G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

- @Genetic

i Englneerlng
 and

‘ Blotechnology
- Monitor

Issue No. 27 February 1990

Special in this issue: An article on Bacterial Leaching: A
potential for Developing Countries by Rohini Acharya, International
Federation of Institutes for Advanced Studies, Maastricht, the
Netherlands.

This publication is distributed free of charge

An oficiel document and hes been
MWM&«MMM views of the United Nations
ommm(unm mdumdmummm

an reproduced in these pages may be quoted only with per-
M%hmcbdnhm Other material may be quoted or reproduced without further

mmwbw
WWMlMmem Dopwmformmmﬂ\oﬂon

CANROMMD R ) P AR e -

%




POLICY., NEWS AND OTHER EVENTS

UNIDO news
Microbiology courses at International
Centre for Genetic Engineering and

Biotechnology

UN and other organizations' news

Biotechnology aid
International pesticides register proposed

Social issues

Nordic programme for biotechnology and
Swedish review

General

OECD report says biotechnology's major
impact yet a decade away

The growing field of biopesticides

Biotechnology business

Monsanto furds biotechnology effort

International racket involving rare orchids

ATCC news - 24 new molecularly cloned
viruses ard viroids added to ATCC Plant
Virus Collection

AIDS compared to Black Plague, seen
worsening

"Cancer virus”
blood banks

Ecological Society of America reaches
conclusions on deliberate release

Mapping the human genome

Genome's tcrtuoss path

DNA fingerprinting

Profiles bank on the way

By the way

ccntaminates the USA's

COUNTRY NEWS

Argentina

Research survey on the biotechnology effects
in Argentina‘'s economic development

Looking for the development of new
technologies: fermented milk

Austria

Biostimulation by photons
New commercial set up

Australia

Western Australia biotechnology park

Australia's first recombinant release
goes commercial

International Depositary Authority in
Australia to expand range of organisms

Brazil

Santa Catarina Centre for Biotechnology
Development

Canada

Canadian biotechnology ready to l1ook
overseas

China

Biotechnology venture, a first, entered
by US firm and PRC

CONTENTS

10

10

10

1C

10

1l

Denmark
Genetic engineering law to be less rigid
Denmark gives green light to interleukin-2

Buropean Coamunity

Engineered organisms®' guidelines take shape
CEFIC biotechnology move

EC genome project goes on ice

Biotechnology in EUREKA projects

EC programmes and directives

Federal Republic of Germany

Biotechnology controls approved
Biotechnology plans held up

Summary of first biotechnology programme
Microbial ecology research

The flowers that bloom next spring
Magnetic microspheres for celil separation

Japaa

Human genome sequencing by committee
Companies agree to participate in
drug-development

Jordan

A report on the current biotechnological
activities and research in Jordan

The Netherlands
Biotechnology at TNO

Norway

Biotechnology in Norway
Switzerland
Biotechnology in Switzerland
Spain

Spanish biotechnology

United Kingdom

Royal Commission calls for tougher controls

Biotechnology Directorate

Lift for protein reseirch

7.5 million pounds sterling, 5-year LINK
biochemical engineering programme
launched

Virus research unit set up

MRC unit in protein function and design

AFRC gene transfer grants

New glycobiology institute

Bridging the gap

EEC chooses university to lead "in-body”
microsensor consortium

New biotechnology firm

United States of America

US tinalizes controls un genetic engineers

USDA steps up efforts in biological control

US biotechnology is in better health than
was expected

Field testing of carp approved

Ganome sequencing of the nematode

Human genome project costs daunting

Computer array interprets the human genome

NIH reqgulation on experiments abroad

15

15

15

15
16
16
17
17
17
17
17
18
18
18
18
19

19
20

20

20
20

20
21
21
22
22
22




Biotechnology cutbs opposed by traders

Biomedical bugs

FDA opens up drug access for most -serious
AIDS patients

RESEARCH ............... shetesesesinessasens

Research on human genes

Two genes may help reqgulate cancer cells
IL-2 and diphtheria toxin used against
T-cell leukaemia
Search narrows for melanoma gene
DNA-protein crosslinks
Single gene may predispose people to allergy
Progress on sickle cell anaemia
Mitochondria unravel the secrets of
growing old

Research on_animal genes

Genetic engineering in fish farming

Research on plant genes

Plant reactor *o grow immobilized plant
cells

New light on evolution of flowering plants

A quick way for hybrids to run to seed

Transgenic plants prove a boon to basic
research

Plant ion-pump gene cloned

Genes as eco-safeguard

Research on yeast and funqus genes

Trials success for "PCB eating” fungi

Research on viral genes

Synthetic molecule disables the 'flu virus
Enzyme made to treat metabolic disease
Protease blocking substance used in

HIV research
Model developed to aid tesearch
AIDS virus may lie hidden
Relative of HIV linked to :hyroid disease

Research on bacterial genes

TNT eating bacteria could clean hazardous
explosives storage sites

Firefly factor makes colourtul genetic
marker

Salmonella’'s defence lies in one gene

Ice-nucleating substance from Erwinia

Bacterium with a vaccine in its tail

Active growth factor expressed in bacteria

Cellulose bactaria

Research instrumentation

Computerized scanner faster and cheaper

Protein BioEngine

Microscope reveals molecules at work

Images of DNA produced during gel
electrophoresis

General

STM mezsures PNA, DNA periodicities

Malaria immunity

Novabiochem brings out
pept ides

Hutant mice overthrow dccepted theory of
nerve regeneration

three endothelin

23
23
23
23
23
23
24
24
24
25
25
25
25
26
26
26
27
28
28
28

28
29

29
29
29
29

30

32

32

32

32

32
32

33

33

Parasite offers clues to its line of attack
on the immune system

Heat-shock proteins help you to "stay in
the kitchen®

HSP 90, the neglected heat-shock protein?

How diagnostic DNA meets its match

Making a sandwich out of DNA

Transition-metal complexes probe DNA
conformation

APFLICATIONS

Pharmacec! .cal and medical applications

Possible effective drug against HIV

Possible use of gene therapy

Advances in vaccine development

Malaria vaccine trials on people

Vaccines against food toxins

Possible AIDS vaccine developed

viral in AIDS vaccine trials

Test detects cystic fibrosis in embryos

Hepatitis-C detection test

Test to diagnose type 1 diabetes

Muscular dystrophy diagnostic available

AIDS test marketed

Renin mapped

Altered TPA may work better against clots

Preventing the spread of tumours

A skirmish in the virus war

Potential AIDS drug

Geneticaliy altered cells tested in
human patients

Gene therapy breakthrough

Drug developed to block cancer sites

New drug delivery systems

Mab therapy in paediatric tumours

Antibody takes poison dart to lymph cancers

Colgate to evaluate Synergen periodontal
product

Arthritis licence deal

New test can predict rejection of
transplanted organs

Toxic sensor

Synergan initiates wound healing clinical
trials

Synergen and Hoffmann-La Roche announce
anti-inflammatory drug research and
development collaboration

Livestock applications

Tapeworm succumbs to engineered vaccine

Recombinant poultry vaccine

Embrex and University of Arkansas on
poultry virus neutralizing factors

Vaccine field test

Agricultural applications

Molecular farming route to peptides

Biotechnology tests pursued

Bivcontrol agent is patented

Early detection for crop diseases

Potatoes product soy protein

Pield trials of genetically modified
potatoes

Tobacco plants produce desired proteins

Barly flowering tobdacco

Agracetus begins field test of
resistant cotton

Allelix achieves first corn plants from
pollen cells

"Insect Exocet” could replace chemical
pesticides

Monsanto developing plant vaccine

insect -

35

35

35

40
40

40
40

41

41

41

41
42

42
42

42
42
42
43
43
43
LK
43
43
43

44
44




Food production and processing

Biotech at home

A cultural revolution for cheese

Milk coating could push trozen foods into
the cold

Bacteria identification

Energy and environmental aoplications

Early warnings of stress

Gene technology to spot pollution damage

Waste water purification by fungus

In-situ soil decontamination

Biclogical denitrification of drinking
water

Bacterial armoury joins fight against
Alaskan spiil

Crude oil deyradation micro-organisms
from ATCC

Adapting medical diagnostics

Genetic engineering improves ethanol
yields

Microalgae consume greenhouse gases while
producing fuel

Biopesticides: Can they herald the
promised land?

Extraction industry applications

Magnesite beneficiation through gene
technology
Iron-oxidizing bacteria

Chemical applications

Nitto discovers acrylamide microbe

Industrial microbiology

SERI enzyme work
profits
Biotechnology headphores

increases industry

Bio-hazards

Assessment of dgenetic hazards

HB Y

CUNTENTS (cout inued)

Page
43

41
43

14
495

15
195
17
47
47
47
47

47
47

48
48
48
49
49
49
5C
50
50
S0
50
50

50

PATEL TS AND INTELLECTUAL PROPERTY ISSUES ...

EPQ rejects patent application for
transgenic mice

Draft directive on patentability of
biotechnological inventions in the
Europear Economic Community

Patenting Life Forms in Europe - a new
publication of the ICDA Seeds Campaign

European Patent Office narrows definition
of "medical treatment”™

Animal patents

BIO-INFORMATICS . ... ... .. iiieinenennnnn

“"Alternative” pesticides spawned by
biotechnology could grow to $8 billion
warket by 2000

Biopesticides report

Five Year Research Plan 19Y88-1992:
Biofuels: Renewable Fuels for the Future

Handbooks of Biomass Downdraft Gasifier
Engine Systems

The Laws of Life: Anoth2r Development
and the New Biotechnoloyies

Release of genetically engineered organisms

Australian and New Zealand Biotechnology
Directory

Food Biotechnology

Biotechnology Sourcebook

Biotechnology publications from the OECD

Bibliography for bispecific m:noclonal
antibolies

Directory of Biotechnology Information
Resources

Computational Molecular Biology

Biosearch Ireland

Protein Engineering Database Group

New listing of ATCC recomb nant DNA
materials

MEET INGS

SPECIAL ARTICLE

Bacterial leaching: a potential for
developing countries

S0

51

51

52

52
S3

53

53

54
54
sS4
54
55
55

57




A. POLICY, NEWS AND OTHER KVKNTS

UNIDO news

Microbiology :tourses at lnternational Centre
for Genetic Engineering and Biotechnology

Recombinant UNA and computers for mulecular
biology were on the syllabus of this summer’'s
efforts to bring the latest technigues in genetic
research to the third world. Trainee scieatists
attended the first two courses being offered by the
International Centre for Genetic Engineering and
Biotechnolcgy (ICGEB) at its laboratories in
New Delhi and Trieste.

Molecular biology of chloroplasts - dealing
with recombinant DNA technology for plant cells
containing chlorophyll - was the focus of the course
running in New Delhi (3 July - 10 August), attended
by trainees from as far afield as Cuba, Hungary,
Iraq, Mexico and Pakistan. Lead by the component's
Head, K. K. Tewari, it drew on the teaching
expertise of international scientists who are
undertaking research at the Centre.

The aim is to prepare participants to isolate
DNA, construct a recombinant DNA library,
restriction map and sequence genes, identify
proteins by antibody binding, light activate genes
and the like. The course has been organized so that
trainees will be able to use the latest techniques
in their own countries while teaching their
colleagues.

As a follow-up, ICGEB will maintain contacts
with these scientists as well as provide them with
advice. Three such courses on different topics are
envisaged for New Delhi annually.

In Trieste, meanwhile, 41 students from
14 ICGEB member countries have recently taken part
in a course on computer applicatiuns i1n molecular
biology (3-13 July) to show them how electronic
automation could allow them quicker access to the
increasing wealth of data on DNA.

Combining both tedaching and reseatch, the
course was designed to encourage trainees to apply
software to their own research material, such as DNA
and protein sequences, which they brought to Trieste.

Crganized by D. Brutlayg of Stanford University,
it was conducted by leading scieniists in computer
science and molecular biology, including J. Collins
of Edinburgh University, A. Bairoch of Geneva
University and C. Sander of EMBL Heidelberg.

Due to the favourable response by participants,
the course will he repeated next year. They also
called on the Centre to organize a central
laboratory for services to member countries in
biological sequence retrieval and analysis.

(Source: UNIDO News Release, 24 .July 1989)

United Nations and other organizations’ news

Biotechnology aid

The UN Pood and Agriculture Organization has
committed itself to supporting more resedrch i1nto
biotechnology both in and for the thisd vorld.
During a symposium entitled “Plant Biotechnologies
for the Developing World” in Luxembourg organized by
the FAO, representatives listened to scientists from
the richest and poorest countries in the world
debat irg whether biotechnology 13 an "appropr.dte”
science that should be carricd out in the
third world. (Source: New Seientist, 8 July 1989)

International pesticides reyister proposed

Some one million people a year suffer acute
puisoning from pesticides, and 20,000 people a year
die from pesticide poisoning, according to a report
by the wWorld Health Organization in 1986. Pesticide
poisonings are increasing as Jdeveloped countries
sell lethal chemicals to Jdeveloving countries that
have no adequate safeguards to protect their people,
livestock or wildlife. Tne Food and Agriculture
Organization says very toxic pesticides are
available in at least 85 developing countries. Some
80 of those countries have no adequate system to
approve or monitor the toxins. World pesticide
sales have nearly doubled since the mid-1970s to
$18 billion a year currently. Much Of the growth
has occurred in the third world. Docturs and health
workers have reported many cases of workers who wear
no proter~tive clothing because of the heat, use of
empty pesticide containers to store water and food,
and use of pesticides as shampoos to kill head lice.

A UN committee has now proposed an
international pesticide register. Countries would
indicate what pesticides would be accepted and which
would be refused entry into their country. The US
exports 500 millicn nounds a year of pesticides that
are banned or restricted in the US. Exporters are
required to notify the US Enviroamenta: Protection
Agency (FPA) about such exports so that it can
notify the Jeceiving country, but the Rgency says
that only 10 per cent of exports are actually
reported. (Extracted from New York Times,

30 May 1989)

Social Issues

Nordic programme for biotechnology and Swedish
review

within the framework of Ncrdic co-operation
involving the Scandinavian countries and Denmark, a
joint biotechnological programme has been
initiated. The Nordi: Council of Ministers has
instituted a special commission for ethics in
biotechnology.

Research on genetic engineering, its
development and practical application to plants and
animals, will be the subject of a review in Sweden,
according to an announcement made by the Ministry of
Agriculture. The study will include an account of
the potential and risks.

Under current legislation, the Swedish
Goverament can prohibit or stimulate conditions for
the use of genetic engineering on animals. A
proposal for similar rules for plants is now being
worked out at the Ministry. (Source: BIO Technica
Journal, No. 2)

Gene

OECD repurt says biotechnology's major impact
yet 2 decade away

Biotechnology could, through rapid scientific
and technical advances, become a net creator of
employment beyond the next decade. Among
developments contributing to this trend will be an
increase in the number of new (rather than
substitution) products in industry, innovations in
environmental protec’ion, and the emergence of novel
agricultural crops. The number of jobs in ReD will
increase over the next 10 years, too, although cost
redoction policies will mean that overall employment
in biotechnology companies is unlikely to grow.
Beyond the turn of the century, biotechnology could
begin to play an ecanomic and social role comparable




to that of information technoloyy and then, in the
second Jdecade of the next century, have majur
MACro- eCconomic impacts.

These are among the conclusions of the Ottice
of Economic Co-operation and Development's (QECD)
latest biotechnology report, “Economic and wider
Impacts of Biotechnology®. The study completes the
Committee for Scientific and Technolugical Policy's
work, initiated at the time of the first OECD repurt
in 1982, on long-term impacts of bictechnology.

The new report also Jdraws oun the results of a
17-country survey of 94 companies with interests in
biotechnolagy.

Reviewing the “"potentially very hroad range of
applications for new biotechnulogy”, the report
warns that ®"the actual range is much narrower™ and
points out that during the last two to three years,
companies have become more concerned with techanical
limits, costs and market demand.

In addition tu better international
harmonization of patent protection (which is
"essential for the large scale Jditfusion of
biotechnology®), the report identifies public:
confidence as the potentially principal tactor
determining its rate of acveptance. (Extracted from
Bio Technology, Vol. 7, May 1989)

The growing field of biopesticides

Increasing unpopularity of chemicai pesticides
is opening up opportunities for their biological
cousins, and the potential for improving the
bioproducts through genetic engineering has opened a
large, promising market that a range of players -
from start-up biotechnology companies tc the major
pesticide producers - are rushing to attack.

The field comptises insecticides based on
bacteria and viruses, herbicides based on fungi, and
fungicides based on bacteria. Given that anxieties
about chemical crop-protection ageni-. centre on
insecticides ard that bio insectic ’es based on
Bacillus thuringiensis (Bt) have been marketed
worldwide since the 1970s, it is no surprise that
that is where the most progress is currently being
made.

Efforts to improve bilopesticides' efficiency
and minimize disadvantages should raise the Bt
market tenfold during the neat decade from the
current $40 million a year level, 0.4 per cent of
tne world pesticide market. Bt's high selectivity
for caterpillars, beetles, or nosquitoes, dependiny
un the strain was once viewed as limiting but is
incieasingly being seen as an advantage. Mycogen
president Jerry Caulder thinks an eventual
10 per cent market share tor biopesticides is
realistic.

The US Environmental Protection Agency (EPA)
views the biopesticide trend as "environmentally
sound”, and hopes to begin registering biological
products that meet its testing rejuirements soon.

Bt products do not yet show signs of
epcountering insect resisiance and the regulatory
requirements are indeed proving less ounercus.

Biotechnology technigues also open the way to
improving Bt strains by cross breeding by widening
the range of insects they can control.

The major international pesticide companies are
teckoned by observers to be without exception
involved in biopesticide work, though most of that
s shrouded in secrecy. “Conterences
biopesticides are a dead loss”, says a source at a
leading chemical company. "Evetyone comes to listen
and nobody to speak.® (Extracted from Chemical
week, 28 June 1989)

Biotechnolugy business

Over the past decade hundreds ol tiny
biotechuology firms have sprung up and new ones ate
still being created almost every week. Few have
ever made a4 big, profitable product. Several
hundred new products are in the pipeline, but the
industry’s bosses admit these are unlikely to make
money for years. The cumulative turnover for some
100 American start ups amounts to just §l billion.
Only One firm - Genentech - makes a sustained protit
and even that is disappoint ngly small. Yet
investors continue to pour .oney into these
compani:s on a heroic scale - §10 billion so far.
How much longer can this industry defy gravity? The
amazing answer is: guite a bit longer.

Without a doubt, biotechnology is one of the
key technologies of the future. It petmits the
transfer of genes, the factors which control the
synthesis of all proteins, from any living organism
to another. Biotechnologists can also tinker with
genes themselves. For investurs, the greatest
attraction is the industry's potential for inventing
lots of wonderful new drugs, each of which may
generate yearly revenues of $500 million.

After a decade of research lots of new drugs
have been discovered. On the way are growth
factors, which can help heal gaping wounds, or
effective treatments for ailments such as arthritis
and heart disease. Druygs invented for one disease
often prove unexpectedly useful for something else.

Ever since the industry’s birth,
biotechnologists have used such promises to lure
cash. The first to take the bait were
venture-capitalists, fresh from triumphs in
computers. But biotechnology proved difterent: it
takes ages to get products to market and the early
arrivals were not as had been hoped. These funds
still made muney because fresh investors arrived;
even without products biotechnology firms could
still be brought to the stockma.ket.

Despite tne a.most total lack of profits among
biotechnology start-ups, about 150 have gone public
(a number have even pulled off secondary share
offerings), raising an additional $4 billion beyond
their initial venture capital funding. Venture
capitalists still hand over sums as large as
$9S million to individua. academics. Other sources
range from ReD limited partnerships, where rich
private investors in America give money %o exploit
tax breaks, to private plucements, to finance from
much bigger companies eager to obtain access to
biotechnology. According to Shearson Lehman Hutton,
a New York firm of stockbrokers, by February 1989
more than 28 big firms owned shares in 26 of the
46 biotechnology start ups it surveyed.

in the end, biotechnology will make money. Hut
what most investors in bictechnology start-ups may
have overlooked is that, even if 1t survives, the
small firm which invents a4 new drug will not collect
most of the cash its i1nnovation eventually




generates. The ones that will collect the big
profits will be the already-giant drug companies,
with their huge development budgets and marketing
muscle.

Most biotechnology firms have underestimated
the expense and time it will take to bring products
to market. At first they predicted that their
products would rush through drug-approval systems
because they were similar to naturally occurring
substances. Now it is clear that the US Food and
Drug Administration (FDA) has decided to treat
biotechnology products as conventional drugs. In
some cases, such as growth factors, the FDA is
demanding even more stringent testing.

More important, during the past decade the
profitable lifetime of drugs has declined while the
costs of testing and marketing, which must now be
worldwide ian order to recoup big investments, have
escalated. Few biotechnology start-ups are, or ever
will be, able to afford to deveiop, manufacture and
launch their new products. Even the big drug
companies think they may not be big enough - witness
the recently announced merger between
SmithKline Beckman and Beecham, which the companies
said was aimed at economies of scale.

In tne next ten years, this is how the
biotechnology industry will look:

- Most of the profits will be made by
established, large firms that can afford to
take biotechnology products to market.

- Only a handful of biotechnology firms
will generate annual revenues of
$1 billion-plus. They include those like
Genentech or Amgen which have already built
up a large sales force.

- Remaining compbanies will turn into research
boutigues, working on behalf of the
traditional pharmaceutical industry and
bigger biotechnology firms. A growing
proportion of drugs are invented by these
small, academic outfits. Unlike
development, research seems to work better
on a smaller scale. On average, it costs
some $30 million to invent a new drug, but
$70 million to conduct the tests that are
r.eeded to develop it - never mind marketing
costs. The average biotechnology firm has
formal links of one kind or another with six
other companies. Not only has this web of
tie-ups spread costs and risks, but it has
also helped protect many biotechnology firms
from takeovers.

- Others will concentrate on specialized
markets. Venture capitalists will now back
only start-ups with identifiable goals:
human-gene therapy (turning genes into
drugs), drug design and so on.

- Many biotechnology firms will go under -
particularly unce the courts clarify chronic
confusion about what constitutes a
biot echnology patent. Because many
biotechnology products resemble naturally
occurring proteins and genes, patent
officers have found it difficult to decide
what is patentable. But once they sort that
problem out, the high hopes of scores of
smaller companies currently working on
similar products will go up in smoke.
(Extracted from The Economist, 13 May 1969)

Monsanto funds biotechnology effort

More than 2,000 St. Louis area students will
soon be learning about genetic engineering, gene
splicing and other aspects of biotechnology as the
result of a grant announced last week by Monsanto
Fund.

The grant will be used to expand a cne-year-old
biotechnology curriculum programme which is one of
the first in the country geared tu students below
the college level. The progiamme - which Monsanto
says could become a national model - is being
offered tc students from the sixth grade to the high
school level in St. Louis and St. Louis county.

The grant for $203,000 follows a $40,000 rant
from Monsanto Fund in 1987 to fund the development
of the curriculum and its initial use in a pilot
programme. The recipient of both grants is the
mathematics and science education centre, a
non-profit organization which seeks to improve the
level of mathematics and science education in
private and public schools in the area. (Source:
Chemical Marketing Reporter, 1 May 1989)

International racket involving rare orchids

Orchids made their first appearance at the
Old Bailey. Some of the world's most endangered
species were paraded before the judge to illustrate
the beauty and rarity of plants that fetch thousands
of pounds on the black market. In sentencing
Henry Azadehdel to a year in prison for smuggling
and dealing in endangered orchids, the judge made it
clear that the law intends to protect all endangered
species, including plants. ~“The destruction of rare
species is not caused by over-enthusiastic
collectors but by cynical and ruthless commercial
exploitation and traffickirg for profit”, he said.
“If ever a trade wants discouraging, it's this®, he
added, a sentiment that will be cheered by
conservationists the world over.

Azadehdel was caught red-handed, returning
through Heathrow from Ecuador just before Christmas
in 1987. An astute customs officer confiscated his
suitcase full of green shoots and calted in the
experts to identify them. The plants were taken to
the Royal Botanical Gardens at Kew, where botanists
identified them and then heid them in a "bonded”
greenhouse for Customs and Excise.

At the time Azadehdel walked through customs at
the airport the plants were easily identifiable as
wild specimens. Plants from a glasshouse have
almost unblemished, healthy-looking leaves. Plants
torn ‘rom the jungle are usually damaged, with
broken roots, chewed leaves and sometimes an
encrusting covering of lichens and mosses.

Orchids are probably the most spectacular
flowers on Barth. Prom one basic pattern, evolution
has sculpted thousands of shapes in every imaginable
colour. The International Union for the
Conservution of Nature and the World Wide Pund for
Nature estimate that of the 60,000 species of
organisms that «ill become extinct in the lifetime
of a child today, one in ten will be an orchid. One
group, the primitive slipper orchids, is a2t special
risk.

At least half of the 70 species of slipper
orchid from tropical Asia are seriously threatened
in the wild. In many cases the threat comes from
the destruction of their habitat. For some species,
however, the biggest threat is from the trade that




riouttshes to supply ouilestors with @ taste lut the
weitd and wonderful. Coilectors, prepated to pay
thousands of doilars for 2 single specimen ol g ate
orchid, have encoutajed the Jdevel pment ot & such
larger trade. The irony is that as Jdealers strip
orchids from the wiid, the prices tall aud the traae
spreads beyord the rich collector to the enthustast
with a greenhouse. Specimens that fetched hundteds
of doilars ten yeatrs agoe now sell tor as littie

as $5S.

Until recently the extent ot the trade was
cbvious trum the pages of advertisements in
magazines tor the crchid grower. Dealers advertised
the tact that theit specifiens were " jungle

coltected”™, even though trade in many of the species

was illegal. Now buanned from ottering such plants,
dealers simply 1ist the species and country ot
origin signailing that the spesimen has come from

the wild.

Most utchids on sale today ate raised in
glasshouses. They are either hybrids, or pure
species raised trom seed. This is the legitimatle
side uf the business and Jdues nut threaten wild
speciles. Indeed, most orchid nurserymen are keen to
¢liminate the illegal trade. While they spend jears
developing better ways of rearing Jlasshouse
specimens, the iliegal traters undercut thelr prices
aud Jamage their business.

Desplte Successes 1u rearing some wt! the rarest
species, there is a tiny proportion of vollestors
who still want the authentic plant, plucked from the
jungle.

Trade in wild orohids has rncreased tentoid in
the pust five years. The biggest markets aze Japan
and the US, but there 1s a thriving trade 1o BEurope
and Australia and even in the troplcs, 1o Singapore,
Malaysia and Mexivco. Japanese collectors pay the
highest prices tor the rarest plants.

Almost as soon a5 a4 new sjesies 15 Jdiscovered,
unscrupulous dealers seek it out, otten quizzing
local people and ottering a tew cents tor edach
plant. The clever Jdealers scour the academts
iournals where botanists publish theldr reseat. o
an eltort to ptece together the habits and
wheteaboiti s of a new species.  The tewsnds ate uo
great that some dealers <an attond to mount
expensive expeditions worthy of the barjest
botanical institution. Cmee they have found what
they ate looking for, they may even clear out every
specimen to prevent thelr competitors trom oftering
the same species.

Rare plants dare subject to the same legal
protection as fafe animas, Mot counttles fow
have laws on trade 1o endangered spedies.
Internationally, the trade 15 rejulaled by the
Convention on fnternational Trade in Endangered
Species (CITES). The treaty came into eftect on
1975 and almost 100 countries have rataitied v,
CITES seems t.o have helped to stem the trade in
endangered animals but 1t has ot wotked 5o well tod
plants.  The treaty virtually bans all movement ot
the most endangeted species, those Listed an
Appcsulix 1, 1t they are vollectel foom the wil d.
Species tisted 1o Appendix cooan be eapotted, but

each plant needs an esiport pesmit. The Butopedst
Community goes turther and deaonds an o, ot permat
too, In each cuntoy an ofganilation, usually a

government department, 1 tespondhle Tor insaing
permits and tor checking on the legality of the

eapr ttoand argozt, I the R, f0r eaample, the

Depatiment ol the Eaviioomenl 13 feSponiil e

couantiles where the ratest orciods
gtow, CITES nas tailed to o
endangered speciles.  Many
machinety in place to catry throagh the procesites
involved, ye! lack the speciatized knowiedge to

trol trade oo

unte

tes have Uhe

identity the specimens. whete wotruption is
commonplace, spectalist knowledje Jan be harmtil,
providing the coenfirmation o corruept vtticial needs
to ask 3 high prive for a piant.

Evern «ithout corraptici U135 all tow wasy Dot

dealels to scguite the duocuments they need to cartly
1 2 2

on thetz trade. They can simply Cclaim that thelt
plants were raised in nurseries ot that they are
hyvrids. Unless CITES otticials have o Jetailed

inventory ot who grows what in nurselies, o!f Jan
:dentity a rare species from small green shoot s,

they stand itttle chance of proving otherwise. The
trade in propagated plants 1s massive and legitimate.
It provides & guud cover for the illegal trade.

[llejai dediers show remarkable cununing. Ia
countties that forbid the expurt of orchids
coliected from the wiid, they simply smuggle them
out of the count:y anad acgulre the apptopriate
documents eisewhete. For instance, plants from
Butma, which has strict contiols on exports ot
vrchids, appeat on the market as expoits from
Hong Kung and Thailand.

The trade ovpetates at severai levels. At the
bottum are the local people who collect the plants,
earning a few cents per piant, perhaps $5 fur a
particularly rare species. These Collectors may e
hired directly by the big dealers or they may
collect tor local midilemen.  In the Far Eaxt 2l 05
casy to buy wild specimens of rate orcbids in ieoal
nutseries. Sellers may tecomtend that you wrap your
putchase in your undetwear to prevent detect ton at
customs but are cthetwise uhabashed, well aware ot
the extra value ot jungle collected wrchids.  Euen
in the Far East, huwever, the law i5 beginning to
tighten its grip. Is April, the Ministry ot
Agriculture in bhong Keng selzed almost 7,000 o

siipper orchids destined for sale in the Fhoo

I e
o

he

dealer was fined and lost plants worth diky o, too.

Many conservationists claim that the anly way
to enforce the terms of CITFS is at the point i
import. It plants are relused entry, the [URE S T
should Jdry up.  Another way to slow the tra le in Lo
destroy the attra- tion of rare species.

The saddest oide ot this otory 5 that thete 15
v oneed to drive any wild o orched to extinction.

Almost evety one o these spes des can b plopaiste

from seed and ratsed 10 nurseries. Poarts grown 32

LUrSertes are Usualiy healthier and better forse
Plants taken trom the wild usuaily sutter 1n the
process.  Collectors, rarely Jdealers themse . ves,
tedr piants trom trees of chitts, damaging ooty on
the process.  Stutfed 6 bags, the plants are ften
on the toad Tor many weeks and arrive battered and
fehydrated.

