazards ot 
amniocentesis ha• been deve:~ped by Harold Hiller and llarold Sadoff, aicrobiology professors 
at Michigan State University. Their -thod, called i\TA - for alternative to amniocentesis -
involves sorting trophoblaata t~~n froa the blood of a pregnant woman when the fetus ia 
eight or more weeks old. Trophob1aata are embryo cells found in the mother' a bloodstream at 
a concentration of about one for e~ery 2.5 million red blood cells. Their function may be to 
prevent her ilmllllne aystea fro• reje,ting the fetus. Since they are embryonic cells, they can 
be analyzed for gr.netic information about the fetus. The analytical technique uses an 
antibody to the trophoblasts and a f luoreacent separation technique that can be used with a 
coaaercial cell sorter. A patent has been applied for and an option to license the technique 
has been granted to Recomtex, a Michigan biotechnoloay firm that sponsored the research. 
(Reprinted with permission from Chemical and Engineering Nevs, page 24, 4 February 1985, 
copyright 1985, American Chemical Society.) 

Disease-breeding bacteria "lifted" from infected wounds with new Swedish method 

A completely new principle for the treatment of wounds whereby it is possible to 
virtually "lift off" pathogenic bacteria from the infected area has been introduced by LIC 
Kygien, a division of LIC, the central purchasing organization of Sweden'• county councils. 
Developed by Profeaaora Stellan Kjert'1 and Torkel Wadatr0m, Uppaala University, in 
co-operation with LIC experts, the met~od ia efficient even against bacteria that have be::ome 
resistant to antibiotics. 

The new syste• i1 based on the fact that many pathogenic bacteria are extremely 
water-repellent. Thus, over 97 per cent of the yellow staphylococci which cau1e 
blood-poisoning are strongly water-repelling. At the same time, these so-called hydrophobic 
bacteria adhere to other hydrophobic substances, for example fatty-acid molecules. 

The product• developed for the new wound-treatment method are de1ignate4 Sorbact 10 5, 
the numerals being derived from the tact that wound• containing more than lo~ (•luO,uou) 
pathogenic bacteria per gr~ of tissue are registered as "infected". Compresse1 and 
bandages have a surface impregnated with DAC~, a hydrophobic fatty acid frequently used in 
the food indu1try. lnaide i1 a porous cellulose material for absorbing exudate froa wounds. 

u 1oon as a Sorbact coapress is put in contact with a wound, bacteria are "lifted off" 
a1 if by a magnet. The more often this process ia repeated, the airaatar the eftect. ·rhe 
compres1 is sub1equently replaced by a Sorbact ioS absorption bandage. When the heeling 
process haa begun through the creation of new call tis1ue, conventional bandages can be used. 

Sorbact has been successfully te1ted at several ~wedish ho1pital1, even on burn cases in 
which severe infections prevented 1kin-grafting. Working according to purely · ~y1iological 
principles, the method i1 said to be natural, completely cltan and without hanr.ful 
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aide-effects. Salts and vitamins do not adhere to Sorbact products. There are no risks for 
the creation of resistant strains of bacteria, nor will patients develop hyper1en1itivity to 
the aaterial. Since bacteria adhere firmly to Sorbact, cocapres1es and bandages will not 
spread bacteria in hospital envirooment1 and are simple to destroy, LlC says. 

Applications for the use of Sorbact lo5 include pressure wounds, varicose ulcer• and 
post-operative wounds. Patent• have been applied for globally and have already been granted 
in several countries. (Source: SIP, January 1985.) 

Bandages with built-in biocide 

A bandage with a micro-organism-killing disinfectant chemically bou.1d to it which is 
rel~ased at a constant rate ha1 been developed by Professor T. Ikeda of the Tokyo Institute 
of Technology, Japan. Although there is always a chance that infecting micro-organisms will 
develop resistance to antibotica, the disinfectant bound to the bandage i1 less likely than 
antibiotics to engender such resistance because it i1 made from synthetics. The bandage has 
been tested in vitro and will soon be tested on aniaala. Tests on hua&n beings could begin 
in three to five years. The coat of the disinfectant-impregnated, gelatinlike film - called 
a 1elf-1terilizing material (SSK) - "should be reasonable," Ikeda says, "l:>ecause the process 
for aaking it is simple". 

The SSM, prepared by radical polymerization, wards off infectious microorgani1ma by 
controlled release of a biguanide biocide - a cla11 of disinfectant that bas a broad spectrum 
ot antimicrobial activity, a high kill rate and extremely low toxicity for aamaal1. The SSH 
gives a constant rate of release of biguanide over a one-week period and continues to release 
biguanide for JO days. In te1t1 1 Ikeda 1ay1, when SSM was placed on nutrient agar plates 
vith bacterial cell 1u1pensions of Escherichia coli, Bacillus aubtilis and Staphylococcus 
~· no bacterial growth was found on the material after a 4ij-hour incubation period. But 
when a polyacrylaaide film not impregnated with biguanide was incubated for 4ij hours on agar 
plates vith the three bacterial cell 1u1pensions 1 colonies characteristic of each bacterial 
strain were found on the entire surface of the biguanide-free film. 

Ikeda ia also attempting to develop an SSK with permanent antimicrobial activity. Such 
material would be particularly useful, he 1ay1, in forming artificia; organs and artificial 
blood ve1aela. Ikeda'• current strategy for developing this material involves surface 
modification of polymeric materials by graft polymerization. (Extractt~d from Chemical Week, 
2-9 January 1985.) 

DNA screening device 

A new DNA screening device has been developed by Georgetown University Medical Centre to 
screen a patient'• DNA in order to determine susceptibility to diabetes, cancer, heart attack 
and other 1eriou1 illne11ea. The Automated Genetic Analyzer (AGA) can an~lyze DNA 10 times 
faster and with greater accuracy than current, manual methods, and analysis can be done in 
the doctor'• office. The analyzer is loaded with up to 9 radio-labeled DNA probes 
simultaneously to identify gene 1equence1 being investigated. The patient'• DNA i1 placed on 
a thin slab of polyacrylaaide gel, separated by electrophore1i1, dried in a modified 
aicrowave oven and combined, or hybridized, with the radio-labeled probes. The gene probe 
adheres to ~arget genes in the patient'• DNA. The gel ia washed, dried and placed in an 
electronic detection unit to measure the aaiount and placement of radioactivity remaining on 
the gel, and di1tingui1h whether the patient'• ONA baa 1-2 copies ot the target gene. The 
detector i1 400-500 times more sensitive than current methods. (Source Chemical Week, 
21 November 1984.) 

Coagulation di1order1 test 

Universal Reagents, Indianapolis, Indiana, baa developed a novel application for 
monoclonal antibodies: using them to produce tAlt aera for the diagnosis of hemophilia and 
other coagulation di1order1. Teat 1era for deficiencies of Factors V, VILL, I• and X are 
reportedly available. (Source: BioEngineering NevaR, Box 290, Willits, CA.95490, USA, 
Vol. 5, No. 22, 6 November 1984.) 

Response to diagnostic test for berpe1 

Over 6,000 phy1icians have expressed interest in SIKPLEX-2TM, a new-blood test 
spec1fic for herpes simplex virus 2 (KSV-2), according to Gene Link Australia, who announced 
the product late last year. This figure represents a 15 per cent response to a direct mail 
effort to physician• vho are involved in the diagnosis and treatment of HSV infections. 
HSV-2 is the virus moat coDDOnly associated with genital herpes. 



- 04 -

Hore than half of the response came from obstetricians and gynaecologists; the 
remainder is composed priaarily of dermatologists. and is followed by specialists in public 
health. infectious diseases. neonatology. and pathology. The reference laboratories I.Ibo will 
market the test to the physician are extremely encouraged by the results. 

"Our studies have shown good correlation between SIKPLEX-2™ and genital herpes." said 
Howard I. Kim, Ph.D •• Director. Immunology and Infectious Diseases. Reference Laboratory, A 
Damon Laboratory. "The response will certainly increase the demand for SIKPLEx-2™ testing 
here in our laboratory." 

Nat Dworkin. Director, Physician Marketing at Hetpath. said, "SIMPLEX-2TM has 
generated a significant physician response indicative of high interest in this area of 
medical concern." 

Bob Savasten. Vice President Marketing and Developmenfg Medical Laboratory Associates. 
said that "Gene Link Australia's mailing and our SlKPLEl.-2 testing at Kedlab have both 
generated a good deal of interest here in the southeast. especially among Ob/~yns." 

A response level of 21 is considered very good in a direct mail effort. "Tt.erefore. 
Gene Link Australia's response is exceptionally exciting and encouraging," said John kounu. 
Vice President. Gene Link Australia. A media campaign has begun this month and <.ene Link 
Australia will continue major efforts in direct mail marketing for this product. "t;ene Link 
Australia is budgeting around s1so.ooo for direct mail and space advertising for 
SlKPU:x-2™ over the next 12 months." continued Kr. Round. 

Gene Link Australia is a publicly-held Australian biotechnology company which was 
established in 19U3. The company is both developing and acquiring Australian products and 
processes with international comaercial potential in the areas of human health care. animal 
health care. and agriculture. 

For further information. please contact John Round, Vice President. Gene Link Australia, 
Princeton, New Jersey. (609) 452-7100. (Source: Company News Release, 7 November 1984.) 

Monoclonal assays to pinpoint oestrogen receptors in breast tumors 

Abbott Laboratories has begun marketing two experimental monoclonal oestrogen-receptor 
assays. An immuno-cyto-chemical assay (EB.-ICA) that reveals receptor distribution in tumor 
tissue sections was launched last month. lt follows a quantitative enzyme immunoassay (ElA), 
first marketed in December 19d4, aimed at replacing existing oestrogen-receptor binding tests. 

Breast tumors with high concentrations of oestrogen receptors tend to be less aggressive 
than tho1e with low receptor density. Patient• with receptor-rich tumors respond to 
anti-oestrogen drugs, without recour1e to drastic post-surgical chemotherapy. ~urrent assays 
that distinguish the tumor types depend on radioactive estradiol binding to homogenized 
tissue samples are often inaccurate and difficult to intervret. l~xtracted from 
Kc~raw-Kill's Biotechnology Newswatch, 4 Karch l98S.) 

Rapid DNA probe-screen for Legionella 

A DNA probe assay for Legionella has been developed by !Oen-Probe, lnc •• San Oiego. 
California. The technique by-passes time-consuming nucleic-acid isolation atep1 required for 
conventional bloc-hybridization• and is the 1econd product developed 1ince the firm was 
established in June 1984. 

The Gen-Probe test take1 four step1; first. a crude sample is mixed ~ith a solution 
containing a ly1ing agent. and the radio-labeled probe. The sample i1 incubated at 72°C to 
hybridize the probe to 1ingle-1tranded RNA. The DNA;RNA hybrid• are 1eparated from 
unhybridized probe by mixing with hydroxyapatite. which bind1 only double-stranded nucleic 
acid1, and the bound label i1 detected in a scintillation counter. (Extracted from 
McGraw-Kill'• Biotechnology Newswatch, 18 Karch 198S.) 

Quicker detection of mycoplasma 

A diagno1tic kit that allows rapid detection of a mycopla1ma specie• - bacteria 
re1pon1ible for seriou1 infections in cell culture 1ample1 •• well a1 in the human 
re1p1ratory tract - is being introduced by (;en-Probe (New York ~icy). The kit. which is 
Gen-Probe'• fir1t ~roduct. i1 1aid to obtain re1ult1 in leas than an hour, compared wich the 
day1 or week• needed tor conventional detection methods. The a11ay i1 de1igned tor re1earch 
and industrial laboratories, where mycopla1ma contamination of cell culture• is a frequent 
and troubleaoaie problem. (~xtracted from ~hemical ~eek, 2J January l~b),J 



HTLV-lll assa1 

A semi-automated assay that detects antibodies to the virus implicated in acquired 
immune deficiency syndrome (AlDS) has proved to be highly specific and sensitive. Developed 
by Stanley K. Weiss at the National Cancer lnstitute (Bethesda. Kd.). the assay. based on 
monoclonal antibodies. identifies those antibodies that the human i111111une system produces in 
response to infection by the ttTLV-lll virus. The assay will be useful LR screening blood 
donors and populations at risk for AlOS a~d help define the spectrum of diseases, such as 
certain leukemias the virus may cause. In addition, the assay will be used to determine why 
only a small percentage of persons infected with the KTLV-lll virus develop AlUS, while most 
infected persons become asymptomatic carriers of the virus. (Source: Chemical Week, 
16 January 1985.) 

Possible AIUS combatant being tested 

'rtie National Institutes of Health is teating a comb~tant for AlOS, suramin, an 
anti-pariaitic made by Bayer (FllG). The drug can inhibit infectivity and replication of 
HTLV-Ill, a strain of hum.an T-cell leukemia virus identified as a probable cause of AIDS. 
The drug can also protect a normal population o~ T-cells that would otherwise be killed by 
the viru1. Tests of the drug are beginning on human patients having an early form of 
Kaposi's sarcoma, a disease that often infects AIDS victims, because the drug may turn out to 
be too toxic to give to patients with advanced AIDS. (~tracted from Wall Street Journal, 
5 October 1984.) 

US licenses blood test for AIDS 

The US ~vernment'1 Food and Drug Amini1tration (FUA) has approved a collllllercial test tor 
identifying blood that is contaminated with AlDS (acquired iaaune deficiency 1yndrome). lt 
could be in use at blood banks within days. 

The test is known as eLlSA (enzyme-linked iaaunosorbent acsay) ~nd detects tne presence 
in blood serum of antibodies that the donor has ~roduced to fight infection trom the AlUS 
virus. Public health officials stress tnat a p~cson with the antibodies will not 
necesasarily contract AIDS, which is really a collection of diseases that attack the victim 
once the virus has debilitated nis or her i111111une 1ystem. 

The US Government's Public Health Service ha1 ordered that all blood donation• taken in 
the US, about 1.5 million per month, should be teated. Any blood found to harbour antibodies 
cannot be used. 

The process is not foolproof. The five companies that developed the test discovered 
that it sometimes registers antibodie1 when further te1t1 show there are none. The rate of 
these "false positive" resulta among donors who are not at high risk of catching AIDS LS only 
about 0.2 per cent. But when mtllion1 of sample• are 1creened that still means many 
fal1e-positive results. (Extracted from New Scientist, 7 March 1985.) 

Live1to~k applications 

Trypansomiasis vaccine 

Cell biologists working at the International Laboratory for Kesearch on Animal Uisease1 
(ILRAD) have used trypanosome parasites grown in tissue culture to make a vaccine again1t 
trypano1omia1i1, or sleeping sicknes1. Though only single-cell organisms, trypanosomes are 
extremely robust, and once in the bloodstream, they have the ability to vary the molecular 
1tructure of their surface coat to alter their antigens and keep one step anead of the host'• 
antibodie1. Sucked up into the fly, the parasites slough off their coat1, becoming 
non-infective once more. 

One of lLRAD 1 1 moat important initial tasks was to culture and propagate tne parasLtes 
in their infective fnna, The World Health Organization predicted it would take them 
10 year1: 1LIU\.U 1 s scientist• have achieved it, u1ing an isolate of·£. brucei, in six ~ontn1. 

From that fir1t breakthrough, work has proceeded step by 1tep, both at 11.RAD and 
elsewhere. ln l9dl, scientists at Edinburgh University developed a way to cultiv•te 
infective-it•&• T. congolsnse parasites, atarting from the 110uth part of the fly. In 1982, 
scientists froaa the Swiss Tropical Institute, working with colleagues at ILllAD, developed a 
culture 1y1tem for the bloodstream form of T. vivax, the most delicate and hence most 
difficult 1ptcies to culture. 
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By the end of last year, II.RAD had succeeded in culturing all three species for at le3st 
one isolate, and in some cases for several. And, using a modified version of the edinburgh 
University technique, ILRAD's cell biologists were now able to produce 100 million to 
200 million infective T. congolense parasites per day. Now, with sufficient T. congolense 
parasites available for detailed research on the forms, mechanisms and vari~ty of anti&ens, 
researchers made an important discovery. 

In its metacyclic form (that is, when it has donned its antigen coat ready for the 
journey into the 111A11DAlian host) the parasite appears to have far fewer antigens than it 
later develops once in the bloodstream. Apparently the same set of antigens appears eacn 
time the parasite returns to this stage. Thus, though it might not be possible to i111111unise 
animals against the bloodstream form, it may be possible to i111111unise against this initial 
infective form. 

To test this hypothesis, the scientists produced a vaccine using metacyclic forms of one 
T. congolense serodeme produced in vitro, then killed and broken down by ultrasound. In the 
crucial series of experiments, eight goats were vaccinat~d. Two months later they were 
bitten by tsetse flies infected with the same serodeme. All eight resisted infection, 
whereas 11 controls caught the disease and died. 

Despite this very clear-cut result, much work remains to be done before ILRAD's team can 
try its vaccine in the field. The next step is to test whether the vaccine, produced from a 
serodeme isolated in Serengeti 10 years ago, will cross-react with three new strains isolated 
from the Kenya coast. (Extracted from New Scientist, 18 October 1984.) 

Vaccine against East Coast Fever 

New vaccines being developed in Kenya could one day rid ~ast Africa of one its most 
devastating cattle diseases. The techniques lehind the vaccines might also eventually be 
developed to help in the fight against insec• borne diseases in people. East Coast Fever, 
C•u•~d by a single-celled parasite, Theileri~ parva, carried by ticks is endemic everywhere 
oelow 2~UU metres and kills half a million cattle each year in ~ast and ~entral Atrica. 

The life cycle of Theileria in cattle is very similar to that of the malaria parasite 
Plasmodium, in humans, but unlike Plasmodium, which enters red blood cells, the tever 
parasite invades the lymphocytes, a type of white blood cell. There, after a few days, it 
stimulates the rapid division ot cells and causes fever and death. So far, the principal 
strategy against Theileria has been to regularly dip the cattle in chemicals to kill the 
ticks. The process has to be repeated once or even twice every week. Host Atrican farmers 
have neither the money nor the facilities for regular dipping. In any case, the ticks are 
becoming resista~t to the chemicals. 