Au nutoertes and botante gardens become berted
St propagat ing rare species from s

ed, they may be
abbe € tlood the market with sSpecimens. A the

prive falls, illegal traters Sshould ti: that ot
fo Jotejer worth the risk or effort of o acking dewn
wild planta. (E4tpactest from New e dentint,

24 June 19H9)
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te the rollowing virases are availlable:

MmOUSALIS Vitus (S

and 45632;

(1) cCauliflower
Nos. 45031

{twe Ciones):; A

(1) Tobaccy etch virus (twoe
Nos. 450635 anud %036

Ciones): AT

(3) Beet curly top virus:; ATIC No.o

(+) Brome mosatc virus; ATCS ko

(e) Tobaccu musaie vizus; AT T No. 45045,

Alsu avatiatle is g new supplemental listing to
the ATCC Animal and Plant Vitus Reterence Catalogue
entitled Plant Viruses and Antiseza, 938.
This suoplement lists 135 vituses and viroids and
65 antlisera. Direct enguiries to: ATCC METING

NR. 26, 12301l Parklawn Dr., Rockvilie, MD, 20850,
iGA. (Scurce: AEA Bulletin, Vol. 4, No. I,
Aprii 1989)

"AIDS will have
like a Sunday School

By the turn of the century,
made the Black Plague look
picnic™, the corporate spokesinan tor a newliy pubiic
Portland-based biotechnology company, Blogan Medical

International, told an assembliy of investors.

"If the present trend of iatection contindes as
expected”, Jonathan Mann, Jdirectur of the world
Health Organiza.ion's Giobal AIL3S programme, has
said, "AIDS will have wiped out the population of
Africa by the year 2000 and have become well
entrenched in the other continents. This forecast
presumes no vaccine and nu cure, neither of which is
in sight.”

"Winlie the comparison with the Black Death may
appedar dramatic”, L. William Glazier, vice president
Gt corpurate relations of Hiogan Medical
Internationdl, says "it
considers that the l14th-century plague was contined
Surasian land mass and eliminated "oniy” a
third of Eurcpe's population.

1s not exaggerated when one

tG the

"To the yreat mistortune of modern man, this
new plague has struck in the alt age, with daily
travel among the nations. Its incidence appears to
be in direct relation to the presence of toreign
Cattiers, as evidenced by switzerland,
expericncing the nrghest incidence of AIDS in
Europe. But even relatively closed societivs
the Soviet

Norw

like
Union and China have been contaminated.”

Mr. Glaziex
published if ansutficiently disseminated forecasts”,
primarily foom the annual World Health Organization
conterence on AIDS held in June of 1988

5455 he was (Juoting "previously

Recent evidence indicates, as recently
testitied to by United States Surgeon General
that the intected can harbour vitas tor a
decade of more, without symptoms, betore tinally
resting HIV positive. "Equally alarming”,

Mr, Glazier told the biogan Medioeal
the recent confitmation of the virus being

identitied in the other body flulds, 1.e. s3liva,

Koop,
t he

investots, "in

in Stookholna,

94

flutd,
tapid matation ot the vitos.

tears, urine, and spical Coupied witn tne

tntormativi. has taised the guestion Lo
sofe Citcles as fo the pessible spread of the vi:os

thricugyh means other bloud.

This

than ot semen ot

Should that become a reality, the spread ! the
Jisease would multiply by literally thousands of
times over what we know today a theory no uue
wants to even contemplate due to the disastrous
Consegdences that woeuld resulc.”

The Biogan Med:ical Internaticual executive sa.d
thal whnile there has been no evidence of
transmissicn by casual contact in the 193J°s, "the
appearance ot new and Jeadlier strasins in appatent.y

ail the todily tiuids presents ominous Implications
tor the 1990's and beyoend*.  (Eatracted trum
Cremical Marketing heporter, 17 April 1389%)

"Cancer virusT contaminates the USA's Licu
banks

A retrovirus that bilugs about leukaemia in
adults is found ten times as often in US bigud
supplies as the AIDS virus. The retrovitus
rate in bloud banks, but 1t pcses a risk to
tecipients, say researchers at Johns Hopkinos
University 1in Baltimore, Maryland.

is sttiia

The virus, human T cell lymphotropio
vitrus 1 (HTLY-I). infects the white blood cells. In
1 to 3 per cent of carriers, it goes on tou Cause
cancer, acccerding to medical researchers. It is
thcught to be related to the human immur "defilclency
virus (HIV I), which causes AIDS.

The Americaen Red Cross began screening blood
supplies for HTLV I in December 1988. The subjects
for the study in Baltimore were tested earliez. To
date, na one has reported a case of T Cell leukaemia
contracted from a blood transfusion. Fenrad Nelson,
director of the study, however, notes that mos.
cancers, including leukaemia "may take decades” to
arise from infection with HTLV I.

Like HIV, HTLV I can ais0 be spread sexuaily,
through countaminated needles, or trom an intected
mother to her infant. Screening tests for HIV !,
not recognize antibodies to HTLY I, It was thought
that the HIV *est would still serve as a "sutroyate
test for HTLY I, becAuse ri1sk
tehaviours and means of transmitting the two viruses
dre very simiiar,

notes MNelson,

A problem with testing tor HIV arisec from the
Lag of several weeks of months after lntection
befoure antibodies to the viius first appeat in
Lloud. The sSame problem ealsts with HTLY [: the

30 called seroconversion takes up to 12 weeks,

The team at Hopkins also notes that
preparations of platelets may be infected with
HTLY | more wften than other bilood products.
White bLionod cells, which dre especially concentrated
in these preparations, are the Vitus's princinal

tarqget,

"our tindings suggest that thete 1s 4 very teal
risk of HTLV I anfection by this means that s
gqteater than the risk of HIV [", the tesearchers
write 1n the New Eogland Journasl ot Medicine
(4 May 1989), The results, they add, underscore the

ri5ks associated with transtusion and should "impel




turther eftorts™ to limit the Use of bload

components to Ccases when 1t s anavoirdable.
1e

(Svurce:  New Scientist. 13 May 19dd)
Ecologival Suviety vt Ametlcs tesavhes
conclusions on deliberate release

The US Industrial Brotechnology
Association (IBA) has enthusiastically embraced the
conclusions of a .eport on envirvnmental releases ot
genetically engincered organisms prepared by the
Ecological Society of America.

The IBA points out that the repcrt 1s the third
in recent years to cvonclude that: “laretul design
of transgenic organisms, along with proper planaing
and regulatory cversight, will ensure that these new
organisms will pose little or no ecological risk”.

The report, publiished in Ecclugy (Vol. 70,
No. 2, April 1989), concludes that: “genetically
engineered organisms should be evaluated and
regulated according to their biological properties,
rather than according to the genetic techniques
used to produce them". 1t also notes that:
"Case -by-case review is currently the most
scientifically sound regulatory approach because ot
the diversity of products that can be developed and
the complexity of predicting their ecological
fate”. (Source: Biotechnulugy Bulletin, Vvol. 8,
No. 3, April 1989)

Mapping the humar genome

The project to map the human genome is still 1n
its infancy. No one knows how scientists will
tackle the exercise, what thtey will find or, perhaps
most importantly, how they will apply the knoJledge
they gain. These three facets Of the project are
intricately linked, not only to each other, but also
to myriad legal and ethical issues.

To discuss the ramificdations of knowing more
about the human genume, a small group of scientists,
philosophers anZ specialists in law, ethics and
theclogy met in Bern, Switzerland. The symposium,
entitled Human Genetic Information: Science, Law
and Ethics, was organized by the Ciba Foundation, in
celebration of its 40th anniversary, together with
the Academic Commission ot the Universit; ~f Bern.

The most immediate problem facing scientists 1is
how to go about determining the sequence of the base
pairs that make up the genetic code. James Watson,
the director of the American prougramme to map the
human genome «nd co discoverer of the double helix,
has suggested that individual countries should take
responsibility for particular chromosomes. Some
scientists at tne meeting strongly disagreed,
however.

The mapping of the human genome will
undoubtedly take more than a generation to
complete, Even if a machine were available that
were capable of producing, in one day, the sequence
of a strand of DNA contdining 1 million pairs of
nucleotides, then it would still take about 20 years
to sequence both strands of the human genome.

when Governments are contemplating spending
millions of dollars on the project, the question of
whether it is practicable to sequence the entire
genome now is bound to come to the fore. 3Some
researchers at the symposium warned of the dangers
of putting too much emphasis on the benefils that

the prodect wouid have tor medicivce:  cas:ic Dol gy
wouid alse protit, they said. But several others
sal.d they had no dostts that the justiticati.a 2.

the work would be the medical benetits.

One 1mmediate gain will be the 1dentiticat:io:
cl yenes responsitle tor mary inherited diseases.
There are several thousand human diseases caused by
mutation of a single gene, which are inherited in a
simple Mendellan tashicn. These j0-calied monoge:inic
Jdiseases 1nclude, for example, thalassaemia, cysti.
tibrosis, Huntington's disease and Duchenne muscular
dystiophy.  In most of these cases, scientists Jdo
not know which gene has mutated, or what its nourmai
product is.

Once that informaticn 1s available, docturs
will be able to offer tests to couples planning t.
have children, to Jdetermine whether they bouth carrcy
3 recessive gene tor a Jdisease such as cystic
fibrosis, for example. Prenatal diagnosis will
also be available for a wide range of geunetic
diseases. In the case of monogenic diseases that
do not become apparent uncil late in adult life,
there will be simple tests avrilable to teli
people in affected families whether they carry the
mutant gene.

The business of prediction wiil be mure
complicated for must wther diseases that affect
adults, such as coronary heart disease, cancer,
diabetes, arthritis and mental illness. There is
often a genetic component to these “polygenic”
diseases, but they are not inherited in a simple and
predictable way. In addition, environmental factors
such as diet, smoking and lack of exercise may play
a role, or even be entirely to blame for such
diseases.

Nevertheless, 1t may be possible to define the
increased risk that individuals suffer by virtue of
their genetic make up.

The wider availability of techniques to Jdiagnuse
disedases with a genetic compunent will raise
difficult legal and ethical issues. Diana Brahams,

a specialist in the law relating to medicine, said
it might be pocssible in future to 1dentify people
likely to develop a serious disease, lung before the
symptoms appear.

Such information could be "ot considerable
interest and value to any prospective employer,
insurer, marriage partner or family member and would
be of serious concern to the individual”™, she said.
Peuple will have to tackle the guestion of how far
sensitive genetic information should be made
available to the patient, or to other interested
parties.

People probably harbour much greater fears
about how scientists could use the information they
obtain about the human genome tur treatment, rather
than diagnosis. Once geneticists know which genes
are responsible for monogenic diseases, ..e prospect
looms of being able to carry out some kind of gene
therapy. One way to do this would be to introduce a
normal copy of the faulty gene into the cells of the
body, or somata.

wWhile this approach might work for cells that
can fun.tion anywhere in the body cells that
produce hourmones might be one example it would not
help with most inherited diseases. In cystic
fibrusss, four example, the defective gene alters the




SUCh monogeni o The altel.at:ve
wouid be to inseti the Ccopy
inte the tertil ey

1 owitro fert:l tion.  Jnce the embrp. wias Lack
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.
he normal gene

wte), following

1n the uterus, 2ii its Celis w.uid have a copy o°
the normal gene and, according to theory, be Capable
of functioning normally.

Charies welssmanun. of the Iustitute tor
Molecular Biology in Turicn, Switzerland, pointed
wJdt that even it the te hnolugy to perform such gene
therapy successtully were available, it would first
be necessary to estatlish whetner the zygote carried
the defective jJene. Rather than proceeding with
gJene therapy on such zygotes, it would be auch
simpler, he sa:1d, just to replace unaftected embryos
in the woman's uterus.

Tne guestion uf who should regulate the
application of the new-found knowledge about the
human genome is a taxing one. Brahams pointed out
that the law tends to respond to past events.
Overregulation would suffocate research but, “un the
other hand, if you are too liberal, people can do
unpleasant experiments”, as history has shown.

There was clear concern among scientists at the
meeting that intlexible laws would interfere with
research., There was a high measure of agreement
about the desirable ways of regulating tne

research. Governments should set up regulatory
agencies (simila- to the Voluntary Licensing
Authority which oversees embryo research in the UK)
that could monitor research and react swiftly to new
discoveries.

Much of the unease about the future scope of
genetic manipulation may have its roots in
igiorance. Much needs tc be Jdone with regard to the
education of journalists, members of parliament,
lawyers and reltigious leaders and, of course, tne
public at large. (Extracted frum New Scientist,

8 July 1989)

Genome's tortu us path

The Human Genome Mapping Organisation (HUGO),
an agency with the task of ¢ ordinating
international research to map human genes, wis
launched in Geneva in May 1989. HUGO is asking
scientific tunding dagencies for money to pay for
fellowships, scientific meetings, and to enable it
to ad.ise Governments on the "scientific, ethical,
social, legal, and commercial implications® of
genet o research,

HUGO says that a map ot human geues "should
provide a basis for preventing or treating most
human chronic disease”. (Extracted from New
Suientist, 6 May 1989)

DNA fingerprinting

The application of DNA fingerprinting to
furensic samples 15 gaining rapid acceptance in the
US criminal court system. In less than two years,
DNA data have been considered as evidence in more
than 80 crimina. rape and murder trials in
2/ states, leading to at ledast 64 convictions or
pleas of guilty by the defendants. But some
biologists and legel ciperts nave eaptessed concern
that the evidence is oot as infallible as Judges ond
L.f1es are being led to believe.

the LNA 5
on osic

ptobes large envigh number of

i
individuals may be less than one ir

Forensic THA tTesting 1S at present Jar
Uy three commercial US ifaboratities, and the Feleral
.

Bureau @ Investigation (FEI).

Curvern about the tests flluises on the
potential tor human error 1o sampie treatment o:
data analysis. the interpretation of LNA patier:ns,
the uniformity of criterta used to determine whether
(WO sampies match and "he population studies on
which the predicted likelibood of a mismatch is
based.

I.owritte: restimon’ presented to Congress
Juring nearings on DNA fingerprinting in March, iaw
prcetessc: _arry Scheck, 4 member of the New York
Governcrs ' ummission on Forensi: [NA Typing, wriltes
that in many o the court cases there has been
"littie, it ar;, informed cross examination of
private 115 vendors, and few gu2lified eupert
witnesses testifying in oppositian. The defence
lawyers in these cases ... have been cverwhelmed.”

That trend may be changing, as the defeince in a
murder Case under way in the Eronx has lined up an
impressive string of biolczists to testify to the
putential weaknesses in the analysis of DNA
vxtracted from a blood spot on the Jefendunt's
watch., The witnesses included human ge .oticists
Eric Lander and David Page of the ahitehead
institute, Conrad Giiitam ot Columbia University ani
Howard Cocke Ut the Medical Kesearch Counci! in
Edinburgh.

Amony the 1ssues talsed in the Case was the
lack of adeguate controls it the DNA analysis
performed by Lifecodes Corpotation, a New York
company specializing in DNA fingerprinting.

The streugth ot DNA tingerprinting Jdata lies in
the potentially low probability ot a matcn oocurring
Letween two unfelated samples.  But Lander warns of
a potential error that coul® arise 1n the reporting
wf those probabilities, it standards for a mateh are
not uniform,  The stringency of the standards for
what constitutes a4 match Jdetermines the number of
tdentifiably distinct variants f a4 given HFLD? that
ealst in the population, and that, in turn affects
the piobabllity that 4 matoh might oocur at tandom,

There 1s no set ot guideilnes to help
indivioual testing labordaturies to make decisiong
abuut matching criteria and other procedures, nor 1
there a standard proficiency testing or licensing
process for laboratories that perform the LNA
dnalysis.

An andependently conducted Blind trtal of
commercial daboratories wan carried out o an 1987 by
the Californig Association ot crame Laboratory
Although the laborat dles kiew they weis
under lnvestigation, o wotlyling number of errors was
revealed,

Directors.







infantile Jdiarrhoea. With the new agreement, the
research team will receive financial support from
SANCOR for the scaling up of the laboratory
procedure. The commercial firm was chosen mong
others in a public bid by CONICET to carry out the
acvelopment programme.

During the signinj of this agreement,
Mr. Oreste J. Manrigue, president of SANCOR, pointed
out that his company had also signed another
agreement with the University of Buenos Aires a few
moanths previously. At that time, the typ: of
research involved was the development of new
technological procedures .or the production and
commercialization of milk. These events, together
with important investments made by SANCOR during the
last years, would aliow the company to be present,
not only in the domestic market but to compete
successfully with high quality products in the
international market.

Regarding the clinical assays of the milk
obtained by the CERELA fe.mentation process thase
were done at the Jesus Child Hospital (Tucuman City)
in affected children with chronic or acute
diarrhoea. The level of success was 91 per cent of
all treated cases. Many of these children had
severe malnutrition (58 per cent) and some of them
(7.7 per cent) more severe symptoms. In all cases
the putative agent was eliminated and there was no
need for new hospitalization.

Lactobacillus present in the CERELA fermented
milk colonized the intestinal flora which in the
affected children was unbalanced due to malnutrition
and constant attack from environmental agents. This
colonization, in turn, amplified the "barrier
effect”, a mecnanism that represents the organism
contention barrier to agyressive external bacteria,
with the concomitant elimination of harmful
micro-organisms.

Together with nutri”zion and intestinal
protecticn it is important to mention the enhanced
activity of the immune response provoked by the
lactic bacteria in the CERELA fermented milk. This
kind of activity is probably due to an increase in
the number of macrophages induced by those kinds of
bacteria. (Source: Bulletin nf the Argentine Forum
of Biotechnology, Vol. 2(4):9-10, 1989, Buenos
Aires, Argentina)

Austria

Biostimulation by photons

Austrian research into biophotons has proved a
differentiated sensibility of cells to photon
emissions. By applying specific wavelengths
representing the photon emission of oxygen molecules
to various cells (He-La-cells, human stem cells),
the Atominstitut of the Austrian Universities has
found that photons of 630 nm arl 760 nm induce cell
division, whereas photons of 1,060 nm seem to
suppress cell division.

Research was based on the study of human
phagocytes (leukocytes, monocytes, macrophages)
which emit photons of low intensity in the visible
and near infrared region during immune defencc. The
wavelength are typical for bands of excited singlet
oxygen molecules normally involved in phagocytosis.
Practical use of biostimulation is seen in immune
defence and in accelerating cell growth in
bloreactors. (Source: BIQO Technica Journal, No. 2)

New commercial set up

Four Austrian major companies are joining
forces to boost the country's efforts in
biotechnology research. OLAG will be the major
shareholder in the company called Biotechnologische
Forschungsgesellschaft (BTF), with a 22 per cent
share. Chemi-Holding, OMV and VAIG will have equal
shares in the remainder.

Currently, Austria spends about Sch 19 million
($1.5 million) per annum on biotechnology.
(Sour<e: Manufacturing Chemist, April 1989)

Australia

Western Australia biotechnology park

Coogee, south of Perth, will be the site for a
planned biotechnology park which will process wastes
from industries in the area using biotechnologies.
Many of these are animal and fish derived and the
aim is to add value to the wastes and establish new
export industries. The Technology and Industry
Development Authority (TIDA) recently called for
expressions of interest from consultants to carry
out more detailed feasibility studies. Over
80 expressions of interest were received and
16 submissions. A consultant is expected to be
appointed in cthe near future.

The consultant's study wil! not only look at
the techno-.-onomics of different processes to treat
the wastes, but will also look at market size,
competition and exporting of proposed products.
Further information on the proposal can be obtained
from Dr. Sue Meek at TIDA. (Source: ABA Bulletin,
Vol. 4, No. 2, April 1989)

Australia's first recombinant release goes
commercial

The first commercial release of the new-strain
Agrobacterium radiobacter K1026 spells a
long—-awaited victory of the bacterial disease crown
gall - the damnation of orchardists and nurserymen
all over the world. Recently registered in New
South Wales, and already being marketed from there
(under the brandname Nogall(R)) by sole-distributers
Bio-Care Technology Pty Limited, the new strain is
the result of years of research and construction by
Professor Allen Kerr and his team of D.A. Jones,
M.H. Ryder and B.G. Clare, in co-operation with
Dr. Stephen Farrand from the University of
Illinois. The pathogen causing crown gall inhabits
many soils and it manifests itself mainly on stone
fruit and nut crops, along with some ornamentals
such as -oses. Rootstocks and stems of
bacteria-infected plants develop hard woody galls
which serve to diminish the affected plant's
wellbeing by disrupting its intake of food and
water - whilst also providing an entry point for
secondary infections.

A natural bio-control organism, Nogall(R) K1026
is genetically engineered and not a chemical,
herbicide or pesticide. It has been designed to
treat the cuttings of documented h»osts consisting
mainly of the stone fruits (peach, apricot,
nectarine, plum and cherry), nuts ' pecan, walnut,
almond), roses, clematis, persimmon and caneberries
such as raspberry, boysenberry etc. While Australia
has a gross annual production value of fruit and
nuts of something near the $100 million mark and
there is a significant crop loss in the first few




years because of crown gall, the importance of
Nogall(R) on the world scene is indeed immense.

Treatment is carr‘ed out by the application of
a ligquid slurry of the live Nogall(R) K1026 culture -
usually by immersing the seedlings, seeds, cuttings
or plant root systems before planting out. A
250-gram pack of Nogall{R) inoculant makes 12 litres
of dipping solution - sufficient for a great number
of cuttings. This affords lcng-term protection
against a very damaging disease at the cost of just
a few cents per plant. Adelaide University's
commercial arm, uwuminus Pty Limited, hold the patent
for the new strain K1026 and the sole marketing
rights have been granted to Sydney-based Bio-Care
Technology Pty Limited, C/- P.0O. Box 367, Woy Woy -
themselves long-involved in the manufacture and
distribution of K84 throughout Australia. (Source:
ABA Bulletin, Vol. 4, No. 2, April 1989)

International Depositary Authority in Australia
to expand range of organisms

The Australian Government Analytical
Laboratories in Sydney, which act as an International
Depositary Authority under the Budapest Treaty,
intends to expand the range ot organisms that it
will accept. A submission to WIPO will shortly be
made regarding acceptance of plant, algal, and
animal cell lines, including hybridomas. However,
organisms requiring WHO containment class 3 wi'l not
be accepted. Furthermore, AGAL will accept deposits
in their .. oratories in Melbourne and Adelaide, as
well as in Sydney. Further details are available
from Dr. Ken Newton (Tel: (02) 449 01l1l1l).

(Source: ABA Bulletin, Vol. 4, No. 2, April 1989)

Brazil

Santa Catarina Centre for Biotechnology
Development

Readers of Issue No. 24 of the Monitor may have
noticed the article on the new biotechnology centre
at Santa Catarira. Dr. Walter Borzani, the
Scientific Director of the Centre, has asked that we
inform you of the work the Centre is presently
involved in:

1. The Centre is working on four projects:

Lactic fermentation of whey.

1.2 Lysine production.
1.3 Riboflavine production.
1.4 Inulinase production.
2. FINEP (a Brazilian agency that finances studies

and projects) will provide $US 2 million.

3. Dr. Mario Cesar Cubas is the Administrative
Director. Dr., Borzani may be contacted at the
following address: Instituto Maua de Tecnologia,
Estrada das Lagrimas, 2035, 09580 - S¥o Caetano
do Sul - SP - Brazil.

Canada

Canadian biotechnoloqy ready to look overseas

At this stage, and with the single European
market looming, Canada is turning its attention from
its almost evclusive focus on the North American
market. The Canadians feel the time is ripe for
domestic companies to position themselves

its
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strategically in order to be able to take advantage
of what they see as a European market set to expand
at a faster rate than anywhere else in the world.

They
increased
effect of
Europe”.
corporate
strategic
companies

also see an opportunity to prepare for
global competition and to minimize the
what could possibly become “Fortress
This is likely to involve establisbing a
presence within the EC or forming
alliances and joint ventures with

within the Community.

At the same time, Canada feels that in the case
of biotechnoloyy it has a great deal to offer
foreign companies and wishes to attract European
firms to Canada. The main catch being used to
achieve this end is the recently -igned free trade
agreement establisned between itse.f and the US.

It is suggested
establish themselves
particular agreement
currently represents

that foreign firms wishing to
in Canada should use this

to penetrate a3 US market which
some 270 million people.

At the same time, by joining with foreign
companies in their own country, the Canadians Lope
to withstand what could potentially become a decp
and widespread penetration of their own domestic
market by US biotechnology companies.

Spurred on by the government's backing, which
includes amongst other measures the establishment,
in 1983, of a National Biotechnclogy Advisory
Committee as part of the national biotechnology
strategy, Canada's biotechnology sector has
developed both scientifically and commercially.

There are now 218 companies involved in the
area. Roughly, companies in the country’'s western
regions focus on agriculture and aquaculture, while
in the east they are more specifically involved in
sea-related technologies. The majority - some 84 -
are based in the state of Ontario. Next, comes
Quebec with 4% companies, then British Columbia with
34, 13 in A.berta, 9 in Saskatchewan, and 6 in
Manitoba. The remainder are scattered i1 the
eastern area.

About one third of the companies involved in
biotechnology have a primary interest in the health
care sector.

Forty-five per cent of private R&D expenditure
in biotechnology is focused on health care,
27 per cent in agriculture, 8 per cent in waste
processing, 7 per cent in chemic..s/energy,
4 per cent in food’/beverage, with the balance shared
amongst agriculture, forestry, mi.neral resources and
other areas. Collectively, health care
biotechnology firms spend about $27 million/year on
ReD. This represents 41 per cent of commercial
biotechnology RsD expenditures in Canada. These
companies also employ 280 researchers, or
40 per cent of all biotechnology industry research
personnel.

Canada’s pharmaceutica's industry is committed
to a doubling of its RéD expenditure between now and
1996. Following the introduction in December 19F¢7
of a law which extended protection for new patents
from 4 to 10 years, the industry has promised to
devote 10 per cent of its sales up to 1996 to RsD.
This compares with the current level of 4.9 per cent
or $Can 1.4 billion.

Beside the free trade area formed with the
United States, Canada 1s among the ten larygest




pharmaceuatical consuming nations in the world, has
plentiful and cheap energy and other resources and a
GDP growth rate that is ons of the higest among OECD

countries. (Source: European Chemical News,
12 June 1989)

China

Biotechnoloqy venture, a first, entered by US
firm and PRC

Cell Technology Inc. has signed an agreement in
principle with the Chinese Medical Academy of Science
for the development of its "ImuVert” biological
response modifier (BRM) anti-cancer drug. The
company believes this to be one of the first joint
ventures in biotechnc™ -~ initiated with the Chinese
Government .

Cell Technology says the agreement is broad,
and also allows for clinical trials in China in
other tumour models. The company is also exploring
economic collaboration which may lead ¢o a joint
manufacturing facility in China.

Aiso under cunsideration is the possibility of
licensing several of the BRM products developed by
the Chinese Cancer Institute. These, says Cell
Technology, are currently in advanced human clinical
trials in China for the treatment of various cancers.
(Source: Chemical Marketing Reporter, 3 April 1989)

Deomark

Genetic engineering law to be less riqid

Denmark's Minister of Environment is polised to
allow the country's first deliberate releases of
genetically modified organisms. Following a
parliamentary deba*e on proposed field trials of
sugar beet containing either a herbicide-resistant
or a virus-resistant gene, Ms. Lone Dybkjaer has
indicated that she will grant the approvals that are
necessary under the Environment and Gene Technology
Act, Burope's oniy specific legislation for gene
experiments. That decision is the latest sign that
Denmark's three-year-old law is not necessarily as
restrictive in practice as it seems on paper.

Criticisms of the law are only somewhat
tempered by tne increasing speed with which National
Food Agency clivil servants are dealing with
applications, and by some amendments to the law that
came into force on 1 July.

The two genetically modified sugar beets to be
field tested in Denmark next year will be the first
using a commercially relevant line. One
modification makes beet resistant to glyphosate, the
active ingredient of Monsanto's herbicide Roundup,
which is considered to be more environment-friendly
than most alternatives but is toxic to ordinary
sugar beet. The other modification is designed to
confer resistance to rhizomania, a disease caused by
the beet necrotic yellow vein virus.

Denmark's gene law is due for additional
amendments in 1990/91. One possibility ls that it
will at that stage fall into line with European
Community regulations., Current Danish law is still
considerably more restrictive on the contained use
of genetically modified organisms than what seess
likely to become the minimum Buropean law,

As for deliberate release, EBurope is still in
disarray, with current Danish law and German
intentlons appearing to be the most restrictive.
(Extracted from Nature, Vol. 339, 29 June 1989)

Denmark gives qreen light to interleukin-2

Denmark has granted marketing approval to Cetus
Corp's anticancer drug, interleukin-2, to treat
advanced kidney cancer. The IS biotechnology fitm
has also received US patents covering Macrophage-
colony stimulating factor (MCSF) and PBG M-CSP.

The Danish decision follows the recommendation
from the BEC's committee for proprietary medicinal
products. Cetus intends to sell the drug directly
in some BC nations, and has set up marketing
operations in Prance, Italy, Spain, Pederal Republic
of Germany and the United Kingdom.

Cetus is waiting for US approval as a kidney
cancer treatment, and hopes to receive the green
light within 12 months. Getting the first approval
is a key step as both US and EC regulations allow a
drug to be prescribed for any ailment once it has
been approved for one indication.

Switzerland's Hoffmann-La Roche stands to
benefit from the Danish decision. Under a deal
signed at the end of last year, Cetus and Roche
averted a protracted patents battle by signing a
cross-licensing agreement.

M-CSF stimulates produc:.on of white blood
cells which play an important role in the body's
defences. Clinical animal studies suggest the
protein may be useful in wound healing and restoring
white cell populations. (Source: European Chemical
News, 17 July 1989)

Buropean Community

Engineered organisms' quidelines take shape

European Community (BC) environment ministers
on 8 June agreed on guidelines for the use of
genetically modified organisms in laboratories or
production facilities, but disagreed on how to
reguiate their release into the eanvironment.

The guidelines were proposed last year by the
European Commission, the executive body of the EC,
and later amended by the Buropean Parliament. The
meeéting of the Council of Bnvironment Ministers was
a first response to the amendments suggested by the
Parliament, which held a second reading of the
proposal this autumn. The council has the final say
on the content of the proposal.

The Council, meeting in Luxembourg, adopted
some of the stricter guidelines proposed by the
EBuropean Parliament on the use of genetically
modified organisms in laboratories and production
facilities. Under the guidelines adopted,
"dangerous® modified organisms must be licensed by
national authorities the first time they are used in
a laboratory and every time they are used for
production. In addition, the council recommended
flexible deadlines for licensing procedures In orcer
to allow for public participation.

The final proposal reflects FRG wishes for
stricter regulation, which France and the UK have
traditionally opposed. The ministers disagreed
about Jhether to require Community-wide licensing of
products containing modified organisms and intended
for release. The minister from Spain, which holds
the EC presidency until next month, decided after a
brief discussion to return the proposal to a
ministerial committee for further debate.

Regulations approved by the Council comprise a
minimum standard for EC member States, which are




bound to adopt them. Member States
to Community regulations. (Source:
Vol. 339, 29 June 1989)

are free to add
Nature,

CEFIC biotechnology move

The European Chemical Industry Federation
{CEFIC) has set up a top level group to advise on
the application of biotechnoiogy.

The group. headed by ICI1 director Dr. P. Boyle,
is to formulate policy rather than act as a
political lobbyist. Its aim is to ensure a
competitive position in biotechnology for European
industry.

Other senior advisory gr-oup members are main

board directors of Monsanty, Sandoz, Montedison,
Rhone-Poulenc and Hoechst. (Source: European

Chemical News, 24 July 1989)

EC genome project goes on ice

The new European Commissioner for Research and
Development, Mr. Filipo Maria Pandolfi, has frozen
an ECU 15 million (9.75 million pounds sterling)
human genome research project designed to map the
human genetic code as a first step towards
predicting the likelihood ¢f any individual being
afflicted with a particular fereditary Jdisease.

Following pressure from left-wing and Green
Euro-MPs and from Christian groups, the project has
been shelved until Community-wide ethical guidelines
have been agreed to control the uses of
biotechnology.