The only way, at present, cf inducing immunity 1s to give the cattle the disease. Hore 
than a decade ago, rear.arch supported by the United Nations led to vaccination as a combined 
infection-and-treatment. A controlled dose of parasites was given together with an 
antibiotic, oxytetracycline. Trials carried out by the International Laboratory for Re1earch 
on Animal Disaa1e1 (llJlAD) 1howad that the treated cattle did gain immunity, but only against 
the strain used in the vaccination. But there are more than 20 strains of the disease. 
Moreover, the immunised cattle carried live parasites in theic blood, and 10 could spread thr 
disease. 

At ILRA0'1 headquarters, Nairobi, researchers are looking for vaccines that are safer 
and easier to store and administer using monoclonal antibodies to try to characterize all the 
different strains of the parasite ana find common antigens. One hope is that they can find a 
vaccine to combat the parasite at the sporozoite stage. 

Another line of attack is vaccination against the ticks that carry the tever. Such a 
vaccine is under development at the International Centre for lnsect Physiology and Ecology 
(l~lP~} in Nairobi. Vaccinating cattle with antigens to the ticK1 would mean that the tick1 
get a mouthful of anti-tick antibodies with their blood meal. In humans, such anti~odie1 
would probably be digested, but Israeli researchers nave shown that antibodies 
(immunoglobulins) will pass through the gut wall of ticks. 

Researchers at lClP~, under Hatt Cunningham, are making a three-pronged attack on the 
ticks. The first trial vaccines wera, basically, squashed tick1. Now the researchers are 
separating out three group• of antigen1. One acts again1t the tick'• digestive enzymes, to 
slow dige1tion. Another works against the tick's gut wall, to aid penetration. A third 
group i1 prepared from various 1ensitive internal organs, 1uch a1 the ovarie1. Already, the 
researchers have characterized 12 gut-vall antigens. Some of them are now patented. 
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lClPE has now proposed a trial to see if the variQus strategies can be combined to 
eradicate East Coa~t Fever from cattle in one area. They have picked Rusinga, an island 
10 kilometres by 4 kilometres on Lake Victori~, in western Kenya. There are about 8000 
cattle on the island. All are the indigenous short-horned zebu. 

On the mainland it may prove harder tJ eradicate the tick because the disease is also 
carried in wild buffalo. But new, cheap, electric (ence• powered by solar energy offer the 
prospect of keeping the buffalo out of l•rge areas of pastureland. 

Vaccination against other blood-sucking carriers of disease is also under investigation 
around the world. Australian researchers are looking at another tick-borne disease in 
cattle, red water fever. An:i Dr. John Alan, at the University of Saskatchewan, has had some 
success against a tick that can cause a skin disease in hum.ans. 

Flying insects, such as mosquitoes and tsetse flies, will be harder to deal with because 
they can fly across fences to re-infect treate1! areas. But scientists at lClPE have shown 
that antibodies will penetrate the gut wall of tsetse flies, so there may be hope here too. 
(Extracted from New Scientist, 7 Karch 1985.) 

Feline leukemia vaccine 

A new vaccine against feline leukemia virus (FeLV), is being sold by SmithKline 
Beckman'• Norden l..a~oratories (Lincoln, Neb.). It is now possible for the first time to 
vaccinate a ...... 1 against a form of cancer. The pro.iuct was appruved in November by 
licensing authorities in the U.S. and in January in Canada for sale to veterinarians. 

Among cats, feline leukemia is probably the most serious disease. Studies have shown 
that 4 per cent of cats entering veterinary hospitals for all reasons carry the virus in 
their blood, although incidence of the disease in its active form is confined to no more thah 
l per cent of cats. 

Kany cats that are exposed to the vi~us develop a successful ilillllune response. But cats 
that don't mount a successful defense are doomed, since the disease has defied cure as well 
as prevention. 

The virus that causes ~eline leukemia was i~olated in 1964. Scientists first thought 
leukemia was passed on genetically. Only in 1974 did they learn that cats transmit the 
disease through social contact; this meant that the disease might be prevented, in 
accordance with conventional principles of inoculation. The breakthrough leading to the new 
vaccine came with the discovery, in 1974, that FeLV is contagious. Now, scientists know the 
disease may be transmitted through mother's milk or exposure to a diseased cat's urine, but 
the disease is definitely spread via cats' saliva. (Extract~d from ~hemicdl Week, 
20 February 1985.) 

Agricultural applica:ions 

Joint agreement for developing and marketing herbicide tolerant cotton seed 

Calgene, lnc. and Phytogen announced a joint agreement t~ develop and market herb1ci4~ 
tolerant varieties of cotton. Using plant genetic engin4tring tet·hnology, the companies will 
jointly develop proprietary cotton cultivar1 tolerant to &lyphosa~e, the world's lar,est 
•~lling her~icide. 

According to Calgene, U.S. cotton growers annually •pend more than $15U million for 
cotton seed planting, and more than three times that amount for herbicide and Mechanical weed 
control. Deapite these substantial expenditures, yield losses due to weed competition in 
cotton •till coat approximately $500 million per year - or 15 per cent of the total annual 
crop. 

"Thia need for improved cotton weed control can be met by the use of broad spectrum 
herbicides such as glyphoeate if tolerant cotton varieties can be developed." ~aid 
John Callahan, direct'.)r of co-rcial development for Calgene. "We have already cloned the 
glyphoaate tolerance gene and are curently testing its expre•aion in cOllllll4'rcial crops 1uch as 
tobacco, soybean and tomato," added Callal!an. 

Under the terms of the agreement, Calgene'• scientist• will provide its proprietary 
glyphoeate tolerance gene and vector 1y1tem1. Phytogen's 1cientists will introduce the gene 
into elite cotton varieties, and will co-ordinate field tasting. 
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Phytogen was the first comp~ny to successfully regenerate co;maercial varieties of 
cotton. "'rhis co-operative effort enables us to combine and exploit the complementary 
technology atrengths of our respective prcgraames," stated David Anderson, director of 
research for Phytogen. 

Calgene and Phytogen are t~o of the leading plant biotechnology companies developing and 
coametcializing new crop varieties and plant products. The companies utilize recombinant DNA 
and cell tissue culture techniques alcng with tr~ditional biological methods such as plant 
breeding. 

Phy~ogen, hecdquartered in Pasadena, California, is an affiliate of 
Company, a leading Califo~nia-based agribusiness c~r.poration. (Source: 
Releas~, 19 November 1984.) 

Palm oil yield 

the J.G. Boswell 
Company News 

Palm oil yield can be raised 20-60 per cent by cloning palms, according to R&D by ORSTOH 
and IRHO, tvo French agencies. Some 100,000 palm trees, which cannot be propagated using 
traditional methcds, were studied in the Ivory Coast to determine the best producers. SOllle 
15,000 clones were produced in one year, and production units ar-. being built in Indonesia 
and Malaysia. (Extracted from Les Echoa, ll July 1984.) 

Genetic engineering advances for oilseed crops 

An important achievement in plant biotechnology was announced by Calgene, Inc., in an 
address before the Saskatchewan Braasica Biotechnology Workshop in February and sponsor~d by 
Agriculture Canada. Dr. Maurice Maloney, who leads the Brassica research team ac ~algene, 
described the first successful recombinant DNA transformation and regeneration experiments 
with oilseed rape (Brassica napus), one of the world's most important oilseed crops. 

According to Dr. Maloney, Calgene scientists have obtained normal Brassica napus plants 
from cells into which a bact .. ·:ial antibi.otic resistant gene was inserted and have shown that 
the gene is expressed in the engineered p1ant. 

l:algene · s prog·ress in micro-injection of plant cells was also described by Ur. Maloney 
during the address. A micro-injection team led by Dr. Anne ~rossway has obtained a survival 
rate of 85 per cent when the nuclei of Brassica protoplasts were micro-injected using a fine 
glass needle. Sev~ral hundred micro-injected cell lines are being analyzed to test for UNA 
integration. 

"Perfection of micro-inJection methods will dramatically shorten the product development 
cycle for genetically engineering new plant varieties," stated Dr. Maloney. 

According to Lloyd Kunimoto, Calgene director of product planning, genetically 
engineered oilseed rape opens up sianificant opportunities fer production of specialty, 
high-value oils for the oleochemical and edible oils industrie•. Worldwide production of 
rapeseed oil currently exceeds 14 million metric tons annually, and the raw material values 
of all plant oils exceeds $11 billion on a worldwide basis. 

Calgene is developing new crop varieties and plant products using recombinant DNA and 
cell culture techniques along with traditional biological methods such as plant breeding. 
Cslgene's product development progr8111111es are focused on herbicide tolerance, carbohydrate 
metabolism, dicease resistance and vegetable oil bioaynthesis. (Source: Company Ne~• 
Release, 22 February 1985.) 

Plant diagnostic testing 

Biotechnology i1 being used to d1agno1e plant di1ease1 1 relying on monoclonal ant1bod1e~ 
to search out and tag di1ea1e organi~-s; Ju per cent of US crops are 1till destroyed by 
diseases each year. Plant diagno1t' .a tests will enable faraiers to spot infection early 
enough to dramatically cut loases th•' amount to 52 billionfyear in the US alone. DNA Plant 
Technology is working on tests for disease of citru1 trees, while Agdia (~ranger, lN) nas 
developed test• ;o detect viral diseases in grapevines and fruit trees. Since many plant 
diseases can be transmitte~ through infected 1eed1 or root stocks, researchers are also 
developing tests that will detect these diseases before the crops are planted. DNA Plant 
Technology has introduced test kits in 198S that will 1pot the six moat co1111110n grass 
disease•. The plant dia&nustic m~rket will take patient development 1ince plant disease• 
vary from crop to crop, are localiT.ed in regions, at.d there is no e1tablished system of 
distribution. (Extracted from Business Week, 17 September 1984.) 
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Herbicide tolerance would be firat commercial use of recombinant DNA in field crop• 

Researchers at Calgenr (Davis, Calif.) have auccesafully expressed the glyphosate 
tolerant aroA gene in regenerated tobacco planta. Analyses of tobacco plAnta regenerated 
from tran~rmation experiments ahowed that the en:r.yme produced by the altered aroA gene 
represented 25 per cent of total EPSP synthase activity measured in leaf exLrac~ The 
transformed plants demonstratzd a significantly increaaed tolerance to glyphosate when 
sprayed with the herbicide. 

According to Dr. Luca Comai, the Calgene aciencf' team leader, "based on theae auccessful 
results, we are i~itiating glyphosate tolerance product development projects in a wide range 
ot important a~~icultural ccopa. We have already introduced the aroA gene int~ soybean, 
tumato and oilseed rape cell cultures and we havz a aignif icant e"ffc;;t u~dervay to transform 
corn." Dr. Comai added that, "tobacco plant• tranaformed with improved construct• of the 

aroA gene in second generation transformed plant• ia alao being teated". 

The succcessful cloning of a glyphoaat~ tolerant aroA gene from a genetically-modit1ed 
atrain of Salmonella typhimurium was first publiahed by Calgene •Cientista in Scienc~ in 
July 1983, and an article characteri:r.ing this pene will appear in the April 1915) i.ssue of the 
Journal of Biological Cheaiatry• 

Cal~ene previoualy announced an agreement with Pbyto~en, an affiliate of the 
J.G. Boavell Compaay, a leading California-baaed agribusiness corroration, to develop and 
market glypbosate tolerant cotton varietiea, and recently concluded an agreement with the 
U.S. Foreat Service to genetically en~ineer glypboaate tolerance into foreat trees used by 
the pulp and paper industry. 

Calgene ia ~eveloping new ccop varieties and plant product• using recombinant DNA and 
c~11 culture techniques along with traditional biological method• such as plant breeding. 
Calgene'a product development progr11111111es ace focused on herbicide tolerance, carbohydrate 
metabolis~, diaease reaiatance and vegetable oil bioaynthesia. (Source: Company News 
Release, 15 February 1985.) 

Symbioaia promotes rice growth 

European farmera have for centuries been looking at biological ways of fixi;lg nit~ogen 
into soih. ln the clasaic four-crop rot,tion, clover "fixes" nitrogen into the aoil one 
year in four. Scientists now believe that a group of blue-green micro-organisms called 
cyanobacteria could do the same thing for rice farmers in tropical countries, ~hile rice is 
growing. 

Cyanobacteria are prulllti.ve photosynthetic organiamc" which have tht- ability to exploi.t 
energy from aunlight to fix nitrogen from the atmoaphere into the soil. &~sear.ch in China 
and lndia auggests that inoculati~g paddy fields with the bacteria can increaae y1elds of 
rice by aa much aa 14 per cent. One method may come from the •}'11lbiotic aasociation between 
blue-green algae and a small aquatic fern called az~lla. At leaat six varietie• ot this tern 
thrive in tropical and temperate regions. Experiment• at the lnternationa1 Rice Reaearch 
Institute in the Philippines have ahown that with intenaive managment and year-round 
cultivation, cyanobacteria grown with a:r.olla can fix up to 450 kilogram• of nitrogen per 
hectare. When grown with rice, the combination can· fix between 30 and 50 kilogram• of 
nitrogen per hectare. While farmer• normally apply commercial aitrogen fe~tilizer at twice 
thia rate, fixing with a:r.olla clearly ha~ potential. ln one part of the Philippine•, the 
fern allowed farmera to aave ~35 per h•r.tare. 

Deapite the aucceas of the rroceaa in ca~efully controlled conditions, it may run into 
probleaa in everyday uae. A:r.olla ia •~•ceptib~e to peata Jnd diaeaaea and doea not tolerate 
extremea of temperature, or aaline con~itiona. Alao, berbicidea commonly applied to rice 
paddiea kill the fern. A atrain of a:r.olla modified by mutation, or poaaibly by a~netic 
engineering, may be more practical. (Extracted from New Scientiat, 17 January 1985.) 

Nev hybrid ?Otato 

The Canadian company Allelix haa developed a hybrid potato uJi~g the atandard cultivated 
potato toaether with a diatant relative which doea not form tuber• to provide diaeaae 
re1i1tance and cold tolerance. The firm uaed 1omat\c hybridi1ation, isolating cell• from 
leavea of both parent planta, and removing the cell walla. The remainin& protopl••• can 
coaleace to create a hybrid cell that can then develop into a new plant. Sc1antiata have n?w 
produced 32 of the hybrid plant•, but detailed analysi1 of 1ix of them indicar.ea a variety of 
chromo•o-1 makeull•· The standaid pot&to baa 4:i chromo1omea, while the distant relative h•• 
24. Some of the hybrirl plants had 72 or 96 chr~1111>aome1. (Extracted from New Scientist, 
11 October l9ij4,) 
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New silage additive 

Although Shell is itselt worKing on a number of biotechnology projects, particularly in 
the fields of waste water treatment and oil recovery, Shell Chemicals UK turned to 
International Biochemicals (BB~ 59, October 19S4} to provide it with a proven product with 
which to enter the highly competitive UK silage additive market. The new product, "Forager", 
was l~unched in November after four years of field testing in both the UK and Ireland. It 
works by enhancing the efficiency of the natural silage fermentation process through the 
introduction of a number of key strains of micro-organisms, originally isolated from silage. 
Their performance has been upgraded and refined in the company's laboratories and stabilized 
by freeze drying. Unlike acid products, says International Biochemicals, Forager is 
completely safe to handle and is non-corrosive to machinery. Details from: International 
Biochemicals, 11 Gloucester Road, London S~J 4PP or on 01-581 4018. (BiotechnolOLY Bulletin, 
Vol. 3, No. 11, Decembar 1984.) 

Food production and prc:essing 

Protein engineering makes its mark on enzymes 

There is a growing industrial need for newer, tougher proteins, with special propert~es 
such as heat stability, or acid tolerance. Enzymes are a special class of protein which work 
within a narrow range of conditions, closely resembling those in the animal or plant cell 
they COiie from. These enzymes are expensive, and easily broken down. One way to obtain more 
resistant enzymes is to search for bacteria which contain them naturally, and extract them. 
New Zealand ia rapidly exploiting its thermophilic (heat-loving} bacteria which thrive in hot 
water pools. 

However, once protein engineering techniques become routine scientists will be able to 
make enzymes to order, changing not only their tolerance to heat, but their specificity, and 
activity ~s well and biotechnology companies have been quick to sieze on the practic~l 
i~~ =tance of protein engineering. Only a small portion of the enzyme's surface, callP.d the 
active site, is involved. So, protein engineering first of al~ depends on the sKiiis of 
X-ray cryat3llographe's workini with computer graphics ~xperts to pinpoint which of the many 
atomic grouping• in the protein molecule are essential for its activity. 

Once the active site to be changed is identified, the molecular biologists come into 
action. T~ey synthesise a short sequence of DNA in the labo~atory incorporating the sequence 
to be changed and inae-t this into bacteria. 

Conventional lysozymes are already widely used as a food preservative, ano in 
toothpaste, as well as in the growing biotechnology industry, where the Japanese are 
increasingly using them to break up cells. (ExtractP.d from New Scientist, o September 1984.) 

Porcine pancreatic lipase 

An enzyme has been discovered in pigs that can work in solvents other than water, 
according to researchers at the Haaaachuaetta institute of Te~hnology. De•elop•ent of 
enzymes that can function without water could aid the food processing industry by eliminating 
contamination from water-borne bact~ria. Porcine pancreatic lipase ia the enzyme that has 
been o~aerved to function in a range of organic solvents. The enzymes normally dijelt fat1 
in the pancreas of the pig. In 'dry' conditions, the enz}'QI•• work faster at l00°c than at 
room te~perature, although enzymes normally do not work outside a narrow range of 
tempcrature1. (Extracted trom New Scientist, 4 October 19~4.} 

EthanJ1 from corn stover 

Corn stover could be used to prcxluce biogas, fue:-gr~~e ethanol or microbial prote1n tor 
animal feed, according to Ors. H. Hoo-Young, J. Lamptey ana P. Girard of the University of 
Waterloo. Corn st.over could be treated with acid to yield a glucose substrate, which could 
be fermented in a;1 ia=obilized-yeast packed-bed reactor to make ethanol, but the process is 
very sensitive to ethanol and raw material coats. Biagas can be made by anaerobic digestion 
of r.orn stover in a two-step process, but the method i1 uneconomical unle1s there ia a good 
market for by-products 1uch aa co~poat and animal feed from 1olid residues of the process. 

Sin~le-cell protein (SCP} production, based on a new fermentation process developed at 
Waterloo, converts ~-aate carbohydrates into SCP feed 1upplement. The process include• 
pretreatment of the corn stover with sodium hydroxide, aerobic fermentation with no~carbon 
nutrient 1upplements and sep~ration of the product from the fer~ented broth. The economics 
of the proce1s wilt be affected by the price of soymeal protein, with which the SCP would 
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compete. Tite record 1984 US harve1t of 1oybean1 vill depre11 the price of soymeal protein in 
North America, making the corn s~over proceas uneconomical, at least temporarily, but the 
proce11 should be viable in Europe, Aaia and Latin America. (Extracted vith permiasion from 
Chemical and Engineering Nevs, page 59-&0, 14 January 1985, copyright 1985, American Chemical 
Society.}) 

New food additives through genetic engineering 

Enzymes are coaaercially among the fastest-growing group of food additives. At a rough 
estimate more than 50 enzymes are use~ in the food industry alone. Tite current market for 
industrial enzymes, including those used in food, is around L200 million and expected to grow 
to between E500 and E&OO million by the aid-19801. Europe dominates the world in salea, with 
Novo Industrie in Uenmark and Gist Brocades NV in the Netherlands controlling ou per cent ot 
the w~?ld aarket. Britain's induatry remains small, vith John and E. Sturges Ltd. the main 
producer. One of the major goals of the government'• policy on biotechnology i1 to boost tne 
production of home-grovn enzymes: but the indu1try 1ay1 this development may not happ~n if 
regulations are tightened. 

Traditionall}', enzymes have been eitracted from plant• and animal• such as rennin, but 
the production of ~nzymea from bacteria, yeaata and fungi i1 rapidly becoming more coaaon. 
An American coapanr, Collaborative Reaearch Inc., was recently granted a British patent for 
its ver1ion of reo~in, produced through genetic engine~ring. 

The FAO/WllO Expert Co ... ittee on Food Additives identified certain hazarda associated 
with the bur;eoning and uncontrolled u1e of food enzymea. It argued that theae enzyme• could 
contain potentially harmful contaminant• and by-product• becauae the coaaercial procesaea for 
preparing theae enzymes, uaually kept a cloaely guarded aecret, variea greatly. Mutations in 
micro-organisms could lead to th.? emergence of new "potentially toxic prod·.1cts" which could 
go undetected. Other authoritie1 in Britain, for inatance, fear that workers expoaed during 
manufacture to even a deactivated enzyme might develop allergies. Consequently, the Expert 
Coaaittee deemed that chemical and microbiological apecificationa, and the biological control 
of strains of micro-organisms used to produce these microbes, were essential. It laid down 
guidelines for dealing with enzymes. Enzymes from micro-organisms traditionally accepted as 
constituents of food required only careful specification. tlowever, enzymes derived from less 
well-known microbes (including thoae produced by genetic engineering) require extensive 
toxicvlogical testing, including animal atudies. 

In Britain, a report publiahed in 1982 by the Food Additives and Contaminant• Coamaittee 
of the K~nistry of Agriculture, Fiaheriea and Food went further. The c~mmittee ia propo1ing 
legi1lation that will require that all enzyme• be put on a 9U-day study in rata and a 
biological screening test (as yet not developed) for the presence of toxins. It remains 
"unconvinced" by the indu1try' a claims th•'- it make• enzymes only from atraina that do not 
produce toxins, 

The potential of such research, especially genetic engineering, is easily seen. For 
example, pullulanaae is an enzyme that degrades pullulan, a polysaccharide, to the maltose 
ayrup1 that give jams and jellies improved colour and brilliance. They reduce the 
discoloration of aweeta during processing. 

This enzyme also degrades another carbohydrate, amylopectin, to produce high amyloae 
starche1 used in .the indu1try al quick-aetting, structurally stable gels, a1 binders for 
strong tranaparent films and aa coatings. Their acetate derivatives are added to textile 
finishes, sizing adhesives and binder1. ln food, amyloae starches thic~en and give texture 
to aweets and 1auce1, reduce fat and grease in fried food1, and stabilize the protein 
nutrient1, colours and flavours in reconstituted food product• 1uch aa meat analogue•. 

A recent report from the Office of Technology Aase1ament in the US, dealing with the 
impact of applied genetic1, co..aent1 that "in view of 1hortagea of petroleum-derived plastic a 
and the need for a biodegradable replacement, amylose's ability to fora plastic-li~e wrap• 
may provide it1 large1t industrial market, although that ha1 yet to be developed". lt points 
out that pullulana1e may never fulfil it1 potential without genetic engineerin~. becau1e the 
food induatry i1 permitted to uae only enzyme• that are obtained from 1ource1 ''approved for 
food use" and the chief 1ource ot pullulana1e ia a pathogenic bacterium, Klebaiella aerogenes. 

llowever, with genetic engineering the gene for thi1 enzyme could be transferred to 
another, harmleas bacterium such as E1cherichia coli, which could then be grown cheaply to 
proviJe large quantitie1 of the enzyme. (Extracted from New Scien~i•t, ld October 19d4.) 
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Food fr0111 the sea 

The Upiversity of Maryland, with its new marine biotechnology centre, is one of the hubs 
of •arine research on the U.S. east coast. In addition to improving traditional saltwater 
sources of biomass, reaeachera are seeking marine micro-organisms with unusual capabilities. 
John Waterbury of the Woods Hole Oceanographic Institution (Woods Hole, KA) and his 
associates discovered bacteria that can both digest cellulose and fix nitrogen. The 
bacteria, which are members of an as yet unnamed genus, live in symbiotic relationships witt 
molluscs that can subsist entirely on a diet of wood. Because the bacteria are being 
patented, Waterbury only recently began sending out cultures. 

"We've had about equal interest frOI& acade•ica and industry." Waterbury reports. He 
says the bacteria are particularly attractive for producing single-cell protein from 
cellulose because they would eliminate the need to add fixed nitrogen. 

Such single-cell protein aight conceivably be recycled back into the marine system as 
food for aquacultured species. Phillipa Petroleum (Bartlesville. OK) is testing the efficacy 
of its own yeast-derived single-cell protein as a feed for such animals as lobst~r. shrimp 
and trout. 

llolger Jannasch of Woods Hole is working with another unusual bacterium. Originall} 
isolated from a deep sea hot vent. this bacteriua can a1tabolize hydrogen sulfide. a common 
waste product. and procure its other nutrients from normal seawater in an "artifical vent" 
situation. This bacterial bioaass can then be fed to mussels. Jannaach says he and his 
co-workers have already demonstrated that the mussels will consume the bacterium witho~t ill 
effect. "All that is needed now is the bioengineering to go to a larger scale pilot plant," 
he says. (Extracted from Bio/Technology. January 19d5.} 

Improving aquaculture 

Seafood is a comparatively inexpensive source of protein. ao the application ot 
biotechnology to culturing finfish and shellfish represents a real opportunity to increase 
food production. 

Abalone is a tasty. scarce. and expensive shellfish, difficult to grow in aquaculture. 
Nov a researcher at the University of California in Santa Barbara (UCSB) has discovered ways 
of overcoming the abalone' a low reproduction and survival rates. These finding• may also 
have unexpected implications for hU111&n medecine. 

Daniel Morse, professor of molecular genetics and biochemistry, discovered that 
proataglandin regulates reproduction in abalone, aa it does in many other animals. Once one 
shellfish starts spawning, it releases th~ hormone, which trigger• nearby individuals of the 
gregarious abalone to spawn too. This increases the chance for successful fertilization of 
the sperm and egg cells released into the water. Kora• found that a trace of hydrogen 
peroxide added to the breeding tank stimulates prostaglandin synthesis, resulting in 
simultaneous and vigorous spawning. This aiaple stimulus also works on oysters, clams, 
scallops, and auaaela. The marine biologist aaya the hydrogen peroxide provides free oxygen 
radicals needed in an enzymatic step in the formation of prostaglandin. 

Successful and predictable spawning ia only th• first hurdle. The tiny, free-floating 
abalone larvae die by the thousands or millions if .. J do not find a suitable substrate on 
which to settle and grow into adult•. Morse screened many rock surfaces, looking tor a clue 
to the abalone's preference. He eventually isolated a chemical signal - a close relative ot 
the neuro-transmitter gaaaa amino butyric acid (GABA) - from a red algae that colonizes 
rocks. Without GABA, only one per cent of the abalone larvae survive. When ~ABA is added, 
95 per cent attach themselves to the rocks. 

Morse is employing genetic engineering tool• to produce and characterize the 
GABA-.imicking compound because it also has great potential in hwaan therapy. GABA controls 
about 40 per cent of all brain nerve tran1mi11ion1, involving muscle tone, sleep, 
wakefulness, and a range of psychological states. He hopes that GABA mimetic•, which bind up 
to a hundred times more tightly to the GABA receptors, could one day replace coaaonly used 
drugs, which often have undesirable aide effects. 

The techniques of biotec~nology combine with the natural biology of many fish species to 
offer a prime opportunity for virtuoao aci•ntif ic performances. lntergeneric crosses are 
comparatively easy with fish, and when it comes to manipulating and improving reproduction, 
the potential of fish - often with many thou1and1 of offspring per brood - can eclipse that 
of maanalian systems. Combine this with scientists' ability to altar the sex of young fish, 
and the stage is 1et for 1ome truly fanta1tic exerci1e1. (Extracted from Bio/Technology, 
January 1'185.) 
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Kariculture 

A team of American scientists has found a cheap and simple way tu farm king crabs on 
artificial reefs in the Caribbean. The idea for these ocean farms ca111t· froa research into 
underwater coral reefs by Dr. Walter Adey, director of the marine systems laboratory at 
Washington'• S.ithaonian Institute. Dr. Adey .. de detailed studies of Caribbean reef• to 
understand bov they aade the aoat of the nutrients at their disposal. Waves and currents 
proved a key element: their action constantly renews the reefs' supply of scarce nutrients. 
Sunlight filtering through to plants on the reefa enables them to carry on photosynthesis an~ 
thus produce c~rbohydratea. the water washing over the reefs contains the phosphorus and 
sulphur that animals and plants need to aake protein. 

Living things need to have access to soluble nitrogen to aake protein, yet llO&t of the 
nitrogen in the ocean i1 in gaseous fora. Thia puzzle waa solved not in the Caribbean but in 
W&shington, where Dr. Adey's team simulated the life of a tropical reef i~ the Saithaonian's 
12,000-litre test tank. The acientista discovered that the gaseous nitrogen was being 
captured and turned into soluble fora by several typea of blue~reen algae, the priaitive 
bacterium-like plant1 at the baae of the marine food chain. 

Soon after the Saithaonian's indoor "reef" started working five yeara ago, the 
acientista noticed something else. Some of the algae that had been floating invisibly in the 
imported ocean water began to stick in visible quantities to the walla of the tank. Why 
should they not grow equally well in the open aea, provided they were supplied with some sort 
of surface to take the place of the tank walls? Experiment• shoved that simple $6-frames of 
fibreglass meah (the kind used for window screens) would do the job beautifully; they just 
had to be tethered aix or eight inches below the surface, where there was enough wave and 
current action to keep the water stirred up t~ renew the supply of nutrients. 

the next job va1 to find a sea creature willing to graze on the algae. Tests in the 
West Indies came up with an ideal candidate - Kithrax spinosaissimus, the Caribbean king crab. 

The craba are now being farmed. When they are housed in underwater pens fitted with the 
algae-laden fibreglass mesh screens, the crabs hatch from eggs within 24 hours, and grow to a 
market weight of two kilograms - about 40 per cent of it meat - in just over a year. Their 
meat is ao delectable - and ao readily canned and frozen - that Dr. Adey reckons crab farming 
will provide jobs for thousand& of people in tropical countries. Demand should grow. The 
previous $500m a year market for Alaskan king crab i• being destroyed by over-fishing. A 
1ubstitute species, the Snow Crab of Iceland and Newfoundland, is facing a similar fate. 
Dr. Adey' a team is therefore being backed by America's Agency for international uevelopment, 
the Peace Corps and Earthvatch. 

Kr. Alley and his colleagues intend to adapt their technology to replace another 
vanishing delicacy, the Pacific abalone, for which Californian diners pay ~25 a portion. The 
rep~•acement will be a aottled brown and white sea snail or whelk. Kr. Adey plans to call it 
Caribbean abalone. He reckons that at ieaat 100 other aarine species - tropical, temperate 
and Arctic - could eventually be brought to market profitably by the new mariculture 
methods. (The Economist, 23 Karch 1985,) 

Dipstick detects poisoned aecfood 

A rapid monoclonal antibody-baaed aaaay for dinoflagellate polyether neurotoxina 
promises seafood lovers a practical on-the-waterfront teat for contaminated fish. 

To ab1orb the lipid poisons - either ciguatoxin or okadaic acid - Dr. Yoshitsugi Hokama 
of the University of Hawaii's John A. Burna School of Medicine, Honolulu, apeara hia sample 
fish with bamboo akevera coated in Liquid Paper correction fluid. Bound toxin ia then 
detected with horaaradiah-peroxidaae-conjugated, anti-toxin monoclonals. The colorimatric 
test ia more sensitive and specific than existing polyclonal assays, which give 12 per cent 
or more false poaitive1. Hokama has sea-te1ted hi1 dipst:ck on hundreds of reef-fish off 
Oahu. They include; kole, taape, palani, menpachi, nenue ~nd vras1e, aa well as on fish 
1ample1 from clinically documented ciguatera poisoning cases. (Extracted from Hc~rav-Kill'• 
Biotechnology Nevswatch, 4 Karch 19~5.) 

Chemical applications 

Nev chemical reagent 

P•S Biochemicals (UK) hu developed a ligue·bued cho;.!'lical reagent for genetic 
engineering application•. The firm previously introduced restriction enzymes with an 
affinity 'or a particular sequence of chemicals in ONA. The restriction enzyvie cleaves the 
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DNA molecule at a certain point. allowing another piece of DNA to be inserted. The new 
reagent facilitate• insertion and has a 95 per cent auccesa rate. The reagent aay be of use 
in mas• production of inaulin and interferon by genetic engineering. (Extracted fro• 
Financial Ti•es. 24 October 1984.) 

Energy and environmental applications 

Alternative to straw burning 

A cocktail of aicrobes aay soon provide an economic alternative to straw burning. 
Ji• Lynch and colleagues at Britain's Glasshouse Crops Research Institute have been working 
on ways of returning the valuable energy in atraw back to the aoil. Although decomposing 
straw produce• harmful phytotoxins which can depresa crop yield• by as •uch as 30 per cent. 
not all the products of biological degradation are haraful. In particular. nitrogen-fixing 
bacteria can turn atmospheric nitrogen into a for. in which it can be taken up by plants. 
Bacterial activity in the aoil is norm.ally curtailed by a lack of a ready aource of energy. 
Straw, coaaposed of 75 per cent carbohydrate, could supply thia energy but the carbohydrate is 
mostly in the fora of cellulose and hemicellulose. which aost nitrogen-fixing bacteria cannot 
break down. However, other •icro-organia .. can act on cellulose and break it down into 
simple augars, which can then be used by the bacteria to fuel the nitrogen-fixing reaction. 

The research teaa has screened a number of likely aicrobea. The moat proaising is the 
cellulotytic fungi Trichoder.a which have the added attraction of being parasitic on other 
fungi that cause root diaeaaea in crops and the nitrogen-fixing bacterium Clostridiua 
butyricum. Their relationship is mutually beneficial. with part of the fixed nitrogen being 
passed back to the fungus to stimulate further breakdown of the straw cellulose. J..aboratory 
estimates suggest that about half the annual fertilizer application to cro?s can be produced 
in this way. 

Another organism, Enterobacter cloacae. produces large amounts of polysa:charide gW11, 
which binds soil particles together and thus helps to prevent soil erosion. ~"he oxygen 
consumption of this organism also helps provide the right conditions for the anaerobic 
nitrogen-fixing bacteria. 

Investigations to find the ideal combinations of microbes and how they perform under 
different conditions. are now underway. Straw is good for soil. Researchers at Rothamsted 
Experimental"Station in Kertfordshir~ have Jhovn that ploughing straw back into the soil can 
double the nutrient~ ; 1 it. compared with fields on which straw is burnt each year. The 
Rothamated researcher• have analyaed sample• of soil taken from two Danish fields. For the 
past 18 years the straw from one of the fields waa burnt every year. while straw froa the 
other was ploughed in. 

The reaearche•• measured the amount of carbon, nitroge~ and phosphorus in the biomass 
fractions of soil from both fielda. Tne figures for the aoil in which straw had been 
incorporated were almoat double those for the soil on which straw had been burnt. (Extracted 
from New Scientist, 22 November 1984.) 

~thiopiana test biogaa digesLer 

The Debre Zeit rea~arch station in Ethiopia ia teating a new type of biogas diiester 
which i• halfway betwee1 the Chinese hole dug in the ground with holes for the gas to escape, 
and the expensive induatrial model designed in India. 

The digester consists of a sausage-ahaped plaatic container, about 5 metres long by a 
metre across; it can be made from materials available in Ethiopia and coats about ElOO. 

The dung from three head of cattle is sufficient raw input for the unit to produce about 
2m3 of gaa per day, and enough residue to fertilize about 10,000.2 of farmland each 
year, The gas produced by the digester would be ample for an Ethiopian farmer's lighting and 
cooking needa. (Source; New Scientist, o September 1984.) 