The decision may be unfortunate, but the demand
for Community-wide ethical guidelines covering such
research is understandable. There 1s inevitable
concern that the research could pave the way for
human genetic erineering alon the lines advanced
in the "eugenics" theory embruced by the Nazis.

Even if the research "only” results in couples being
able to increase their chances of having "normal
children” or to choose the sex of their children,
then there are certainly ethical questions which
need to be addressed.

So, while many biotechnolugists and scientists
will view this latest development with intense
frustration, they should recognize that it is
symptomatic of the genetic engineering-related
concerns that will surface during the 1990s in the
public mind. Europe's scientists should respond now
and engage in a much more active and open debate
with the public and its representatives about the
world they are helping to create. (Source:
Biotechnology Bulletin, Vol. 8, No. 3, April 1989)

Biotechnology in EUREKA proijects

At the invitation of the Austrian Government,
Ministers from 19 European countries and the
Vice-President of the EC Commission met in Vienna on
18 and 19 June 1989 for the 7th EUREKA Ministerial
Conference,

At the Conference 89 new projects were
announced with an estimated value of 1,600 million
ECUs, bringing the numbe. of approved EUREKA
projects to 297, with a total estimated value of
vver 6,400 million ECUs. At present 1,600 firms and
resec"ch institutions are engaged in EUREKA projects.

The Conference has added 14 new projects in
biotechnology to the 41 projects (434 million ECU)
under way in this field., They are covering

diagnosis and treatment of diseases, genetic
engineering of plants and biotechnological
production processes.

From the previous total of 41, 2° projects
cover both clinical and diagnostic applications
touching upon a range of diseases. Two projects
involve R&D on cancer detection and treatment.
Three deal with sexually transmitted diseases, and
others aim to develop malaria vaccine, advanced
diagnosis and treatment of diabetes, allergies and
high blood pressure.

Further work is in progress on a variety of
different medical aspects such as:

- An expert system for health examination;
- The electronic identification of blood bags;

- The functional restoration of the ability to
walk by implanted neurostimulatijon;

- Bilo-medical sensors; and

-~ New biocompatible ceramics.

There were 12 projects in the agro-biotech area,
some involving genetic engineering to imprcove the
quality and disease ‘resistance of plants such as the
sunflower, the tomato and corn. Others deal with the
production of growth promoters and natural flavours.
Last but not least, work should be mentioned on the
development of new sparkling beverages.

Eight of the biotechnology projects have
primarily a production methods orientation. Several
of these projects centre on process applications,
such as the high volume production of animal and/or
human cell cultures, antigen marking and filtration/
separation techniques. Another project deals with
separation processes functioning under zero gravity
conditions (e.g. as in space), another with an
automated and programmable laboratory for work with
DNA (analysis, hybridizaticn, cloning, sequencing,
etc.). (Source: BIO Technica Journal, No. 2)

EC programmes and directives

BC programme ECLAIR

To improve the interfaces of agriculcure and
industry the EC Commission will support
pre-competitive research by the ECLAIR programme
(European Collaborative Linkage of Agriculture and
Industry through Research). The programme funded at
80 million ECU covers three broad themes: candidate
species for agriculture, extraction/transformation
of agricultural products for industry, and
integrated agricultural/industrial systems. After a
general agreement in the Council, a first call for
proposals was published in the EC Official Journatl
No. C 324 on 17 December 1988, (Code 89/1)

MC programme FLAIR

The EC Commission has proposed to the Council a
ReD programme in food science and technology called
FLAIR (Food Linked Agro-Industrial Research) for the
time period 1989 to mid 1993. The programme will
support ReD in the assessment and enhancement of
food quality, in fond hygiene, safety and
toxicological aspects, and in nutrition and
wholesomeness aspects. The programme still to Le
adopted by the Council earmarks 25 million ECU for
concerted actions, cost -shared projects (up to
50 per cent support), training and mobility grants.
(Code 89/2)




BC prograsme BRIDGE

The EC Commissicn prepated a research and
training programme for bictechnology called BRIDGE
{Biotechnoiogy Research for Innovation, Development
and Growth in Europe). It should take in 1990 the
succession of the ongoing Biotechnolugy Action
Programme (BAP). The programme will reinforce the
existing laboratory network and extend it to high
priority areas. It will support information
infrastructure, enabling technologies, target
oriented research tasks tor agricultural and
industrial biotechnology, and biological safety
assessment. (Code 89/3)

Directive on risks from biological agents

The EC Commission has prepar-.d a “Council
Directive on the protection of workers from the risk
related to exposure to biological agents at work"
(COM(88) 165 final). The Directive submitted to the
Council for approval says that the risk arising from
exposure to biclogical ageants at work must be
assessed before workers can be given adequate
protection against them. Member states will have to
classify biological agents according to their level
of danger, using the definitions proposed in this
Directive. (Code 89/4)

Directive on protection of biological
inventions

A "Council Directive on the legal protection of
biological inventions™ (COM(88) 496 final) has been
proposed by the EC Commission to estaoblish
harmonized, clear and improved standards for
protecting biotechnological inventions. The
objective is to systematically adapt existing patent
law principles to the field of biotechnology. It
covers patentatibility, scope of protection,
protection of plant and animal varieties, deposit
and access, reversal of the burden of proof,
definitions and financial provisions. (Code 89/5)

Directive on contained use of modified
organisas

In the Meeting of 24/25 November 1988, the ET
Council started discussion on the proposed Directive
on the conteined use of genetically modified
micro-organisms (GMMs}). It introduced a system of
notification of operations, the application of
specific containment measures, measures concerning
accidents and waste management. The Council also
noted the progress of discussions on the proposed
Directive on the deliberate release to the
‘nvironment of genetically modified organisms.
/oproval of the two Directives is expected in 1989.
(Code 89/6) (Source: BIO Technica Jourmnal, No. 1)

Pedera) Republic of GCermany

Biotechnology controls approved

The PRG's federal cabinet has passed a bill to
regulate genetic engineering techniques used by
industry and scientific organizations. It will now
go to the Bundesrat, the upper house of parliament,
for approval.

Chemical and pharmaceutical companies
participating in the long running debate about
genevtic engineering were rewarded by seeing some of
the mote restrictive clauses in the bill modified.
The fear was the laws would be harsh enough to
prompt an excodus of pharmaceutic il research and
development frum the country.

13

Most significant was the amendment dividing
genetic projects into four cateqories, graded by
number from low to high risk. Most projects
currently being pursued by the chemical industiy
(production of human insulin, pro-urokinase,
interferon or erythropoetin) willi fall into low to
moderate risk categories, 1 and 2. Categories 3
and 4 will apply to work with known pathogens or
other hazardous substances. ¥lans for category 1
and 2 prcjects will not have to be subamitted to a
public hearing. This complex bureaucratic procedure
is currentliy applied to these projects, as well as
category 3 and 4 projects, under the country's
emission controi laws.

The tederal health authority,
Bundesgesundheitsamt (BGA) wiil be responsible for
rating projects, but the federal states will also
have the power to approve or deny projects in their
srates.

Companies and laboratories will be required
to supply federal states with "all pertinent
information® needed to evaluate the safety of their
plans. Manutacturers and researchers will also have
to prove that they are insured against any risks
associated with the technology or the materials used.
Fines or up to five years' imprisonment are foreseen
for non-compliance with the law's provisions.

Plans for the release of genetically altered
micro-organisms or plants into the environment will
have to be evaluated by the federal environmental
authority, Umweltbundesamt, as well as by the
Bundesgesundheitsamt. (Source: European Chemical
News, 24 July 1989)

Bio~echnology plans held up

Three genetic engineering projects are being
held up in the PRG as a result of public hearings,
which have to be held under new emissions control
legislation.

A public hearing on BASF's plans to build a
research centre at Ludwigshafen to test production
of the tumour necrosis factor (TNF) drug, has been
suspended after opponents to the project claimed
BASF failed to provide sufficient information.
Dates have yet to be set for hearings on plans by
Hoechst subsidiary Behringwerke to build a
genetically engineered erythropoietin plant at
Marburg and Briinenthal's proposal to construct a
unit for genetically produced pro-urokinase at
Aachen.

However, the FRG's proposed framework law on
genetic engineering could remove the public hearing
hurdle for most of the chemical companies involved
in the field. The first draft of the new law will
limit the hedaring requirement to high risk
projects. (Source: Europedan Chemical News,

e May 1989)

Summary of first biotechnology proqramme

The Federal Ministry for Research and
Technology has published its "Programme Report
Biotechnology”™ summarizing the results of the first
governmental programme "Appiied Biology and
Biotechnology 1985 1988".

wWithin this programme the Ministry's annual ReD
expenditures for biotechnology increased from
DM 123 million in 1984 to DM 261 million in 198f
summing up to about DM 300 million over the
four year period of the programme.




The funding was split up between several
SuUpport instruments:

- 36 per ceant for co-cperative resea:rch
university/industry;

- 33 per cent for institutional research;

- 24 per cent for individual research projects;
- 7 per cent indirect specific support
measures.

In total about 2,200 new work places have been
created for biotechnology research, including 800
for scientists. About 220 companies participated in
co-operative research projects with universities
involving only 52 large companies.

Since the early 1980s more than 100 new
biotechnology companies have been set up, 34 within
the prograsme period. Total industrial RsD
expenditure for biotechnology is now estimated at
DM 1 billion annually.

The Programme Report surveys results and
experiences of the first government biotechnology
programme. A parallel report of the Ministry
demcnstrates dvanced applicatioas of biotechnology
as examples of Re¢D projects funded by the
programme. (Source: BIQ Technica Journal, No. 2)

Microblal ecology research

The new FRG environmental researcl, and
technology pregramme for 1989 to 1994 now published
by the Federal Ministry for Research and Technology
will include research into microbial ecology. The
main objective is to close methodological gaps and
increase understanding in the application of
micro-organisms.

Research support will concentrate on:
development of methods and measuring equipment,
standardization of mode! systems, detailed analysis
of microbial inters:-tions, study into microbial
control mechanisms, and development of scenarios for
the application and technical realization of
microbial ecoulogical safety concepts. (Source:
Technica Journal, No. 2)

IC

The flowers that bloom next spring

Forty thousand genetically-engineered pink
petunias are to bloom in the Federal Republic of
Germany despite the continuing controversy over new
legislation to control such experiments. The
Federal Health Office approved an experiment by
Heinz Saedler of the Max Planck Institute (MPI) for
Breeding Research in Colugne, but the MPI group will
not plant the petunias until 1990; approval came
too late for the 1989 seasusn. Environmentalists
have opposed the petunia planting, not because they
thought the flowers harmful but because they thought
it would set a precedent fu: releases of other
genetically -engineered orgarisms. (Source: Ngture,
vol. 339, 1 June 1989)

Magnetic microspheres for cell separation
The Klinikum of University Kiel, FRG, has
developed a simple technulogy for analytical and
preparative cell surting in heterugeneous cell
suspensions using magnetic immunomicro:spheres
(MIMMS). The principle consists in conbining the
separation specificity of antibodies o other

relevant molecules with the physical separation
pover of a magnetic field. The principle is
effective, simple and fast, non-toxic and solves the
problems of quantity in human islet or bone marrow
transplantation. (Source: BIO Technica Journal,
No. 2)

Japan

Human genose sequencing by committee

Last May a sub-committee of the Science Council
of Japan, a non-government body directly elected by
academaics, issued a report recommending a greatly
expanded effort regarding the country's human genome
project. Two sub-committees of the Ministry of
Education, Science and Culture also recently
submitted similar recommendaticns to the Minisiry's
own science council. Lasct year the Science and
Technology Agency (STA) issued a vaguely-worded call
for a project but gave no indication of the
direction it should take.

But apart from a small-scale effort at STA's
institute of physical and chemical research (RIKEN)
to develop automatic UNA seguencing machines, a
project started many years ago by
Professor Akiyoshi Wada of Tokyoc University, trere
is no project under way in Japan.

Kenichi Matsubara of the Insitute of Molecular
aud Cellular Biology of Osaka University, head of
one of the education ministry's sub-committees, says
that even if the Ministry's science council accepts
the sub-committee's recommendations when it meets to
discuss them, it will be at least two years before
government funds will be available to support a
project.

Meanwhile, with the council's approval,
Matsubara says the sub-committee hopes t> launch a
"small rocket" using emergency funds that the
Ministry sets aside for research on earthguakes and
the like. The funds will be used tc organize more
committees of university researchers and to cope
with demands for genome information from overseas
by, for example, improving computer programning
facilities.

The teport from the Science Council of Japan
calls for the establishment of an organization to
co-ordinate a joint research effort by various
government agencies and ministries. This is not an
easy task, but nevertheless, Matsudbara hopes that by
drawing together university researchers with
“emergency” funds from the Ministry of Educdtion, an
"invisible commit~ee” will be established during the
next two years that could co ordinate an
inter -agency project.

Matsubara is Japan's representative of the
Human Genome Organization (HUGO), established iast
year to co-ordinate worldwide efforts on the
project; he has “een trying to raise funds in Japan
to support HUGO. (Source: Nature, Vol. 339,

29 June 1989)

Companies agree to participate io

drug development

Thitty six Japanese companies have agreed to
participate 1n a8 programne under the auspices of the
Japanese Ministry of Public Welfare to develop Jdrugs
to treat AIDS (acquired immunodeficiency syrdrome)
and AIDS related diseases. The research will focus
on five areas: drugs to kill the HIV (human




immunodeficiency virus) directly; drugs to prevent
the development of AIDS following infecticon by HIV;
drugs to treat the associated diseases Carinii
pneumonia and Karposi's sarcoaa; reagents and
equipment for diagnosing AIDS; and methods for
evaluating the effectiveness of anti-AIDS drugs.

Companies participating in this prograsmse
include major pharmaceutical houses and leading
biotechnology firms: Chugai Pharmaceuticals
(Tokyo)., Shionogi Pharmaceuticals (Osaka),
Dai-Nippon Ink Chemical Industries (Tokyo), Mitsui
Toatsu (Tokyo), Asahi Kasei (Tokyo), and Toray Inc.
(Tokyo). The prograsme budget for next year will be
about 43 million yen. (Soutce: Bio/Technology.
Vol. 7, April 1989)

Jordan

A report on the current biotechnological
activities and research in Jordan

Royal Scientific Society

A comprehensive study on the potential of
research and development in the field of
biotechnology has been conducted to identify the
areas of priority in biotechnology that are of
utmost importance to the development of Jordan.

Furthermore, to ensure the ideal utilization of
the available specialized manpower and facilities, a
recommendation was issued to establish a National
Biotechnology Centre. The necessary steps to
establish the centre were identified by a study
conducted by Jordan's Royal Scientific Society in
which three stages were developed using the Critical
Path Method (CPM) and the Programme Evaluation and
Review Technique (PERT). Thus, by using the above
two methods the critical path for the centre’'s
development was identified in addition to the start
date, finish date and total cost of each step
utilizing the two methods and RSS computers to
constantly monitor and update the development plan.

In addition to the above activities, a study
for the assessment of the environmental risks from
biotechnology was conducted in which a Markov chain
model was developed for that purpose. The study
assesses the potential risks of introducing by
mistake or on purpose a genetically altered
microbial strain to the environment.

The Jordanian universities

I~ addition to the research activities that
were presented at the FPirst Arab Conference on the
Perspectives of Modern Biotechnologies in the Arab
Countries, a number of research activities on si.gle
cell protein and waste utilization have bren
conducted. These research and developaent
activities are an upgrade from the usual laboratory
work to the pilot-scale level in which small-scale
single cell protein production is reported.

The Jordanian Contre of Veterioary Vaccines

The centre is currently involved in the
production of a number of veterinary vaccines of
importance to Jordan at a capacity which ensures the
full coverage of all local needs. In addition to
vaccine production, a number of research activities
are attempting to improve the production system and
to produce new vaccines. (Source: Jordanian Royal
Scientific Society report of Auqust 1989)
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The Metherlands

Biotechnolojy at TNO

In 1988 some 200 TNO scientists and co-workers
vere involved in about 150 biotechnological research
projects with an aggregate budget of more than
Dfl1. 30 million. More than half of the budget
concerned contract research.

TNO's biotechnology prograsme covers a wide
range of application-oriented research activities.
Besides ReD in the field of environmental
technology, TNO carries out biotechnological
research for the food, nutrition and cattle fodder
industries, the pharmaceutical industry, the
chemical industry and the apparatus and equipment
industry.

Biotechnology at TNO is carried out in three
divisions: Nutrition and Food Research, Technology
for Society, and Health Research. The tasks are
divided in such a way that research is performed by
those laboratories that traditionally have the most
expertise available in the area concerned.

An Expert Committee on Biotechnology.

c..sisting of representatives of the above

‘isions, co-ordinates the execution of TNO's vast
biotechnology programme. The Committee recently
published a representative selection from this
programme in the booklet "TNO biotechnology”. The
bookiet is meant to illustrate the fields where
collaboration with third parties is possible.

Research items have been grouped according to
possible field of application, i.e. food and feed,
pharmsacy, chesistry, equipment and environmental
technology. Each item starts with background
information about the reasons for the research.
Furthermore, details are provided about the TNO
research in progress, possible applications,
collaborations and contacts. As the techniques ana
experiences described are often also applicable to
other fields, the booklet has been provided with an
index of keywords.

For a free copy of “TNO biotechnology, a
selection from present research® please contact:
Mr. B.A. Heide, TNO Expert Committee on
Biotechnology, P.O. Box 108, 3700 AC Zeist,
Netherlands. (Source: Applied Research,

June 1989 25)

Norvay

Biotechnology in Norway

Research and development in biotechnology has
been given high priority in Norway since 1985. 1In
the three-years period 1986-88 about NOK 200 million
was invested in research by four of the Norwegian
research councils. The concerted effort to improve
the scientific capability of the participating
research ins”itutions has been co-ordinated by a
national committee on biotechnology. The committee
has just presented a plan of action for the 1990-92
period. The focus of the plan will be on basic and
applied research within the following seven areas:
cell and gene technology, medicine, agriculture,
aguaculture, industry, environment and biotechnology
for the developing countries. Protein and
polysaccharide engineering are included under cell
and gene technology. To effectuate the ambitious
plan will require an investment of nearly
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NOK 560 ajllion over the three year period. The
research will be performed by Nurway's universities,
independent research institutions and industry.

For a small country like Norway it is important
to concentrate resea:rch on areas of special
significance. The strategy adopted involves the
universities being responsible for ali the important
basic disciplines required for giving students of
biotechnology first class training and high
qualificaticns, but limiting applied research to
certairn. preferred areas and with some degree of
spe ttalization between the various universities and
research institutions. In this summary three areas
of note will be covered briefly.

The aguaculture industry has grown very rapidly
in Norway in recent years, and is now of
considerable economic significance. The future
development of aquaculture will depend on research
aimed at solviag preblems in many areas.
Biotechnulogy will be of central importance in areas
like disease control (prevention, diagnosis,
treatment, vaccine production) and feed production.
Basic and applied research in all these areas are
under way. The industry is dominated by a few
species, salmon and trout currently being the main
products. Several laboratories are developiag
methods for the large-scale cultivation of various
marine species. The success of these research
programmes will depend on a biotechnological
approach in areas like developmental biology and the
production of eftficient feed for fish larvae.

In addition to the aguaculture industry there
are several secturs where Norwegian industry may be
able to compete in the international market. One
such field is marine biotechnology and in particular
the production of marine polysaccharides. Norwegian
industry is a major producer of alginate and
chitosan. The potential of these marine
polysaccharides has been extended considerably in
recent years. Research and Jdeveiopment is focusing
on obtaining better understanding of the structure’
property relationships, the development of efficient
methods for production and use of ultra pure
qualities of alginate and chitosan, and on enzymatic
and genetic modifications of the biosynthetic
machinery leading to the production of biopolymers
with modified properties.

Another area of considerable promise for
Norwegian industry is the biotechnological
applications of the highly monodisperse particles
produced by Lyno Industries. These unigue particles
may be produced with varied composition, morphology
and size (1-100 microns). They have a large
industrial potential in separation technology
(separation of cells and chromatography) and for
s:veral analytical applications (immunochemical
methods). (Source: BIO Technica Journal, No. 2)

Switzerland

Biotechnology in Switzerland
Biotechnological research

Swiss extended infrastructure for the
scientific support of biotechnology includes several
university research centres for biotechnology: the
Institute ftor Biotechnology of ETH Zurich, the
fnstitute fuor Medicine and Chemistry of Bern
University, the Rio Center of Basel University and
the Institute for Immunology in Basel.

A major source of
National Pund. More than 38 per cent of

tesearch tunding 13 the Swis;
its qgrants

in 1987 were allocated to biological and medtical

.search which means 2 total of 80.7 millicn Swiss
.. s. Priority is given to projects related to
1s50.ation, synthesis and bio synthesis of natural
substances.

Scientific rescarcy in biutechnology even led
tyo a Nobel Prize in 1937 when the Swiss professor
for microbiology werner Arber at the Bio-Tenter of
the University Basel was honoured f_r his discovery
and application ¢f restriction enzymes, tugether
with the American professors Piniel Nathans and
Hamiit on O. Smith.

Politiclans are critical that a co-ordinated
natiovnal programme to support reseatch in
tiotechnology duoes not exist in Switzerlaad. One
reason 1s the extensive industrial research by the
large chemicai companies although an offensive
strategy would be desirable to impruve public
research infrastructure and to preserve
international competitivenes mainly for small and
medium enterprises.

Specialization of industry

Within the large field of biotechnology
applications Swiss companies have gained
international leadership for biotechnological
ptocesses. Some examples may demcastrate this:

The bacteriostatic effect of low amounts of
silver is used to sterilize and preserve water.
lons of silver make micro-organisms in drinking
water inactive. This allows the production of
drinking water from delicate water sources.

- Agricultu:ze

Intensive research work is done in Switzerland
on the application of biotic processes in
agriculture. For example, numerous plans are worked
out for economic and environmentally acceptable
fertilizing, at present mainly by nitrogen.

Druqs and chemicals

In the sectors of drugs and industrial
chemicals the large chemical groups at Basel are
keeping several leading positions while even small
companies are finding market niches like a small
Zurich company producing natural substances and
derivates by biotechnological processes.

- Equipment

! the eguipment sector several Swiss firms are
developing bioreactors for laboratory application
including hardware and software for process contrc!l.

In general, it may be expected that the
internatonally active big Swiss chemical companies
in the medium-term will keep or extend their
position in the biotechnology market.

Questions may arise about the consequences for
small and medium enterprises. They are applying
traditional chemical processes which may be
partially replaced by biotechnological processes
within the ten years to come. If they leave
biotechnology aside, they may loose competitivity in
several sectors.

On the other hand, entering biotechnulagy
tequires high investments and sufticient personnel
and financial resources. To vvercome the narrow




¢ 2raticnal limits of small and medium-sized
enterprises, university and private consulting teams
are trying to lower the threshold for entering
biotechnology :nd to arrange fo. praxis-oriented
research co-operations.

The environment

Swlss enterprises active in biotechnology are
also participating in special trade fairs. One of
the fairs on laboratory and production technology
(Ilmac) is organized by the Swiss Association of
Chemists which is also engaged in conducting
conferences on research, new methods and sectors in
chemistry and associated sciences. The journal
"Swiss Biotech” serves the communication needs of
the Swiss biotechnology community.

TO sum up, Switzerland holds strong positions
in bictechnology. The commercial field is Jdominated
by the large Swiss chemical companies. o>mall aud
medium-sized companies as well as newcomers cover
the subcontracting market. They include equipment
manufactures, consulting firms and producers of
basic substances for research and laboratories. The
most successful strategy for small biotechnology
companies in Switzerland is to icok for market
niches and to offer specialities. (Source: BIO
Technica Journal, No. 1)

Spain

Spanish biotechnology

Spain regpresents one of the last growth markets
in Europe, according to Consulting Resources
Corporation of Lexington. Mass. One of the key
areas receiving the Government's attention is
biotechnology. As one example of its increasing
interest, the Spanish Government has initiated the
National Mobilization Programme in Biotechnology, a
multi-million dollar effort to fund and support RsL
in this field. Recently, a new National
Biotecknology Centre has been established under this
programme.

Today, almost 50 Spanish companies report an
active or planned involvement in biobusiness.
Included in the list of active companies are:

BioKit, Antibioticos, Laboratorios Alter, Ingenasa,
Laboratories Menarini, Invesgen, and Processes
Enzymaticos. Currently, their product development
interests are mainly in diagnostics and
pharmaceuticals, although the agri-food sector is
likely to be affected in the future as well.

(Source: Chemical Marketing Reporter, 24 April 1389)

United Kingdos

Royal Commission calls for tougher controls

Government proposals for controlling the
release of genetically engineered organisms (GEOs)
into the environment do not go far enough, according
to a report* by the Royal Commission on
Environmental Pollution. The Department of the
environment (DOE) said however, that it will take
account of the Commission's report in drawing up
legislation for a new "green Bill®.

both the DOE and the Health and Safety
Commission (HSC) should apprtove the uncontained
rele.se of a GEO, the Commission concludes. Release
without consent should be a criminal offence, in
contrast to the present voluntary notification
scheme operateJd by the HSC.
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A "release committee™ of experts in a wide
variety of subjects, such as biology, gJenetic
encineering but also ecology, should be set up,
according to the report, in a departure froa the
Jovernment proposals. Applications for the release
of GEOs should he considered .aise vy case until
categories can be established. The release
committee should advise both the DoE and HSC.

The Commission is also “unhappy"” that the
government proposals restrict themselves to areas
where no other regulations exist.

while the government proposals apparently only
apply to trial releases, the Commission wants to
extend controls to commercial products.
Additionally, a register of “"releasers”™ should be
kept. The report also goes beyond the government
proposals in recommending extensive monitoring of
the releases as a condition to granting of a licence.

Concern about industry interests has tempered
the report, according to the Commission. New
regulations shovld not be cumbersome, and should be
in the industry’s own interest, it believes.
Because of the strict liability that is to be
applied to releases of genetically engineered
products, tough regulation will be cheaper for the
industry in the long term, the Commission says.

Close co-operation with international and
European agencies is essential according to the
report. GEOs ability to cross boundaries make
national regulations almost meaningless if no
international controls exist. The option of
companies releasing GEOs in countries with the least
regulations, should be avoided, the report says.

A working party to look into risk assessment
procedures, called GENHAZ, has been established
along the lines of HAZOP procedures used in the
chemical industry. GENHAZ procedures are to be
finalized by the end of the year. (Source:
Chemistry and Industry, 17 July 1989)

Biotechnology Directorate

Acting promptly on the recommendation of a
review panel, the Science and Engineering Research
Council has prolonged the life of its Biotechnology
Directorate for ancther six years and has formed a
joint advisory board for biotechnology with the
Department of Trade and Industry.

The new board will deal with matters of common
interest to the council and the department, ranging
from training and research to regulations and
technology transfer, and will further strengthen the
collaboration growing becween the council's
Biotechnology Directorate and the department's
Biotechnology Unit.

Both parties say the board will help increase
the transfer of research into the marketp:iace.
(Extracted “rom Bio/Technology, Vol. 7, April 1989)

Lift for protein research

The British Government has approved two
research programmes in biotechnology, both through
its LINK scheme to support collaborative work

* “"The release of genetically engineered
organisms to the environment®, 13th report, HMSO,
13.90 pounds sterling.




between academia and industry. The first will
funnel 9.6 million pounds sterling into protein
engineering over the next five years, and has the
suppott of the Ministry of Defence and three of tne
research vounciis. The se-ond is worth

7.% wi'lion zounds suarling cver five years, aand
viil sapport resweaict ¢a the indusrrial Lovlications
of biotechnology, including resca.h into novel
processes for extracting products, new designs folr
fermenters and ways of protecting the env'ronment
from the organisms produced during such processes.

Protein engineering is a relatively new field
of research by which scientists aim to introduce
deliberate and useful changes into the structure of
proteins, and ultimately to design new proteins.

The Medical Research Council hopes to tinalize plans
over the next few months for an Interdisciplinary
Research Centre in protein engineeriny, to be based
at Cambridge University. (Source: New Scientist,

1 July 1989)

7.5 million pounds scerling, S5-year LINK
biochemical engineering programme launched

On 15 June, the Government launched a new
S-year, 7.5 million pounds sterling research
programme which aims to increase industrial use of
biotechnology. The Bioclhemical Engineering
Programme, part of the Government's LINK initiative,
wiil support collaboration between industry and the
scientific community. Funding will be provided by
the Department of Trade and Industry
(4.3 million pounds sterling) and the Science and
Engineering Research Council (3.2 million pounas
sterling). Individual projects will be funded 50:50
by industry and Government.

Biochemical engineering is concerned with the
development of equipment and processes to exploit
biotechnology on an industrial scale. The programme
will address four priority areas: (1) inmnovative
downstream processing; (l) fermentation

technology; (3) process control in biotechnology:
(4) containment, asepsis, sterility and the
environment - involving improved barrier

technologies for the exclusion of external
environment from sensitive bioprocesses and
contaiament of potentially hazardous agents within
bioprocesses. (Source: Biotechnology Bulletin,
Vol. 8, No. S5, June 1989)

Virus research unit set up

A unit is being set up in Oxford, UK, to catry
ou pre-competitive research which could lead to the
development of a whole new class of drugs fcr tae
treatment of viruses and certain cancers.

The UK druyg major, Glaxo, British
Bio-technology Ltd. (BBL), a small Oxtord healthcare
firm, the UK Science and Research Council and the
Cepartment of Trade and Industry are each investing
some 175,000 pounds sterling ($285,000) over four
years to fund a virus research unit at Oxford
University's department of biochemistry.

The virus molecular biology group, to be headed
by Drs. Susan and Alan Kingsman, will investigate
how viruses ciuse disease in humans. This will help
them discover therapies which inactivate viruses
inside the human cell.

The group intends to study the human papiloma
virus, implicated in cervical cancer, and the AIDS
virus to learn more about the control or "switch®
genes which enable it to multiply. Scientists will
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then be atle to screen for drugs which turn off the
genes and swop the virus replicating.

Such a the:sapy would have to be taken for a
life time. Obviously this type of therapeutic is
potentially more profitadle than a one-off vaccine.
The te-hniques could also apply to other viruses.

The research 1s part of the LINK programme but
difters i. that only two firms are involved. Glaxo
is interested in the broad scope of the project
while BBL wishes to concentrate on the AIDS virus.
Both will have their own programmes running within
the project. (Source: European Chemical News,

22 May 1989)

MRC unit in protein function and design

The Medical Research Council (MRC) has
established a new unit in Cambridge, under the
honorary direction of Professor Alan Fersht, FRS,
who holds the Herchel Chair of Organic Chemistiy at
Cambridge University. The Unit's research programme
will continue and expand Professor Fersht's
pioneering work in protein engineering which has
been largely carried out with MRC support.

By combining the powerful new tools of
molecular genetics with those of physical enzymology
and of structure determination, including magnetic
resonance spectroscopy, his team have already made
important discoveries about the ways in which the
functions of proteins, especially enzymes, are
affected by changes in the amino acid sequence
introduced by the techniques of protein engineering.

The Unit's programme will form a central
component of the Iaterdisciplinary Research Centre
(IRC) in Protein Engineering, for which the MRC has
recently received additional funds through the
Science Vote and which should be in operation by
early 1990. It will be housed in the University
Chemical Laboratories and will have eight scientific
staff, together with support staff and attached
fellows and research students. (Source:
Biotechnoloyy Bulletin, Vol. 8, No. 5, June 1989)

AFRC jene transfer gqrants

New grants, totalling over 500,000 pounds
sterling, have been made by the Agriculture and Foud
Research Council (AFRC) to scientists at Dunudee,
Edinburgh, Glasqgow and St. Andrews universities.