Bioiaass will fuel a utility power station 

Sawmill waate and tropical wood will be the fuel source for a new 6.7-mega~att power 
plant to be built in French Guiana. The plant ia expected to save the Degrade des Canne1 
power atation operated by Electricit4 de Frarce conaiderable auma in heavy oil coats. Biodev 
lnte1national (Montreal) will supply the gasification equipment for a system developed by 
Omnifuel Gasification Sy1tems (Toronto), (Source: Chemical Week, 7 November 1984.) 
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A safe way to "till .01quitoe1 

With the increase in mosquito resistance to insecticides. the World Health 
Organization'• control programme foundered during the 19701. Biological and physical methods 
provide a different approach. and the Wolfson ~01quito Control Project at Southampton has 
combined two such methods a1 part of a progr...e of integrated control. 

A monomolecular film. Konoxci-Fat. which stays on the water surface for up co JU days 
and drowns mosquito pupae and egg-laying flies i1 used. l:iovever. it is ineffective against 
young larvae which take in oxygen through their cuticle. so the bacillus. 'Ihuri111iensis 
israelensis (Bti). i• added to the film. Bti attack• the gut of early larval 1cages of 
mosqu1toes and the monolayer improves its perfonaance by spreading it over the surface of the 
water. 

The ecological advantage of the monolayer is that it is biodegraaable and causes few 
problems for other wildlife, while Bti is highly selective in its target organism. The 
cOllbination of Konoxci and Bti is cheaper than Bti alone. The foriaulation can be applied by 
mass •praying techniques, or by something as simple as a watering can. In the past, WHO has 
objected to the use of larvicides on the grounds that the breeding 1ite1 of the mo1quitoes 
need to be known. But concentrating on comaunity action overcomes this problem as villagers 
know where co find the sites in their area. 

The latest report fro. Sri Lanka is promising; Oxfam. which funds th~ project, says it 
"definitely has potential". If the next 1tage of te1t1 is successful, -mbet·• of the South 
Asia Co-operative Environment Progr...e intend to apply to the EEC for funding for further 
1tudie1 in their own countries. 

Two newly fot-.ed Briti1h companie• are J01n1ng forces in this trial. Microbial 
Resources, based in Reading, produces Skeetal, a pesticide already marketed throughout 
Europe. The Environmental Protection Agency in the US approved Skeetal for sale, where it 
will be used to control mosquitoes and blackfly in densely inh•bited part• of Florida. 

Such "agrobiologicala" baaed on bacteria offer promising alternatives to synthetic 
chemicals whose toxicity and persistence may harm the environment. However, their u1efulnes1 
is limited by their stability outside. 

Konoxci, the film to be used in the trial, is manufactured by ~l insect Control, an 
offshoot of the Univerr•ty of Southampton and the Wolfson Ko1quito Control ~ntre. 

Test areas in Britain will include Army headq11&rtera on Kayling Island near Portsmouth, 
sites of special scientific interest, and recreation areas overseen by the local councils. 
Because of the potential potency of this two-part pesticide, the Nature Conservancy Council 
will keep a close check on the ecological balance, especially its impact on larger animals 
which feed on mo1quitoe1. (Extracted from Nev Scientist, 13 December 1984 and 
21 February 1985.) 

Siberian bacterial strain cleans crude-oil 1pill1 at cold extremes 

An oil-eating bacterial preparation that cleans up petroleum spills on land, and defies 
the extreme temperatures of Siberia vaa teated in simulated field trials in Novo1ibir1k, 
USSR. Developed by staff members of the West Siberian Research Institute of Geological 
Prospecting the preparation reportedly re1tore1 fertility to soil spoiled by accidental 
•pillages during petroleum prospecting and extraction. The Soviet news agency Tass quotes 
the institute'• director, Dr. Ivan Ne1torov, a1 aaying that in experimental teat~ the new 
bacterial strain - presumably P1eudomona1, continued to thrive on oil in temperatures ranging 
from minus 50°C (-68°F) to plus 7o•c (158°F). "After treat-nt with the new preparation," 
Nesterov told Tass "a plot of land polluted by 10 litres of oil per square meter became 
covered with green gra11 after only 10 weeks." 

Western European bu1ine11men who visited the Tyumen oil and gas fields some dOO miles 
west of here have 11id that accidental 1pillage1 of crude occur frequently. Similar 1tr1in1 
of bacteria discovered in other countries consume far le11 uil and cannot adapt to the 
1xcr .. e1 uf Siberia'• cliaata. The new - but still expari.ental - Soviet 1train works 100 
times faster than conventional bacterial preparations in use today, and cute cleanup co1t1 by 
90 per cent, according to the nevi agency. (Extracted from HcGrav-Kill 1 1 Biotechnology 
New1vafch, 15 October 1984.) 

Bacterial remedy for acid rain 

Thiobacillu1 ferroxidan1 ~culd help reduce acid rain in the U.K. and cut back the 
polit.ically troublesome u:port of this pollutant co other parts of Europe. According co 
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atudies by Tony Atkins and colleagues at Univeraity Colleae (Cardiff) and North Staffordahire 
Polytechnic (Stoke-on-Trent) the bacterium has conaiderable potential in removing sulfur from 
newly ained coal. 

The organisa converts sulfur-bearing pyrite• into aulfuric at~d. About a fifth of the 
aillion tons of coal nonaally brought to the aurface in Britain each year is composed of very 
fine particles, aixed with both oyrites and shale. The researchers believe that 
T. ferroxidans should vastly speed up flotation separation of the various conatituents. 
Mixing raw coal with water and oil in a tank nor.ally forces uil-coated coal particles to the 
top, leaving shale at th~ bottom. But pyrites also tend to accumulate in the coal-containing 
froth. Although sulfur is removed by oxidation, this takes several days - aaking the 
procedure expensive and barely economic. By pre-treating coal with T. ferroxidans, however, 
Atkins bad found that he can boost the oxidation of pyrites considerably in laboratory-scale 
experiments. (Extracted froa Bio/Technology. February 1985.) 

Industrial microbiology 

Yeast developed to convert xylose sugar• to ethyl alconol 

iesearchers at Purdue University have developed a gene-spliced yeast that converts 
xylose sugar• into ethyl alcohol which vill allov tbe converaion of agricultural wastes such 
as corn stalks and sawdust into alcohol worth Sl.55/gal. Ethanol, wnich is used to increase 
octane ratings in gaaoline, is expected to increaae in deaand as lead is phased out of 
gasoline. ~ost plant• contain about 50 per cent Jlucoae and 50 per cent xyloae, Yeast is 
able to digest glucoae, but a missing gene is neceaaary to digest xylose. The researchers at 
Purdue found the misaing gene in a bacteriua and spliced it into yeast. (Source: Business 
~. 18 February 1985.) 

New technique to produce cyclodextrin synthetase 

A genetic engineering technique for producing the enzyme used to make cyclodextrin has 
been developed by the National Food Research Institute and Tsukuba University. Cyclodextrin 
synthetase is used to manufacture polysaccharide for food additives or microcapsules for drug 
delivery and was previoualy collected from micro-organisms but can now be produced in mass 
quantities. Thi ~ene was isolated from a aicrobe found ~n rotting potatoes and incorporated 
into the Bacillu• subtilis host cell. (Source: Japan w-onomic Journal. 19 February 1985.) 

Boehringer-Mannheim clones galactosidaae for better beet sugar 

By splitting raff inose contaminant• in beet-sugar molasses, a newly cloned enzyme 
promises better crystallization of sucrose, thus improving yield and purity. Dr. Ralf Mattes 
of the Boehringer-Mannheim CmbK research center in Tutzing, <Oerman Federal Republic, reports 
that by genetically aanipulating Escherichia coli'• raffinose-operon genes, he has achieved 
selective expression of alpha-gslactosidase, ea1entially free of unwanted inverta1e. 
(Extracted froa Mcgrav-liill's iiotechnology Newswatch, 15 October 19d4,) 

Escherichia coli altered to make lignin-degrading 'aryletherase' 

A culture of sewage-dwelling Erwinia grown on Kraft black liquor, ha1 yielded a 
lignin-degrading enzyme, dubbed aryletherase by di1coverer V.i. Sriniva1an of l.oui1iana State 
Univeraity, Baton iouge. The highly branched, giant polymer could, if degraded to it• 
phenolic monomer•, provide high-quality feedstock for pharmaceuticals, dye1tuffs and 
plaatica. (Extracted from McGraw-Hill's Biotechnology Newawatch, 15 October 1984.) 

Methane from mola1ses 

A Japanese scientist, Kasashige Taabe, ha1 invented a new proces• for recovering methane 
from mola11ea waate - an obnoxiou1 industrial reaidue. The new proce1s reduce• the water 
pollution in distillery waste by almo1t 99 per cent. Pollution in 1ugar di1tillery was~e i1 
100 time• the approved level. 

The new proceas ia operating efficiently in three Thai di1tilleriea that meet more than 
half their fuel naeda with the methane recovered. It ia claimed the coat i• recouped from 
fuel aavinga in cbout three years. (Source: South, January 1985.) 

U.S. patent on bioayntheaized pyrethrin 

To relieve •hortages of chry1anthemum1 tr\llD Kenya and £cuador as a aource of pyrethrin, 
the natural insecticide can now be bio1yntheaized in the laboratory. A U.S. patent to be 
i11ued 1hortly to the McLaughlin Gormley King Co. (KG~) deacr1be1 an en~yMatic method ot 
producing the non-:oxic insecticide in vitro for the $40-iaillion U.S. market. 
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Unlike cheaically synthesized pyrethroids, chrysanthemum-extracted pyrethrin l 
decomposes readily in air and light, aaking it an ideal spray tor food-processing and 
grain-storage areas. Until now its only source has been from imported flowers. In research 
supported by H~K. a method has been developed to stabilize and immobilize enzymes from 
cell-free chrysanthemum homogenates that convert mevalonic acid or isopentyl pyrophosphate 
into pyrethrin and chrysanthemyl alcohol. (Extracted from HcGrav-Hill'• ~iotechnology 
New1watch, 4 March 1985.) 

Lysozy.e, proteases for dairy and detergent markets 

Two protein• engineered by Genencor (California) - T4 lysozyae and subtilisin BPN - may 
soon find novel industrial applications, perhaps in the dairy industry and in detergent 
additives, fishmeal treataent and biscuit dough-making. (Extracted from HcGrav-Hill'a 
Biotechnologx Newswatch, 15 October 1984.) 

Industrial applications for proteins 

Researchers are trying to synthesize proteins for industrial applications. The hope is 
that the new proteins will yield new glues, insecticides and textile fibres. DuPont and 
Smithl.line Beckman are undertaking protein research prompted by developments in genetic 
research. Protein engineering involves working on genes before they are transferred to 
micro-organisms. Thus, bacteria or yeast are able to produce a protein unknown in nature. 
It ia also cheaper to change a protein' a blueprint as vell as being aore precise than trying 
to refine a finished protein chemically. (Extracted from Wall Street Journal, 
10 October 1984.) 

Spun fibres to immobilize yeast 

By iaaobilizing yeast in '•pun fibres', the cells convert 9ij per cent of the sugar in 
sugarcane juice to fuel alcohol - compared to only 92 per cent ethanol production for cells 
grovn in suspension, according to research being carried out at the University of Sirmingham 
by the Science and Engineering Council and John Brovn Engineers and Constructors Ltd. The 
team worked with textile m&kera at Courtauld Ltd. to com(line cell-i111111obilization technology 
with spinning knov-how. The spun-fibre yeast lasted over 1000 hours in laboratory studies 
and produced 6.7 per cent alcohol in the product stream, compared to b.2 per cent for the 
conventional continuous procesae1. The Birmingham team is seeking cotmaercial partners to 
extend the technology to antibiotic production. (Extracted from HcGrav-Hill'1 Biotechnology 
New1watch, 15 October 1984.) 

Pilot plant1 necessary 

With the exception of fermentation, few of the techniques used in the laboratory are 
de1igned to handle more than milligraaa.e, or possibly gr&11111e, quantitie1 of product•, and 
they do not lend them1elvea to scale-up or continuou1 operation. Although biotechnology can 
theoretically be u1ed to produce almost any chemical compound in any quantity, for economic 
rea1on1 biological• with pharmaceutical a~plication1 are likely to predominate for several 
years to come. 

Chemi engineering cannot provide instant solutions to the problems of 1cale-up. 
Traditional techniques are not ·very kind to biological products and fermentation broths 
resulting from microbial gro~.n contain m&ny compounds closely related to the desired 
product. By the standards of the chemical indu1try, fermenter broths are highly impure and 
extremely dilute aqueous systems. 

Scaling up laboratory proceasea for the recovery and purification ot bioproduct1 -
typically at the millilitre or litre level - to the thousand litre level for industrial 
production involve• more Lhan building bi1ger equipment using chemical industry techniques. 
It takes time and money. 

The problems relate to scale-up of recovery techniques in biotechnology, 1uch aa 
optimiza.;_on ~f the chemical and physical factors of the environment of micro-organism•, and 
the optimization of equipment and production techniques have to be addre~aed in pilot planta 
with volume• of a few hundred litree. Pilot plant etudiea add a couple of years and at least 
several hundred thousand dollar• to the developmePt process, but are of crucial importance 
before eeveral aillion dollar• can be co111111itted to a full-1cale facility. Acee•• to a 
fir1t-cla1s pilot plant laboratory hat turned out to be necessary in cutting co1t1 and 
uncertainty. 

Pharmaceutical producer• cannot ~••ily change their production proce•••• once a plant i1 
on-1tream, which mean• that the final proce11 plant ha• to be designed from the outaet using 
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the result• obtained in a pilot plant. On the other hand, with many of the biological 
speciality products the production plant will not be run on a non-atop basis. In such cases, 
it pays to build a certain flexibility into the plant, which aakes it more expensive. 

A major c0111111itment in terma of capital and other resources is necessary to reach 
large-scale production of a biological product and t~~ payback time is several years even for 
a small-scale, simple recombinant DNA product. (E~~.acted from European Chemical News, 
12 November 1984.) 

Engineers need scientific window 

It ia essential that the engineer looks at the future to predict what engineering skills 
and process technology the new biotechnology industry will require. With a thorough 
understanding of the current state of biotechnology and the capability of bioloKical science, 
an engineer can create a st~ategy and a development plan to provide what will be required. 

A study which John Brown recently completed for the U~ Department of Industry attempted 
to estimate the future equipment needs of biotechnology. lo spite of the differences in 
predi .ted market sizes they are of the same order of magnitude and all show that there is a 
substantial future market for the engineer. 

Biotechnology provides an opportunity for the engineer to upgrade his normal service to 
inclune the provision of technology. There is a promising future for the engineer in 
biotechnology, if he can contribute to the innovation necessary to make the large-scale 
production by biological processes feasible. 

Without a scientific window - such as an investment in a new biotechnology firm - to 
provide an insight into biological science, it is very difficult for an engineer to form a 
strategy and development plan. In putting a biotechnology strategy together the engineer 
needs to recognize what he is and what he wanls to become. 

If an engineering firm invests in a scientific window and has also put money into 
resources such aa biochemical engineers ~o can predict trends, it can set about putting an 
investment progrll!mle together. However, unlike venture capitalists and government funders, 
engin~ers are not regularly contacted by inventors looking for investors; or when they are 
they do not fit in with the overall strategy. The firm must become innovative or seek 
inventors who are willing to become collaborators as well as requiring funds. (Extracted 
from European Chemical Neva, 12 November 1984.) 

Children's genetic engineering kit 

The struggling biotechnology industry may be kept atloat not by manufacturing exotic 
drugs but by making consumer products. The first of these are a genetic engineering kit for 
childreu. 

Larry Slot of the Kasaachusetta Institute of Technology has produced the "Dr. Cloners 
Genetic Engineering Home Engineering Kit". The first step that children take is to harvest 
Streptococcus salivariua bacteria from someone's saliva. The cells are broken open with an 
enzyme, lyaozyme, and the naked DNA freed from the other genetic lll<iterial in the cell. The 
DNA is mechanically fractionated, and the fractions are separated into ones of similar 
molecular weight by gel electrophoreais. 

The deaired aection of DNA is then inserted into another mouth bacteria - Steptococcua 
mitia - by mixing the strands of DNA with the bacteria in a teat tube containing calcium 
chloride. The addition of DNA from S. aalivarius turns S. mitis from a minor to a major 
degrader of sucrose. Trouble could come if the child were to drink the chemicals and perhaps 
the kit should be used only in schools and under supervision. (Source: New Scientist, 
24 January 1985.) 

Industrial eguipment 

Scaling-up biotechnology to coamaercial production 

A major obstacle in biotechnology r•mains the process of scaling-up to commercial 
production, according to K. Stewart of John Brown Engineers & Constructors. The problem is 
that biotechnology processes cannot be mathematically modeled, and it ia difficult to predict 
the behaviour of genetically engineered micro-organisms. There are a great many chemical and 
physical variables that can alter the metabolism and mor?hology of a microbial cell. One 
problem involves maintaining a homogeneous mix of oxygen and nutrients, and another problem 
is removing the desired products. Large quantititiea ot heat generated during fermentation 
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•ust alao be dissipated and a sterile environment •uat be •aintained. New fermenter d,.signs 
use air bubbles to mix the broth and to provide oxygen. lt may be possible to remove some of 
the desired product from a fermenter with an ultrafiltration system or by adding resin 
particles that attach to the product and can then be sieved off. Recovering the products can 
account for 80-90 per cent of total production coats. (Extracted fro• New Scientist, 
6 December 19d4.) 

Ultrafiltration instead of centrifuges 

Centrifuges are the conventional method of concentrating organisms for microbial starter 
cultures. However, ABC Research, Cainsville, Florida, reported at the AIChE conference that, 
after auccess~~l pilot-acale testing, it will be switching to ultrafiltration for 
concentration of ita Pediococcus acidilactici cultures, which are used to initiate 
lactic-acid fermentation by sausage makers. (Source: Bioengineering NewsR, Box 290, 
Willits, Ca. 95490, USA, Vol. 5, No. 26, 7 December 1984.) 

Nev materials 

Harwell Laboratory, Oxon, England, reports developing a range of novel chromatographic 
material• for use in the biochemical process industries. the new mate··ials are said to be 
ideal for large fluid volume processes, and have major applications in protein and enzyme 
recovery, the purification of biological fluids, bio-catalyais and the production of fine 
chemicals and pharaaceuticals. Following a new agreement, Sterling Organics Ltd., will 
produce and sell the new aateriala, unJer the Macroaorb trade name. (Source: Bioengineering 
!!.!!R, Box 290, Willits, Ca. 95490, USA, Vol. 5, No. 20, 10 October 191S4.) 

Isolmer kit 

A kit deaigned for binding protein antigena to a polymer carrier, used tor the affinity 
separation of antibodies, is offered by Sera-Lab. the reaulting bound antibody is readily 
eluted and the regenerated polymer-anti~en complex may be used several times. Details from: 
Jennifer Murray, Sera-Lab Ltd., Crawley Down, Sussex RHlO 4LL or on 0342 716366. 
(Biotechnology Bulletin, Vol. 3, No. 11, December l9ij4,) 

Biohazards 

NIH director rules out enviroruaental hazard in •ltered ice-minua microbe 

Over half a year after a court order blocked the first deliberate release of a 
genetically engineered mi1:robe, the US National Institutes of Health (NIH) has concluded that 
spraying gene-1pliced, frost-preventing strains of Pseudomonas syringae on crops poses no 
environmental dangers. 

At issue are field-trials of the recombinant bacterium long planned by Dr. Steven Lindow 
of the University of California, Berkeley. Lindow' a teats of Paeudoaionas were blocked last 
Hay, by a temporary injunction from Di1trict Court Judge John J, Sirica halting the 
experilD<!nt1. 

NIH'11 environmental a1ses1ment fulfills one part of Sirica'1 order but the judge also 
ordered t~e In1titute to prepare a more formal ~nviro11111ental Impact Statement (EIS) 
addressing NIH guidelines on deliberate release of genetically engineered organi1ms. 
(Extracted from McGraw-Hill'• Biotechnology Newswatch, 4 February 1985.) 

E. PAT~NTS AMO INTELLECTUAL PKOPERTY iSSUeS 

Cancer treatment method patented 

The Massachusetts Institute of Technology haa patented (4,4~b,5J9) a method of treating 
cancer in which cancer cells are brought into contact with lectin, a protein molecule that 
recognizes compound• uniq~e to such cells. The lectin carrie1 an enzyme that de1troy1 cancer 
cells upon contact. (Source, New York Times, 2 February 1985) 

ATCC extends its patents depositor.1 

US lawyer• are not sure which plants can be patented, but they can now meet one 
requireaient of the patent law - depositing cell lines. the American Type Culture Collection 
(ATCC) at Rockville, Maryland is accepting plant ti1sue cultures along with micro-organi1m1 
in its Patent Depo1itory. 
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"We have accepted several plant tissue cultures for patent purposes for about a year, 
but none for a patent that has been issued yet," says Bobby Brandon, head of the ATCC Patent 
Depository. "To our knowledge, we are the only plant depository for patent purposes." There 
are also 62 other cultures available in a non-patent plant-tissue collection. 

Previously plant originators used the Plant Variety Protection Act (PVPA), rather than 
the patent system, to protect their lines. However, the PVPA only protects the right to 
propagate a line, not the plant itself. (Extracted from McGrav-Kill's Biotechnology 
Newswatch, 21 January l9d5) 

Mo cell lawsuit 

The University of California, Los Angeles is being sued by a leukaemia patient for a 
share of profits from the cell line developed from his spleen. The cell line, called the 
Mo cell line, is capable of continuous culture for an indefinite period of time. Thus tne 
cells will continue to produce the desirable characteristics indefinitely without requiring 
the more expensive methods of gene splicing. The Mo cells also release a variety of products 
characteristic of activated T-lymphocytes. The patient claims the university holds a patent 
on his blood. The outcome of this lawsuit has possible legal implications for other patients 
or ordinary people with regard to blood or tissue property rights. (Extracted from 
New Scientist, 20 September 1984) 

An anti-herpes proJduct re~civea patent 

The US Patent Office will issue Exovir (Great Neck, N.Y.) a patent (4,507,281) for a 
topical anti-herpes product, Exovir-HZ Gel. The product combines human leukocyte interferon 
with an antiviral in a way that in vitro studies suggest will create a two-pronged, 
synergistic attack on recurrent outbreaks of oral and genital herpes. (f .~racted from 
Chemical Week, 27 February 1985} 

US approval for interleukin patent 

Cetus Corporation has been granted the first US patent on gene-spliced interleukin-2 
(lL-2). The company expects to market the product, a potential antiviral and anticancer 
agent within three vears. 

The US ~atent and Trademark Off ice approval covers recombinant DNA interleukin-2 
"muteins", mutationally-altered proteins analogous to natural or wild-type products. The 
patent encompasses novel forCL• of lL-2 produced using genetic engineering in bacteria, yeast 
or animal cells, and various therapeutic formulations and givea Cetus the exclusive right to 
manutacture and market the muteins in the US. 

Human clinical trial• on the lL-2 mutein have been in progress aince March last year. 
Phase l trials have ahovn that the product is well tolerated in patient•. Phase 11 efficacy 
testing will focus on the treatment of leukaemiaa, lymphomas, solid tumours and Aids. The 
products will be tested in combination with other anti-cancer agenta. (Extracted from 
European Chemical News, 18 February 1985. 

Stanford wina second patent 

A compoaition of matter patent (U.S. 4,468,464) on a recombinant-DNA molecule - known as 
a plasmid - and the plasmid' a use in bacteria to develop and generate biological products was 
isaued to Stanford University. Stanford feel• that the new patent, in combination with a 
process patent on genetic engineering (U.S. 4,237,224} that waa iaaued to the univeraity in 
1980, puts it in a co111111&nding patent position in the gene-splicing field. 

At present, 66 companies are licenaing the 1980 process patent from Stanford - each for 
an initial fee of $10,000 and Jubsequent annual 910,000 paymenta. Those companies will also 
be covered under the new product patent. For the procesa patent, licensing fees, which 
Stanford shares with the University of California, San Francisco, have come to about 
$3 million. 

At present, a number of product• uaed by reaearchera, 1uch aa enzymes and ~ther tool• of 
recombinant-ONA, have been produced through the licensed technology and have been 
coanercialized. But only one pharmaceut~~al product developed by meana of the technology hAs 
been c0111111ercialized, the form of human insulin produced in bacteria, called ttumulin, 
developed by ~enentecn and marketed by Eli Lilly. However, 1everal other pharmaceutical• 
produced with the licensed technology - including a hepatitis S vaccine, huraan interferon and 
human growth hormone - are nearing commercialization. 
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Both the process and product patent are based on work carried out in 1973 by 
Stanley N. Cohen, professor of genetics at Stanford UniveLsity School of ~edicine, and 
Herbert W. Boyer, professor of biochemistry at the University of California, San Francisco. 
The patents confirm Cohen and Boyer as the fathers of geneti~ engineering - the first 
researchers to invent and produce a biologically functional plasmid, the recombinant-DNA 
molecule that is used to insert foreign genes into a host organism. Both researchers have 
waived rights to royalties from the licensing of the patents. (Extracted from Chemical Week, 
12 September 1984) 

The patent bug 

Recently the United States patent office awarded Hoffman-La Roche, the s~iss 
pharmaceut~cals multinational, a broad patent for alpha interferon, which shows some promise 
as a cancer-fighter. Biogen, a Swiss biotechnology firm, was granted a ~uropean patent on 
exactly the same product six months ago. The compan7 licensed its alpha interferon to one ot 
its shareholders, America's Schering-Plough, which has spent a substantial sum ot mo•1ey on 
further developments ot the drug. Schering-Plough has won regulatory approval to ma•ket 
alpha interteron in lreland and Italy, and is near to selling it elsewhere. 

Two other big pharmaceutical firms - Johnson ' Johnson and Becton Dickinson - are also 
seeing each other in court on a dispute over biotechnology patents. Johnson ' Johnson claims 
that Becton Dickinson infringed 13 of its United States patents - eight of them for 
genetically-engineered monoclonal antibodies. 

Without a strong ally to pay the legal bills, patent suits could damage small 
entrepreneurial biotechnology firms. Hybritech and Monoclonal Antibodies, the first .we 
firms to go to court over biotec~nology patents, are trying to limit the financial prin by 
getting into and out of court quickly. lt often takes five years to resolve 
patent-infringement casec; they expect to resolve theirs within a year. 

I 

Stanford University and the University of California took the obvious route around 
lawsuits and made licences to their basic biotechnology patents cheaper and easier to obtain 
than the cos~ of a patent iniringement suit. 

Disputes seem certain to increase aa more and more patent applications are tiled. The 
volume of biotechnology-related patent applications has increased sharply esch year tor the 
past several years, which is hardly surprising, considering the speed with which advances are 
being made. 

Even though small biotechnology companies get a great deal ct attention, most patents in 
the field are assigned to large companies. Observers have critici~ed the p~tent office for 
pro~essing applications too slowly and for having insufficient scientific expertise on its 
staff of examiners. 

Well aware ot such criticism, the patent office has taken a number ot remedial steps, 
both in response to the particular complaints of the biotechnology field and as part ot a 
broad, long-term ettort to improve performance in all areas. 111 the general area, the patent 
office is moving on three major goals - to bring the period between a patent's filing date 
and disposal of the application down to 18 months; to bring the pendP.ncy period tor 
trademark applications down to 13 months; and to automate search operations by 1990. The 
patent office currently is working on a backlog of some 1,000 applications in the genetic 
engineering area and 2,600 in the broader biotechnology field (including genetic 
engineering). (Extracted from The Economist, JO March 198~, and Chemical and Engineering 
News, pages 18-20, 24, 10 December 1984, copyright 1984, American Chemical Society) 

The following is a list of recent patenta selected from Mc~raw Hill's Biotechnology 
Patent Watch of 15 October 1984, 17 December 1984 and 21 January 1985: 
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Purpose, use or process 

Fungal glucoamylase aids microbial ethanol production 
Production of ethanol by fermenting host organisms such 
as E. coli or Saccharomyces cerevisiae transformed by a 
plasmid vector containing DNA coding for Aapergillus 
awamori glucoamylase and a promoter that functions in 
the host. The glucoaicylase produced hydro~yzes starch 
to glucose which the host ferments to the alcohol. 
Text includes A.awamori base and amino-acid sequences. 

Microbial synthesis of rennet for cheesemaking 
Plasmid vectors containing DNA coding for rennin or 
prorennin - obtained by reverse transcribing mRNA 
from calf-stomach mucosa - for expression in 
microbial hosts such as E. coli, B. subtilis 
and yeast. Rennin produced can be reactivated to· 
produce rennet "in sufficient amounts to be useful 
in the clotting of milk for cheesemaking ••• over 
200 mg. per liter." 

Antibodi~a against human T cells treat autoimmune disease 
Monoclonals that bind to heterodimer recognition structure 
acsociated with T3 glycoprotein in membrane of specific 
individual human T-cell clones. 

Antibodies to renal and colon cancers 
Murine monoclonal antibodies to human renal cancer cells 
( 119 528) and colon cancers ( 119 556) and an "antibody 
panel" that distinguishes cells from different regions 
of the gastrointestinal tract. 

~rid human macrophage cell line produces IL-1 
Interleukin-1 (IL-1) produced by hybrid cells consisting 
of a human non-tumor lL-1 prouucing 111&crophage cell line -
such ~s alveolar, splenic, peritoneal, hepatic, placental 
or thymic macrophages or peripheral blood lymphocytes -
fused with a human tumor macrophage cell line that 
stimulates proliferation. 

Two promoters for expression in yeast 
Plasmid vectofs for ex;fession of foreign genes in yeast 
hosts cons1sting of either the yeast glyceraldehyde-3-
phosphate dehydrogenase promoter or the yeast pyruvate 
kinase promoter at the ~· end of the foreign UNA and 
a terminator sequence at the 3' end of the foreign UNA, 
as well as bacterial and yeast origin-of-replication 
regions. Text contain' nucleotide sequences of procoter 
re~ions. 

Promoter for expres .. ion :n yeast 
Vector, preferably a plasmid, for expreesion of foreign 
genes - &uc~ as those for bovine growth hormone, interferon 
preprorennin, or prorennin - in Saccharomycea cerevisi~e, 
consisting of .the yeast galactokinase promoter, the 
foreign DNA, and a ter~inator sequence. Text contains 
promot~r nucleotide and amino acid sequences. 

F. BIO-INFORMATICS 

Application 
System/No. 

WO 84/02921 

EPO 116 J7tj 

EPO 117 114 

EPO 119 528 
EPO 119 556 

EPO 118 917 

EPO 12U ))1 

Applicant; 
Country 

Cetus Col'p. 
Emeryville, 
Calif. U.S.A. 

Genentech, inc., 
South San F•ancisco, 
~alif., and 
Corning Glass Works 
Corning, h.Y. 
U.S.A. 

Dana-Farber Cancer 
Institute, Inc., 

Boston, Hass., 
U.S.A. 

Sloan-Kettering 
Institute for 
Cancer Research, 

New York, N. Y. , 
U.S.A. 

Asahi Kasei Koygo 
Kabushiki Kaisha, 

Osaita, 
Japan 

Ch:..ron Corp. 
Emeryville, Calit., 
U.S.A. 

GB 2 137 108 Collaborative 
Research, .nc. , 

Lexington, Mass., 
U.<;.A. 

Directory of U.S. Courses in Bictechnology for Developing Country Scientis_'~ is 
available from the Board on Science and Technology for Internat •. Jnal Development, National 
Researcn Coun-tl, 2101 Constitution Avenue, N.W., Washington, L •• c., 20418 USA. 

I I 
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The purpose of thi1 directory i1 to provide infonaation on U.S. graduate degree 
progr&m11es, special courses, and internship• in biotechnology for developing country 
scientists. 

The information was obtained from colleges, universities, research 1nstitute1, 
profe11ional associations, and industries during the spring of 19~4. Although not all of the 
institutions contacted cho1e to 1ubmit information, it represent• a fairly complete picture ot 
the types of opportunities for study that are available in t~e various biotechnology 
disciplines. 

The directory includes separate lists for in1titutions, degree programnes, and special 
(non-degree) cour1e1. The listing of institutions includes addresses and telephone numbecs 
for key contacts as well as information on consortium member1hips and previous experience with 
admitting developing country 1tudents. Consortium memberships can be significant because they 
provide expanded opportunitie1 and re1ource1 for 1tudent1. 

The listings for the degree progr&111111e1 and special cour1es include a title a.id brief 
description of the subject matter and admia1ion requirements, information on advisors or 
instructors, and degrees or certificates awarded. Unles1 otherwise indicated, the starting 
time for degree progr&Qllles i1 in the fall and the language of instruction is English with a 
few courses taught in Spanish; masters' programae1 require 1-2 years and Ph.D. prograamies 3-5 
year1 to complete. Information on co1ts is included for apecial cour1es. Cost information is 
not included for degree programae1 becau1e of continuing changes in tuition, fees, and living 
expenses. 

The index is divided into sectoral listings, with courses shown under Agriculture, 
Engineering, Environment, Health, Interdiscipl!nary Programmes and Basic Studies, and 
Veterinary Sciences. 

This directory is intended for use as a first step in dete .1n1ng where specific types ot 
training can be obtained and to facilitate coaaunication with t"~ institution• identified. 
~ull details on the specifics of cour1es, costs, timing, and prerequisites are readily 
available from the institutions of intere1t. 

Related information on other aspectM of U.S. colleges ar.d univer1ities may be obtained 
through 1uch publication• as: 

Barron's Proriles of Americ~n College•. Available from 
'Barron's Educational Series, Inc., 113 Crossways Park Drive, Woodbury, NY 11797; 
Guide to American Graduate Schools. Penguin B~oka Inc., 625 Madison Avenue, New 
York, NY 10022; and 
Peter1on's Annual Guide to Graduate Study. Peterson's Cuidea Inc., P.O. Box 21~ 
Princeton, NJ 68540 

Information on U.S. educational opportunities for foreign student• may be obtained from; 

Institute for International Education, 809 United Nations Plaza, New York, NY 100017 

Anaerobic Digestion HIRCEN 

Anaerobic Digestion MIRCEN is a aeries of teleconferences using the Computer Conferencing 
System (COH) of the Computing Centre (QZ) at Stockholm University (P.O. Box 27322, S 102 54 
Scockhol~). These teieconferencec are open to anyone with a COH account. 

Computer conferencing is an &synchronized coamunication method where a group of people 
co11111unicate by reading and typing from computer terminals rather than face-co-face •peaking 
and li1tening to one another. Ter•inal1 mat be personal computers that are connected co the 
ho•t computer centre via a modem by telephone. Computer conferencing systems are thus 
designed to u1e the 1torage, retrieval and proces1ing capabilities of the host computer to 
facilitate the transfer of co11111unication1 between ge~graphically diaper1ed people. 
Teleconferences may be u1ed for (i) topic-oriented discussions or tasks, e.g. a group working 
toward• a co11111on goal, or (ii) .the exchange of axperiance1, coanenta, idea1 and announcements, 
a1 in a new1letter. Some advantage• of computer conferencing are: (i) you are linked to a 
geographically di1per1ed group ~t people who can look ac your mes1age1 and giva their ra1pon1e 
in a short period of time; (ii) you can read and write at time1 1uitable to you; (iii) the 
u1e of written language i1 often found to b• easier t? under1tand for a group of people with 
dif ferenc mother tongues. 
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Anaerobic Digestion Hircen (ADM) aims to 
(i) link individuals and organizations the~ are interested in methanogenic anaerobic 
digestion, either directly via COM or through the proceedings of the teleconference 
series; 
(ii) to facilitate the exchange of information and encourage discussions to help solve 
technical questions and problems; 
(iii) to ecable electronic discussion of papers and posters that are presented at 
face-to-face conferences. 