Dr. C. Neil and Professor D.E. Onions at the
University of Glasgow receive support for
investigating the use of viruses to transfer
commercially beneficial genes between species. To
date, gene transfer in animals has been achieved by
injecting genes into eyg cells. It is hoped that
using virus carriers will be more efficient and more
cost-effective during commercialization,.

Gene transfer offers a new approach to
improving livestock production, yield and disease
resistance. The group at Glasgow will work on
transgenic sheep and collaborate closely with
resedarchers at Edinburgh who have already introduced
medically useful genes into sheep. The blood
clotting factor missing in haemophiliacs zan be
produce ! safely in the milk of transgenic sheep
carrying the human gene.

A new linked research programme is being
established hetween the Hannah Research Institute at
Ayr and the University of lLeeds. It will identify
important molecular interactions that determine
stability and shelf life in foods such as mayonnaise




and cream ligueurs that are emulsions ot o1l and
water. (Source: Biotechnuloygy Bulletin, Vol. 8,
No. 4, May 1989)

New glycubiolugy institute

Searie, the Chicagyou-based pharmaceutical
company which is part of the Munsanto group, has
agreed to provide 2.9 million pounds sterling to
help fund a new research centre at Oxford
University. The new Glycobiology Institute will
enable collaborative research to be undertaken,
involving scientists from both the University and
Searle. The research is likely to bring major
benefits in identifying poteantial biopharmaceuticals
and ensuring that they become viable drugs.

The new Institute is designed to develop and
exploit the tuture commercial potential of work dore
by an Oxford University team led by
Professor Raymond Dwek, professor of glycobiology.
The work was initiated in 1983 with a grant from
Monsanto.

Defective glycoproteins

The new glycobiology centre will be run by
Protessor Dwek and clinical research co-Jdirector
Dr. Thomas Rademacher. The centre is part of the
Department of Biochemistry and will eventually
employ some 60 scientists. It will be housed in a
five-storey building, located next to the University
Parks. Oxford University is putting 800,000 pounds
sterling towards the new unit and ¢ further
1.3 million pounds sterling towards a botany
department, which will occupy two floors of the new
buitding.

Although scientists can create many useful
proteins, they still cannot recreate all of nature’'s
essential molecules. Many essential proteins dc not
exist alone, but are combined with side chains.
Frequently, these are sugars, as in the case of
glycoproteins. Glycoproteins help molecules to bind
and interact within the body.

Searle’'s interest in Professor Dwek's research
relates to the therapeutic applications emerging
from the association of disease with unigue sugar
defects on glycoproteins. The team's current work
focuses on defective immunoglobulins (IgG) and the
pathogenesis of rheumatoid artheitis. Additional
research is examining defective glycoproteins
related to Crohn's disedse, tuberculosis, AIDS and
cancer.

One of the more promising future applications
for glycobiology is in screening popuiations for
disease and developing diagnostic tests. [If a
sensitive enough test could be developed it might
identify the presence of a disease by showing the
absence of a specific sugar in a patient’'s blood
serum. (Extracted from Biotechnology Bulletin,
Vol. 8, No. 3, April 1989)

Bridging the qap

A group of scientists from Cranfield Institute
of Technology in Bedfcrd, England, has formed a
company to act as matchmaker bhetween researchers and
investors in biotechrolugy. The group complains
that the UK is the pioneer in many advances in this
new industry, ye! British industry is too ignorant
of biotechnology to spend money to turn ideas into
marketable products. Such products might include
biosensors which use micro organisms as detectors,
developments in drugs, and the vse of bacteria to

get rid ot pollutive and to guarantee the satety ot
tood. The market tour biosensors alone has ygrown
from 30 million to 550 million pounds sterling in
four years.

Cranfield Biotechnoluyy will make the
Institute's tesearchers available to industry for
consultancy and development work, and put academics
and companies in touch from around the world.
{Source: New Scientist, 22 April 1989)

EEC chooses university to lead "in-body”
microsensar consortium

The 3iotechnology Centre at the Cranfield
Institute of Technolugy in Bedfordshire has been
chosen by the European Economic Commission to lead
an eleven conntry consortium established to
investigate ana further research the use of chemical
microsensors within the body (in vivo monitoring)®.
Cranfield’'s Biotechnology Centre is recognized as a
world leader in the development of sensor technology
for biological applications. Dr. Tony Turner, Head
of the Bioelectronics Rivision at Cranfield will
lead the consortium and a total of 23 centres in
11 countries within the EEC and Switzerland will
participate in the programme.

The objective of the 5 year programme of
concerted action is to bring together the leading
experts in the fields of medicine, biochemistry and
microsensor technology to focus on further
developing this rapidly expanding area of science.

The action was initiated by the Biomedical
Engineering Committee for Concerted Action
(BME COMAC), wnich falls under the auspices of the
Directorate General 12. Following an "expert
meeting® and a workshop earlier this year, at which
35 prominent Engineering Science experts from all
EEC member countries met to discuss the interface
between biology and sensors, it was concluded that a
Concerted Action proposal should be pursued. This
was proposed and subsequently ap,:.oved in November
of this year.

In the tace of 1ntense and well funded research
ettort in the USA and Japan, there has been an
increasing willingness on the part of European
scientists to collaborate in ihis vitally important
field.

Initially focus will be on the analysis of
clinical problems, identity suitable analytes and
consider sites within the body for continuous
monitoring.

The EEC has provided initial tunding of over
400,000 pounds sterling for the co ordinating
programme to get underway, and consortium members in
other warder states have already received national
government funding to promote further research and
development work in this drea.

Recent advances in sensor technology have
bLrought the goal of reliable, continuwus "in vivo”
sensing within the realms of possibility. A
successtul co ordination of the highly skilled, but
dispersed EBuropean activity ia this field will

* The term "in vivo chemical sensor” 1s
reserved for devivces used within the body, as
opposed Lo "ex vivo chemical sensors”™ which requite
the delivery of the substance for analysis to a
Sensor outside the body.




undoubtedly enhance the level of medical care
available to the population ot the European Economic
Community. It will also create important commercial
opportunities tor European companies over the next
decade. (Source: News Release, No. 26 88)

New biotechnology firm

Some heavyweight academics and i1ndustry-based
scientists are behind a new UK biotechnology company
called lmmunology Ltd. It has been set up to
concentrate on cell biology and genetic engineering
in order to develop the next generation of
therapeutic products based on immunology.

Immunology has been established in Cambridge by
Dr. Alan Munro, previously head of immunoloyy
division at Cambridge University, and
Dr. Stephen Bunting, a director of Abingworth
Management. (Source: Manufacturing Chemist,
Apcil 1989)

United States of America

US finalizes controls cn genetic engineer-

The administrator ot the US's Environmental
Protection Agency (EPA) is expected to decide this
month on the final form of draft regulations
controlling the release into the environment of new
micro-organisms, including those produced by genetic
engineering.

In contrast to EFuropean countries, regulators
in the US do not distinguish between genetically
engineered micro-organisw. and other types. The
requlations will be implemented under existing laws,
such as the Toxic Substances Control Act.

A cabinet level committee decided in the
mid-1980s that existing legislation could provide
the necessary regulatory framework to govern the
newly emerging biotechnology industry. Since then,
the EPA, the US Department of Agriculture and the
Federal Drug Administration have been writing
regulations to apply existing laws to the products
of biotechnology, including genetically engineered
micro-organisms. The ag2ncies have also funded the
National Research Council to examine environmental
issues. The council is expected to publish a report
in the autumn.

In February, the EPA made available for public
comment some 6,000 pages of documents about the
regulation of the new micro organisms, including
draft regulations. During the next few weeks, the
agency's new administrator, William Reilly, will
decide whether the draft regulations need
modification in the 11y t of the responses.

The EPA's procvosed reqgulations allow the agency
to vet all new micio oryanisms or uses of
micro-organisms. As proposed, the regulations
control micro organisms develouped tor commercial
markets and exempt m.cro organisms for research.

One of the countrov:rsial questions to be settled is
how to define whether or not a4 new micro organism is
being developed for commercial applications. The
agency has already examined about 50 applications
from a number of research institutes to run field
trials of genetically engineered micio organisms.

It has given permission for at least 10, including
the first release later this month of a4 genetically
engineered virus.

tintil
neither

new regulations are iu place, the agency

can force companies Lo comply with ity

cunditions for granting permission not punish
Intringjements.

The EPA 1s paying $230,000 to support
sclentists at the Boyce Thompson Institute in
New Yourk State working on field trials of a
genetically engineered virus that will be released
later tnis month. The trial is one step 1n the
development of genetically engineered viruses that
wili be more ettective at killing moths and
butterflies, whose caterpillars attack crops such as
cabbages and cotton. The work 1s along similar
lines to that being Jdone at the Institute of
Virology at Oxtord.

The researchers at Boyce Thompson are
concentrating on one of a number of baculoviruses
that live in colonies embedded in plant protei: s.
when they are caterpillars, the insects eat lumps
protein containing the viruses, and the viruses can
kill them. Eventually, the scilentists aim to insert
d new gene tJ code for a tosxin that will enable the
virus to kill the cac2rpillar more rapidly. But
first they need tu aiter the virus so that in its
more virulent form {t will not survive long in the
environment.

ot

To do this, the scientists have removed the
gene that codes for a coat ot protein that protects
the virus. Viruses without the coat are unlikely to
survive for long: the trial should discover exactly
how long. (Source: New Scientist, 15 July 1989)

USDA steps up efforts in bilological control

Marking 100 years of biological control of
agricultural pests - starting in 1889 with Vedalia
beetles from Australia checking a California citrus
pest the Department of Agriculture is stepping up
its biocontrol efforts. The USDA has signed two
agreements calliang for joint biccontrol research tour
the first time at Soviet laborator.es. Work starts
this summer in Kishin.v and Leningrad on more than
two dozen insects and weed pests. This spring,
three ARS sclentists o to China under a new
five-year pact that includes a joirt laboratory in
Beijing. An ARS researcher has filed for patent
protection on an improved virus to kill gypsy
moths. A pilot project will use a fungus to fight
wilt in New Jersey eggplants. Plans are asiout for a
Biological Control Service Institute to serve as an
internaticnal cledringhouse. (Abstracted with
permission from Chemical Engineering News,

3 April 1385. Copyright (1989) American Chemical
Suciety)

US biotechnoulogy 1s in better health than was
espected

The state of biotechnolugy in the US,
especially in new drug development, is strong,
according to results of surveys conducted by the
Pharmaceutical Manufacturers Association. The
surveys arfe on new medicines under devilopment using
genetic engineering an biotechnology patents issued
in the US during the past three years,

PMA's latest survey ot "Biotechunology Medicines
in Development” shows that 80 genetically engineered
drugs and vaccines are in clinical tests or are at
the Food and Drug Administration for review. In
cortrast, a4 recent study by the FDA revealed that
the S has twice as many pharmdaceuticals appraved
for marketing or in oclinical testing as Japan.

In addition, PMA' 5
biotechnoloyy pateats

us
123ds

latest survey of
tosued found U ¢ US




Japan a1d Western Europe in genetically engineered
health care patents. Of the 182 genetic enjineering
heaith cate patents 1issued in 1988, 155 were US
owners. Japan received 15 and western Europe nine.

Cancer is the main focus of pharmaceutical
biotechnology research. More than half - 45 - of
the medicines in development are for cancer or
cancer-related conditions.

Biotechnology is an increasingly important tool
in fighting AIDS. Fourteen products, almost twice as
many as were listed in PMA's first survey last July,
are being tested for AIDS or HIV-related illnesses.

Nine medicines and one vaccine are at the FDA
for review.

Ten medicines and one vaccine are in the final
stage of clinical testing.

Three research projects have been completed and
approved ty the FDA. Two interferons, “"Roferon"-A by
Hoffmann-La Roche and "Intron® A by Schering-Plough,
have been approved for treatment of AIDS-related
Kaposi's sarcoma and "Hibtiter® by Praxis Biologics,
a conjugate vaccine, has been apprcoved for
haemophilus influenza type B.

Forty five companies are involved in developing
the 80 medicines. PMA members and affiliates are
involved in more than three-quarters of those
research projects. Key findings of the US patent
survey are:

- 1,391 biotechnology patents were issued by
the US Office of Patents and Trademarks in
1988;

- 837 of them were pharmaceutical,/health care
patents;

- 237 of the patents issued use genetic
engineering, more than double the number
issued in 1986;

well over three-guarters (182) of the
genetically engineered biotechnology patents
last year were pharmaceutical ‘health care
related. That is more than double the
number issued in 1986,

~ The US leads in the tield of genetic
engineering and in the application of
advanced biotechnology technigues for the
discovery and development of new medicines
195 of the 1788 genetically engineered
patents (82 per cent) were of US origin and
155 of the genetically engineered
pharmaceutical patents (85 per cent) were
issued to US owners.

- US corporations were the largest
source of genetically engineered
(108) and genetically engineered
patents (84) in 1988. (Source:
Marketing Reporter, 29 May 1989)

single
patents
health care
Chemical

Field testing of carp approved

The biotechnology review boatrd of the United
States Department of Agriculture has approved the
tirst field test involving a4 genetically engineered
fish. Researchers at Auburn University in Alabama
have been given permission to introduce carp which
contain trout growth hormone genes into a test pond
at the university.
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The carp were deveioped through a collaboration
betwzen researchers at Auburn, and at Johns Hopkins
University in Maryland. Carp containing the trout
genes have been shown in the laboraiory to grow
significantly larger than normal carp, a finding
that could have commercial significance tor fish
farming.

The carp will be kept 1n a contained pond, with
a2 series of barriers to prevent their escape into
open water. As an added precaution, a mechanism has
been developed to i1ntroduce poison into the water
should a fish manage to get beyond one of the
barriers.

The Auburn carp is the first transgenic anima.
to be approved fuor release i1nto the environment by
the Agricultural Biotechnology Research Advisory
Committee, which has been charged with develcping
guidelines for reviewing field-test applications
from researchers working under Department of
Agriculture grants. The finishing touches are now
being put to tue committee's guidelin:s, which
should be published in the Federal Register for
public comment within the next two mcnths.

(Source: Nature, Vol. 338, 30 March 19u89)

Genome sequencing of the nematode

The question of which person's genes will be
mapped and seguenced by the US human genome
initiative is still open, but under the genome
programme of th> US National Institutes of Health
(NIH), the humble nematode may be the first higher
organism to have its genes ordered into a physical
map. At its secund meeting, NIH's advisory
committee on the Luman genome project unanimously
agreed to endorse a joint effort by US and UK
researchers to finish the nematode gene map.

It has always been clear that the genome effort
will not provide the sequence of one individual's
genes, but rather an amalgam of human DNA from
various sources. But mapping and sequencing human
genes will be onlv a part of the genome initiative:
further studies of the genomes of such well -studied

rave been discussed as stepping stones towards the
human genome.

Researchers at the British Medical Research
Council’'s (MRC) Laboratory of Molecular Blology at
Cambridge and at Washington University Medical
Schocl in St. Louis, Missouri, have broken down the
genome of the nematode Into 200 sets of overlapping
DNA fragments, or "contigs”.

By bridging breaks between contlgs using the
yeast artificial chromosome technique deve! oped at
wWashington University, James Watson, director of the
NIH Office of Human Genome Activities, believes the
team can whittle the nematode genome down to
100 contigs in roughly a year. Putting the contigs
in their correct order will provide a physical map
of the nematode, which he believes can then be
sequenced by a team of 50 technicians within six
years.

Watson estimdates that a three year $400,000
grant would allow the US British collaburation to
finish the physical map and start sequencing. At
100 million base pairs of DNA, the nematode genome
is roughly the size of an average human chromosome.
The nematode's biclogy is so well understood it is
knowin to have exactly 958 cells, and each cell
division during development has been completely
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ANATS50d 335 Tthe wotm pecble may lead
the way™ 1.0 genome tesearch.  (Sodroe: Nature,
Jol. 339, I3 June 1383)

Human genufe projedt custs
Masnufacturers Jdeveloping technoicogy tor DNA
sequencing need to find ways to cut the cost Jdown to

a penny base and increase the speed Of the process

it the project to seguence the whole of the human
genome 1s to become a4 reality, br. Lloyd Smith toid
delegates to the Pittcom Analytical Science meeting
‘n Atlanta, Georgia.

The size Of the project :iun genetic information
terms was daunting. The human genome is estimated
to vonsist of 300,000 genes - some 3,000 milliun
nucleotide bases.

Allowing for at least one tepeat of seguencing
at each base, at today's costs of around
one dollar-base, the project would cost in the order
of 36 billion, a figure which Dr. Smith said would
be unacceptable to funding agencies.

The speed ot current DNA seguencing techno.ogy
also makes the viability of the much discussed
project seem dubious, Smith suggyested. The current
systems, which uses fluorescent dyes to detect
nucleotide bases can wo:k accurately to a maximum ot
300 bases-run, each run taking 14 hours.

The human genome project couid take more than a
thousand years at such speeds s3id Smith. Even with
reduction of costs of sequencing each base, the
proje -t would be hourrendously expensive.

There were several other fundamental problems
which needed to be .olved before the project c.uld
begin in earnest. DNA could be sgueezed in
manageable chunks of bhetweern 500 and 1,000 bases.
But with individual human chromosomes consisting of
1,000 mitlion bases and more, 3 means of fragmenting
and purifying chromosomes into perhaps, 40 kilobase
units needed to be developed. These would further
need to be split for seguenciay.

There was a further complic:': = in that
methods would be needed to sor: out the urder of the
message, once it had been br xen down into small

sub-units. Methods current!; used for cloaing short
DNA sequences would need to L» automated, as would
the processing of data.

Smith said he believed it would take more than
ten years for current methodoloyles for sequencing
to be enhanced to the level whereby the project
could become financially acceptable. (Source:
Manufactu. ing Chemist, April 1989)

Computer

array interprets the human genome

Computer technigues from California will soon
he making a rapid analysis of the billions of bLits
of information that make up the numan genome,
dccording to scientists at Washington D.C,

Leroy Huod, a biologist at the California Institute
of Technology in Pasadena, led the effort to design
an array of computer chips for scanning and
interpreting the chemical bases that make up the
human genome.

He unveiled the basis of the technology, wioich
is called the Fast Data Finder, at a meeting on the
human genome. Two companien, TRW, a4 Californian
electronics company, and Applied Hiosystems, 4
Californian biotechnology company, Jdesigned and
built the array of -hips which make up the system,

Machines van Jetermine seguences 1 ONA fa:

C 3
mote Julokiy than humans, a.d
have programmed computers o

telentiy Liciogists
© oseek Uausail seguelles.
Trhe chips Jeal with a1 stream Of Jata, Consistin,
strings of tour letters, which reptesent foar
nucieotides. These strings pass through cp %o
10,000 processors 1n series. The system ideintilies
so-called motifs patterns of genetic materiatl
to have vaiuable functions. A transposed base
sequence, for example, may indicate 2 predispos
to hear. disease or muscular dystrophy.

ol

[SRSTH

The system can also compare neowiy discovered
sequences with an existing datapase, to pick ovut
strings that match. Such matches provide ciues t
the function of the seguence. Hood says that h:is
system can search 27 million nucleotide bases 1n
three seconds. This compares with a time varyiayg
from several hours to three-and-a-half days for
current computerized systems. (Source: New
Scientist, 6 May 1989)

NIH regulation on experiments abroad

Genetic engineering experiments tunded
US Nati1onal Institutes of Health may not be
foreign country unless the host country has approeved
the experiments. The new NIH rules prcovide that the
experiments must comply with the host country's iaws
on the subject Or el<e must be reviewed by an
NIH-approved board. The NIH review must then be
accepted by the proper authority in the host country.
In any case, NIH funded research must be in
compliance with NIH guidelines that would apply :in
the US. (Extracted from Scierce News, 15 Apri. 1933)
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Biotechnology curbs opposed by traders

A new rule controlling export of geneticalliy
engineered micro-organisms will impose unwarranted
burdens on industry and Government, according to a
biotechnology trade group. The Industrial
Biote:hnology Association recommended "refined
= ¢ding” in & response to a February Federal
Register reguest for comments on the scope of
binlogical export controls.

The Assocliation says its word ng maintains the
integrity of the rule by ensuring reasonable eaport
restrictions tuv regulate the movemeni of biolugjical
micro-organisms of legi®imate concern without
impeding the tlow ot scientific rese-rch.

Accotding to the new, sweeping Department ot
Commerce rule, certain chemicals and bioclogical
agents exported to all countries, except Canada,
subject to licensing reguirements, in response tu
national security concerns about international
shipment of biological weapons. (Source: Chemical
Market ing Reporter, 24 April 1989)
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Biomedical buyjs

The bargain sale of U3 financed research data
to Japan wds not the ounly conflict of inteiest to
exer..ise the Human Resvurces and Interqovernmental
Relations subcommittee hearing.

Biomedical resestchers were seen as
particulariy likely to sufter confiicting interests,
given the huge sums of money from pharmaceutical

compan.es that suppiement “ederal funds for druy
development and «linical trials.
Commercialization "has been more ayyressive,

mure hrazen,
disciplines”,

and Morte esperimental than
acvcording to Sheidon Kramn<y, a

ather




protessor of urban and environmental policy at Tutts
University. He claimed that there 1s evidence that
retusal to share data and biological materials is
increasing, even among scientists working for the
federal government, implying that “public funds are
being used to support proprietary knowledge™.

Krimsky believes that new relations between
universities and industry, such as Boston
University's controversial $25 million investment in
the Seragen biotechnology company, provide a “recipe
for conflict of interest®™. According to his own
survey. 45 per cent of Harvard University's
biomedical faculty now have formal affiliations with
36 differ>nt biotechnology companies. (Source:
Nature, Vol. 339, 22 June 1989)

FDA opens up druq access for most-serious AIDS
patients

Continuing to step up efforts to give AIDS
patients quicker access to drugs, the Food and Drug
Administration has taken action on treatments for
two of the most serious complications of the disease.

FDA commissioner Frank Younyg says the agency
has approved the drug ganciclovir to treat an eye
infection, cytomegalovirus (CMV) retinitis, that can
somet imes lead to blindness in AIDS and other
immune supressed patients.

In addit‘on, Dr. Young says the Government is
permitting expanded premarket distribution of an
exper imental protein product to treat the severe
anaemia that weakens nearly half the 20,000 patients
currently taking AZT (zidovudine) for AIDS.

Recent studies of about 100 AIDS patients with
AZT-linked anaemia showed a protein product,
r-erythrepoietin or EPO, reduced or elimipnated the
need for transfusions.

The FDA has also approved another EPO product
for use in kidney patients with severe anaemia, but
the genetically engineered drug is not officially
sanctioned for use in AIDS patients and is
undergoing tests for that purpose. (Extracted from
Chemical Marketing Reporter, 3 July 1989)

C. RESEARCH

Research on human genes

Two yuies may help requlate cancer cells

Key genetic regulatory processes might be
cuntrolled with new substances to treat cancer,
according to K. Cowan of the US National Institutes
of Health. Two genes have now been located that
help regulate cancer cells: one codes for
glutathione S transferase (GST Pi), which is used to
help neuv-alize poisons even in normal cells; a
second gene produces a pratein that helps pump
toxins out of cells, sometimes producing multi drug
resistance (MDR). The genes might be located with
the help of gene protbes., NCI's P. Steeg has
developed a gene probe to locate the NM23 gene thdt
is present in benign breast tumours but absent from
malignant ones. NM23 might therefore be a
suppressor gene that keeps cancer cells from
multiplying.

Gene probes to detect oncogenes could be useful
in the diagnosis of cancers such as chronic
myelogenous leukaemid (CML). Oncogene Science has
received the US Federal Druy Administration's

permission to market a gene probe that can detec:
leukaemic cells, thus diagnosing the disease. Other
cancers are being increasingly assoclated with
genetic changes, so that gene probes could be useful
diagnostic tools. So far, gene probes are
commercially available only for the rarer cancers
but work is progressing on develsping probes tor the
more common ones, with the aim of guiding therapy.
{Extracted from New Scientist, 19 March 1989)

IL-2 and diphthertia toxin used against T-cell
leukaemia

A linkage of IL-2 and diphtheria toxin may
selectively kill cancerous T-cells, according to
J. R. Murphy of University Eospital (Boston) and
T. Strom of Beth Israel Hospital. Clinical trials
have started. Animal trials in mice and monkeys
show *he "fusion protein” to De a hundred times as
effective as ordinary diphtheria toxin without being
too toxic to the animals themselves. There will be
some toxicity to non-malignant T-cells, but this 1s
not considered too risky. Patients with adult
T-cells leukaemia and IL-2 receptor positive
lymphomas will be treated with the new drug. Such
patients wou.d normally be dead tive months after
diagnosis. (Extracted from Medical World,
27 March 1989)

Search narrows for melanoma gene

Studies of skin cancer in six families have
helped a team of scientists to focus on a gene
believed to cause malignant melanoma, one of the
most virulent types of cancer and one of the few
showing an increased incidence in developed
countries. The scientists now know that the gene
sits on one arm of chromosome 1.

The scientists traced the gene to a section of
the chromosome's short arm. They still seek the
gene itself, but have discovered a molecular marker
that is inherited with the gene. They now can start
searching for the gene itself among the 13 million
base pairs, the smallest units of genes, where they
know the gene resides.

Sherri Bale of the National Cancer Institute,
Nicholas Dracopoli of the MIT, and scientists from
the Collaborative Research Company and the
University of Pennsylvania worked together on the
studies. They examined DNA from 99 relatives and
26 spouses in the six families with histories of
melanoma.

Thirty four family members had malignant
melanoma, of whom 31 had both melanoma and
dysplastic naevi. Trlhese are pigmented moles that
foresiadow the onset of melanoma.

The incidence of malignant melanoma 1s rising
faster than any other form of cancer in the US, with
about 27,000 new cases every year, a growth rate ot
7 per cent. The genetic link was made with people
with the inherited form of the disease, which
accounts for only about 10 pet cent of cases.

Si% years aygo scientists found that melanoma
was sometimes inherited in families along with the
rthesus blood grouping, which was known to be
governed by a gene on chromusome . The resesrchers
applied DNA probe. to the DNA of family members with
dysplastic naevi and meldanoma.

The scientists also found that the trait for
dysplastic ndevi and meldanona 13 dominant: 1f one
parent has the gene, a child has a %0 per—-cent




chance of inheriting it, rather than a 25 per-cent
chance as in many genetic diseases. The chances of
getting the disease if the gene is present exceed
90 per cent, says Bale.

It could take several genes to cause melanoma.
As for melanoma from sunlight, whatever transforms
normal skin cells into cancerous ones may also
trigger the gene this team is close to locating.
(Source: New Scientist, 3 June 1989)

DNA-protein crosslinks

The changes that occur when a foreign substance
binds to DNA have been identified, according to
M. Dizdaoglu of the US National Institute of
Standards and Technology. Such adducts, referred to
as DNA-protein crosslinks, are thought to be
critical in the generation of many cancers. DNA
normally wraps around proteins, but changes in the
proteins can be induced with gamma radiation, which
produces free radicals that easily bind with other
available biological molecules. It may be that
similar adducts are created by free radicals in
cells. DNA probes might now be developed to search
for specific adducts. (Extracted from Science News,
1 April 1989)

Single gene may predispose people to alliergy

Researchers at the Churchill Hospital in
Oxford, England, have located a single gene that
predisposes people to allergy. 1t is a dominant
gene, which means that the “healthy® version of the
same gene cannot mask its effects.

The idea of allergy as an inherited disease is
not new. FEvery doctor knows of "atopic families”
where asthma, hay fever and other allergic problems
recur in each generation. But previous genetic
studies have failed to identify the pattern of
inheritance.

The new study has succeeded by using more
flexible and sensitive criteria to identify allergic
individuals. Some earlier studies looked for
allergic symptoms, others tested the blood for high
levels of IgE (the antibody that plays a key role in
allergy). This new study offers three possible ways
in which an individual can qualify as allergy-prone:
high levels of total IgE in the blocod, high levels
of IgE to specific antigens (such as pollen), or a
positive skin-prick test to one or more common
antigens. The skin-prick test, which introduces
minute amounts of antigen into the skin, is a
standard diagnostic test in allergy.

The researchers used these flexible criteria to
classify the members of seven 'arge atopic
families. They then analysed their genetic make up
using probes that are specific for highly variable
regions of DNA. The results from the first
16 probes were disappointing, but the seventeenth
probe showed linkage with an "allergy gene”,
indicating that they are close together on the same
chromosome. The probe is specific for the long arm
of chromosome 11.

Chromosome 11 carries many genes for
cell-surface markers, which play a vital role in
communication between different immune cells.
Defects in communication could lead to faulty
suppression of 1gE production. The researchers hope
eventually to pinpoint the gene and identify its
product, with a view to devisiag a4 drug that can
block its effects,

More immediately, the test could be useful
identifying newborn babies carrying the gene.
Although the gene predisposes individuals to
allergy., actual disease may be av~idabie - some ot
those classified as “allergic™ in this study had no
actual symptoms. while genetic background probably
plays a part here, environment is also a factor.
Earlier studies have shown that atopic families can
reduce the likelihood of allergies in their children
by avoiding risk factors in the first few years of
life. (Source: New Scientist, 24 June 1989)
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Progress on sickle cell anaemia

Sickle cell anaemia is well understood on a
celiular and molecular level, according to the
Lawrence Berkeley Laboratory {(Berkeley, CA).
However, there has never been an animal model for
the disease. “"Without an animal model, proposed
treatments cannot be tested, and the pathophysiciocgy
of a disease cannot be followed®, says Edward Rubin,
a human geneticist in the Cell and Molecular Biology
Division. Now Rubin has genetically engineered a
humar. sickle cell gene into mice. But since the
transgenic mice express only one of the human
haemoglobin chains necessary to the polymerization
that sickles red blood cells, the characteristic
deformation does not occur. Next Rubin hopes to
Jdevelop mice that produce both types of human
haemoglobin ckains or a human haemoglobin that
polymerizes more readily. (Source: Chemical Week,
17 May 1989)

Mitochondria unravel the secrets of growing old

wWe grow old and infirm because of build-up of
mutations in our mitochondria - the bodies in cells
that produce enerqgy. This is the finding of
researchers in Australia and Japan, who claim that
it should be possible to compensate for the damage
caused by the feulty genes.

Anthony Linnane and his colleague at Monash
University in Victoria, working with Takayuki Ozawa
and his colleague at the Uuiversity of Nagoya, say
that DNA carried in the mitochondria mutates much
faster than the chromosomal DNA of the nucleus.
Over the years, they argue, the mistakes in the
genes of the mitochondria accumulate and impair the
ability of the organelles to produce energy
efficiently through metabolizing oxygen.

Experimental evidence in support of this theory
comes from Ian Trouice and his colleagues at the
University of Melbourne and St. Vincent's Hospital
in Pitzroy, Victoria. They analysed samples of
muscle from 29 people aged between 16 and 92, and
found a marked decline with age in the rate at
which mitochondria in the muscle could generate
energy using oxygen. The muscles of people aged
over 75 generated energy at half the rate of those
under 40.

The researchers speculate that their findings
could help to explain why, for instance, the speed
at which people run marathons falls with age. But a
deterioration in the fuanctioning of mitochondria
could have much more widespread effects, because
they are the major source of energy in most organs,
including the brain. A decline in the efficiency
with which cells generate energy from oxygen
could, they say, have "a role in senescence in
general”. Drugs that circumvent particuiar
compiexes of defective enzymes in the mitochondria
might help to prevent the decline, say Linnane and
his colleaques.