ADK currently has 4 teleconferences in the series, they are: 
ANAEROBIC DIGESTION (HIRCEN) TECHNICAL 
ANAEROBIC DIGESTION (KIRCEN) COCKTAIL 
ANAEROBIC DIGESTION (HIRCEN) (at) BIOENERGY 84 (Gothenburg) 
ANAEROBIC DIGESTiON (HIRCEN) EVALUTATION (of) BIOGAS COHCON 

ANAEROBIC DIGESTION (KIRCEN) TECHNICAL 
This is an on-going tel?conference and hopes to be a permanent operation for technical 

discussions and to serve as a newsletter. This conference covers all aspects of biogas, 
methanogenic anaerobic digestion and waste treatment - e.g. 

microbiology, ecology, taxonomy, phy1iology, biochemi3try, genetics of methane producing 
bacteria; 
meth~nogenic fermentation proces1es for various plant, animal and other types ot 
substrate•; 
application of anaerobic digestion processes for energy production, waste treatment, 
sanitation, a1 in biogas plants, digeatera, reactors, landfills, on-site sanitary 
toilets, etc.; 
uses of byproduct& (biogas and effluents); 
use of biogas systems in integrated farming systems; 
implications and social and economic impact of biogas technology in various communities 
(rural, urban, industrial, etc.); 
etc. etc. 

ANAEROBIC DIGESTION (KIRCEN) COCKTAIL 
Anaerobic Digestion (Kircen) Cocktail for social and non-technical use as well as for 

discussions on the planning and organization of ADM, greetings, co1.6ratulations, cocktail 
parties, coff~e breaks, corridor discussions, computer problems, information from other 
teleconferences, etc, etc. 

ANAEROBIC DIGESTION (HIRCEN) (at) BIOENERGY 84 (Gothenburg) 
Thia is a short-term, technical teleconference that was created for the electronic 

discussion of biogas papers and posters that were presented at the Special ~eminar on 
Bioenergy in Developing Countries (15-16 June 1984) and at the Bioenergy 84 World Conference 
and Exhibition (18-21 June 1984) at Gothenburg, Sweden by both rarticip~nts at the 
face-co-face conferences in t;othenburg and those who were unable to be at Gothenburg. This 
teleconference closed on 31 December 1984. All further discussions may be sent to At!Al::RU~l~ 
DIGESTION TECHNICAL. 

ANAEROBIC DIGESTION (HIRCEN) EVALUATION (of) 6IOGAS COHCON 
Thi1 is a short-term teleconference that wa1 created during the Bioenergy 84 World 

Conference and Exhibition for the evaluation of ADM BIOENERG~ 84. The conference will enable 
members (i) to 1hare their views on the u1e of the computer conferencing technique; (ii) to 
provide suggestions for improvements for the organization and operation of future biogaa 
compur.er conference•. Thi• teleconference closed on 30 December 1984. All further 
discussions may be sent to ANAEROBIC DIGESTION COCKTAIL. For further information, contact 
Mr. Eng-Leong Foo, UNEP/UNESCO/ICRO Microbiological Resources Centre, Karolinska Institute, 
S 10401 Stockholm, Sweden 

The 1985 Biotechnology Directory available 

The 1980'1 are the era of biotechnology, reflected in a worldwide increa1e in 
biological re1earch, the formation of new companie1 and large inve1tment1 by nations, 
companies and individual• conclude• the 1985 Biotechnology Directory. The Directory 
include• profile• of all the major nations engaged in biotechnology re1earch in we1tern 
Europe, North lwerica, Brazil, Au1tralia and Japan. 

Commercial Biotechnology 

An International Analysis compiled by OTA (Office ot Technoloiy A11cssment), Congre11 
of the United States, USA. 
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Thia report focuses on the industrial use of recombinant UNA lrDNA), cell fusion, and 
novel bioproceasing techniques. It assesses the competitive position of the United States 
with respect to Japan and four European countries - the Federal Republic of 4,;ernaany, the 
United Kingdon, Switzerland, and France - believed ~o be the major competitors in the 
cocmercial development of "new biotechnology". To differentiate between biotechnology using 
the'e novel techniques and the more traditional forms of biotechnulogy, this report uses the 
terms "new biotechnology" and "old biotechnology", respectively. Thus, for example, 
traditional wine production is old biotechnology, but the use of yeast modified with rONA 
techniques to produce wine with a higher alcohol content ia new biotechnology. 
Published by Elsevier Science Publishers, P.O. Box 211, "'8lsterdam, The Netherlands. 
612 pages, Price Dfl. 395.00. ISBN 0-444-99586-2. (Distributed in the USA and Canada by 
Marketing International Inc., Washington, DC, USA) 

Elsevier have published two more titles in their "Progress in Industrial Microbiology" 
series. Modern lications of Traditional Biotechnolo ies (424 pages, price $88.50 or 
Dfl. 230.00 could be valuable reading for those wondering how fermentation and other 
conventional biotechnologies will fare in the coming years. Edited by M. E. Bushell of 
Surrey University's microbiology department, the book contains many useful contributions by 
industrial scientists which provide new information relating to the production of wine, beer, 
whisky, cheese, animal health products, polysaccharides, soy sauce, cocoa, tea and coffee. 

Innovations in Biotechnology (529 pages, unpriced), edited by Eric H. llouwink and 
Robert van der Keer, pulls together papers presented to a symposium organizea by the 
Netherlands Biotechnological Society late in 1983. Recommended for anyone who needs to find 
out more about biotechnology in The Netherlands, which ia this volume' a primary focus. 
Details frU111: Elsevier Science Publishers, PO Box 330, 1000 Ali Amsterdam, The Netherlands, 
or on 020 5803 911. In the USA Elsevier Science Publishing Co Inc is at PO Box lbb3, 
Grand Central Station, New York, NY 10163. {Source: Biotechnology Bulletin, Vol. ~ No. 11, 
December 1984) 

Biobuainess World Data Base 

Draft Report by a U.S. Government lnteragency Working Group on Competitive and Transfer 
Aspects of Biotechnology, published by Elsevier Science Publishers of Amsterdam and edited by 
David Leff of McGraw Hill'• Biotechnology Newswat~h, is now available. 

The report comprises 212 pages with infot'lllation on: technologies and projected start-up 
dates for products being developed in the USA and Japan; specific strategies for 
coamercialization in the various countries; barriers to commercialization {financial, 
patent, technical and regulatory); potential products using rDNA technology lphanaaceutical, 
chemical, fuel, agricultural, food processing); worldwide sales projections to the year 
2000; details of marketing, production and research between companies in the US, Japan and 
other countries; equipment aalea projections, etc. 

This document could be of considerable help to planning and research aa it reveals 
proposed US Government strategies for protecting and strengthening the US biotechnology 
industry "frontrunners" plus information on biotechnology activities worldwide. The report 
was prepared by a Working Group made up of representatives from the ClA, Departments of 
State, Defense, Commerce, Agriculture, Health & Kuman Services, Food & Drug Administration, 
National Science Foundation, NASA, National lnatitutea of Health, the Office of Technology 
Assessment, plus many private firms active in biobuaineaa. 212 pages, price Of l. 280.0U 
{outside North America), ISBN 0-444-99629-X. {Published and distributed in the USA & Canada 
by McGraw-Hill, inc., Washington, DC, USA). 

American Type Culture Collection Guide 

A new, 98-page laboratory guide for use in stock culture maintenance ia now available 
from the American Type Culture Collection. The handbook, which ia free, contains over l,000 
media formulations used at ATCC to propagate strains of algae, bacteria, cell lines, fungi 
and protozoa. Details froe1: Professional Services Department, ATCC, 12301 Parklawn Urive, 
Rockville, KO 20852, USA or on (800) 638 65~7. (Source; Biotechnology Bulletin, Vol. 3, No. 
12, January 1985) 

Fermentation Product• and ~roceaaea 

The total value of the US fer111entation product• industry ia e~timated at S37bn by 
Suain••• Connunicationa Co in its updatei report, F~rmentation Product• and Processes 
(No. C-Cl8R, price Sl,500.00). By 198~, BCC expects the market to reach SS9.lbn and by 1993, 
&72.lbn, reflecting an average growth rate of b.9 per cent. The fastest growing sector is in 
ethanol/biomau. The driving force in the 'thanol-from-fermentation market is it• use as a 
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fuel additive. The use of biopolymers in enhanced oil recovery (see BB l/10, pp 3-4) is also 
increasing, although their use is highly sensitive to the price of oil. 

Enzymes currently represent a Sl57m a year US business, with Sl26m of that market value 
produced by fermentation. By 1993, BCC expects that 95 per cent of a broader range of 
colllllercial enzymes will be produ~ed by fermentation. (Source: Biotechnology Bulletin, Vol. 
3, No. 12, January 1985) 

MlRDAB - Microbiological Resource Databank 

Elsevier has set up a Microbiological Resource Databank of cells and their holders which 
will eventually be available in an on-line form. This project is ~~r workers in animal and 
plant cell biotechnology and is presented by specialists in the same fields. 

Par~icular care and attention have been given to the design of the data input forms as 
they have been compiled to contain the most relevant information on the cell lines. 

The first catalogue of these collections comprises the following catagories: 
Animal cells - General 
Animal cells Genetic Mutants 
Animal cells - tl.ybridoius 
Plant cells 
Animal viruses 

MlRDAB Catalog 1/1985 will consist of approximately 600 cell and virus lines. 

MlRDAB aims to: 

enable those people interested in particular cell lines to form a closer vorki~g 
relationship 
inform people entering the field of animal cell biotechnology of the available 
cells and cell lines 
prevent scientists and technologists wasting precious time generating cell lines 
which are already available 
fully utilise the available stored cell source material 
explore the poa:~~ilities of using cella for purpoaes other than for which those 
cell lines were originally derived 
provide information on what is available in cell terms 
set 1tandard1 for cell characterisation and thus lead to an upgrading of attitudes 
and method• in cell biotechnology 
provide a basis for periodic meetings of the people involved to review the present 
aituation and to point the vay ahead. 

Nev hardware and 1oftware system 

TiterCalc, a new hardware and software 1y1tem de1igned for use in biotechnology 
laboratories performing bioasaays ia the f irat product frOID KP lienenchem - the joint venture 
company formed by klewlett-Pack~rd ~o and Genentech Inc. in July 1983. lhe system, wh1ch 
combines application software from KP Genenchem with Hewlett-Packard'• recently introduced 
Integral Personal Computer, is designed to aid productivity by relieving a 1er1ous bottlene~k 
in the labour-intensive microtitration procesa. 

TiterCalc acquire•, di1plays, proce11es and atores data from Enzyme Linked Immunosorbant 
Aaaay (ELISA) r~aderf. Baaed on the use of the 96-well plate, a batch test tube, the 
microtitration proceas involvee four 1tep1: plate manipulation, fluid manipulation, plate 
reading and data oroce11ing. 

The system leti users define the format of the 96-well plates and then choose the method 
of data reduction and the report format. Uaers instruct TiterCalc ~o read ELISA data by 
; dicating on a gtaphic depiction of a microtitration plate the location of sample, 
reference, control, atandard or blank wella. This allows the 1ystem to calib~ate and 
identify the photometric mea1urement1 of the ELISA reader. 

The 1y1t~m initially interface• with 1ix of the moat popular ELISA reader• from Flow 
Laboratoriea, Dynatech and Biotech. B~cause TiterCalc i1 multi-windowing, in addition to 
being multi-ta1king, the 1y1tem can al10 di4play more than one application 1imultan~ously. 
(Source: Biotechnology Buller.in, Vol. 4, No, 2, Karen 1985) 
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EKBL and LMB build nucleic acid sequence data banks 

A great quantity of data on nucleic acid sequences is becoming available which is 
already of con~iderable value in a i D carried out by ¥eneticista, biochemists and molecular 
biologists. The European Molecular Biology Laboratory (t:KBL) in l:ieidelberg is collating this 
data and transferring it onto a computer. The first issue of the EMBL Nucleotide Sequence 
Library has been released and in the UK Dr. Olga "8nnard, a member of the Medical Research 
Council'• staff at the University t:bemical Laboratory, Cambridge, is developing a centralised 
service based on the Library and maintained on the Cambridge University computer. The 
service will feature bibliographic and sequence searches. Details from: Medical Research 
Council, 20 Park Crescent, London, WIN 4AL or on 01-636 5422. (Source: Biotechn~logy 
Bulletin, Vol. 3, No. 12, January 1985) 

Battelle's CAGE/GEM simulation software 

The CAGE/GEM (which stan6s for Computer-Aided Genetic Engineering/Genetic Engineering 
Machine) software toolkit now available from Battelle provides unique simulation and 
analytical capabilities for genetic engineera. It incorporates computer-aided design and 
human factor• engineering techniques with a choice of relevant genetic engineering 
data-bases. Details fram.: Dr. Richard J Douthart, manager, Battelle Pacific Northwest 
Laboratories, Battelle Boulevard, Richland, Washington 99352, USA. (Source: Biotechnology 
Bulletin, Vol. 3, No. 10, November 1984) 

Hybridoma Data Bank 

A comprehensive data bank on ~ybridoma technology has been started by the US National 
Institutes of Health. The Hybridoma Data Bank (HDB) will expedite information on hybridomas 
and other cloned cell lines that produce i111111unoreactive substances. Duplication of effort in 
developing hybridomas can be avoided by searching the bank for existing cell lines. till8 will 
be headquartered at the American Type Culture Collection in Rockfield, HD. Computer 
facilities will be located at NIH (Bethesda). HOB will also co-opera~e with researchers in 
Japan and Europe. (Source: Technology Update) 

European Biotechnology Information Project 

The Commission of the ~uropean Co111111unities has announced it will support the Science 
Refer~nce Library's one-year project, the European Biotechnology Information Project (EBlF), 
to investigate information on biotechnology within the European Community. 

The project has three main aims. Information sources, including databanks, 
organization• and published material vhi~h will be identified and documented. Information 
needs in biotechnology, particularly of recently established companies and research units, 
wili be a11essed primarily by visiting them and discusains their requirement•. A pilot 
European Community-wide information and referral service will be established to deal with 
enquiries and publish a range of guidea. 

EBIP activitiea will be fully supported by the existing resource• of the Science 
Reference L1brary. Based at Aldvych, which houses probably the largeet reference collections 
of current life and earth science literature in ~eatern Europe, its services will be backed 
by the Business Information Service, the Computer Search Service and the Industrial Property 
~ection. In addition n~w methods of making services accessible will be sought. The Science 
Reference Library will collaborate with the Deutsche• lnstitut fur Hediziniache Information 
und Dokumentation (DUtDl) to make EBIP aervices available via DIMDI's online system, the 
lar9e1t for biological information in Europe. A biotechnology service, Biotel, ha• been set 
up on Pre1,el. It is planned to make EBIP 1er·1ices available via the Birmingham and 
Loughborough Electronic Network. Facaimile transmi11ion will be uaed as well aa the usual 
methods of co111111unic<cion. 

EblP will be run by a team of four based at Aldvych. Project leader 1s John Leigh, head 
of the Science Reference Library biology, biotec~nology and earth 1ciences unit; 
Dr Richard Wakeford has been aeconded to the project and two additional 1ubJeCt special11t1 
are being recruited. 

Further information can be obtained froc John Leigh at the Science Keference Library 
(Aldwych). (S~urce: ~lib lnfornaation, Vol. 12, No. 6) 

Biotechnology of Indu1trial Antibiotic•, edited by Dr. Erick J. Vandamme of the State 
Univeraity of Ghent, Bel~ium, and publiahed by Marcel Dekker i1 available. Thia 
multidisciplinary volume ex•mine• the production of economically important antibiotic 
r.ompound1 by fermentation biotechnology and proviJe1 Cl')tllplete, in-depth treatment of their 
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microbiology. biochemistry. genetics. and engineerirg. Encompassing antibacterial. 
antifungal, antiviral. and antitumor compounds. as well as antibiotics used in agriculture 
and food practice, Biotechnology of Industrial Antibiotics offers an en,yclopedic wealth of 
information never before assembled in any single source. 

In 29 up-to-date chapters by 64 leading international experts. the book outlines 
industrial fermentation pr~~esses for each compound or group and provides - for the first 
time - "inside" infoI'lP~tion from several major antibiotic manufacturers; it investigates the 
latest production r:~nds. including i11110bilized biocatalyst technology and the impact of 
genetic advances. and examines compound properties. history. screening, strain improvement, 
biosynthesis. production process. product recovery. applications, mode of action, etc. 
Price $105. 

Technical Insights Inc. 

Technical Insights, Inc. newest report. "Advances in t:nzyme Technology: Artificial, 
Semiaynthetic. and D~•igned Enzymes," organizes the current research advances being made and 
provides an effective comparison of the various development methods and their commercial 
potential. Designed to infora and enlighten people vhose companies and careers could profit 
from significant new technologies. this 175-odd page report gives an up-to-date look at thLs 
field. A special section of the report analyzes the opinions of experts in the field and 
forecasts when artificial and engineered enzymes are likely to become a reality and what 
area• they will impact. Enzymes in current coaaercial use are employed either as industrial 
catalysts or as components of products. Thus new enzyme-like substances can find a variety 
of uses. The purpose of this report is to explore this potential. Th~ report explains how 
new processes could benefit from catalysts with enzyme-like properties that perform better 
than natural enzymes and can effect transformation for vhich there are no known natural 
enzymes. 

The report also contains a Technology Forecast for artificial. aemisynthetic. and 
designed enzymes based on a survey of experts in the field. It profiles the coa111ercial 
future of this technology with "inside" information on how long coa111ercialization will take; 
whLch technical approach has the most commercial potential; vhat will the impact of 
enzyme-like substances be i.e. to improve existing products or lead to totally new products; 
and what the applications for these new catalysts will be. 

Price $580 for US residents. S610 for the rest of the world. The report is available 
from Technical Insights Inc •• P.O. Box 1304, Fort Lee. NJ 07024, USA. 

Other reports recently available from Technical lnsighta Inc. are: 
"Monoclonal Antibodies: Technical Opportunities" (price Sb45) 
"Urug Delivery Systems: A Teclmology Survey" (price $710) 
Biomass Process Kandbook, A Production/Economic ~uide to 42 ~bemicsl Processes (price 
S541.l) 
Genetic Technology: A ~uL~e to Key & & 0 Projects. Revised. Updated & ~xpanded tor l~d> 
(price $33 7) 

The New Fourth Edition for 19H5 Genetic Engineering and Siotechnology FLrma Worldwide 
Directory, by Marshall ~ittig & Robert Noyes (price 5177) 

Bio-Japan; The Emerging Japanese ~nallenge in Biotechnology 

Available frOlll Oyez Scientific and Technical Services Ltd., is a new report Bio-Japan; 
The Emerging Japanese Challe~ge in Biotechnology by John Elkington as a result of in-depth 
interviews and research conducted by the author during two recent visits to Japan. With the 
country's extraordinary track record of market dominance in ao many areas of advanced 
technology, it is perhaps 1urprising that it has not yet had a comparable impact in the 
burgeoning field of biotechnology, vhich Japanese industriali1t1 consider "the last major 
technological revolution of this century". 

Aa this report shows, however. there is every chance that the gap between Japan and ita 
competitor• in Europe and tne US could have closed by the end of the decade. The market 
implication• ot the trend• hi&hlighted in Bio-Japan l ive ao far influenced the atrate&ic 
thinkin& ot remarkably few companies - and a considerable proportion of the companies which 
have recogniaed the moment\118 buildin& in Japanese biotechnolo&y have been atrengthenin& that 
moaientum by sallin& the Japanas their skills and technologies. 

lncrdasin& ~echnological collaboration and a growin& number of Joint venture• are 
enabling Japan to reinforce ita weaker areas of competence and build on it• undoubted 
1trength1. European and US companies ahd organizations looking for Japanese market 
opportunitie1 and commercial partner• will find Bio-Japan e11ential reading. 
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Other companie1 will be inclined to view the emerging Japanese challenge as a major 
threat to their e1tabli1hed market1, rather than a series of emerging opportunities. Ibey 
will find up-co-the-minute briefing on Japan'• progre11 in auch key areas as: genetic 
engineering; bioproces1ing and 1eparation t~chnology; the development of new 
phanaaceuticals and other health care product1; and the applications of biotechnology in 
such diverse fields as biomass energy, metal recovery, wa•te treatment and pollution control. 

To fac:litate follow-up, an A-Z directory of 1ome of the key companies and organisations 
operating in Japanese bio1cience and biotechnology i1 included. EPrice SS.OU, 
ISBN: 0.907822.52.5 

New Biotechnology Journal 

A major new international review journal, Biotechnology Advances: Research Reviews and 
Patent Ab1tract1, i1 being published by Pergamon Pre11. The journal will address issues 
related to future demand• for fuels, food, chemical feedstocks, health care, a.1d 
environmental pollution control. Biotechnology Advances has been conceived as a means of 
keeping researchers and practitioners in academic institutions up-to-date with this rapidly 
developing field. The journal will, therefore, be devoted to all a1pects of biotechnology, 
including ~nplied biology, technical biochemistry, genetic engineering, biochemical 
engineering, -~~ environmental engineering. It1 purpose is to provide regular, quick, but 
authoritative updates on the re1earch literature. Each annual volume consisting of two 
issue1, will contain mini-review1 plus a detailed bibliography and the ab1tracts of all 
relevant US patent1. Occa1ionally, 1pecial supplementary i1sues of the journal will be 
published a1 proceeding• of conference• or sympo1ia which have addressed state-of-the-art 
reviews of biotechnology topic1. (Source: ESN 39-3, 1985) 

Patent• Throughout The World, available from Clark Boardman Company, Ltd., 435 ttudson 
Street, Nev York, N.Y. lU014. 

This one-volume 1001eleat digest covers the patent law' ot nearly 20U countries and 
their territories. Law1 are arranged and analyzed under con1istent, convenient headings. 
Also included are 1U111111ary tables that allow for a quick comparison of the laws ot different 
countries, a1 well as the complete texts of the international conventions on patents and 
their members. 

Second Edition published 1978/1 1001eleaf volwue/ilC No. 78-978/ISBN 0-87632-125-2 
Price: $75. (Supplemented three times annually. Cost of 1upple111entation was $45 in 1982 
a11d $45 in 1983. No charge for current calendar year supplementation.) 

Grow your own energy 

Alcohol from sugar, gas fr0111 cow dung and energy from purple bacteria ••• Grow Your Own 
Energy unfolds the potential of plant power - and of the fuels of the future. Ne"' Scientist 
technology consultant Mike Cro1s bring1 together an international cast of contributors in 
this up-to-date picture of science and scientists at work. Their struggle to unlock the 
secrets of the energy 1tored in 11bioma1s", an ever-renewable for:c of power, has profound 
implications for the world's economy and the world's future. Price E4.95, 
ISBN 0 ~5520 7302. (Source: New Scientist, 25 October 1984) 

Date 

6-9 Hay 

8-ll Kay 

8-9 Hay 

14-lb Kay 

G. KEE TIN CS 

International Sympo1iwu on Toxicity Testing Using Bacteria, Bantf, 
Alberta, Canada. Information: B. J. Dutka, National Water Kesearch 
Institute, Canada Centre for lnland Waters, P.O. ~ox )050, 
867 Lakeshore Road, Burlington, Ontario, L7K 4Ab, ~anada 

The Interferon Sy1tem, Rome. Information: Serano Symposia, 
Via Ravenna 8, 00161 Rome, Italy 

Agricultural Biotechnology - Finance, acqui1ition1 and joint 
ventures, California, USA. Cont•~t: Jodi Hartin, Freshman, 
Mulvaney, Kurantz, 8th floor, Esst Tower, 9100 Wil1hire Boulevard, 
Beverly Hilla, California 90212, USA 

Bio Expo 85, Boston, KA. Information: Bill Burris, Cahner1 
Expo1ition Group, 7315 Wisconsin Avenue, P.O. Box 70007, 
Washington, D.C. 2008J, USA 



14-17 Kay 

20-22 May 

21-23 May 

2-6 June 

2-7 June 

3-7 June 

4-8 June 

9-13 June 

9-15 June 

16-21 June 

17-19 June 

25-27 June 

14-18 July 

15-19 July 

17-19 July 

3-9 August 
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7th Sympoaiua on Biotechnology for Fuel• and Clleaicals, Gatlinburg, 
TN. Information: Charles D. Scott, Oak Ridge National Laboratory, 
P.O. Box X, Oak Ridge, TM 37831, USA 

4th Stony Brook Symposium on Molecular Biolosy: Protein 
Ensineerins - Applications in Ba1ic Science, ~"Uiustry and Medicine, 
Stony Brook, NY. Information: Stony Brook Symposium, Dept. of 
Biochemistry, SUNY, Stony ~rook, NY 11794-5215, USA 

Biotech 85 Europe, Geneva. Information: Online Conferences, 
P~aner Green House, Ash Hill Drive, Pinner HA5 2AF, Middlesex, UK 

Tissue Culture Association Annual Meeting, New Orleans, LA. 
Information: Frederick H. Kasten, Dept. of Anatomy, Louisiana State 
Medical !;enter, llOO Florida Ave., New Orleans, l.A 7011~. USA 

Kechani• .. of DNA Damage and Repair: laplications for 
Carcinogenesis and Risk Aasessment, Gaithersburg, KU. Information: 
lathy Stang, A353 Physics Bldg., ~ational Bureau of s~ •ards, 
Gaithersburg, KU 208999, USA 

United Nations Syaaposium on Importance of Biotechnology for Economic 
Development, Szeged, Hungary. Information: Industry and Technology 
Division, United Nations Economic Coaaission for Europe, 
Palaia des Nations, CH-1211 Geneva 10, Switzerland 

BIOEXPO 85, Paris, France. Contact: Bioexpo/Sepfi, 
8 rue de la Michodiire, 75002 Paris, France or on (l) 742.92.56. 
Telex: 211897 F TECEXPO 

35th Annual Meeting of the Canadian Society of Microbiologists, to 
be held in Halifax, Nova Scotia, Canada. Contact: CSK Secretariat, 
20 Hobart Crescent, NEPEAN, Ontario, K2H 5S4, Canada. 
Call: (613) 726-0485· 

ACHEKA ij5, Frankfurt, Federal Republic of Germany. Information: 
DECHEKA, Organization ACHEHA, P.O. Box 97 01 46, 
0-bOUO Frankfurt ~7, Federal Republic ot <;ermany 

Industrial Bioprocessing: Principles and Practice of Bioprocessing 
Systems, Pingree Park, Colo., USA (course includes engineering 
principles, bioreactor developments, product recovery, fermentation 
costs, computer control). Contact: Colorado State University, 
Office of Conference Services, Rockwell Hall, Fort Collins, 
Colo. 80523, USA 

Introduction to BIOMET: The National Computer Resource for 
Molecular Biology, to be held at the Waksman Institute of 
Microbiology, Busch Campua, Rutgers University, Piscataway, NJ. 
Contact: Selma Gitterman, Director, Continuing Professional 
Education, Waksman Institute of Microbiology, Rutgers, The State 
University, P.O. Box 759, Piscataway, NJ 08854, USA 

New Technology in Biotechnology, London. Information: Macmillan 
Conference• and Exhibitions, 4 Little Essex St., London WC2R 3LF, UK 

Syntro Conference on Genetics at Stanford - The Third International 
Conference on Bacilli, to be held at Stanford University, 
Stanford CA. Contact: Dr. A. T. Gane1an, Lt. J. P. Kennedy Jr. 
Laboratories, Department of Genetic•, Stanford University School of 
Medicine, Stanford, Ca 94305, USA 

Course on Controlled Relea1e Technology: Polymeric delivery syatema 
for drugs, pe1ticides and foods, MlT, Cambridge, HA. For further 
information contact Director of Summer Session Office, Ma11ar.hu1ett1 
Institute of Technology, Room El9-356, Cambridge KA 0213~, USA 

Photo1ynthe1is and <>enetic Eniineering, to be held at Oxford 
University. Sponsored by the Siochemical Society. Contact: 
Keetin~• Officer, The Biochemical Society, 7 Warwick Court, 
London WClR 5DP, UK 

19ij) Annual Meeting of the Society for Industrial Microbiology, to 
be held at the We1tin Hotel, Copley Place, Boston, HA. Contact: 
Mra. Ann Kulback - SlH Busine11 Secretary, SlH tteadquarter1, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~-1-~_0_1~~-i_1_'_0_~~~-!_v_~_,_·~A-~_1_._"_g_.t_o_n_._._v_A~2-2_2_0~9-·_u_s_·A~~~~~~~~~~~~~~~~~~~~~-



5-9 August 

19-23 August 

25-30 August 

12-13 SeptelOlher 

30 September-4 October 

21-23 October 

27-29 November 
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Biotechnology: Microbial Principles and Processes for Fuels, 
Chemicals and Biologicals, to be held at the Massachusetts 
Institute of Technology, Cambridge, HA. Sponsored ~y the MIT 
Department of Nutrition and Food Science. Contact: Director of 
Sumaer Session, MIT, Room El9-356, Cambridge, HA 02139, USA 

International Symposium on Nuclear Techniq•1es and In-Vitro Culture 
for Plant Improvement, Vienna, Austria. Sponsored by the Food and 
Agriculture Organization of the United Nations anJ the 
International Atomic Energy Agency. For further information 

·contact: International Atomic Energy Agency, SM-282, Vienna 
International Centre, P.O. Box 100, A-1400 Vienna, Austria 

The 13th International Congress of Biochemistry, to be held at the 
"International Congrescentrum RAI" in Amsterdam, The Netherlands. 
Organized by the Coaaission for Biochemistry and Biophysics of the 
Royal Netherlands Academy of Art1 and Science• and the Netherlands 
Biochemical Society. Spon1ored by the International Union of 
Biochemi1try. Contact; Organi1atie Bureau Am1terdam bv, 
Europaplein,, 1078 GZ Am1terdam, The Netherlands 

International Sympo1ium - Labeled and Unlabeled Antibody in Cancer 
Diagno1i1 and Therapy, to be held at the Johns Hopkins Medical 
Institution•, Baltimore, MD. Contact: American College of 
Radiology, 925 Chestnut St., Philadelphia, PA 19107, USA 

7th General Meeting of ~uropean Society for Animal Cell Technology, 
Baden, Austria. Contact: Mondial Congress, 4 ll01endorfer1tra1se, 
Vienna A-1010, Au1tria 

Biotech 85 USA, Washington DC. Contact: Online Conferences Inc., 
Suite 1190, 2 Penn Plaza, New York, NY 10121, USA 

Biotech 85 Asia, Singapore. Contact: Online Conferences and 
Exhibition• (Asia) Pte Ltd., Suite 0922, The World Trade Centre, 
l Maritime Square, Singapore. 

See al10 meetings in previou1 is1ue of the Monito,. 

F. llEPRlNTED AllUCLES 

Biotechnolo in Food Production and Proce1sin 
By Dietrich Knorr and Anthony • Sinskey 

D. lnorr is Profe11or of Food Proce11ing and Biotechnology, Department of Food Science 
and Human Nutrition, Univer1ity of Delaware, Newark, Delaware 19716. A. J. Sin1key i1 
Profe11or of Applied Microbiology, Department of Applied Biological Science•, Mas1achusetts 
Institute of Technology, Cambridge, Ma1sachusett1 02139. 

Thie article i1 adapted from a po1ition paper pre1ented at the ln1titute of Food 
Technologist• Workehop on Re1earch Heed1, 11-14 November 1984, Arlington Height•, l~. 

Introduction 

The uee of biological technology for the manufacture of food and bever3ges has been 
practi1ed for more than 8,000 year1 with 1ourdough, vinegar and alcoholic beverage 
production being the moat prominent example• (1). In addition, other fermented product1, 
food and feed additive•, a1 wall a1 proce11ing aid1 are now produced by biotechnological 
proc••••• (Table 1). Thia make• the food proca11ing indu1try the olde1t and larga1t 
indu1try u1ing biotechnological proca11e1 (2, 3) to 1upply and preaerve food. The i111portant 
i11ue of concern today i1 how modern biology will impact on the food indu1try. Another 
related queetion i1 what are the constraint• hinderina applications of biotechnology to the 
food indu1try. 

Biotechnology in food production 

Biotechnology can have 1ignificant con1equence1 on the ba1i1 of food eupply, including 
raw material development (1ynthe1i1), modification a• wall a• raw material pre1ervation and 
bioconvereion. ln addition, developt11ent of production and proce11ing aide and direct 
additive• 1uch as enzyme•, flavour1, pig111ent1, poly1accharide1 and antioxidant• can 1110 be 
produced to improve the overall utilization of raw material•. 
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Critical, however, i• the formulation of achievable objectives. In addition, as will be 
seen later, biotechnologists can make a variety of materials. What i• needed is a rational 
basi• for their utilization in food sy•teas. Lacking i• quantitative information on the 
structure-function relation•hip• of food material•. 

Table l 

World Production, Mark~t ~alue and End use of 
Selected Products of the Bio~echnology Based Food Industry (2) 

Products 

Amino acids 

Enzymes 

Citric acid 

Baker• yeast 

Beer 

Cheese 

Vitamins 

Production 
(metric tons/yr) 
1974 1979 

265xl03 

0.97xl0 6 

60xl06 

llxla6 

455xl03 
(1982) 

65xl<>3 
(198 ) 

300x103 

l.75x106 

li0x106 

14xla6* 

* US and We•tern Europe 

Ii.aw material 

Market Size 
(millions U.S. $) 
1974 1979 

290 

132 

380 

310-400 
(1981) 

6&8 
(l. lxl03, 
( 198\) 

Primary t:nd Use 

feed additive, food 
enrichment and 
flavouring agent, feed 
additive and preservative, 
food enrichment agent, 
processing aid 

beverage 

food 

feed and food 
additive, food 
enrichment agent 

Plant product•, fewer than 30 plant •pecies, provide more than 90 per cent of the human 
Jiet. Eight cereal crop• provide more than half the world' a calories (4). Animal products 
contribute over 56 million ton• of edible protein and over l billion megacalories of energy 
annually (5). In addition, the increa•ing potential of marine food product• and aingle cell 
protein as a raw material ha• recently been •tressed (6). SCP is a significant source of 
protein in various parts of the world. 

Currently, the role of biotechnology in raw material development i• directed to 
(a) supplying the scientific tools for plant and animal breeding; (b) increasing 
productivity through improved efficiency of nutrient use and conversion; and (c) to identify 
new food source•. For example, extensive work has been carried out to increase the available 
supply of naturally produced nitrogen for plant growth (7), Furthermore, aingle cell 
proteins (SCP), the dried cell• of mi~ro-organiama for use•• protein sources in human foods 
or •nimal feeds, are cultivated on a large acsle by u•ing photosynthetic a• uell ·•• 
non-photoaynthetic micro-organism• (8) and cultured plants and plant cells are being 
considered for food production (9). Additional ~iotechnological effo~ts worldwide in raw 
material development include genetic improvement of animal breeds, improvements in the 
reproductive efficiency in liveatock, and the uae of vaccine• and monoclonal antibodies in 
the diagno1i1, prevention and control of animal di1ease1; improvement of crop •pecie• via 
regulation of endogenous genes and the transfer of DNA from one •pecie1 to another (e.g., 
fu•ion of cell1, transfer of •ubcellular organelle•, vector-mediate DNA tran1fer, im~rovement 
of plant re•istance factor• (e.g., plant and microbial produced peaticide•) and improved 
photosynthetic efficiency (1,8,ll). The use of the genetic diver1ity in plant•, new plant 
and animal food •ource1 a• well as improved food production technologiee (e.g., aquaculture, 
hydroponic•, aolid-1tate fermentation, continuou1 ti•sue cultures) are continuously 1ought 
(7,9,11). 

Mo1t of the work on raw llUlterial 1AOdification center• around the area• of 1tre•• 
re1istance and functionality. The i1sue of functionality includer all properties of food or 
food raw material except nutfitional ones that lead to it• production and improved 
utilization. Thia compri1e1 salt tolerance, herbicide and drought resiatance, tolerance to 



- ~3 -

temperature stress, modification of colour, flavour and texture of raw materials, increase in 
essential nutrients and the reduction of undesirable constituents (11,13). 