Respiration at the cel!ilar level involves the
transfer of electrons along a chain of molecuies.
So-called "redox”™ substances, which lose and gaia
electrons easily, might help this transfer.
Ascorbic acid (vitamin C) is one such redox
substance. Others are menadione {(a form of
vitamin K) and ubigquinol (an enzyme).

"It our hypothesis is validated, new compounds
with specific redox potentials, designed to react
with the dilferent electron transport complexes, can
be rationally developed®, the researchers conclude.
(Source: New Scientist, 6 May 1989)

Research on animal genes

Genetic engineering in tish farming

If fish farmers cannot breed the perfect fish,
perhaps genetic engineers could do better by direct
manipulation of a fish's genetic material. Fish are
difficult subjects for breeders, but they have many
advantages for the genetic engineer. Unlike the
eggs of mammals, fish eggs are easy to handle and to
inject with the tiny glass needles that are used to
transfer genetic materia:l The eggs are large;
there are lots of them aid they grow easily in
culture. It is surprising, then, that genetic
engineers have achieved so little.

Scientists are just beginning to overcome some
of the early difficulties. One of the most
fundamental problems of genetic manipulation of fish
is that their eggs have a very small nucleus. The
scientist must inject genes into the cytoplasm of
the egg rather than into the nucleus, which may then
fail Lo take up the genes.

In some experiments, offspring of injected fish
had none of the injected gene, showing that it was
not incorporated. In some cases, the injected genes
are incorporated into the genome of only one of the
first few cells of the fish. As a result, they are
expressed in some, but not all of the fish's
tissues. The fish is called a chimera. The gene
may not reach the particular tissue where it must
exert its effect. If it is not the fish's egg or
sperm, the gene will not be passed to offspring.

After many attempts with different preparations
of genes and injection technigues, however,
scientists have successfully added genes to trout,
salmon, catfish, carp and other farmed species. No
implanted gene has had any observable effect on the
fish so far. Scientists at the Chinese Academy of
Sciences report that when they insert the genes for
growth hormone into carp, the carp grow bigger. 'n
a similar experiment at Auburn University in
Alabama, Rex Dunham inserted genes for growth
hormone from trout into carp. He reports that the
engineered carp grew 20 per cent faster than
normal. In both experiments, the bigger fish were
within the normal range of sizes, so it was not
cliear if the gene had had a real effect. The genes
may not have much effect because they are inserted
with promoters (the sequence of DNA attached to an
injected gene that causes it to be turned on and
expressed) from rats or mice. The search is now on
tor fish promoters.

Genetic engineering raises the spectre of
unnatural "altered” species. Perhaps
optimistically, scientists expect fewer legal and
ethical objections from the public to the
manipulation of fish than they have faced with
mammals. Some of the objections concern the release
of altered organisms to the envitonment. Most
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countries have strict regulations governing
experiments out of dours. But some fish are certain
to escape from fish farms. Once loose, they can
pass their added genes on to their wild relatives
through interbreeding - with unpredictable results.

Some fish can be engineered so that this does
not happen. Trout can be made triploid, containing
three instead of two copies of their genes, with
heat shocks or chemical treatments to eggs during
their first division. Triploid trout are sterile.
The technique is also possible with grass carp, but
the eggs of other farmed fish have proved resistant
to efforts to induce triploidy.

The main problem now facing prospective fish
engineers is to identify the genes that tish farmers
want in their stock. One overall characteristic
they want is increased size, which may mean
increased growth rate, or more efficient use of
food. Growth hormone promotes both. Extra genes
for growth hormone may not mean simple increases in
growth, however. The extra hormone could have
unpredictable effects on the growth and eating
quality of fish. Scientists are toying with ideas
for several genetic improvements in fish that might
be more straightforward. One involves
metallkothionein proteins, which bind heavy metals
such as cadmium and mercury. These metals are
increasingly polluting both fresh and sea water. A
fish with a greater ability to bind heavy metals and
neutralize them would tolerate higher levels of
pollution.

Another target is the gene for "antifreeze”
proteins, such as those made by winter flounder.
Like antifreeze in cars, these proteins lower the
freezing point of blood. Such a protein could
prevent Atlantic salmon from freezing to death, as
they often do in cages on farms. Scientists have
identified the antifreeze gene but so far have
tested it only in fruit flies.

Much of the work of developing libraries of
gene sequences for other experimental animals must
be repeated for fish before genetic manipulation
will be profitable. Some biologists argue that it
would be better to use classical technigues of
breeding to solve problems such as resistance to
disease before plunging into biotechnology.

Dunham has now reached the stage when he wants
to test his fish outside the laboratory. He has
submitted an environmental impact assessment to the
US Department of Agriculture, asking for permission
to test fish with introduced genes for human and
fish growth hormones, in small outdoor ponds. The
fish will be isolated by screens on the inlet and
outlets for water, and by fences and bird netting.
American scientists think the chances of gaining
permission are promising. (Source: New Scientist,
22 April 1989)

Research on plant genes

Plant reactor ko grow immobilized plant cells

Scientists in Shintaro Furusaki's group at
Tokyo University have designed a bioreactor for
growing immobilized plant cells - in this case,
poppy cells that synthesize codeine. The poppy
cells, which are immobilized in a matrix of calcium
alginate, convert codeinone to codeine, a compound
that is impractical to synthesize de novo. The
immobilized poppy tissue calli synthesize codeine |
|

for five days: subsequent addition of the precursor

codeinone resulted in only very low product yields.




In contrast, suspension cultures ot the same cells
maintain thelr synthetic capability atter five
days. Furusaki hypothesizes that loss of plant cell
function may be caused by the restricted movement ot
nutrients and waste products in immobilized
cultures. In fact, the researchers found that it
they decreased the size of the tissue cClumps, the
cells lived longer and vere nearly as efficient in
synthesizing codeine as suspension cul_ures.
{Source: Big /Technology, Vol. /, May 1989)

New light on evolution ot tlowering plants

Flowering plants may have existed on Earth some
200 miltion yedrs earlier than can be confirmed by
fossil evidence, suggest William Martin,
Alfons Fileri, and Heinz Saedler of Max Planck
Institute for Plant Breeding in Cclogne, Federal
Republic of Germany. Using changes in the
aucleotide sequence of a sluwly evolving enzyme
called glyceraldehyde-3-phosphate deh;drogenase as a
"molecular clock®, the researchers calculate that
the ancestors of modern flowering plants were
already diversifying more than 300 million years
ago. Fossil records for these pla:its go back oniy
120 miilion years. To confirm the accuracy of their
clock, the researchers compared the nucleotide
sequences of nine flowering plants, six animals aad
one yeast. They find an essentially uniform rate of
change in the nucleotides both over this wide range
of species and over time. (Reprinted with
permission from Chemical Engineering News,
8 May 1989. Copyright 1989 American Chemical
Society)

A quick way for hybrids te run to seed

British and Canadian scientists have devised a
technigue that may prove to be useful for plant
breeders who are trying to improve crops. The
technique was first tried by a team at the
University of Cambridge in Britaim two years ago,
which sees it as a way of improving strains of
wheat. But recent results from the Laval University
in Canada suggest that the technigque may also prove
to be a tool for producing new plant hybrids.

Theilr approach uses ovules, the plant's egg
cells, which have only one chromusome out of each of
the pairs found in ordinary cells. The
biotechnologists induce these ovules to form a
seedling, by activating the ovule by some form of
mock fertilization. 1If, during one round of
division, the cells of the seedling are kept from
splitting by the drug colchicine, but the chromosumes
are allowed to replicate as usual, the resulting
cells will each have the two identical copies of the
ovule's genes that they need to form seeds.

If breeders treat the ovules from a hybrid
plant in this way, they will obtain offspring from
the hybrid that are much more genetically uniform
than offspring obtained by the usual process of
fertilization,.

The technical problem is how to induce ovules
to torm seedlings. Scientists at Cambridge
University discovered that if they place pollen from
maize on the stigmas of wheat it will fertilize the
ovules normally. The growing embryo jettisons the
maize genes, leaving only the ovule’'s wheat genes.
The researchers then treat the seedling with
colchicine to obtain 4 mature plant, capabile of
producing seeds.

André Comeau and his colleagues at the Laval
University have found that some of the maize genes
in a few seedlings obtained this way stay in the
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plaat until they sprout their tirst leaves.
David Laurie, of the Plant Science Research
Institute at Cambridge, says none of his team's
hybrids has ever retained any maize genes.

The possibility that some strains of wheat may
not jettison maize genes as quickly as others could
mean that the wheat genes may be invaded by
“transposons®, or "jumping genes®, lengths of DNA
tound in maize which move around among the
chromusumes. This would spoil the genetic
uniformity ot the wheat.

However, this raises other possible
applications tor the technique, in napping wheat
genes. Transposons from maize can be traced within
the hybrid plant's DNA. If a transposon jumps into
a wheat gene and disrupts it, that cell might srtow o
change in its behaviour. Such a change could prove
to be desirable. Scientists can detect the
transposon within the cell, and locate the gene that
was disrupted and caused the change in the planc.
{(Source: New Scientist, 6 May 1989)

Transgyenic plants prove a bogn to basic research

The ability to produce transgenic plants has
already resulted in a plethora of applications in
fundamental research. We can now easily isolate and
mass -produce in bacteria any plant gene whouse
product we know. Many important genes, however, are
known only by their outward effects on an organism.
One method that molecular biologists use to clone
such genes is called transposon tagging.

Transposons are elements of DNA that can mov. from
one plc-e on a chromosome to anothar. Wwhen such a
transposable element moves inside a gene, the gene
is inactivated, creating a mutant. We can identify
the mutated gene by using the transposon as a DMA
probe, to isdlate the element and flanking DNA, and
then use the flanking DNA as a probe to isclate the
gene trom a anormal, "wild-type” plant.

Until recently, this approach was limited tc
those few species of plant that contain well ‘studied
transposable elements, such as maize and
snapdragons. Put recently, J. Schell and his
colleaqgues at the Max Planck Institute in Cologne
have inserted a transposable element from maize into
the genome of tobacco by using a Ti plasmid as a
vector. They then devised a method for selecting
plants in which the transposable element had moved.
Researchers have since applied the technigue to
tomatoes, and it should work in a range of dicots.

Alternatively, the Ti piasmid 1tself can be
used to cause mutations and tag genes of interest.
Scientists at Monsanto have constructed a vector
that allows biologists to select transformed celis
in which the T DNA was inserted within a gene. Such
selection is essential because higher plants have a
large amount of repetitive, non-coding DNA into
which T-DNA could insert itself.

Transgenic plants can dlso help researchers to
study how genes work. Genes are controlled in part
by neighbouring sequences of DNA known as
promoters. A novel way of producing mutants for
study is to produce plants in which the orientation
uf 4 yene is reversed with respect to its promoters.,
This results in an RNA with 4 sequence complementary
toe that of the normal messenger RNA so called
antisense KNA. This antisense RNA prevents the gene
from making its normal product. By using antisense
HNA to suppiess synthesis of 4 key enzyme in
flavonoid biosynthesis, a gfoup in the Netherlands
has produced transgenic petunia and tobacco plants
with abnormal prgmentation,




In Australia, Jim Haselotf and wayne Gerlach
have developed another approach. They have
exploited the natural ability of small strands of
2NA, known as sateliite RANA, to iafect plants in
conjunction with a "helper® virus. Replicat..g
forms of these satellite RNAs can cut their ova RNA
at particular sites. The researchers have u<«d this
ability to design RNA enzymes, known as ribozymes.
Ribozymes can be designed to cut a specific sequeace
of bases in an RNA molecule and offer a powerful
alternative to antisense RNA in shutting off gene
expression and creating muytants in plants.
Researchers can link the ribozyme genes to promolers
active only at temperatures higher than normal, to
Ccreate temperature-sensitive mutants. This approach
«llows biologists to probe the functions of
essential, as well as non-essential, genes.

Transgenic plants can tell us how viral genes
work as well. For example, Steven Howell's group at
the University of California at San Diego showed
that plants carrying gene VI of cauliflower mosaic
virus develop symptoms even when they are not
infected by the whole virus, implicating that
particular gene in the induction of symptoms.

Not all genes are active all the time, in all
tissues. Many plant genes are regulated by stimuli
such as light or hormones. Yet we still know little
about how such coatrol comes about. It can involve
control at the level of messenger RNA, which in turn
depends on interactions of proteins with DNA
sequences some distance "upstreas™ from the gene.

Researchers have identified some of the
sequences important in the control of gene
expression by splicing one such upstream sequence to
a “"reporter” gene, which makes an enzyme that is
easy to measure. For instance, we know that the
small subunit (ss) of a major enzyme of the
chloroplast, RBPC, is synthesized only in the
presence of light. Leaves make the most, petals and
seeds less, and roots hardly any molecules of this
enzyme. By linking a segment of DNA upstream of
this gene to a reporter gene and making transgenic
tobacco plants, researchers have shown that the
en<yme produced from the reporter gene is regulated
in the same way as ssRBPC. They also demonstrated
that the control of the gene involves sequences that
act as an "enhancer” in leaves exposed to light, and
a "silencer” to shut off expression in roots. Plant
scientists are now using this method to study genes

that control the ways in which plants grow and
reproduce. (Source: New Scientist, 3 June 1989)
Plant ion-pump gene cloned

Scientists for the first time have cloned and
sequenced a gene for an energy-generating protein
that controls a higher plant's ability to take up
rutrients from soil. The research might someday
allow plant breeders to genetically engineer crops
tnat more efficiently extract essential minerals
through their roots, says molecular biologist and
study leader Michael R. Sussman at the University of
wisconsin-Madison.

Better nutrient -extracting crops could live in
deficient soils and so need little or no added
fertilizer, reducing a farmer's costs and decreasing
pollution from fertilizer run off.

The gene codes for a protein that crosses the
outer membrane of al. plant and fungal cells and
transports hydrogen ions from one side of the
membrane to the other. The pump creates an
electrical difference between a cell’s inside and
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outside, producing “"the most electricity of any
protein in nature®, Sussman says. A root cel!l
this electricity to bring in soil nutrients.

uses

Sussman and ¢ workers Jeffrey F. Harper and
Terry K. Surowy wvanted to study the gene for the
pump from a plant of the mustard family, Arabidopsis
thaliana, because of this plant's short lifespan and
small number of genes. They used what they knew
about the protein structure of an oat plant’'s pump
to create a short genetic probe that pinpointed a
partial-length oat gene. They then used this oat
gene to find an equivalent full-length gene in
A. thaliana.

Although researchers identified the pump gene
in fungal DNA several years ago, it has proved more
difficult to pick out in higher plants because the
protein exists in tiny amounts.

Sussman and his research team are now trying to
insert the newly identified gene into tcdbacco plants
in a vay that will cause the plants to produce an
abnormally large number of proton pumps. (Source:
Science News, 4 March 1989)

Genes as eco-safeguard

As researchers continue to develop genetically
engineered products for applications in open
environments, ecologists continue to voice concern
over the potential effects. One attractive-sounding
safequard for large-scaie uses entails the
development of "suicide® or "conditionally lethal”
mutations that, on signal, will lead engineered
organisms to self-destruct.

The notion that conditionally lethal mutations
may provide protection when dealing with aicro-
organisms harks back to early laboratory experiments
involving crippled strains of genetically engincered
Escherichia coli. Perhaps the key point to remember
in evaluating the applicability of similar
strategies for controlling environmental releases is
that “"complete containment cannot be achieved”, says
Ronald Atlas ot the University of Louisville
(Louisville, KY). Moreover, micro-organisms are
being engineered to survive rather than fail ir
particular open environments, making the use of
crippled laboratory strains out of the guestion.

Hence, using suicide genes appears attractive.
The idea is that a4 micro-organism can carry an
inducible gene that., once triggered, will kill the
organism and thereby halt its spread in the open
ervironment. The fundamental probiem for this
seemingly attractive approach is that “ihe scientitic
basis for it is not really there®, Atlas says.

Despite limited research so far, there are
hundreds - perhaps thousands - of genes of potential
use in suicide schemes, says Stephen Cuskey of the
Environmenta! Protection Agency (EPA, Gulf Breeze,
FL). Care must be exercised in choosing them and
the regulatory sequences used to control them. He
recommends designing ard testing a series of suicide
"cassetces” that could be slipped into cells as
needed. "There is a need for more than one cassette
for redundancy, to ensure against loss of control by
mutations”, he says.

Atlas and his collaborators have been testing a
lethal gene product encoded by E. coli and known as
Hok (for host killer), a $5-amino-acid-containing
peptide that kills the host and many other
bacteria. They recently put the hok gene into an
inducible plasmid, thereby cteating a "suicide




vector®. When induced, cells carrying this vector
commit suicide - more or less. After a lag, cells
appear that no longer carry the hok containing
plasmid, Atlas says. However, when an antibiotic
resistance gene was added to the suicide vector
plasaid, "a mytation occusred and the suicide gene
failed”, Atlas says.

Besides straight suicide, other strategies for
controlling agriculturally useful microbes are being
contemplated. For instance. David Sands and his
colleagues at Montana State University (Bozeman) are
studying a native fungus, Sclerotinia sclerotiorum,
as a means for controlling Canada thistle weed.
Because the fungus also can kill several crop
plants, Sands is seeking ways of 1imiting its host
range through mutagenesis.

One such fungal sutant, which does not make
Ccytosine, cannot kill plants in greenhouse tests,
making it like "a Doberman on a leash®, Sands says.
If cytosine is sprayed on the plants along with the
fungus, however, it again kills them. Another
fungal sutant cannot form spores, and thus does not
survive through wvinter. Comparable strategies may
be applied to other eagineered organisas.

Although suicide mutations provide some
attractive schemes for helping protect the
environment, some scientists do not beiieve they
will be adeguate to the task.

Nonetheless, biological containment has a lot
of attractive elements not only for scientists but
also ftor regulatory agencies. (Extracted from
Bio‘/Technoloqgy, Vol. 7, May 1989)

Research on yeast and fungus genes

Trials success for "PCB eating” fungi

hesearchers at Melbourne's La Trobe University
are preparing to market a commercially viable and
harmless process which can destroy organochlorines,
such as PCBs, DDT, lindane and aldrin.

The chemicals are chlorine-containing aromatic
compcunds, with a molecular structure containing
ring-like components similar to the benzene molecule.
Current methods for permanently disposing of these
chemicals require incineration at temperatures
around 1,200°C for about 10 seconds. Inadequate
heating causes only partial breakdown of the
organochlorines, yielding intermediate products
which can t- as poientially harmful as the original
products.

The Australian research team had already
conducted uns'uccessful trials with bacteria, so
turned to fungi, particularly those responsible for
causing white rot in timber. Their reasoning was
based on earlier research which showed these fungi
contained a complex enzyme capable of breaking down
lignin.

Unlike most other enzyme systems which are
highly specific to the chemicai reaction they
catalyse, the lignin-degrading system is less
choosey. Thus, almost accidentally since
chlorine containing organic cCompounds are very rare
in nature, the white rot fungus can also digest
PCBs, plus a range of other chémicals including
lindane, DDT and possible dieidrin.

white rot tungi occur naturally worldwide and
most grow only on woody plant residues. Few are

parasites on living plants and even fewer on animals.

Another benefit is that the enzyme complex is
not hindered by tre relative insolubility in water
of organochlorines, which tend to become absorbed
on pariiculate matter, making them relatively
inaccessible to enzymes requiring a soluble
subst-ate - the fungal enzyme works outside the
fungai cell on a natural substrate, lignin, that
1s itself insoluble in water. Additionally the
orgarochlorines tend to bind to particulates rich
in lignin.

In collaboration with the US consulting firm
EnviroSearch and an American power utility,
Professor wWaid, who is leading the research. has
begun large-scale fieid trials on a PCB contaminated
site in the US. Preliminary results are said to be
promising. The University is presently
collaborating with a local company to promote and
market the method internationalliy. (Source:
Manufacturing Cheaist, May 1989)

Research oa viral

Synthetic molecule disables the "flu virus

An Australian research team has announced that
it had synthesized a simple molecule that disrupts
the replication of the influenza virus in laboratory
maice, reducing the severity of infection. The
development, based on more than a decade of research
into the structure of the influenza virus,
represents a significant step towards a treatment
for 'flu in humans.

Glaxo, the British pharmaceuticals coapany,
signed an agreement with a small Australian company,
Biota Holdings, which hold comsercial rights to
anti-influenza compounds emerging from the research
project. Peter Colman, of the division of protein
chemistry in Melbourne of the Australian national
research organization, CSIRO, heads the project.

In 1983, Colman, an X-ray crystailographer, his
colleague José Varghese at the CSIRO and
Graeme Laver of the Australian National University
in Canberra, described an unusual feature in the
molecular structure of a protein . the surface of
the influenza virus. The structure, a pocket-like
cavity on the protein neuraminidase, appears to
remain constant as the surrounding molecular
landscape of the prctein changes from one virus
strain to another.

In the 1980s, scientists began searching for
the chemical compounds that might interact with the
virus's variable surface proteins and so stop it
replicating. Researchers identified several
compounds that showed promising anti-neuraminidase
activity in vitro, but the compounds had no
benaficial effect when they were tested in animals.

Colman and bhis colleagues persisted. and in
1986, the group at the CSIRO established a
collaborative project with the nearby Victorian
College of Pharmacy to synthesize simple molecules
that would fit into the molecular pocket of
neuraminidase. Mark von Itzstein led the project.
The first molecule, tested in laboratory mice
last December, showed slight but significant
action against the virus. In each variant tested
since, the antiviral activity has been more
pronounced.

Colman says that such a compound will not
actually cure people with 'flu, but it will suppress
replication of the virus while the natural immune
response deals with the reduced infection. 'Flu



ViCLims Joy expelloile only a mild fever
two . it and when a therapy tor "tlu becomes
available tor pecpie, 1t may have a Jual action,
helping to ward ot the i1llness 1n uninfected
individualis, and suppressing the virus in peopie who
have already becume infected. (Extracted trom New
Scientist, 24 June 1989)

tor a Jay
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Enzyme made to treal metabolic Jdisease

Developsment Of a treatment tor Fabry's disease,
3 rare 1aborn error of metabolism, may be
accelerated as a result of tivtechnoloyical
production ot W -galactosidase A by biochemistry
protessors David Calhoun and George Coppola of City
College Of the City University of New York. The
disease. which aftlicts 2,500 Americars, results
from inability to break down a trihexosyiceramide,
wnich then accumdiates in tissues. Symptoums include
cataracts, patr and tever; death can come froe
heart or kidney faillure. The researchers inserted
the human ¢ -galactosidase A gene 1nto Autographs
californica nuclear polyhedrostis virus, with which
they iafected cell cultures of the tail armyworm.
This metnod eliminated purification difticulties and
pussibilities ot viral contamination encountered in
human cell cultures. Tuscon-based Research
Corporation Technologies is licensing the patent and
estimares the US market for the enzyme at
$12 eillion per year. (Reprinted with permission
trom Chemical Engineering News, 12 June 1989.
Copyright 1989 American Chemical Society)

Protease blucking substance used in HIV research

SmithKline Beckman claims tu have developed
compounds that slow the reproduction ot the AIDS
virus in laboratory tests. If the resul.s can be
independently replicated, Jdruys m.ght be developed
to prevent intected cells frum re.easing the virus
and thus lLimit the spread of the Jisease. Human
tests are at least a year away, however. The basis
of SmithKline Beckman’'s strategy is the blocking of
an enzyme called protease, which plays an impustant
tole in the r production ot viruses. Reseatrchers
know Oof 3 number of substances that <an inhibit the
activity <t the bare protease in a test tube, but
have wondered it such compounds can enter the AIDS
virus and the cells it infects. SmithKline Beckman
reseatcher S. R. Petteway, Jr. says that while the
compuunds tested did not halt the production of new
viruses, they Ji1d greatly reduce and eventually stop
the production of Certain proteins impurtant to the
structure and continging reproduct ive capabilities
of rnew vituses. The compounds used a.e peptides
developed by SmithKline Beckman according to
knowledge about protease and the compounds upon
which it acts.
7 June 1989)

Model developed tv aid research

A cell culture model of neurvlogicel AIDS has
been developed by researchers at Albert Einstein
College of Medicine. The mude! might help
scientists understand the neurclogical damage
incurred by foetuses infected by their mothers. The
foetal nervous tissue develops in culture much as 1t
does in vivy, based on comparisons of the cell
cultures with autopsies of foetuses aborted by
HIV infected women. The study shows for the first
time that HIV can directly 1nfect and destroy brain
cells. This has bLeen 1nferred trom observation of
paediateic AIDS victims, who are alwost always
retarded. Pacial festures are also Jdefnrmed in
foetal AIDS victims, indicating 4 traums to the

tissues. (Extracted from Science News, 1 April 1989)

HIV, the virus thal causes AIDS, may go
urdetected for years in tests of an intected
person’s blood, according to a new study in
Calitornia. The study of 133 homousexually active
oen, monitored since 1984, found several who di1d not
make antibodies to the virus for up to 3o months
after becominy intected. The standard tests for
intection in people or in donated biood depend oa
the presence ot autibodies to indicate that blood is
infected.

David Imagawa at zhe wedical school of the
Univers.ty of Calitornia at Los Angeies (UCLA)
detected HIV 1n 31 of these men using very sensfitive
techniques for culturing the virus or for detecting
tiny amount ot 1ts DNA. These tests are not
communly available outside research laboratories.

Four of these men serocconverted - began
exhibiting antibudies to the virus - between 11 and
17 months atter they had been infected. Blcod taken
from three of these men years previously showed that
rthey had actually been :infected between 23 and
39 months betore seroconverting. The 27 other men
with the virus did not develop antibodies by the end
of the Jo-month study period.

Imagawa's study, published in The New England
Journal of Medicine, confirms several others that
found "silent infection®, says William Haseltine of
the Dana -Farber Cancer Institute in Boston. A
leading AIDS researcher, Haseltine writes in an
accoepanying editorial that the results “"are both
encouraging and disquieting~.

"The good news is that the replication of HIV-I
may be spontaneously suppressed ... in far more
pecple than has been supposed.”™ [t is only when the
virus starts replicating in a person’s body that
AIDS develops. Haseltine rnotes that drugs may be
able to duplicaete this suppression.

But the study “raises the sobering possibility
that HIV-I 1nfections may bLe transmitted dby blood
and organ donors who are silently infected®, says
Haseltine. Wwhether the virus can be transmitted
sexually during this latency period remains an
important but unsaswered guestion. (Soutce:
Scientist, 10 June 1589)

New

Reiative ot

vd to thyroid disease

A virus related to HIV mey be to blame for a
disease of the thyroid gland. Researchers at the
Middlesex Hospital and the Institute of Cancer
Research 1n London, with colleagues in Barcelona,
have detected ONA similar to that in HIV's genome in
the thyroids of five patients with Graves' disease.
They failed to find such DNA in cells derived from
healthy thyroids.

Patients with Graves' disease produce
antibodies to thyroid cells, causing the gland tc
releass too much thyroid hormone. The thyroid also
frazquently enlarges, producing goitre, which may
n:ed surgery.

Franco Bottlazzo and his colleagues fiom the
Middlesex used prubes derived from the genome of HIV
te look for retrovital seguences in the DNA of cells
cultured from thyroid tissue remuved during such
surqgery. They pesformed similar studies on
lymphocytes from the klood of the Graves' patients,
on healthy thyroid tissue and on tissue removed from
patients with cancer of the thyruid. They found



vitus Like DNA 1 the thyroid tissue of all five
patients with Graves® discvase. Iu three of the
patients, the researchers also Jdetected the
Sequences in some circulating lympnocytes. There
was no sign of these segments of DNA in the othert
cells studied.

The scientists now plan to clone the DNA
segment that the probe detected in order to
dete.mine its geunetic sequence. This will allow
them to confirm that it codes for viral genes. It
the genes do prove to be viral in origin, they
cannot have come from HIV because none of the
patients was infected with HIV.

Graves® disease i1s an “autormmunc” disease, as
are several other common diseases, including one
type of diabetes, rheumatoid arthritis and multiple
sclerosis. In such autoimmunce diseases, the ismsune
system behaves as it does when fighting a viral
infection, but the attack is directed against the
body’s ow: cells.

This observation has led scientists to suggest
that persistent viral infections are to blame for
autoimsune diseases: some vituses can change
molecules displayed on the cell’s surface, so making
it appear °foreign® to the immune system. Such
changes also ouccut in some human autoissmune
diseases, but no one has yet found evidence to link
these changes to the presence of a virus.

Despite years of searching for suspects,
tesearchers have failed to pin the blame for
specific autoimmnune diseases on particular viruses,
leading some scientists to suggest that common
viruses might trigger autoimmune attacks in a tiny
proportion of the people they infect. No one has
been able to explain why such a ainute fractior of
people should be affected, however, and Bottazzo
believes it more likely that rare viruses that are
difficult to isolate are responsible.

So far, researchers have isolated human
retroviruses belonging to only two families: the
human T-cell lymphotrophic viruses (HTLVs),
which cause rare forms of leukaemia, and the
human immuno-deficiency viruses. Recently, there
have been reports that HTLV-1 is linked with
multiple sclerosis. In animals, researchers have
already linked viruses more closely with autoimmune
disease.

The researchers found the virus like DNA in
cells cultured from thyroid gland tissue, but this
does not prove that the DNA was in the thyroid
cells. 1In patients with Graves' disease, the

thyroid gland is heavily infiltrated with lymphocytes

that attack the thyroid cells. The DNA found 1n the
thyroid tissue could easily have come from the~.

The fact that the probe also reacted with DNA from
circulating lymphocytes in three of the patients
with Graves' disease also lends weight to the
argument that, as in the case of the HIVs and the
HTLVs, this new retrovirus attacks lymphocytes.
(Source: New Scientist, 27 May 1989)

Research on bacterial genes

TNT eating bacteria could clesn hazardous

explosives storage *.ces

The Los Alamos National Laboratory has founa
that bacteria that eat nitroglycerin and TNT could
aid in cleaning up hazardous explosives storage
sites. Micro organisms found near munitions plants
have become tolerant to soil and water contaminated
with explosives. The bacteria can live oft usually

toite ingtedients. Placing the bacteria un
nitioglycerin that has seeped into soil could
decoapose the material into a sate residue in six
months.  (Extracted frum Machine Design, 11 May i984)

Firetly factor makes coivurful genetic market

Bacteria sucn as Eschetichia coly will glow in
the Jark 1f supplied with the gene for the fitetly
enzyme luciferase and a supply of its natural
substrate., luciferin. Now Keith wood and his
colleagues at the University of California in
San Diego., who were first to 1solate the tiretly
gene, have Created four different clones of E. voll
that glow with four Jifferent colours. The new
clones could prove very useful tor studying the way
genes work within living cells.

All bivluminescent insects use the same system
of luciferase acting on luciferin, but different
species emit Jifferent colours. Luciferase isolated
from a particular species always glows with that
species’ characteristic colour, regardless of the
source of the luciferin, so the wavelength of the
light is a property of the enzyme, not of the
substrate. To examine this phenomenon in more
detail, Wood and his colleagues turned to the click
beetle, Pyrophorus plagiophthalamus.

Click beetles have two lights, one on the top
of tne head and one at the front end of the abdomen,
and are unusual because different individuals emit a
wide range of colours. The headlamp is greenish,
but varies from green at 548 nanometres to
yellow-green at 565 nm. The abdominal light has a
longer wavelength, but again varies from .Lcetle to
beetle, with colours between green (547 nm) and
orange (594 nm).

wood collected the beetles in Jamaica and froze
them in liquid nitrogen. Back in the laboratory,
the team isclated messenger RNA from the abdoaminal
light organ and prepared compiementary DNA copies ot
the RNA. Putting the DNA into tne bacteria and
washing luciterin over the colonies reveaiad a tutal
of 11 clones of E. coli that had taken up click
beetle DNA and were making luciferase.

The clones emitted one of four wavelengths:
green 546, yellow green 560, yellow 578, and
orange 593 nm. (Beetles in the wild emit other
wavelengths within this range, so it is possible
that there are other luciferase genes besides tnese
tour.) wWoud sequenced the luciterase genes from
four different colours and discovered that they ail
code for an enzyme 543 amino acids long. The exact
seguence, however, varied slightly, by between | and
5 per cent among the tuur different genes. So it
cues not take many chanyes to the amino acid
sequence of the luciterase to make it glow with a
different colour.

Forty eight per cent of luciterase from click
bevtles is the same as firefly luciferase, but the
differences are spread throughout the whole enzyme.
This siuggests that there are no particular regions
that have to he maintained to enable the enzymes to
wvork .

Molecular biologists have already used the gene
for firefly luciferase to tell them whether other
genes in the cell are working. [f they put the
firefly gene downstream of another gene, any light
emitted will reveal that the other gene i3
operational. With four different colours at their
disposal, they will be able to follow up to four
different genes in one cell. (Source: New
Scientist, 24 June 1989)



Salmonelils’s Jdefence iies in one gene

A single gere may enable some tacteria to eluds
their host's Jefences, and so Ccause Jisease.
Salmonelia typhimurium is a bacterium that can cause
food poisoning in people and a disease in mice that
tesembles human typhoid. It escapes immediate
attack because it is immune to macrophages, which
normally engult and kill micro organisms as they
invade the host.

Patricia Flelds and her colileagues at the
Scripps Clinic and Research Foundation in La Juiia,
California, isolated three mutant strains of
S. typhimurium. These bacteria, unlike the normal
strain, cculd not survive inside mouse macrophages.
An extract from rabbit macrophages killed these
mytant bacteria guickly. The most effective
ingredients in the extract were several small
proteins.

Fields and her colleagues mized the mutant
bacteria with NP-1, one of these proteins. This 1s
a defensin, a small peptide found in macrophages,
that can kill bacteria in the laboratory. NP-1
kilied the mutant bacteria, whereas the normal
strain survived. The mutants were sensitive
specifically to defensins, but not to other
compounds produced by macrophages.

Thé researchers analysed the DNA of the mutant
strains and found that all of them had a mutation in
3 gene called phoP. This gene is involved in
producing an enzyme, non-specific acid phosphatase.
When the rusiearchers added copies of normal phoP to
the mutants, they behaved like normal

S. typhimurium, causing disease.

Other mutant strains that lack the enzyme are
not, however, killed by defensins. So sensitivity
to defensins is probably not the result of a
deficiency of that enzyme. The researchers believe
that phoP regulates other genes, including the gene
that directly produces phosphatase and genes that
control bacterial virulence.

PhoP is the first gene that scientists have
found in Salmonella organisms that controls
resistance to the hust's detences. The mutant
strains may help scientists to wotk out how normally
defensins work. (Source: New Scientist,

1 April 1989)

Ice nucleating substance from Erwinig

Pseudomonas may not bLe the only bacterial
strain capable of producing ice nucleating
substances. Researchers at Kansai University
(Suita City), led by Satoshi Obata, have identified
a substance probably a protein secreted by
cuttures of Erwinia that Obata isclated from
strawberry plants. The subs.auce fourms spherical
particles 25 nanometers in diameter and causes ice
crystals to form at temperatures greater than 0°C.
(Scurce: Bio:Technulogy. Vol. 7, April 1989)

Bactegium with a vacoine in :its tail

Researchers in California have found a new way
to package a foreign protein into the tail, or
flagellum, of a bacterium, 1u urder to produce a
putential vaccine.

Proteins 1solated from an wrganism that causes
Jisease may trigger an immune fesponse from the body
without causing 1liness, but the response may be
wedk OfF absent. The 1MMune System in mice Tesponds
readily to the flagellum of a bactertum, 50 by

lncorporating a ftoreigr protein :into the tlageitum,
researchers may ensure that the system “notices” the
foreiygn substance and activates its defences.
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Siaiete Kewton and cthers at Stanford University

School of Medicine in California have inserted part

of the gene that produces a toxin in cholera into

the gene that produces flagellin. a protein 1n the

tail ot a strain of salmonella. They used the

cholera gene as a model for testing the response of

the immune system of mice to the resulting

“chimeric”, or altered, flagelium.

The results were encouraging. The bacteria
carrying the altered gene had functional flagella
and couid move easily. More importantly. protein
made from the cholera gene was incorporated into
these flageila. The immune system of mice
recognized the foreign prcotein, or antigen, in the
flagella and the mice produced antibodies to the
cholera toxin. (Source: New Scientist,

29 April 1989)

Active growth factor expressed in bactersia

Active platelet-derived growth factor (PDGF)
type BB can now be expressed in Escherichia coli,
according to J. Hoppe, H. A. wWeich, and W. Eichner
of the department of cytcgenetics, GBF -
Gesellschaf: fir Biotechnologische Forschung mbH, in
Braunschweig, Federal Republic of Germany. PDGF is
a serum mitogen (a mitosis inducer) that promotes
cell proliferation. Biologically active POGF is a
dimer in which homclogous A and B chains are linked
together by disulfide bridges in AR, BB, or AB
configurations. Researchers have been able to
produce biologically active Jdimers in a eukaryotic
expression system, but attempts to express PDGF in
E. coli have not led to active products. The
researchers report the expression of recombinant
POGF B chain in E. coli and its renaturation into
active PDGF type B3. (Reprinted with permissicn
from Chemical Engineering News, 17 April 1989.
Copyright 1989 American Chemical Society)

Cellulose bacteria

Bacteria that "fix” nitrogen from the
asimosphere into nitrogen compounds are essential for
the fertility ot the soil. In order tu fix the
nitrogen, these baucteria need readily available
soutces of eneryy. One potential source is
cellulose. However, biclugists were unsute until
recently whether 1t provided foud for bacteria that
fix atmospheric nitroygyen.

Kecent research Ly 5. Leschine and his
culleagues at the University of Massachusetts at
Amherst has shown that four strains of bacteria
involved in the breakduwn of cellulose can fix
nitrogen from the atmusphere. The bacteria were all
anaerobic; that is, they Jdid nut require vaygyen to
function,

The researchers isvlated the four strains from
forest soil and freshwater mud and grew tne bacteria
in two liguid media, both of which lacked nitrogen
compounds but inclided cellulose. The team esposed
one culture to gaseous nitrogen and the other to an
inert gas, argon. They found that much of the
cellulose 1n the lLigquid cxaposed to nitrogen had gone
after & period between seven and 14 days. The
amount of celluluse exposed to argon remained
unchanged.

Leschine s gioup also showed that the bacteria
contained nittogengse, an enzyme involved 1 fixing
almodpher i nittojen,




Many soils are tich in celluluse but contain

few nitrogen compounds for example, peat soils ot
muntcipal or agrivuitural waste sites., The
researchers point out that it would be pussible 20
make such soils auch more tertile by adding to them
these bacteria. (Source: New Scientist,

10 June 1989)

Research ianstrumentatioan

Computerized scanner faster and cheaper

Biolog (Hayward, CA) claims its new computerized
scanner can identify a nearly intinite number of
micro-organisms at a faster and cheaper rate than
traditional methods. Bivioy's system uses 2
microplate of 96 miniature wells, each filled with
dye, nutrients and a Jdifferent chemical. Wwhen
exposed tc a microbe, the wells turn different shades
of violet. The computer examines the colour pattern
and identifies the microbe present. Traditional
metnods used by microbiologists involve feeding
microbes specific nutrients and then measuring the
meal's effect on the acid content of the microbes’
tespiration. Identification is based on knowledge
about viarious bugs® feeding likes and dislikes. The
drawback is that the provess 15 time consuming and
tracks only miciobes that feed on carbohydrates.
(Extracted from wWell Stioet Journal, S June 1989;

Protein BioEngine

The BioEngine is the must puwerful computer
system available for analysing, modelling and
designing biologically active molecules and
polymers. Such manipulation provides insights in* .
the molecular basis of bioloyical systems and
chemical processes. Driven by GLOBAL, a fifth
generation programming language and expert system,
the DioEngine facilitates an interactive learning
process betveen scientist and machine. The software
has been written for the Norsk Data 5000 series of
super micro-computers.

The technology for the BiuEngine has been
developed over the last 20 years, principally by
Dr. Barry Robson and others who nuw form the heart
of Proteus Biotechnulogy Ltd. Established in 1987,
Proteus Biotechnology drew on funding from Imseco
Medical Services. (Source: Bintechnoulogy Bulletin,
Vol. 8, No. 5, June 1989)

Microscope revedls molecules at work

Advances in microscopy mean that scientists
can, for the tirst time, watch biological processes
in action at the mulecular level. Using a new type
of instrument, the atomic force microscope,

Piul Hansma and his cnlleagues at the University ot
California in Santa Barbara have taken images of the
bluod-clotting protein fibrin as 1t polymerises.

The microscope, known as the AFM, is one of the
latest developments in scanning probe microscopes.
It uses a splinter of diamond to “feel” the surface
of a material. A system of delicately sensitive
cantilevers transmit and measure optically the
deflection produced when the needle bobs up and down
as it traces the uneven surface of the molecules.

The feM is i1deal for imaging biological
molecules, such as proteins because it can scan
surfaces directiy and can also scan in water,
fibrin's natural habita®.

hansma recorded what happened to a solutinn of
tibrinogen on a4 mica surface when he added a few
drops of the clotting enzyme thrombin. Thiombin

vonverts fibrincgen iuto the monomer of fibrin by
removing sets of peptides from its centre. The
monomers immediately start to join up to form
polymers.

Hansma beileves that scanning prcbe microscepes
such as the AFM will revolutionize the study of
bioloyical and chemical processes. One problem is
that the protein muves about in water. Hansma hopes
to improve the quality of the images by lowering the
temper:rure envugh to keep the protein still, or by
imaging the protein in more viscous fluids.

(Source: New Scientist, 29 April 1925)

Images ot DRA produced during gel
electrophoresis

A new electrophoretic etfect and associated -
technigue pulsed orieated electrophoresis (POE) -
have been introduced by two scientists at Carnegie
Institution Of wWashingtun's Jepartment of embryoloyy
in Baltimore. At the same time, the two
sclentists - Carnegie staff associate David Schwartz
and John Hopkins University graduate student
Michael Koval - have produced what they say are the
first clear images ot individual, fluorescenily
staitned milecules of DNA as they migrate Jduring gel
electrophuresis. Traditional gel electrophoresis
most successful with sma.’ NNA molecules - separates
molecules of DNA accurding to their sizes by running
them througn a gel-like matrix using a steady
electric field. An electrophoretic system developed
several years ago by Schwartz and called pulsed
field clectrophoresis touk advantage ot the
distortion of large molecules that interact more
frequeuily with the matrix by continuously
reorienting the Jdirection of an applied electrical
field, as determined by molecule length. It thus
became possible to resolve even chromosome-sized DNA
molecuies. POE, Jdeveloped recently by Schwartz, is
similar to pulsed field electrophoresis but uses
pulses that are much shorter in duration - three to
five seconds rather than one to two minutes. PUE
allows the separation of still larger DNA
moleculies. (Abstracted with permission from
Chemical Engineering News, 17 April 1989. Copyright
1989 American Chemical Society)

General

STM measures RNA, DNA periodicities

Scanning tunneling microscopy (STM) has been
used to measure the helical periodicities and to
observe the alternation of ma.r and minor grooves
in double-stranded RNA and DNA molecules. Images of
DNA have been reported previously, for example by
Gerhardt Binnig and Heinrich Rohrer, of IBM's
research laboratory in Zurich, Switzerland. These
researchers won the 1986 Nobel Prize in Physics for
inventing the STM technique. However, these images
were either obtained at low resolution or were so
distorted thet no reliable i1nformaticn could be
obtained about helix dimensions. Now, Gil Lee and
collea;. from the departments of chemical -
engineering and biochemistry of the University of
Minnesota have shown that nucleic acid dimensions
and structural features can be quantitatively
assessed by STM. (Reprinted with permission from M
"hemical Engineering News, 1| May 1989. Copyright

1989 American Chemical Society)
Malaria immunity

Experimentally, the best immunity to malaria
has hbeen achieved when irradiated sporozoites are
used in vaccines, but this does not mean thast 'he
immune response is directed against the sporozoite




Staye ! the peiasite. The malariys parasite has o

tntreduced
[= VI Y R

cemplex luate oycle:  sporosoites 1t
mammalian hosts o the bite 8 o carrtet
these soun entet and mature in the liver;
sulisequently merozoites are released and 1nvade ted
Llasnd Cells.  One target of the immuie tesponse
appeatrs tu be the parasite laden biver cell ot an
infected itndividual; this cell hss now been tound
to display parasite antigens on its surtace.

Hottman et al. ot the Naval Medicai Reseatch
Institute, Bethesda, MD. report thnat there ate many
int lamnatoty infiltrates 1a the livers of immunized
antmals and that samung the intiltrating cells ate
cytotoxic T ceils; this type of cell can recognize
parasite antigens on liver cells 1n a geneticaliy
restricted fashion, probably 1n conjunction with
specific major histo compatibility complex molecules
the liver ceil surface and can kill the 1ntected
liver cells 1n an 1a vitro assay. These results
sugyyest that all of the pre red blood cell stages ot
the parasite, and oot just the sporozoite, stould te
considered as candidate antigens tor antimalaria
vaccines.  (Source: Science, Vo'. 33, p. 1023,

2 June 1989)
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Nevabiochem brings out thiee enduthelin peptides

Endothelin, the most potent known
vasoconstrictor peptide was first reported last year
by Yanagisawa et al. Since then there has been a
large amuunt of interest in this atea. The original
paper described the common porcine human sequence
and endothelin (rat) was described by the same
group. However Yanagisawa has nuw reported that the
humsn genome contains three enduthelin genes. One,
cotresponding to the human porcine sequence has been
named Endothelin 1. Another corresponding to the
rat sequence has been named Endothelin 3 whilst a
third, hitherto unknown, se:juence has been named
Endothelin 2. Novabiochem has produced ali three
endotheiin peptides as wel!l as satafatoxin S6b, a
similar snake venom toxin. (Source:
Chemist, June 1989)

Mutant mice overtheo
Tegeneration

A mutant strain of mouse has unexpectedly
challenged owe of the main theories about how nerves
regenerate after 1njury. Normally, the part of the
nerve that becomes detached trom the cell budy
degenerates after the 1njury. The nerve fibres that
supply the muscles, unlike those in the brain and
spinal cord, are then able to regenerate.

But 1a the mutant mice, the detached part ot
the nerve falls to degenerate. Despite this,
injured nerves regenerate just as tast 5 those 1a
notmal mice. The discovery, by iesearchers at the
University of Oxford, rhallenges the previously held
theory that the destruction of the Jdetached part of
the nerve is an essential prerequisite for
regeneration. According to this hypothesis, such
descrustion would offer the regenerating nerve a
clear route to i1ts destination,

Ruth Lunn, Hugyh Perry, Michael Brown and their
colleagues at the Unmiversity ot Oxford have been
studying the influence of the Jdegenerative 6rocesses
on the subsejguent regeneration of nerve fibre. They
first established the mechan:ium by which the
degeneration of both nerve tibre and myelin occurs.

They found that
area from the blood.

mactophages invade the damaged
These Livak down and engulf

the disconneted tissue. Yet 1n the brain and the
spinal cord, where fihres do
cells farl to arrive 1n the damagjed area.

not regenerate, these

(This 13
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probably because the eachange

[

Centtai led than

ol material from Uhe

cand Supply toe the brain 1s more strictly

1t seemed that
mactcphages held the key to the tecovery of netve
titres nervous system, mayle by
otfering the tibres a clear route through the sheath
wl Schwann celis.

elsewhere. ) So

in the periphetal

But remarkable serendipity enabled the team to
show that this is not so. while they were compating
the rates of regeneration of nerve fitres in

Jifterent strains ot mice, Lunn, Perry and theit
culleasues Jiscovered a mutant strain in which
normal Aallerian Jegeneration did not occur .
Macropnages did not invade, myelin and nerve tibres
tematned intact, and Schwann cells tailed to
multiply. Yet liores in the sciatic nerve of the
mutant mice regencerated 435 tast as those ot
noermal mice.

just

The result has come as something ot a4 surprise,
not least to those who ovbtained 1t. They are nuw
embarking on studies to show what path the
regenerating fibres take through the surviving nerve

stump in the mutant mice. (Source: New Soientlst,
13 May 1989)
Parasite ofters lues to 2ts Line of sttack on
the immune system

Many parasites supptess the immune response ot
their hcest, and reseatchers have long believed that
the protozoan perasite that causes Chagas' disease,
or American trypanosomiasis, may be among them.
Researchers in the US have shown exactly how the
parasite undermines the 1mmune defences. They tound
that 1t i1nterferes with a natural chemical produced
by cells of the immune system.

The protozoan parasite that causes Chagas’
Jisease, Trypanosoma Ctuzl, 15 Common in
domesticated and some wild animals. HResearchers at
Gearge washington University 1n wWashington DC, and
at Michigan State 'miversity tound that the focus ot
the parasite’s attack is interleukin-2, which acts
45 a4 "red alert”™ sigynal between the white blood
cells known as T cells.

T cells encountering a toreign invader produce
interleukin 2 which then stimulates other T cells.
T cells are a diverse group which play several vital
toles in the immune system. Without them, the
tmmune fespounse 1s tar less eftective.

An intriguing featurte of the new tindings 1is
that T, cruzi can intertere with the interlevkin
messenger in mote than one way. When the reseatch
team studied the eftects of T. cruzi on mice, they
found that the parasite suppressed producticn ot
intetlevkin 2. But in human T cells, T, cruzi also
blocked production of the tntertleukin 2 receptor
molecule.

This 18 a protein that
T cells and can bind to interleukin 2 in the
surrounding body €fluids. when it binds to
interleukin 2, the receptur stimslates the

s5its on the surtace ot

cell.,

without interleukin 2 receptors, the T cells are
deat to the message that interleukin 2 carries.
The tesesstchers also discovered that T, crusa

produces a soluble mediator which can suppress the
production of the receptor. A drug which blocked
its effects might improve the prospects for the
millions affected by Chagas’' disease but, the
reseatchers warn, T, cruzi probably attacks the
ramune dydtem in other ways a3 well.
Geaentist, 6 May 1789)

Source:  New




Heat -shuck proteins help you t

“stay in the

kitchen®

One of the most fascinating aspects of a cell’s
response to a heat shock is the development ot
tolerance to normally lethal temperatures. For
example, mammalian cells, which normally grow at
37°C, are rapidly killed at 45°C. If cells in
culture are given a sublethal heat shock by exposure
to 43°C for an hour followed by several hours’®
recovery at 37°C, the surviving cells are tolerant
to a subsequent heat shock at 45°C. Many will
survive even higher temperatures.

Many scientists disagree about which heat -shock
proteins are responsible for the development of
thermotolerance. Some think that the hsp 70 family
is responsible, others prefer to point the finger at
the smaller heat-shock proteins. There are also
those who maintain that heat-shock proteins are not
required at all. This conclusion arose from the
frequent observation that inhibitors of protein
synthesis of hsp 70, for example, do not appear to
block the development of thermotolerance.

But thermotolerance merely provides an
additional protection from damage by heat. The
heat-shock proteins already present in the cells
probably dictate the baseline level of resistance to
heat. The additional resistance seen after the
first heat treatment must be due to some additional
factor synthesized by the cells. William Welch and
Lee Mizzen at the Cold Spring Harbor Laboratory, in
New York, have produced evidence that a potent
inhibitor of protein synthesis, cycloheximide, does
not block the development of thermotolerance,
because it somehow stabilizes complexes called
polysomes against heat-induced disaggregation.

After a heat shock, these polysomes provide a head
start in the resumption of normal protein synthesis.

There is also the possibility that
thermotolerance results {rom a subtle redistribution
of heat-shock proteins inside the cell (rather than
their heat-induced expression per se). We already
know that hsp 70 muves to the nucleus after 4 heat
shock, but hsp 70 and 90 are also known to be
associated with elements of the intracellular
networks of filaments krown as the cytoskeleton.
These networks have important functions in almost
all cellular events and, given the modulat2ry and
protective roles postulated for heat-shock proteins,
it is possible that the dynamic equilibrium of the
cytoskeleton may be altered by heat shock. Its
stabilization is an important (and until recently,
overlooked) factor i1n the acguisition of
thermotolerance. (Source: New Sclentist,

1 April 1989)

HSP 90, the neylected heat-shock protein?

Most of the literature concerning the
heat-shock response makes only a passing reference
to hsp 90, ever though it is also inducible by
heat. Most unstressed cells contain considerable
levels of this protein, and hsp 90 from different
species appears to be immunologically related. Its
function is only now becoming clear.

Monoclonal antibodies, raised against intact
steroid hormone receptors, cross-react with hsp 90.
Experiments showed that hsp 90 binds away from the
hormone-binding site itself. This inevitably led to
the conclusion that hsp 90 masks the DNA binding
site of the hormone receptors, until a hormone is
positioned within the hormone binding site (see
figure). When this happens, the hsp 90 is released,

enabling the hormune receptor complex to bind to the
DNA. In contrast, recepiors exposed to
anti-hormones cannot bind DNA and remain associated
with hsp 90. So this heat-shock protein Jefinitely
Joes regulate the activity of steroid hormones.

Hormone

111 humour: heat-shock protein 90 regulates the
action of steroid hormones by masking their normal
DNA binding site.

Hsp 90 alsou turns up in the machinery of
protein synthesis. It 1s a component in a complex
set of factors invoived in the control of protein
synthesis. The precise function of hsp 90 in this
system is still unclear, but it app2ars to modulate
the phosphorylation, and therefore the activity, of
the alpha sub-unit of “initiation factor 2" in
animal and plant cells. Such modulatory activity is
significant because the phosphorylation of proteins,
or kinase activity as it is more commonly referred
to, is of enormous importance in biochemical
reactions. A cell's response to heat shock may thus
be mediated by an hsp.

Finally, as with hsp 70, hsp 90 has an
immunologically related counterpart, grp 94, located
within the endoplasmic reticulum. Its role in this
compartment is still highly speculative, but it is
thought to be involved in the assembly of other
proteins. (Source: New Scientist, 1 April 1389)

How diagnostic DNA meets its match

DNA probes set DNA to detect other DNA, and the
basis of doing that is the hybridization reaciion.
The two strands of the DNA doubie helix are held
together by weak interactions, called hydrogen
bonds. If the two strands of the helix are
separated, they will spontanecusly come back
together. DNA strands from different sources can
form double helices in this way if the bases that
make up the two strands fit into each other.

To form a stable helix, the four bases that are
repeated in various patterns in the DNA must fit
together correctly 1n space, so that the distance
between the outer edyes of the helix is constant and
a regular helix can form. This means that, of the
ten possible palrwise combinations of bases with
each other, only A with T and G with C are allowed.
So if one strand has the base sequence ACGTCCG, the
other must have the sequence TGCAGGC copposite to it
to form a double helix.

whether a helix forms depends on what
percentage of the bases are "matched”™ in this way
the smaller the fraction of matched bases, the less
likely the helix 15 to be stable, because the fewer
hydrogen bonds can be formed, Similarly, reducing
the length of the single strands redu es the
stability of the helix, as does altering a variety
of reaction conditions incredasing the temperature,




for example, "melts” Lhe helix apart. 30 a
synthetic DNA can be tailored such that, under
particular hybridization conditions, it will
hybridize with only an exactly matched DNA, or with
one that is within 9 per cent of exact matching, or
within 10 per cent. Combined with knowledge of the
likely variation in the DNA sequences of Jifferenr
genes in viruses and bacteria, this allows
scientists to construct a probe that will hybridize
to the DNA from a specific group of bacteria - one
strain, one species, one genus - bit not to any
other. (Source: New Scientist, o May 1989)

Making a sandwich out of DNA

The technique known as sandwich hybridization
uses two probes that hybridize to adjacent sections
of the target DNA. One, the "capture probe®, is
fasteneG to a solid support so that when the target
hybridizes to it, it is also linked to the support.
The other, the "labelled probe”, is linked to a
reporter group - a fluores_ent molecule, an enzyme
or a radiocactive atom. This probe will not
hybridize to the capture probe, and so in the
absence of target molecules the labelled probe will
not stick tc the support. If the target is present,
however, it links capture probe and labelled probe,
helding the labelled probe ontdo the solid support.
If this support is a tube, washing the tube out will
remove all the unbound labeiled probe, so the amount
left in it is a measure of the amount of target in
the original sample. If the support consists of
tiny plastic particles, microbeads, these can be
separated by centrifugation or magnetic attraction,
from the unbound labelled probe. The amount of the
labelled probe remaining stuck to them tells how
much target DNA there is. (Source: New Scientist,
6 May 1989)

Transition-metal compiexes probe DNA
conformation

A central challenge in molecular biology is to
elucidate the mechanisms involved in site-specific
recognition of deoxyribonucleic acid. Many proteins
interact with DNa and, in one way or another,
modulate its activity, a process that is
responsible, ultimately, for regulating the
structure and function of cells. Such DNA -binding
proteins and enzymes locate and bind to a specific,
small sequence Of bases in the presence of an
enormous number of other sequences, and then carry
out a complex series of reactions at that site.

wWhat are the principles that govern such
site-specific recognition? The question is
inherentiy a chemical guestion with important
biological ramifications rather than a purely
biological question, and chemists are using a
variety of approdches to address it.

One such chemist is Jacqueline K. Barton, a
chemistry professor at Columbia University in
New York City. Barton has focused on the
interactions of small transition-metal complexes
with DNA as models for site specific reactions. To
that end, Barton and Columbia co-workers have
synthesized rigid, co ordinatively saturated metal
complexes that recognize and bind to a variety of
DNA sites based upon their shape.

The research suggests that DNA conformation is
a critical element in biological site-specific
interactions between proteins and DNA. A product of
the work, which has been supported by the National
Institutes of Health and the National Science
Poundation, is a family of metal complexes that c<an
be used to probe what Barton calls “"the topolcgy of
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DNA®. Complexes have been Jdeveloped rhat bind
preferentially to several different DNA
conformations such as T DNA, A-DNA, and cruciforms.

High-resolution crystal structures of
oligonucleotides have revealed that three helical
conformations of DNA exist: A, B, and Z forms.
A-DNA and B-DNA are both right-handed helices, and
Z-DNA is a left-handed helix. There are, in
addition, a range of local variations within each
helical family. And a number of unusual
structures, which have not been characterized
crystal’lographicaily, also appear to exist. One
example of such a structure is the cruciform, a
tesult of palindromic secuences of bases, which may
extrude out from the nornal diuplex DNA.

A primary motivation of Bartcn's research is to
determine whether this conformational heterogeneity
has biological signficance. To determine where
along the DNA strand a given molecule binds, Barton
couples reactivity and site-specific binding,
usually through a metal-mediated redox reaction that
causes cleavage of the DNA strand at the bound
site. (Abstracted with permission from Chemical
Engineering News, 12 June 1989. Copyright 1989
American Chemical Society)

D. APPLICATIONS

Pharmaceutical and medical applications

Possible effective drug against HIV

GLQ2z3, derived from the root of a Chinese
cucumber plant, appears to kill only those immune
system cells harbouring the AIDS virus, according to
Dr. M.S. McGrath of the University of California
(San Francisco) and San Prancisco General Hospital,
and J.D. Lifson of Genelabs (Redwood City, CA). The
extract of Trichosanthes kirilowii has been used in
China since 300 AD to induce abortions, since the
protein kills trophoblasts, cells of the placenta
thar resemble macrophages. It is the anly drug
tested against AIDS that destrouys ..., AIDS-infected
cells, ignoring other cells. It is also the cnly
drug that deals directly with macrophage cells, which
act as a reservoir for the virus in the body. AzT,
the only drug now licensed for the treatment of
AIDS, prevents AIDS from replicating in T-4 cells -
immune system cells that are destroyed by the virus -
but does not affect macrophages. GLQ223 also kills
infected T cells.

The researchers did not disclose their findings
for two years until they were ready to test it in
people because they did not wish to raise false
hopes in people with AIDS. McGrath discovered it
about two and a half years ago when ne was visited
by Hin-Wing Yeung, a biologist from the Chineie
Medicinal Materials Research Centre. McGrath and
others warn that people with AIDS cannot obtain the
highly purified drug by visiting China. Sandoz
(Switze-land) helped finance the research and will
have esclusive rights to market the product.

18 April 1989)

Possible use of gene therapy

Research indicates gene therapy may be useful
in preventing second heart attacks. The conclusion
was made after two unique experiments on animals,
one at the University of Michigan Medical Center
(Ann Arbor, MI) and another at the Whitehead
Institute and the New England Medical Center
(Boston, MA). Gene modified cells in the University

0f Michigan experiment helped generate new smooth




iinings in a pig’'s grtery. in the Buston experiment,
similacr production Of new Liowd vessel lining was
done with Joys. (Extracted from wail Street
Journai, 27 June 1%89:

Advances in vaccine development

Eftorts to develop a genetically engineered
vaccine to protect agatinst str2p throat and certain
other bacterial diseases, such as gonorrhoea, have
previously been hindered because of the many
different forms the ianfectiun producing pretein can
take. In strep throat, the M protein can categorize
the streptococci tnto over 80 different “serotynes”,
each of which can produce an infection. Researchers
at Rockefeller University (New Yourk City) may have
found a way around that protlem. They recentiy
1dentifted portions of the M protein that are commun
to all the different serotypes that cause strep
throat. That has allowed the researchers to design
a vaccine in which this specitic area on the oroteirn
is inserted 1nto a carrier virus, making thé vaccine
capable of inducing immunity to ditferent
serotypes. Rockefeller University alsc says the
findings represent the first vacciune against a
bacterial disease that has been engineered using the
vaccinia, or smallpox virus, as a vaccine
transmitter. (Source: Chemical week, 12 July 1389%)

Malaria vaccine trisis on people

A malaria vaccine developed by Ribl ImmunoCuem
Research (Hamilton, MT) and SmithKline & French
Laboratories (Philadelphia) is beginning Phase I
human trials under the sponsorship of the US Navy.
The study, which will determine the safety of the
malaria vaccine, will involve military volunteers
and will last at least three months. (Source:
Chemical Week, 12 July 1989)

Oral vaccines might be able to protect peoj.le
3gainst carcinogens and toxins 1n food, according to
D. Keren of the University of Michigan (Ann Arvor).
The vaccine apparently stimulates the ileal
immunoglobulin A to bind target substances,
preventing their aosorption by the intestine.

Rabbit tests showed the technijgue works against
absorption ot the carcinogen 2-acetylaminotluorene.
(Extracted from Medical world, 8 May 1989)

Pussible AIDS vaccine developed

Researchers led by Dr. J. Salk bave developed o
vaccine that Salk <laims miy prevent persons
infected with the AIDS virus from contracting the
disease. Salk has been working for several yiars
with researchers from the National Institutes nf
Health and the University of Southern California.