Rav material preservation by biological processes is of key importance to agriculture. 
Raw materials, in the form of silage, fermentation of cocoa and coffee beans and 
"fermentation'' (oxidation) of tea leaves, as well as the conversion of raw material into 
single cell protein or feedstock chemicals (l,13) just pinpoint the magnitude of these 
microbial fermentation processes (l,13). 

From a strategic-planning point of view, food manufactures or processes will pursue 
different strategies baaed on how raw materials are integrated in individual manufacturing 
operations. 

Additives, production and processing aids 

Additives and production aids used in raw material production include materials such as 
vaccines and growth regulators as well as microbial insecticides and herbicides in plant 
production (14) and on a worldwide basis these are subject to increased growth and intensive 
investigation (10). Historically, food additives such as vanilla flavour, vitamins Bi, 
&12, C and D have been produced through biotechnological processes. Currently, intensive 
work is carried out on the production of metabolites such as flavour pigments, alternative 
sources of vitamins, antioxidant• and lipids through plant tissue (15) and on the microbial 
production of flavours, pigments, vitamins, amino acids, antioxidants, bisurfactanta and 
polyaaccarides (15). For example, blue-green algae have been isolated which produce 
vitamin E (l&), and it might be possible to increase vitamin E synthesis by altering the 
bioaynthetic pathway in algae to fulfill the demand for this antioxidant. Aapartame 
(L-aspartyl-L-pbenylalanine methyl ester) is a low-calorie dipeptide sweetener which baa 
recently been approved as a food additive. Precuraora such as aap»rtic acid and 
pheny~alanine can be and are produced by fermentation processes (Pellon and Sinskey), (17). 
In addition, the production of the dipeptide aapartyl-phenylalanine has been performed at the 
laboratory level by recombinant DNA processes. 

Polysaccharides co111DOnly derived from algae or botanical sources and used as rheology 
control agents are being produced commercially through microbiological processes (18). The 
search for new microbial polysaccharides is of additicnal interest since additional 
biotechnological application of polysaccharides are possible in food related applications 
such as the microencapsulation of flavours, iamiobilization of enzymes, for the entrapment of 
whole cells and as a flocculating aid in f~od process waste management (19), 

Yeasts have been used traditionally aa processing aids in the production of alcoholic 
beverages and recently attention has been given to genetic manipulation of Saccharomycea 
yeaat cell• to increase the efficiency of the brewing proceas and to improve the process of 
preparing low-calorie "light" beers. Currently, glucoamylaae enzymes from microbial sources 
(e.g., A. niger) are ~sed in the production of many light beera. Theae enzymes are fairly 
thermostable and are not destroyed by normal beer pasteurization at 60-&2oC. These beers 
beco~e sweeter upon storage due to the release of glucose units from dextrins by the 
glucoamylase. Thua, the production of a thenaosenaitive glucoamylaae by a brewer's yeast 
which is inactivated upon pasteurization would be of significant value (20). 

Enzyme• are uaed extensively in food production and proceaaing with amylase, glucose 
transforming enzymes, proteases, pectic enzymes and lipase• being the ones moat extensively 
applied. Excellent reviews on the production and utiliz&tion of food enzymes are 
available (21). 

lmmobilized enzymes and whole cell• have recently received a aignificant amount of 
attention aa valuable biocatalyats for the food procesaing industry (22). Advantages of the 
application of immobilized proceases include continuous operations, reuse of the biocatalyst, 
eaae of process control, improved biocatalyst stability, and reduced waste disposal 
problems (22). 

The moat dramatic effect of biotechnology on the production of a food ingredient is 
exemplified by the development of high fructose corn syrup (tlFCS) which involves the 
application of two amylases and glucose isomerase for the liquification and subsequent 
saccharification of corn starch into an about equimolecular mixture of fructose and glucose. 
Becauae fructoBe i• sweeter than glucose, HFCS is about as SW6et as a sucrose syrup of the 
same aolid content and has found wide use in proce11ed foods. ln 1981, about 2.5 million 
metric tons of liPCS (dry basi•) were produced compared to about 72,000 metric tons in 197&. 
Over a ten year periorl (1970 to 1980), llFCS increased from non-existence in the per capita 
consumption of nutritive aweeteners in the USA (55.0 kg in 1970, ~8.2 kg in 1980) to 16,4 per 
cent of the total nutritive 1weete~er consumption while the percentage of sucrose decreased 
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from 84.l to 6S.O per cent (Olaon/Korua/Tilijaaen). Tile production of HFCS via enzyme 
technology is one of the greatest commercial successes of immobilized biocatalyst 
technology. Secondary plant metabolites can also be successfully produced by such processes. 

The production of enzymes with enhanced temperature stability to temperasture and othei 
processing conditions, especially for improvements in processing and processing time hav~ 
recently received much attention. 

Bioter;mology in Food Processing 

Product modification 

Significant advances have been made on the modification of food components such as 
proteins, atarches, pectina, fats, for use in foods, oils and polysaccharides. For example, 
protein modifications include limited enzymatic hydrolysis to alter food functionality. The 
L'everse reaction "the plaatein reaction", has been proposed as a method to create protein 
like materials in order to develop new food products (3). 

Mest teiderization with papain (estimated annual sales in the U.S. 1975 l0.1.10 6 $, 
1985 16.6.10 $) is one example where large scale applications of enzymatic hydrolysis is 
used to modify product functionality. 

Modification of the fatty acid composition of triglycerides by lipase and the enzymatic 
modification of olive oil and stearic acid to a cocoa butter-like fat, particularly the 
fccmation of l-palmitoyl-2-deoyl-3-stearoyl-~-glycerol, the major triglyceride of cocoa 
butter obtained on reacting ,leic anhydride with l-palmi:oyl-3-stearoyl !!£_-glycerol in the 
presence of lipase present additional areas of product modifications. 

Production Preservation and Stablization 

The efficiency of microbial metaboiiam used in the food fermentation industries can also 
be enhanced via genetic manipulation of starter cultures. Fundamental knowledge of the 
molzcular bio!ogy of organisms used in starter cultures is required (24}. 

Processing Methods 

Bioreactors 

With the availability of high-performance bioreactors for large scale fermentation­
proce1se11 current emphasis is on computer process control, even though there is a need to 
improve bioreactor performance by overcoming li~itation of heat and mass transfer. This is 
especially im?ortant with new biocatalysts and the desire to scale-up many processes 
including animal and plant cell culture systems (26). The engineering problems are 
challenging when non-Newtonian sy1tema are involved (25). 

Currently, extensive work on i111111obilization techniques, reactor des;.gn and cell membrane 
permeabilizing procedures will help to overcome problems currently experienced with 
continuous animal and planr. cell cultures such as shear sensitivity, 1low growth rate1 1 and 
release of product1. 

Separation and purification operations 

Mechanical unit operations ua-.J for separation and purification include operation• such 
aa aedimentation, centrifugation, filtration along with dialy1is, flotation, and 
ultrafiltration (27). Biomau separation i1 co1111.only aided by bioflocculatio;, wi.th ot by 
synthetic polyelectrolytes. Recently, natural polyelectrolytes such as chitin and chito1an 
have been investigated in place of synthetic polyelectrolytea (28,29}. 

Applications of aqueou1 two-phase ayatema (liquid-liquid extraction} especially for 
extractive purification of enzyme• (JU) and that of supercritical extraction (31) for food 
ingredient recovery are becoming increasingly important. ln the use of the latter one, 
carbon dioxide i1 favoured as den1a gas becau1e of it ia non-toxic non-explo1ive, cheap, 
readily available and is eaaily removed from extracted product• (32). Aa an industrial 1cale 
supercritical extraction it i1 currently used tor decaffeination ot cotfee and tea. 

During the past decade ultrafiltration has become a uaeful separation and purification 
proce1s for food procease1. Recovery of whey protein from cheese, cottage cheese or 
indu1trial case:n proce11ing wastes is a prominent food application (33). 
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Non-lipolytic enzymes have ~~~n used to enhance extractability of oil from seeds ()~) 
and pectolytic enzymes are used extensively in the production ot liquid truit and ve&etable 
~roducts (35). Co-fermentation processes have also been suggested to aid the separation and 
purification of secondary metabolites (lb). Scale-up of high performance liquid 
chromatography (KPLC) separation processes ia being explored (37). 

Product safety and qualit7 control 

Besides the use of classical methods applied to ensure quality and safety of foods (38), 
three recent developments seem noteworthy that are relevant to product safety and quality 
control. First, the potential application of monoclonal antibodies to determine optimal crop 
harvesting and to optimize processing and packaging techniques (39). Secondly the use of 
biosensora and DNA hybridization techniques for quality control (40) and thirdly the 
potential ~f tissue culture and genetic methods for toxicity assessment (41). In addition, 
tne regulatory aspects of biotechnology as a new method of manufacture· of food ingredients 
and its relation to food safety are being examined (42). 

Waste treatment and utilization 

Because of the large voluiaes co1111110nly involved in the production and processing of food, 
tood production and processing wastes create disposal and pollution problems. Substantial 
loss of essential nutrients can occur in work strains. For example, 2U million metric tons 
of whey, the fluid that result• from the separation of curd from the fluid when converting 
milk into cheese, contains about 1 per cent protein, 5 per cent lactose, U.) per cent 
minerals and 0.2 to 0.5 per cent lactic acid, accumulate annualty in the U.S. (43). Whey 
contains more than half of the nutrients of milk going into cheese production and only about 
50 per cent of the total whey solids are disposed of by various industrial and municipal 
waste treatmen~ operations (44). 

' Bi0111Aaa recovery, especially for isolation of protein, has been carried out in the tood 
processing industry for an extended period of time. Isolation of potato protein concentrates 
from potato processing wastes, for example, has been proven on an icduatrial scale and the 
product's potential for food application has been studied extensively (46). Byproduct 
recovery has also been studied for meat processing, cereal processing, dairy processing, 
fruit and vegetable processing, fish and shellfish processing and fermentation 
operations (45). 

The potential of food processing wastes for byproduct recovery and conversion can be 
illustrated by chitin (poly- (l 4)N-acetyl-D-glucoaamine) a waste product of the shellfish 
industry and one of the most abundant polysaccharides in the world. It has been uced 
effectively to aid the separation of colloidal and dispersed particles from food process 
wastes, has been shown to have potential for numerous food applications including dietary 
fiber and functional ingredient, is used as a carrier for im1110bilized enzymes and chitoaan 
(partially deacetylated chitin) is being utilized for •icroencapaulation of flavour and for 
the entrapment of whole cells (4b). Numerous additional applications of chitin and chitosan 
are currently being investigated (47). Chitin bioconveraion to single cell protein haa also 
been examined (48). 

Bioconveraion of food processing wastes include• substrates such as starch by the "Sy•ba 
process" which utilizes a symbiotic culture of tvo yeasts, the -ylasea producing 
Endomycopais fibuliger and Candida utilis (4'J) or whey with 'luyver011ycea tra,1l1a and 
~andida intermedia, which i1 characterized by an exclusively oxidative lactose .etabolia•, 
being u1ed for production of protein enriche1 whey (50). The use ot molasses and corn steep 
liquor as substrate in .. ny fermentation processes and partly the production of vinegar 
(e.g., from "waste" wine) can also t.-e cate,orized as bia.aaa C!>nversion ot tood process 
wa1tes. 

Re1earch needs in biotechnology 

As the above diacu1aion indicate•, there is e wealth of potential opportunities for 
biotechnology and foods. Needed is a .echania• by which the benefits of a biotechnology 
proiraane limited to the food sector can be proposed aa well as a sum11&ry of the critical 
re1earch need1. Fortunately, a vorkahop recently sponsored by the Institute of Technologist• 
took a 1tep in thi1 direction. Approxi .. tely forty scientists from industry, government, and 
acade~ia reviewed and aum11arized the following atat ... nt that def ine1 the benef it1 and 
ie1earch need• in this i•portant area. They are sum11arised below: 
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Biotechnology directed toward the general area of food can br;.ng significant economic 
bcn~fits at both the macro and micro levels. The U.S. national (macroeconomic) 
interests can be served by: 

aore reliable supply of critical food and food ingredients 
more efficient use of capital employed in food processing 
lover energy consumption in fooci processing 
faster innovation, particularly in agricultural, raw material development, 
thereby maintaining a competitive interuational position, and 
providing an added value usage for agricultural commodities currently in surplus. 

At the microecon01Sic level of individual food sectors, benefits will come from: 
more effective p~oduction yields 
higher productivity in processing raw materials 
improved ability to meet the consumers demand for natural fo~ ·' and fooo 
ingredients 
less waste, improved processing characteristics, consistent quality, and a 
greater nutritionai value. 

The following seven progr..-es of research needs are not prioritized, but rather reflect 
needs at the vari~u• atepa in the path froa agricultural production through to the 
consumer. 

The moat critical research n~eda - in addition to b~aic studies on the 
structure/function relationship of food .. teriala - are (1) cell physiology and 
biochemistry of agricultural raw 111&teriala and (2) iaprovement ot food grade 
microorgani .... 

1. Application of biotechnology to structural/functional relationship of food material. 
Iaprove the utilization of bi01S&teriala by applying modern biotechnological 
principles such aa site-directed mutageneaia to control the functi~nal 
performance of foodstuffs. In addition, biotechnology will contribute 
analytical tools and processing procedures which vill aid in implementation of 
this nev knowledge. 

2. Cell physiology and biochemistry of agricultural raw materials. 
The potential exiata to lover the coat of agricultural raw .. terials, both plant 
and an1 .. 1, by application of genetic engineering and other b1otecnnolog1cal 
techniques. Potential targets for iaproveaent are: 

in crops - aolida content, sensory properties lcolour, flavour, texturd), 
enviroa.ental adaptation, secondary aetabolitea lvit .. ina), poat harvest 
storability 
in ani.ala - feed efficiency ur.ili&ation, polatab1l1ty, fat/protein 
ratios, aaturation tiae of juveniles. 

To realize these benefits, a vaat increase 1a neceaaary in our understand1n~ 
(at the molecular level) of the cell physiology and bioaynthetic pathway• in 
the appropriate sniaal and plant species. 

l. lecombinant DllA Technologiea. 
To improve the production costs, outritional value and coat-in-uae of aoae of 
the .. jor agricultural crops, particularly cereals, further fundaaental 
advance• in recOISbinant DllA technologiea are necessary. Criti~al needa are in 
the following wreaa: 
a. Vector development and transformation pr°'edurea for cereal crops, 
b. lcproved r1~ulation and expression of foreign genes, and 
c. Techniques to regenerate and propagate crop• which cannot now be ao 

handled. 

4. lapid screening. 
leduce the time and 'oat of developing nev crop apeci4a by confinaing their 
ge110typ• at the cell culture stage vith desirable propertiea. 
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S. Iaprov-nt of enzymatic proceaaiq. 
Enzyme proceaaea can reduce the hi&h coat ot traditional food proceases and 
alao permit development of totally novel foods and food inaredienta. 

To expand the ranae of poasible proceasea, and iaprove on the economic• ot 
current enzyme based proces#Js, increaaed basic Uiovledae of enzymes ia needed 
on the iaolation, and characterization, mechania .. of enzyme action, and their 
incorporation into food procesaes. !p<'!cific needs are: 
a. underatandiq the -chania .. of enzyme inactivation 
b. clonina ay11t ... to permit prodi:ctioa of new euyaea in food arade 

oraani ... quickly and cheaply 
c. utili~ina enzyme• for bioaynthetic proceaaea ano redox reaction• relevant 

t~ fooda, incluclina the lov coat production and recyle of cofactor• 
d. developina new proceaaea/procedurea uaina immobilized whole cella. 

Fundaaent1l atudiea are needed on control of aaaa tranafer in food 
ayat ... , .. intenance of catalytic activity aod prevention of 
cont-ination. 

e. ullderatandina and aodelina by computer the -chani•- of action of food 
proceaaina ens,-• in aufficient detail to permit ayateaic pr~tein 
enaineerina of improved enzymea. 

b. Iaprov-nt of food arade .:cro-oraaoia ... 
Kicro-oraaoi ... - bacter1a, yeaata and funai - are all uaed extenaively 
in varioua upecta of food proceaai... To iaprove the econoaica (yield 
and productivity) and nev product characteri~rica achievable with tbeae 
oraaoi ..... jor edvancr• in our uoderatandina of their biocheaiatry and 
1eaetica are needed. 
Specific reaearch aaeda are: 

a. to eatabliah food-arade recombinant DIA technoloaiea and biocheaica l 
underatandin& of aicroor1ani ... uaeful in food feraentation and 
preaervatioa proceaaea 

b. to quantitatively deacribe the aicrobial ecolo&J and biocheaiatry of 
aixed culture and aolid-atate feraentationa important in food-atuf fa 

c. to iaolate, •elect, and 1enetically .. nipulate oraania .. capable of 
ayntheaisina food additive•, auch aa biopol,-ra, food colourant•, 
natural fiavourina• and preaervationa, by fermentation and cell culture 

d. to develop econoaically viable bioproceaaea aa aot,rcea of raw .. terial 
for the food proceaaina induatry. 

7. Food aafety. 

Concluaioa• 

There ia aa uraeat need to improve and speed up food aafety aaaeaament 
techniquea. 

liotecbaoloay can contribute to food aafety by developin& faster and aorc 
.... i .. ful .. thoclolo1iea, baaed on DllA hybridisation, aequencin& and 
aonocloaal antibocliea, for food safety aaaurance. 

lt ~• obvioua that the area of biotechnolo11 in food production and proceaain1 
ecu:ompuaea a tr ... Ddoualy diverae and lara~ field of utilisation of capabiliti•• of 
biolO¥i~al •Y•t ... vith rapid~y espandina new food applications and with nav food source• 
beina d9Yeloped. We have atte.,ted to hi&hli&ht biotecbaoloay in food production and 
proc•••i111 on a very broad baai• and coa .. quently could only scratch on .. ny of th• excit1n1 
involv ... nt• of biotechaoloaJ in providin&, aecurina and iaprovina our food supply. 
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