He described his experimental vaccine at an
international conference on AID3 held recently in
Montreal, Canada.

wWhile conventional vaccines dare designed to
prevent infection. the new Salk vdccine simply acts
to keep an existing AIDS 1ntection from progressing
into full blown AIDS. It consists of the ALDS
virus stripped of its outer coating and killed by
irradiation and chemicals. The vaccine also
includes mineiai il to help trigger the body's
immune system. Salk's esiperiments involved three
chimpanzees, two of which were infected with the
AIDS virus before being 1noculated. ALl of the
chimps were then given three duses of the vaccine
over a4 period of -everal months. After this was

st

Jone, the researchers waited 13-15 months a:
injected more ot the AILS vitus 10te edch onimg
The two thit had been vaccinated showed 2 stto
immune resTonse against the new i1ntectiocn, and
eventually the virus disappeared from the:r

systems. The tesearchers Jdid admit that the vitos
couid simply have been hiding in another part of the
chimpanzees' budies, but their tests Jid not deteo
it. The third chimpanzee that was r.t infected wi
AIDS before receiving the vacclne ai1s0 showed a
stroug immynie Tesponse daftetr the second infectict.,
but the vizus remained. The guantity of virus
present Seclined over a period of time, hliwew:r.
Salk has been testing hls experimental
human voidnteels sitce 1987.
Hbut he adls that humoa:
carried the v
(Eatzated from New ok Times,

.
X
n

vacoine n
Nevember NG a3dve:se
reactions have been repurted,
subJects, unlike the chimps,
after vaccination.
9 June 198%)

STidi.

vical in AIDS vacJline frig.s

Viral Technoicgles i t
<t 1ts AIDS vaccine at 3t. Stephen's Hospitai,
London. The vaccine, Xnown as HGE 30, :s fitrterent
from other possibie vacdines in that it (s rased .
a copy of one ot the internal proteins of the AILS
virus rather than an external envelope proteirn.

ils have sh.wi.

Laboratory studies using human o
that HGP-30 stimulates the production of antibodies
which stop the AIDS virus trom feplicating.

Viral Technclogies, a joint
Cel-Sci and Alpha 1 Bicuedicals, hopes that the Same
will be true in humans. HGP-30 also elicits a
T-cell response from the immune system 1o vit:..
which scientists say is important in tne devel pmer:
of a successfu. vaccine.

venture rgtween

Other vaccines being tested 10 the US
Gnoan envelope protein which can change from . ne
AIDS virus to ancther AIDS vires. Lven 1t
vaccine could pratect ajainst one virus there wo.. !
be no guarantee tnat 1t ccoculd do so against Stners.
(Source: European Themical News, 15 May 138%)

are bLajset

such 4

V-3

est detects cystivc fiDIos1s 1n embry

Molewular bLiolugists in the Democratic
of Germany and tne United Kingdom,

et ul. .

worKing with

embryolojists and gyniecolcgists, have shown that it
is feasible t.. Jdiagnose cystic titrasis in very
young embry. 5. The tests Can als., diagnose Luot
muscular dy.trophy, another cummon genetic Jisorde:
1n the West and, 1n theory, any disease caused Ly o
single faulty gene. S.on, Coup.es who Know that

they are 4 r1sk ot having an affected child may Le
able to out for such "pre-implantation Jdiagn,sis”
after in vitre fertilization.

Charles Coutelle of the Central Institute ot
Mclecular Biology in East Berlin, and
Robert wWilliamson at St. Mary's Hospital in
extracted DNA from a single human egg. They then
used polymerase chain reaction to make many Jopies
of the DNA sequence containing tne cystic f1 rosis
gene. Thisg gave them enough DNA to test for the
disease in 4 matter of hours.

London,

Their experiments provide a4 model for
pre implantation 414gnosis in embryos Just a4 few
days old and made up of betwesn 4 and 16 cellas.
Their collesqgues, Alan Handyside and Kate Hardy at
the Ruyal Postgraduate Medical School in London,
have already established that 1t is possible to




remove a single cell troum such an embryo to
extract DNA tor testing, without damagiunyg the rest
of the embryo.

Thelr experiments provide a model tor
pre-implantation diagnosis in embryos just a few
days old and made up of between 4 and lo cells.
Their colleagues, Alan Handyside and Kate dardy at
the Royal Postgraduate Medical School in London,
have alteady established that it is pussible tu
temove a single cell from such an embryo to extract
DNA tor testing, without damaging the rest of the
embryos.

Because the pulymerase chain reaction guickly
produces enough DNA for the tests, doctors could
rapidly transfer into the mother's womb any embryo
which was discovered to be tree of the disease.

This avolds having to freeze the embryo, and risk
damaging it, while awaiting the results of the
genetic test. (Sovurce: New Scientist, 8 July 1983)

Hepatitis-C Jetection test

Thiron has developed a test to Jdetect the
hepatitis C virus, which is believed to cause most
cases of non A, nun-B hepatitis. The test could be
used for bloud screening and patient diagnosis.
Chiron's test detected a virus in 17 of 24 cases of
transfusion acguired non A, non B hepatitis and
in 34 of 59 cases of unknown origin. The
researchers say 78 per cent of chronic non-A, non-E
cases in Japan and 84 per cent in Italy have tested
positive for hepatitis C virus. 2ntibodies to the
virus may take months to develop after infection.
The new test kit uses viral protein to bind
antibodies. A colour change reaction then makes the
presence of the antibodies apparent. Many other
cases of non-A, non-B may be caused by a mutant form
of hepatitis B virus. (Extracted from Science News,
24 April 1989)

Test to diagnose type I diatetes

A genetlc test to help identify children at
risk of developing type ! diabetes has been
developed by M. Trucco of the University of
Pittsburgh. The test is based on a flaw in a human
leukocyte antigen protein amoung type 1 diabetics.
Replacement <f tie usual aspartic acid in the
protein renders it .ess cdapable ot preventing immune
cells trom attacking pancreatic beta cellis. People
with the alteration are much more likely to develop
type I diabetes than people without the alteration.
The test, if accurate, could allow tor early
treatment of diabetes. Many children are not
diagnosed until they sutfer a diabetic coma.
is already an antibody test that can diagnose
diabetes before s;ymptoms appedar, but only after beta
cell destruction has begun. (Extracted from Science
News, 10 June 1989)

Thete

Muscular dystrophy diaqpnostic dvailable

Genica Pharmaceuticdals (Worcester, MA) will
introduce a test that can diagnose muscular
aystrophy, an inherited muscle wasting disease that
affects about 1 in 3,500 male babies. [In 1936,
researchers found the gene responsible for the
disease. They also discovered that dystrophin, 4
protein made by the gene, reinforces muscle-celt
walls. Genica's test will detect levels of
dystrophin in muscle cells, enabling doctors to
diagnose the disease in newhorns, before symptoms
dppear. With early detection and the ability to
distinguish between different forms ot the disease,
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the test may help prolong and improve the gualify of
Life, a Genica spukeswoman claims. At Boston
Children’s Hospital, tesearchers are hoping to tteat
muscular dystrophy with injections of dystrophin.
(Extracted from wall Street Journal, 26 May 198y)

AlIDS test marketed

Applied bioTechnoiogy Inc. has introduced an
AIDS tresecarch test to detect and analyse cells
infected with human immunodeficiency virus (HIV-1).
The test is the first non-radivactive test for AIDS
that allows resedrchers to view and study
HIV-infected ceils.

Based on a technology known as in _situ
hybridization, the new test detects the genetic
material in cells (nucleic acids) specific to the
AIDS virus. The test format allows researchers to
determine which and how many cells are infected,
information not provided by either the antibody
testing that currently dominates the AIDS diagnostic
market or by newer antigen or nucleic acid tests.
Uniike other nucleic acid tests for AIDS, the AbT
test does not involve the use of radiocactive probes.

AbT's test will
primarily to

be sold as a research kit
institutions and pharmaceutical
comparies. It is the first product marketed by the
company. In situ hybridization involves the
detection and localization of specific nucleic acid
seguences in cells. ADbT's test employs nucleic acid
probes comprised of all the HIV genes. When the
probes are combined with cell samples, they bind to
HIV HNA.

Infected cells which bind these probes are
ident.fied by cuolour, and the colour changes in
these cells can be observed under an ordinary
laboratory light microscope, providing a simple
method of viral detection. AbT has enhanced the
non -infected cells. Because cells are fixed to
slides and stained with a permanent colour, they can
be preserved as a permanent record for future
reterence, whereas other HIV testing methods do not
allow for such preservation.

The new test can detect as few as one infected
cell in 100,000 and cdan be performed within
24 hours. It allows users to visually count
intected versus non-infected cells and, unlike other
HIV tests, it leaves cells intact, making it
pussible to identify the actual cells infected.
(Source: Chemical Marketing Reporter, 3 July 1989)

Renin mapped

Canadian researchers have mapped the structure
of renin, an enzyme that has an important role in
the development of high blood pressure. A team from
the University of Alberta, led by Dr. Michael James,
found that the molecular structure of renin contdins
34C different proteins.

In order to provide sufficient quantities of
renin to endble the structure to be determined,
scientists at Calitornia Biotechnology, Inc. and
Dr. John Baxter of the University of San Francisco
geneticatly enginevred a synthetic version of
renin.

Research 1s now continuing to find a substance
that will inhibit renin and block its role in
hypertensinn. (Source: Australian Journal of
Hiotechnology, Vol. 3, No. 2, April 1989)
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Altered TPA may work better against ciuts

Protein engineers have 2ite-ed the structure of
a human enzyme - tissue plasminogen activatce.
(TPA) - that is used to prevent heart attacks by
dissolving arterial clots. The altered version of
the enzyme is much less sensitive to its natural
inhibitors, sparking hopes that it may turn dut to
be an improved anti-ciotting agent.

Large doses of TPA are needed because its
half-life in blood is so short. It not only is
quickly cleared by the liver but also inactivated by
various inhibitors, the most important of which is
plasminogen activator inhibitor-1 (PAI-1). Because
the drug does not persist, many patients develop new
vaots aftar treatment stops.

Seeking to overcome this deficiency,
biochemistry professor Joseph F. Sambrook and four
colleagues at the University of Texas Southwestern
Medical Center in Dallas tinkerad with TPA, removing
a loop of seven amino acids. This structural
change, they found, essentially prevents PAI-1 from
inhibiting the enzyme. But the missing residues do
not affect the enzyme's normal activity, which is to
convert plasminogen, an inactive protein that
circulates in the blood, into plasmin, a powerful
enzyme that chews up blood clots.

It is still too early to tell whether the
altered TPA will fulfil its potreantial as an improved
anti-clotting agent. Sambrook's team is now
conducting animal clearance tests to see if it works
in animals as well as it does in the test tube.

Remarkably, the Texas researchers achieved
their goal of blocking the TPA/PAI-1 interaction
even though the three-dimensional structures of
these proteins have never been deciphered.
(Abstracted with permission from Chemical
Engineering News, 3 July 1983. Copyright (1989)
American Chemical Society)

Preventing the spread of tumours

The National Cancer Institute (NCI) has linked
up with US Bioscience (Eiue Beli, PA) to develop and
commercialize a cancer treatment that could block
the spread ot tumours in the body. US Bioscience
says this may be the first method to truly do so.
Convent ional treatments to check the spread of
tumour cells include chemotherapy and hormonal
therapy, out the firm says those techniques "do not
always etfectively discriminate between normal and
cancer cells”. Lance Liotta, NCI's chief of
pathology and of the tumour metastases section,
found that many cancer cells bind to o protein
called laminin. Laminin lines cells in the body and
provides a4 mooring for circulating tumour cells., If
the binding sites dare blocked with fragments of
laminin, the circulating tumour cells cannot attach
to the stationary laminin and grow., Another aspect
of the treatment involves inhibition ot the enzyme
Type IV collagenase, which tumour cells secrete in
order to invade healthy tissue. (Source: Chemical
Week, 26 April 1989)

A _skirmish in the virus war

Biotechnology tirm Viagene (San Diego) says 1t
is less than two years away from clinical trials of
a genetically engineered treatment for viral
diseases. The quest for treatments for viral
discases has been complicated in the past because of
the inaccessibility of the virus's reproductive
steps. Now Viagene is turning the virus's invasive
nature against it. Fiist the company alters a

special carrier virus so it cannot replicate

itself. Then Viagene iuserts genetic material into
the virus that instructs the target cell to take one
of several disease-fighting actions. In the case of
AIDS, for example, the cell will produce a surface
antigen that helps the immune system detect and
destroy AIDS-intected cells. The company has raised
$8 million for further research, and expects tw
double that amount scon. (Source: Chemical wWeek.

5 July 1989)

Potential AIDS Jdrug

A 20-year-old drug is gaining a new lease of
life as a potential AIDS therapeutic. In vitro
experiments indicate that the drug, known as GLQ223,
blocks human immunodeficiency virus (HIV) production
in T-lymphocyte cells and kills infected macrophage
cells. Macrophage cells devour infectious agents
and direct the attacks of the T-cells in the immune
system.

Genelabs, a private biotechnology firm based in
Redwood City, CA, received a US patent on GLQ223
carly 1989. The tirm submitted the drug to the
Food and Drug Administration for the status of
investigational new drug for treatment (IND).
title is given to promising drugs for lethal
diseases and quickens their availability to the
public.

That

GLQ223 is a highly purified compound -
trichosanthin - derived from the rcot of a cucumber
plant grown in China. There it is used to induce
abortions and treat tumours of the reproductive
system. But Genelabs found that it may also be
effective against HIV infection, in a co-operative
study with the Chinese University of Hong Kong and
the University of California (San Francisco).
Sandoz (Basel, Switzerland) will co-fund development
and have exclusive world-wide marketing rights.
(Source: Chemical Wezk, 26 April 1989)

Genetically altered cells tested in human patients

Gepetically engineered cells have been injected
into a cancer patient by researchers at the National
Institutes of Health. white blood cells labelled
with a marker gene from bacteria were injected into
a patient with advanced melanoma. The tumour -
infiltrating lymphocyte cells have shown promise in
treating cancer, but are difficult to monitor inside
the body. The bacterial gene responsible for
resistance to the antibiotic neomycin was used as a
marker gene, so that the distribution of the
engineered cells in tissue could be monitored. The
labelled lymphocytes will not provide any greater
therapeutic benefits than unldbelled lymphocytes.
The goal of the experiment is a greater understandinyg
of the way that immunotherapy works, so that it can
be improved. The study is an advance in the
development of gene therapy for diseases such as
cystic fibrosis, muscular dystrophy and sickle-cell
anaemia. The study was delayed for almost one year
pending receipt of Federal Drug Agency and National
Institutes of Health approval. (Abstracted with
permission from Chemicil Engineering News,

23 May 1989. Copyright (1989) American Chemical
Society)

Gene therapy breakthrough

Researchers at the Whitehead Institute of MIT
have used gene therapy to take the first step towards
correcting familial hypercholesterolemia - a
life threatening human disease. Associate Professor
Richard C. Mulligan and Dr. James Wilson inserted a
foreign gene into a culture of liver cells from




rabbits and "cured” the Jdefect. Although the wora
is preliminary, it could help pave the way for later
application of gene therapy to many other Jdiseases
of the liver. (Source: Biu Technica Journal No. 2,
1989)

Drug Jdeveloped to block cancer sites

A drug to blcck the site where metastatic
cancer cells bind to basement membranes has been
developed by researchers at the National Institute
of Dental Research. The S-amino acid compound
attaches to laminin, a protein found in the smooth
basement membranes that surround most organs. Mice
injected with the new drug and 50C,000 malignant
melanoma cells developed only 10 per cent as many
lung metastases as did untreated animals injected
with the cancer cells.

The researchers have also developed
liposygenase inhiblitors that block the cascade of
reactions needed by metastatic cells to allow them
to cut through collagen found in the basement
membranes. The inhibitors can help prevent the
spread of ovarian carcinom:, which is highly
metastatic. Each of the new drugs is non-toxic.
with reversible effects. In some cases, the drugs
might have to be used for life. In other cases, the
drugs might be used only until surgery can eliminate
a cancer. The drugs might also improve the
effectiveness of traditional anti-cancer drugs, by
preventing the metastatic cells from "hiding” in
tissue. (Extracted from Science News, 15 April 1989)

New drug delivery systems

New drug delivery systems are being developed
especially for proteins such as insulin, which are
too large to pass through the skin, too digestible
to be taken orally, or too unstable to be packaged
in slow release mechanisms. Skin patches, nasal
sprays, polymer microspheres, liposomes, etc., are
being increasingly used to administer conventional
drugs. At least 125 firms are attempting to develop
delivery systems for recombinant proteins and
peptides. TAP Pharmaceuticals has just introduced
its Lupron leuprolide, a gonadotropin releasing
hormone analogue, ‘n a polymer based delivery system
for the treatment Of prostate cancer.

Eventually, physicians msy be able to choose
from a variety of delivery systems foc every drug.
Skin patches seem to be the most convenient form of
drug delivery, offering pharmacologic benefits. But
a molecular weight of 1,000 daltons is the upper
limit for transdermal delivery. Insulin is
6,060 daltons, and most proteins are ten times
larger than insulin. A low-level electrical current
can increase the size of molecules that can be
delivered transdermally. Ultrasound might also help
transdermal administration. Transnasal delivery
might take advantaye of the relative ease with which
compounds can traverse the mucous membranes of the
nose. Transnasal insulin might be available
by 19%2. But dose control is difficult with
transndasal administration. Eyedrops might also be a
useful dosing route.

Polymers may offer a variety of administration
routes. Polymers can be implanted, and can be made
to dissolve gradually in the body. Implants might
provide a constant dose levei or a dose that
responds to metabolic factors. Initial enthusiasm
for liposomes and monoclonal antibodies as delivery
agents has waned, although researchers are testing
all the options. Liposomes might be useful for
conventional drugs, but will be difficult to handle
with protein and peptide drugs. And many of the
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protein drugs are tissue specific anyway, so they
would benefit little from antibody linkages.
(Extracted from Med:cal world, 10 April 1989)

Myab therapy in paediatric tumours

Some 30 per cent of paediatric tumours may
respond to monoclonal antibody therapy, according tce
Nai-Kong Cheung of Memorial Sloan-Kettering Cancer
Center. Antibodies against cell surface antigen GD2
have produced a 50 per cent tumour response rate in
four of 13 neuroblastoma patients. The use of
monoclonals in other cancers has not been very
promising. The neuroblastoma cells may lack
decay-accelerating factor that protects normal cells
from complement -mediated death. Adding
interleukin 2 migh® boost the response rate
further. (Extracted from Medical world,

10 April 1989)

Antibody takes poison dart to lymph cancers

A new type of treatment for some cancers of the
blood and the lymph glands may avoid most of the
unpleasant side effects of many drugs used to combat
cancer. Patients in Dallas and London are helping
to test the therapy, which is a variant of the
"magic bullet”™ approach of targeting drugs to attack
cancerous cells and leave healthy cells intact.

The 20 patients all have cancer of the lymph
glands of a type called B-cell lymphoma. The
scientists who developed the therapy, from the
Imperial Cancer Research Fund in London and the
University of Texas in Dallas, say that equivalent
therapies for T-cell lymphoma and Hodgkin's disease
should soon be available for tests.

The treatment consists of an antibody linked to
ricin. According to Philip Thorpe, who leads the
team at the cancer charity, the poison is
"outstandingly powerful™. The antibody binds to the
lymphoma cells, delivering a dose of ricin in the
process. Because the armed antibody selects its
targets, most of the patient’'s normal tissue is
exposed to only low levels of the poison, and side
effects should be fewer than with normal
chemotherapy.

Thorpe and his colleagues wanted to direct the
poison exclusively at tumour cells. They joined the
A chain of ricin to an antibody molecule that
recognizes only the body's B cells. The result,
says Thorpe, is "almost perfect specificity for the
cells we want to kill”. Some healthy B cells at the
same stage of development as the tumour do suffer,
but the body regenerates these.

They are now testing the toxicity of the
therapy in volunteers with B-cell lymphoma in whom
conventional cell-Xillirng drugs and radiation
therapy have failed. Such failure occurs in more
than half of patients with this cancer. There are
about 1,500 new cases in Britain every year.

Peter Amlot, of the Royal Free Hospital in
London, said the side effects produced by the
therapy are nothing like those caused by
cell-killing drugs, which include suppression of the
immune system, anaemia, sickness and loss of hair.
By contrast, the new treatment causes only a few
temporary, minor side effects.

Thorpe and his colleagues say that they hope
soon to have equivalent "poison loaded antibodies”
trr target malignant cells prouuced in the related
diseases, T cell lymphoma and Hodgkin's disease. In
the future, it might be possible to combine




conventional therapy with the antibody treatment o
enhance the likelihood of cure. One characteristic
of both Hodgkin's disease and both types of lymphoma
is that the malignant cells they produce usually
spread around the body in relatively small masses.
An antibody linked to a poison can treat them
effectively because it can penetrate the tumours
more easily than it can large, solid tumcurs, such
as those of the breast, lung and gut. Researchers
need to develop ways of adapting their technigues to
attack these solid tumours.

Such tumours have to induce blood vessels to
grow in them. A tumour cannot grc« more than 2 mm
from the blood vessel - the distance that oxygen .an
diffuse - so tumours tend to grow cylindrically
around blood vessels. Some researchers have
calculated that each cell lining the tiny bloud
vessels in a tumour must supply 20,000 tumour cell:
with oxygen.

Francis Burrows, working with Philip Thorpe at
the fund, is trying to find ways of killing
specifically the cells lining the blood vessels
inside the tumour. Burrows is growing these
so-called endothelial cells in the laboratory and
stimulating them with substances produced by
tumours. He says that a variety of substances
produced in the tumour, such as i1nterferon, can
alter the molecules on the surface of endothelial
cells, and make them :2cognizable to a specific
antibody. (Source: New Scientist, 1 April 1989)

Colgate to evaluate Synergen periodontal product

Synergen, Inc. has signed an agreement with the
Colgate-Palmolive Company to evaluate Synergen's
technology for *he prevention of periovdontal disease.
Synergen’'s proprietary “adheson” technology is being
developed to target therapeutic products to oral
surfaces.

Gingivicis and periodontal Jdisease are severe
and extremely common inflammatory conditions. with
the aid of grants from the National Institute for
Dental Research, Synergen's scientists are using
recombinant DNA technology to create novel compounds
believed capable of eliminating or preventing the
formation of dental plaque. If successful, these
compounds could be incorporated into toothpaste or
other over-the-counter products.

The agreement calls for Colgate to test model
—ompounds developed by Synergen in Colgate's
pre-clinical models of periodontal disease and to
share the results with Synergen. For its work and
for ayreeing to provide additional financial support
for Synergen's research, Colgate will have the
option to negutiate a licence for Synergen’s
technology and to supnort further development work
by Synergen. (Source: Company News Release,

10 May 1689)

Atthritis licence deal

British Bio-technology has signed a licensing
agreement with SmithKline Beckman Corp. for the
development and commercialization of collagenase
inhibitors a4s new treatments for arthritis.

The human enzyme collagendse 1s a protein
responsible for bone and cartilage destruction in
the joints of sufferers of rheumstoid and osteo
arthritis.

The two companies have been engaged 1in
collaborative arthritis research since 1987.
British Bio said the new agreement covers the

development and matketing of putential
anti-arthritis drugs arising from this
tese2tch.

jvint

In this latest collaburation, British Bio's
chemistry department has been designing and buildieng
specific collagenase ichibitors with the properties
of these potential new druy mulecules being testel
at SmithKline's pharmaceutical laburatories in
Upper Merion, Pennsylvania, USA. (Source:
Manufacturing Chemist, April 1989)

New test can predict rejection of transplanted crgans

Doctors can now predict which patients who have
had organ transplants are abuut to reject the r
gratts. The new-found ability to mounitor the
immunological response to a transplant also makes 1°
vasier to judge a patient’'s reed for the
immuncsuppressive drug cyclousporin.

The discovery., by tesearchers at the
Newcastle-upon-Tyne Transplant Centre in tne north
cf England, makes it pussible to measure the
rejection process scientifically. Patients
fregiently succumb to rejection beture they or their
doctors notice that anything is amiss. As a result,
researchers have tried tc relate the behaviour of
elements of the i1mmune system to episcdes of
rejection,

Initial studies louxed at levels of the protein
called interleukin-2, which plays a role in the
process of recognizing fureign tissue and rejecting
it. This molecule, secreted by T -helper lymphocytes,
activares another type of lymphocyte, the cytotoxic
T cell. These cells assist 1n rejecting the grafe,

a process known as cell mediated graft rejection.

Levels of i1nterleukin 2 have not, however,
proved a reliable i1ndicator. John Forsyth at
Newcastle decided to extend the research to the
receptors for interleukin- 2 which develop on the
T lymphocytes when levels of i1nterleukin 2 rise.
The lymphocytes then shed, or secrete, these
receptors.

Tests to measure the interieukin-2 receptors can
give very accurate resuits, as Forsyth and his
colleagues reported at a recent meeting of the
Britisn Transp'ant Society. The researchers recently
tested 23 patients who had had a transplant, taking
300 samples over 14 days. 1In 4all but two cases, a
high or rising level of interleukin-2 receptors
indicated that rejection had begun or was about to
begin.

The two "false positives” arose because one
patient had an infection not associated with the
graft, and another had active autoimmune disease
which caused the same effect as rejection of the
transplant. The researchers now intend to carty out
double-blind trials to test the ability of the
method to predict rejection.

Confirmation of the link between interleukin 2
receptors and rejection has a double benefit: it
will also make it possible for doctors to tailor the
doses of immuno - suppressive drugs they prescribe to
a patient’'s needs. (Source: New Scientist,

3 June 1989)

Toxic sensor

Researc.h at the University of Texas at
San Antonio (UTSA) may benefit groups as diverse as
soldiers, people living near chemical plants and
Alzheimer’'s victims. Drs. Matthew Wayner and




James Chambers are Jdeveloping 1 Liosensor an enlyme
which acts as an instrument tha: would detect toxic
substances in the air or even 1n the budy. In this
way, poiscens that might be accidentally inhaled or
swallowed could be detected and avoided. The
biosensor would also alert us to viruses 1n the buly
even before symptoms appear. The researchers have
received encouragement from the army, which is
interested in how a biosens.r could warn soldiers ot
the existence of toxins from chemical weapons. Much
of the research also involves the early detection ot
Alzheimer's. Wayner and Chambers are working with
enzymes fr-m animal dbrains, monitoring reactions
from poisonous substances.

For more intormation contact Ellen Sterner ot
David Bernert, Dublin-McCarter & Associates.

(Source: BioBytes, May 1989)

Synergen inttiates wound healing clinical trials

Synergan, Inc. has announced it will begin human
clinical trials to evaluate its basic fibroblast
growth factor (bFGF) for the treatment of topical
ulcers. Synergen believes its clinical trials will
be the rirst to investigate the role I bFGF in
wound healing.

Phase [ testing will focus on the satety protile
of the compound. Phase II testing, scheduled to
begin late: this year, will examine the efficacy of
Synergen's product for selected indications,
including decubitus ulcers (pressure sores) and
venous stasis and diabetic leg ulcers. These wounds,
which afflict many elderly and bed-ridden patients,
are difficult to heal with current therapies.

The human protein was first purified by
Synergen's scientists working in collaboration with
an academic group. It is currently produced using
recombinant DNA techniques in 3Synergen’s pilot
plant. Over the past several years, Synergen has
established production methodology meeting current
FUA standards, developed uniguely stable
formulations, and completed toxicological and animal
efficacy testing of this compound.

bDFGF 15 an extremely potent stimulator of
angiogenesis, the formation of new blood vessels.
It belongs to the general class of cellular growth
factors and induces the proliferation of several
cell types necessary for tissue repair including
both fibroblasts and vascular endothelial cells.
The human protein is also being evaluated as a
putential treatment for cardiovascular conditions
and, because it promotes the survival of neurons
within the central nervous sysiem, for the treatment
of neurodegenerative disorders. (Source: Company
News Release, 10 May 1989)

Syvergin and Hoffmann La Roche announce
anti_inflammatory drug research and development
collaboration

Synergen, Inc. of Boulder, CO, Hoffmann-
La Roche Inc. of Nutiey, NJ, and F. Hoffmann
La Roche & Co. Ltd. of Basle, Switzerland, have
announced the signing of agreements to jointly
develop IL 1li, interleukin 1 inhibitor, a rewly
discovered human protein. IL 11, believed to be a
central requlatory element controlling the
inflammatory response, will be 1nvestigated as a
potential treatment for sevetral diseases, including
theumstoid arthritis.

A important part of the collaboration involves
the use of structural and bivivgical information
about IL 11 to identify and design orally active
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analogues of the protein. Hoche researchers are
actively pursuing these second- generation products,
which have potential for the treatment not only of
arthritis, but of many other inflammatory Jdiseases.
It 1s too early, however, to predict their satety
and efficacy profiles. Synergen's royalty interest
will extend to products emerging from this
programme. (Source: Coumpany News Release,

22 May 1989)

Livestock applicatioas

Tapeworm succumbs tce engineered vaccine

Researchers in New Zealand and Australia say
they have developed the worid's first effective
vaccine against a parasitic disease using techniques
ot genetic engineering. Most vaccines protect
against viral or bacterial intections.

Developing & vaccine against a parasite - in
this case a larval tapeworm - is difficult, because
they are multicellular organisms which elicit a
complex immune response in the host. In addition,
parasites have evolved clever means of avoiding the
host's immune responses by changing the structure of
their antigens.

The new vaccine has been developed against the
tapeworm parasite, Taenia ovis, which causes a
disease in sheep commonly known as sheep measles.
The name is derived from the spotty cysts that form
in the sheep’'s muscles: the cysts resemble measles
in appearance.

In trials in New Zealand, the new vaccine has
proved to be effective against the disease 95 per
cent of the time. Sheep develop the disease when it
is passed on to them from dogs. The sheep ingest
parasitic eggs of the tapeworm from dog faeces. The
sheep industry in Australia and New Zealand is
expected to save millions of dollars as a result of
the vaccine - meat from sheep which are infected
with the disease cannot be exported. Instead, the
meat is destroyed.

A company called Coopers Animal Health is
developing the vaccine for commercial use and
expects the vaccine to be ready within two years.

Researchers from Coopers, the University
of Melbourne, and New Zealand's Ministry of
Agriculture and Fisheries have discussed the
possibility of developing vaccines against other
tapeworms that cause disease in both animals and
humans. The diseases include beef mcasles, pork
measles, ind hydatids. These diseases are more
wide-spread than sheep measles, and the development
of vaccines four them will have applications all over
the world.

The hydatid parasite, an adult tapeworm in
dogs, can cause large cysts in the human brain,
lungs, kidney and liver. It is prevalent in China.
Sheep act as the intermediate host. People can also
solium. The parasite is common in Indonesia and
Mexico, where it can cause a disease called
neurocysticercosis. Humans carry the tapeworm
Taenia sagindata, which can cause beef measles in
cattle. The parasite, passed on when cattle are
esposed to human faeces, is a problem for the beef
industry in South America and Africa and has been
found in animal feed in the 115, Resedtchers eipect
the work with sheep measles to help them to develop
vaccines fur these other diseases, because they
believe that the immune response is similar.
(Source: New Scientist, 15 July 1989)




Recombinant poultery o

Applied Biotechnology (Cambridge., MA) and Genex
(Gaithersburg. MD) have annsunced jJoint Jdevelopment
agreements with the Hoechst Group to complete work
Genex has begun on developing a recombinant vaccine
against coccidiosis in chickens. Coccidiosis is a
parasitic disease causing world wide losses
estimated at nearly $1.8 billion. Hoechst will work
with Genex to identify the antigens that protect
chickens against this disease, and Applied
Biotechnology will work with Genes to express these
antigens in a novel viral vector system, with
funding from Hoechst. (Source: Chemical week,

3 May 1989)

Embrex and University of Arkansas on poultry virus
neuttalizing factors

Embrex, the US poultry bictechnolougy company,
is to cvollabotate with the University of Arkansas on
the development of substances which will protect
poultry from viral intections. One such substance,
known as a viral-neutralizing factor (VNF), was
recently discovered by researchers at the Untiversity
of Arkansas. Studies have shown that chickens given
the VNF at the time they are eipused to infectious
bursal Jdisease virus or infectious brounchitis virtus
are protected trom infection. The VNF has also been
found to be active against certa:in bacteria and
fungi. (Soutce: Bioctechnology Bulletin, Vol. 8,
No. 3, April 1989)

Vaccine field test

Researchers at the Wistar Institute
(Fhiladelphia, PA) are feeling frustrated ir their
efforts to field test a genetivally engineered
rabiles vaccine. Officials at the US Department of
Agriculture (USDA) Animal and Plant Health
Inspection Service (APHIS) concluded that the
vaccine field test "would not have a significant
impact on the guality of the human environment”.
Nevertheless, their approval was being held up by
state officials in South Carulina, who have raised
objections to the plans. Moreover, althouygh the
situation is slightly different at an additional
propused test site in Virginia vecause it is
privately owned, neither state officials nor the
owners had approved the test by early May.

The Wistar plans call for testing the
engineered vaccine in wild animals occupying several
small islands off the coasts ot South Carolina and
Virginia. T'me was working against the wistar
scientists becaoce they had to begin setting out
vaccinia treated, orally administered anti rabies
baits sometime in May to allow completion of the
protocol before water fowl hunting sedson begins in
the fall.

The genetically engineeted vaccinig vitus
carries no risk of causing rabies. APHIS officials
point out that they have carefully analysed the
protocol Wistar submitted and found it
satisfactory. The experimental vaccine developed bLy
Hilary Koprowski, 'harles Ruprecht, and their
colleayues at Wistar contains a copy of the ge o tor
the surface glycoprotein of the rabies virus.
Because that gene 1s inserted into the thymidine
kinase gene of vaccinia, the vicus 15 further
attenuated. In laboratory tests, expusure of many
animgal species to this version of the anligenic
glycoprotein confers resistance to rabiles,

Moreover, 1t "1s non pathogenic, sdate and
efficacious in ... mice, hamsters, rats, and a
number of tarqget and non target species, including

the major terrestrial wild life reservolrs of
rabies®, according to the APHIS assessment.

The field tests call for vaccinating wild
animals with a preparation that is orally
administered in specially treated baits. OQfficials
in South Carolina said that the engineered vaccine,
known as the Copenhagen strain, might pose a threat
to puclic health. The health officials cite the
strain's tendency to cause side effects, including
encephalitis, when used to vaccinate humans. Such
use in Europe was discontinued several decades ago.

Many experts familiar with curtent research on
vacca.nia viruses and the historical use of the virus
in preventing smallpux deem such a threat unlikely
in the context of the proposed field trial.

Moteuver, in the planned tield trial, 1t 1s
unlikely that humsns wili be eipcsed to the vaccine
at all, let alone by inoculation. The island test
sites were chosen in part to minimize chances ot
human contact with the engineered vaccine. The
vaccine is to be admintstered to animals orally
when they consume a specially desiguned
fish meal containing bait. (Extracted trom
Bio, Technology, Vol. 7, June 1989)

Mricultural applications

Molecular farming route to peptides

Belgian plant bictechnology company, Plant
Genetic Systems, in collaboration with the University
of Ghent, has genetically modified plants so they
can produce pharmaceutically important peptides.
Dubbing the techaique "p.an: mclecular farming™, PGS
managing director, wWalter De Logi, believes the
economic potential f3r drug companies is significant.

wWith the technique, ecocnomically important
peptides can be produced and stored in a stable
form in specific plant organs, such as seeds.
Products are produced at high levels and can be
extracted by a simple process. Those so far
produced include pharmaceuticals such as blood
factors and growth hormones.

Le Loyl explained that the company plans to
genetically engineer plants, grow the crop, extract
the product, complett the first stage purification
and then sell it to pharmaceutical companies.
(Source: Manufacturing Clemist, April 1989)

Biotechnology tests pursued

Monsanto Company has begun new research fileld
trials of tomato plants genetically engineered tou
resist certain insects, as well as tests of canola
otl seed genetically engineered to tolerate
“Roundup”™ herbicide.

The trailt for "Roundup” herbicide tolerance has
the potential to significantiy reduce the cost ot
growing canola by allowing weeds sucth as wild
mustard and stinkweed to be more efficiently
controlled, Monsanto says.

Similar tesearch field trials with canola were
successfully conducted last year in Loth
Saskatchewan and Alberta.

The field trial is beilng condacted at Scott
Eipetimental Farm in west central Saskatchewan.
Engineered and control canola seeds were planted andd
the crops will be studied for comparison and for
weed control,




Canola, a type of spring oil-seed tape developed
by Canadian researchers, is used primarily tor
cooking and salad oil, and in margarines and
shortenings. Nearly 7 million acres of canola are
planted annually in Canada, with the value of the
crop esiimated at §1.25 billion, according to the
Canoia Council of Canada.

Monsanto resedarchers placed a gene ftrom another
plant species into canola, instructing it to make
extra quantities of an essential enzyme it already
produces - EPSP synthase. In non-engineered plants,
this essential enzyme is inactivated by “Roundup”
herbicide, which causes the plants to die.

In the genetically engineered canola, the extra
quantities of the enzywme and its decreased
sensitivity allow the plants to grow normally
despite the presence of “Roundup”.

Monsanto planted insect-resistant tomsato plants
earlter this year in Mexico and Florida. (Source:
Chemical Marketing Reporter, 29 May 1989)

Bioccontrol agent is patented

Bio-Technology General (New York City) has been
issued a US patent for its method of growing certain
strains of trichoderma, which the company says could
become 4 novel, non-chemical fungicide. The species,
the company says, represents biological control
agents capable of protecting commercially vital
piants, roots and plant seeds from certain fungal
diseases. The company notes that results from field
trials have indicated that these species are
ecologically safer than chemical fungicides.
Bio-Technology General is currently lookirg for
corporate partners to commercialize trichoderma.
(Source: Chemical Week, 12 July 1989)

Early detection for crop diseases

Agri-Diagnostics Associates (Cinnaminson, NJ),
a joint venture between DNA Plant Technology
{(Cinnaminson) and Beazer Materials and Services
(Pittsburgh), has come out with a test kit for
on-site detection of fungal disease in soybean and
other crops. The tests detect disease pathogens
including Phytophthora, Rhizoctonia, Pytnium and
Sclerotinia in crop plants. Also, a new l0-minute
test kit to detect fungal disease in turfgrass is
now available, replacing the previous kit that took
three hours to give results. Steve Banegas, general
manager of Agri-Diagnostics, says the firm is
working with Ciba-Gelgy (Ardsley, NY) on a soil
assay for Phytophthora, to determine its presence in
a field before soybean crops are planted. (Source:
Chemical Week, 28 June 1989)

Potatoes produce soy protein

Kirin Brewery has developed a potatn plant that
can produce a soy protein in its lea.es and tubers.
The potato plant was modified to make glycinin with
the aid of the National Research Institute of the
Ministry of Agriculture, Porestry and Pisheries.

The gene was introduced into the potato via an
agrobacterium. Glycinin is rich in the essential
amino acid lysine. Kirin had previously succeeded
in engineering potatoes with antibiotic tolerance.
(Extracted from Japan Chemicals, 11 May 1989)

Field itrials of genetically modified potatoes

Shell Research Ltd. is carrying out small scale
field trials this year on genetically modified
potatoes, as part of a programme designed to develop
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Crops with enhanced resistance to pests and
diseases. Potatoes of the variety Desiree have been
modified by the transfer of a genz2 from another
edible crop plant. The gene is expected to confer
an increased resistance to insect pests. (Source:
Biotechnology Bulletin, vol. 8, No. S, June 1989)

Tobacco plants produce desired proteins

Tobacco plants can be made to produce desired
proteins by spraying theam with an RNA-carrying
vector, according to Biosource Genetics (Vacaville,
CA). The RNA molecules are packed in a protein
coat, much like a virus. The particles enter plant
cells through a cut in the leaves, and the RNA
starts to direct p-otein assembly in the cytoplasm,
without entering the nucleus. The technique could
be used to produce interleukin-2, intecrferon., serum
albumin, etc. The technique might be field-testad
in about a year, but US Environmental Protection
Agency and US Departe=nt of Agriculture approval
will be needed before the technology can be
commercialized. (Ea.racted from Science News,

15 April 1989)

Early flowering tobacco

Researchers 1n Hirobumi Uchimiya's laboratory
at Tsukuba University (lbaraki) have constructed a
strain of tobacco that flowers up to one month
earlier than usual. Uchimiya had previously
identified the gene that induces early maturation -
the first example of its kind - as responsible for
causing the pilants to produce shorter stems.

The scientists isolated the earliy-maturation
gene from an Ri plasmid harboured by a strain of
soll bacteria that infects tobacco plants. They
introduced the gene into tobacco plant protoplasts
and measured the maturation rate of tobacco plants
regenerated from the protoplasts. Of the
35 regenerated plants, most flowered three weeks -
and some even a full month - sooner than the
controls.

The development of rapidly maturing, sturdy
strains would improve yields for many commercially
important plants. To this end, Uchimiya and nis
colleagues plan to insert this gene into otler plant
species. (Source: Bio/Technology, Vol. 7,

June 1989)

Agracetus beqins field test of insect-resistant
cetton

The world's first field test of genetical.y
engineered cotton plants began on 27 April.
Agracetus, a joint venture of Cetus Corp. and
W.R. Grace & Co., received permission from the
Animal and Plant Health Inspection Service (APHIS)
of the US Department of Agriculture to test the
cotton, which Agracetus scientists had genetically
modified to resist attack by damaging caterpillars
such as the tobacco budworm and cotton bollworm.

The new cotton contains a gene from Bacillus
thuringiensis, a common soil bacterium. The
bacterium is harmless to other insects, man and
animals, and has been widely used in biological pest
corntrol since the early 1960s. (Source:
Biotechnology Bulletin, Vol. 8, No. 4, May 1989)

Allelix achieves first corn plants from pollen cells

Scientists at Allelix Crop Technologies of
ontario, Canada, have grown breeding (homozygous)
plants from immature male corn cells. The




microspore ‘deritved cell iitnes van be used to produce
genetically engineered plants 2nd improved hybrids.
{(Source: Biotechnology Bulletin, Vol. 8, No. 4,

May 1939)

TInsect Exovet” could replace chemical pesticides

The UK's first bio-control product for black
vine weevil has been launched by Agricultural
Genetics Company (AGC). The weevil's larvae cause
damage to glasshouse Crops such as cyclamen by
attacking the plant‘s main feeding roots. Because
this attack happens below soil level, infestation
may pass unnoticed until growth slows and leat
yellowing and wilting become apparent, by which time
it is too late to save the plant.

In the past, control has been possible only by
dsing the chemical aldrin, but the UK Government's
recent legislation banning sales of this chemical
from 1990, and its use frcm 1992, has heightened the
need for an environmentally safe alternative.
Nemasys, which will be marketed by AGC's Microbio
Division, employs a nematode whose potential was
first identified at the AFRC Institute of
Horticultural Research by a group led by
Paul Richardson.

The species carries a type of bacteria that is
deadly to maiy insects and their larvae. The
nematode has been nicknamed a “biclogical Exocet”,
because of its ability to seek and destrcy insect

larvae. It enters their bodies and releases its
fatal load of bacteria. (Source: Biotechnclogy

Bulletin, Vol. 8, No. 4, May 1989)

Monsanto developing plant vaccine

The 1:oculation of plants with a coat protein
can confer virus resistance, according to
Dr. Keith 0'Connell of Monsanto Co. As a new
approach for virus resistance, Monsanto researchers
inserted into plants the gjene from a virus which
directs the production of the virus “coat” protein.
The presence of the coat protein in the plant cells
prevents the virus from infecting the plant.

To date, virus
mosaic

resistance tu tobacco mosaic
(TMV), tomato mosaic virus (ToMV), alfalfa
virus (AlMV), cucumber mosaic virus (CMV), tobaccr
streak virus (TSV), potato virus (PVX) and potato
virus Y (PVY) has been introduced into corresponding
crop plants.

Coat protein levels detected in the plants
ranged from 0.002 to 0.1 per cent of total leaf
protein. The average levels of virus detected 1
the plants with the added gene were 9 36 per cent of
levels found in the contrul plants without the
gene. Virus-resistant crops are not eipected to
reach the market until the mid 1990s. (Source:

_____ 3, April 1989)

Yood production and processing

Biotech at home

Using the same immunoassay technoulogy now tound
in home pregnancy test kits, biotechaology companies
will 300n be marketing kits allowing consumers to
chevck for contaminants 1n fruits, vegetables and
drinkiag water, according to Consulting Resourdes
Cotporation, The consulting firm estimates that the
market for such monitoring units could exceed
$100 million within the nest ten years. (Source:
Chemical Markeling Reporter, 3 April 1989)
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A cuitural revolution for cheese

Biotechnulogists are Jeveloping new techniques
tu mass produce cheese. In the US and European
Community, some SO biilion litres per year of milk
are now transtormed into cheese. New techniques
include genetic probes to detect and identify
bacteria that can spoil foods or cause disease.
Antibodies could also be used to detect
contaminants. Researchers are also developirj
aitered enzymes tor cheesemaking. In addirion to
studyiag ways to control the curdiing of ailk,
researchers are attempting to speed the maturatio:
of cheeses, which 1s a complex biological process in
which proteins and tats in tae milk are converted o
flavour compounds. Even the relatively simple
process of spiitting fats into fatty acids is
difficult to speed up. Adding enzymes at the wruny
time can spouil cheese. Encapsulation of the enzymes
may provide some help. (Extracted from New
Scientist, 27 May 1989)

Milk coating could push trozen toods into the coid

The dull fare of fruzen pizza, chips and other
convenience fcods may soon become obsolete,
following the development of a new technique to keep
sliced fruit and vegetables fresh and tasty tor
several days. Instead of tilling up shopp.ng
trcileys with the usual tiozen assortment, pe ‘vle
may soon be able to buy fresh food that has aiready
been washed, sliced and pitted.

Attila Pavlath, from the US Department of
Agriculture Research Service in Albarny. California,
has found a way to keep sliced fruit and vegetables
fresh for up to three days by covering them with an
edible coating based on milk.

Although farmers use coatings to increase the
lifetime of their produce, until now no one has
found a way ot preserving fruit and vegetables that
have been cut or peeled. The problem researchers
face is to develop a coating that will stick onto a
moist surface and prevent oiygen passing in and
water passing out.

Most fruit and vegetables give off carbon
dioxide after they have been picked. Unless the
coating enables the carbon dioxide to pass through
it, the taste of the food will change. The coating
alsc has <o be edible and perhaps the most
difficult condition to meet acceptable to the US
Food and Drug Administratiosn. (FOA).

Paviath touk milk ac a starting point because
the proteins in it make a very gond tilm. Protein
films form ar inadequate barrier againsi water and
oxygen, so Pavliath had to modify them by adding
enzymes to the milk.

These enzymes "tile” the proteins together.
Pavlath used the technique to weave proteins
together, so forming a mesh fine enough to reduce
the amount of oxygen and water molecules crossing
the barrier.

The films could also be used to modify produce
and, according to Pavliath, add "exciting new
flavours of colourings to standard fare®,

One poussibility, he suggests, is to jazz up”
slic.d pears, by protecting them with a protein
coating flavoured with naturai red cherries. The
coatings could al7o be used to keep fillings in pies
and pizzas from sodking the crust, says Paviath.




Although the barrier keeps cut fruit and
vegetatles fresh tor several days. tood cumparies
a1e uniikely to use Pavliath's cuating unless it ca:n
preserve food fur several weeks, because of the
amourt Of time 1t takes to Jdistribute foud to
supermarkets.

s that he wiil be able to make
effective by making the mulecular
The problem, however, is not
trivial, because if the mesh 1s tuo fine, then the
filr will become rigid and ptone to crack, allowing
the fouwd to decay. (Source: New Scientist,

June 1389)

Paviath bLelleve
nis coating mure
rcesh even finer._

Bacteria identification

Biloley (Hayward, CA) have Jdeveloped a piovess
that identifties bacteria trom the chemicals they
consume. The company calis the technology
“breathprints®, and believes it may assist in
detecting disease Or cuntaminants in cheese ot
wisemaking. Biolog has created a cuiture plate with
o wells, one each for the 96 Jifferent chemicals
couonsumed by so-called gram negative bacteria, which
cause such diseases as pneumcrnla, gonorrhoea and
influenza. Samples of unitdentitied bacterium are
placed in each of the wells. It the bug metatolizes
the che2mical, a dye in the chemical turns purpie.

By examining the pattern of wells that have turned
colour and comparing 1t to patterns produced by
kniown bacteria, a computerized instrument can
determine which specitic bug 1s present. (Extracted
trom Business week, 29 May 1989)

Enerqgy and envirc tal applications

Early waraings ot stress

All kinds of ceils and organisms, from bacteria
to people, respond to harmful environmental
conditions by synthesizing stress proteins, also
known as heat shock proteins. As the severity of
the stress 1acreases, so does the production ot the
proteins. They appear in response o a4 host of
events such as high temperature, lack of oxygen, and
eiposure to heavy metals, ethanol and. in mammals at
least, to physical trauma.

Researchers know of at least 30 stress proteins,
identified from the mass of cellular proteins
separated by gel electrophoresis. Cells make them in
var; ing amounts, depending on the type and severity
of stress. The functions of the proteins are still
unclear. Preliminary evidence suggests, however,
that those made by an organism under stress protect
it trom damage that turther exposure would cause.

their function aflter stress. the

extra heat-shock proteins 1s 3 sure
organism has been stressed. Biologists
to use this knowledge in at least
to measure stress or pollution in the
environment; to improve medical diagnosis and
therapy: and 1n biotechnology. In each case, there
is a commercial application that is about to reach
the market place.

whatever
appearance of
sign that the
might be able
three ways:

Current methods of measuring poliution in the
environment have limitations. It 1s not easy to
assess the severity of contamination by sampling and
testing for various chemicals. In water, for
edample, the heavy metal cadmium may be chelated 1n
a form that renders it harmless: measuring cadmium
levels alone cannot distinguish between safe and
tokic forms of the metal. Aiternatively,

medsurements may indicate that the level of a heavy
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metal in water 1s low. Lut It may accumulate to
toxic levels in the tissues Of cryanisms, such as
the livers of fish.

williams welch, a cell bioiogist at the
University of California at San Francisco, thinks
that stress proteins wili provide a better method
for determining environmental contamination.

The stress prutetns synthesized by an orgarnism
are 2 highly sensitive indicator of environmental
stress, according to wWelch. The amuunt of stress
protein i1t produces indicates the severity of the
pollution;: a kauwledge ol which unes it makes
reveals the type of stress. For example, cells make
one particular stress protein, identified by its
size a4s a sub-unit mulecular weight of
32 kilwdalrons, in response to heavy metals, but not
in respunse to other stress agents. So it
researchers identify this protein in an organism,
they xnow that heavy metals are present.

Some industries could use this knowledge, weich
argues, to monitor the pullutivn of waterways near
factories, for instance, by placing a specific test
organism at 3 site where contamination is suspected.
Latoratory workers could then analyse the organism
at regular intervals to determine which stress
proteins are present and in what guantities.

This application is beiny pursued by a newly
tormed Canadian company calleld CB Research
International Corporation based in British Columbia,
with an American affiliate in Long Beach,
California. The company, which is the first in the
field., plans to market diagnostic tools to measure
stress proteins. The diagnostic kits might usse
antibodies to various stress proteins to determine
their levels, or gene probes that detect the
proteins indirectly, by tarjeting levels of
messenger RNA, the chemical mediator between genes
and proteins.

The com, any aisc plans to sell transgenic
organisms that cousu act as custom-made monitors of
specific poullutants. The transgenic organism would
carry a "promoter” from a stress protein gene
attached to a "reporter” gene. The promoter is a
piece of DNA that lies alongside a gene and ensures
its activation in the right circumstances. The idea
is that a particular kind of environmental stress
will activats the stress promoter and cause the cell
to produce th2 reporter protein, which could be
anything that 1s easy to detect. The level of the
reporter protein indicates the severity of the
stress.

Occupational health workers or environmental
nealth ofticers could mon:itor the expcsure of humans
to pollution in a similar way, by taking regular
blood samples and measuring the stress response of
the white blood cells known as lymplocytes. An
increase in the levels of stress proteins in
lymphocytes above normal levels will indicate that a
worker may have been exposed to a toxic compound.
welch, who also acls as a consultant to CB Resedarch
International, says that the monitoring is simple
enot'gh to be done as often as once a4 month.

Stress proteins will also play an important
role in hyperthermia, the application of heat to
tumours. Doctors aze increasingly using heat,
applied to tumours onve of twice a4 week, in
conjunction with a course of daily radiation
tredatment. Sufface tumours ate most easily heated
with microwaves, but radiofrequency waves or
witrascund can be used to heat deep seated tumours.



The l2vel Of stress protelns increases afters
the first heat treatment and, at the same time, the
tumour cells develop a temporary resistance to the
damage caused by heat. This resistance 1s known as
thermotolerance. As the stress proteins Jdecrease
again, the resistance also disappears. This link
between the amounts of stress proteins in a cell
and its tolerance to heat is the reason why
scientists believe that stress proteins dc something
to protect cells from the armful effects of the
environment.

A clinician can decide when to yive the second
heat treatment, making sure that the temporary
resistance to heat has disappeared first, by
measuring the stress proteins. At Stanford, in the
Department of Radiation Oncolocy. they are running a3
trial to test this use of stress proteins.

The proteins could also help doctors to
Jdetermine the extent of many kinds of injury.
wWhen traumas oCcur in organs ¢? the budy. it may be
difficult to track down the site and the extent of
the damage. Scientists have recently shown that a
stress response occurs in the heart and brain of
people following the transient blockage of blood
vessels, ischaemia, during a heart attack or
stcoke. According to welch, 1t may be possible to
diagnose the extent of damage caused by ischaemia by
measuring the stress proteins released into the
blood. Further studies may reveal stress proteins
that are specific to a particular crgan, enabling
doctors to pinpoint the site of damage.

Stress proteins may also play 2 role in the
development of artherosclerosis, the disease of the
walls of the aiteries that often leads to ischaemia,
according to Paul Berberian from Wake Forest
University in North Carolina. Fatty plagues develop
on the walls of diseased arteries and increase in
size to the point where they impede blood flow and
stimulate clotting. Berberian has found that the
cholesterol-rich cells in the plaque have increased
leve's of the most prominent stress protein, the
70 kilodalton protein. No one yet knows how the
stress proteins contribute to the buili-up of
plagues, huwever.

Doctors may soon expluit the phenomenon of
thermotolerance, or tolerance to stress, to reduce
the effect of trauma during surgery or other
therapies. Mary Barbe from the Medical College of
Pennsylvania and her colieayues have shown that
inducing cells to produce stress proteins by
heating them mildly can protect the retina of rats
from subsequent damage by light. Wwilliam Currie and
his colleagues from Dalhousie University,

Nova Scotia, have demonstrated that the hearts of
tats exposed to mild hyperthermia recover more
guickly from ischaemia than do hearts that have not
been heated. So using hyperthermia to stimulate
cells to produce stress proteins might help tc
protect the retina during eye surgery or the heart
following ischaemia.

Parasitologists ate studying stress proteins as
well. Parasites that cause malaria, schistosomiasis
and sleeping sickness, for instance, suffer a heat
shock when they invade a human. Their body
temperatur~s rise from that in 1ts primary host,
such as a snail, to 37° C in humans. Douglas Young
from the Medical Research Council’'s Tuberculosis
Unit at Hammersmith Hospital, in London, has shown
that the parasites secrete large » .auts of the
70 kilodalton stress protein, and that the patient
responds by making antibodies against it. The
hacteria that causes leprosy, legionnairtes’ disease,

syphilis and Lyme disease also elicit an antibody
responze, but against 3 Jifferent stress protein.

Because the stress proteins stimulaze the body
to produce antibodias, they could be candidates for
vaccines against these pathogens. The stress
proteins made by all organisms have much the same
structure - they share “highly conserved® regions -
S0 a vaccine against stress protein should protect
against many diseases caused by parasites. The
structural similarity of stress proteins, however,
may cause problems for the human host. Repeated
injections of a protein vaccine may break down the
host"s tolerance of self. The antibodies produced
may turn around and attack host stress proteins
causinj an autoimmune reaction. At the moment, 1t
is unclear who benefits from the stress proteins
during infection, the pathogen or the host. But
either way, manipulating the level Of stress
proteins during infection may reduce the severity of
the infection.

The booming field of biotechnology also stands
to benefit from the application of stress proteins
and their promoters. Industry now rroduces many
proteins that have important uses in medicine, such
as insulin and growth hormone, from genetically
engineered bacteria and yeast cultured in large
fermertatior vats. Various sorts of eavironmental
insults, such as crowding, overheating and
nutritional deficits cause a stress response in the
yeast or bacteria that reduces the amount of the
desired protein they can manufacture. CB Research
Internaticnal plans to develop strains of veast and
bacteria that produce unusually high levels of one
or more stress proteins and so are resistant to, of
tolerant of, environmental stress in the vat.

The company also has industrial outiets in mind
for its pollution indicator. This consists of a
promoter from a stress protein linked to a reporter
protein. Company scientists will transfer the
construct into the yeast or bacteria along with the
gene for the protein being made for commercial
purposes. Any stressful situation in the vat would
activate the promoter and cause the cells to
manufacture the reporter protein. By measuring the
amount of the reporter protein, for example by
detecting a change in ihe colour of the medium,
technologists could receive an early warning of
stress in the vat.

Biotechnologists are also exploring the
opposite approach: to link the gene for a protein
of commercial interest to the promoter of a stress
prote.n. Then, as harmful co:iditions develop in the
vat, cells will reduce their synthesis of many
normal proteins but increase the production of the
stress proteins. Cells will make more of the
comme.cially impo tant protein as well, because the
gene for the protein is linked to the stress
promoter. Technicians can then easily harvest the
desired protein from a medium containing few other
normal proteins.

Tolerance to stress can be used to advantdage in
agriculture too. Genetically engineered plants
containing extra copies of the genes for stress
proteins could grow in environments that normally
plants cannot tolerate. It may be possible to
produce crop piants resistant to heat, drought or
salt. As the greenhouse effect continues to promote
global warming, humanity will increasingly rely on
plants that can grow at higher temperatures,
Suientists have yet to determine which of the stress
proteins can provide this protection. (Sovurce:

New Suientist, 1 April 1989)




Gene technology to spot pollution damage

As a project under the Swedish National
Environment Protection Board scheme, a research
group has been set up at the Lund Institute of
Science and Technology to study the early
identification of pollution damage by gene
technology. The research objective is to improve
early Jdetection of acidilZication, heavy metals,
dioxins and organic solvents.

The current theory is that organisms in the
soil adapt to environmental changes, and studies ot
their germ plasm with DNA technology could therefore
indicate a process of change in the environment.

The overall aim is to develop new sensitive
methods to spot early stages of change in the
environment that at present remain undetected. The
problem of soil testing is that change: take place
very slowly over decades until the tolerance level is
reached. Then deterioration rate escalates rapidly
to reach a “"beyond repair” stage within a short

period. (Source: BIO Technica Journal No. 2, :989)

Waste water purification by funqus

Scientists at the Vienna Technical University's
Institute for Biochemical Technology and
Microbiology have developed a process in which the
organic chlorine compounds in the waste water from
bleaching cellulose pulp are broken down by white
pocket fungi, which in nature utilize the ligniu of
wood. The resulting compounds have no effect on
rivers and streams. An efficiency w2s reached in
initial trials and a pilot plant is due to be
installed at a cellulose pulp factory in late 1989.
(Source: BIO Technica Journal No. 2, 1989)

In-situ soil decontaminaticn

The FRG Bergblau Forschung GmbH with several
partners works on the microbial degradation of
contaminants in soils of sites where coke oven
plants and gas works operated before. The objective
is to develop a testing procedure in order to
evaluate efficacy beforehand and input of biological
reclamation of contaminated soils. The results of
the laboratory tests will, after assessment of
geological and hydro-geological site parameters,
pave the way for the design of an efficient
feclamation straegy. (Source: BIO Technica
Juurnal, No. 2, 17R9)

Biolwgical denitrification of drinking water

Based on RsD work of the Preussag AG, a
demonstration plant for the bioclogical
denitrification of drinking water has been tested
at Langenfeld-Monheim. The DENIFOR process applies
heterotroph aguatic micro organisms and ethancl to
transform 9% to 99 per cent of the nitrates into
gaseous nitrogen without changing the natural
composition of water. The plant is designed for a
reduction of 80 Kg/d N equivalent to 360 Kg/d nol.
About 300 m7/h of water are nearly completely
denitrified. (Source: BIO Techniva Journal No. 2,
1989)

Bact

erial armoury joins tight against Alaskan spill
Scientists with the Envitonmental
Agency (EPA) in the US plan to
consume oil in an experimental
0il spill which has fouled the
Prince wWilliam Sound since the
ran aground there in March.

Protection
use bacteria that
attempt to tackle the
beaches .f Alaska's
tanker, Exxon Valdez,

Jay Benforado, of the EPA, says that the
bacteria are not “sup2rbugs”™ genetically engineered
to break down oii. They are the hardiest natural
survivors of the original spill, the worst in
American waters. The scientists plan to encourage
the growth of a “"suite of organisms®, assuming that
one or moze strains will be able to degrade the
toxic hydrocarbons in the spilled oil.

This is the first time that such biological
techniques have been used to tackle large-scale oil
spills. The investigators will develop rules for
the study as they go.

The intention is that researchers should
periodically feed bacteria living on the beaches
with a fertilizer that is rich in phosphorus and
nitrogen. In a separate approach, others will take
samples of local bacteiria to laboratories in the
area around Valdez. There, they will be cultured
and grown into a large biomass which will be
returrned to the beaches for active duty. The team
will then compare the effectiveness of the two
approaches.

There is little fear that the bacteria will
grow uncontrollably, as their food supply can be
interrupted at any time, says the EPA. The
investigators will, none the less, monitor the
experiment carefully for unwanted side effects such
as "eutrophication”, a rapid growth of algae that
can occur when nutrients are unusually abundant.

Blooms can kill fish and other marine organisms
by depriving them of oxygen. By-products of
bacterial degradation will also be analysed. The
team fears that such by products may poison nearby
plants and animals. (Source: New Scientist,

10 June 1989)

Crude oil degradation micro-organisms from ATCC

In the wake of the Exxon Valdez disaster in
Alaska, the American Type Culture Collection (ATCC)
has announced that it has 26 micro-organisms which
have been cited in scientific publications for their
ability to degrade petroleum, i.e. crude oil. The
group of organisms includes six bacterial strains,
six yeast strains and 14 fungi strains. Details
from: Amesican Type Culture Collection,

12301 Parklawn Drive, Rockville, MD 20852-1776,
USA. (Source: Biotechnoloqy Bulletin, Vol. 8,
No. 5, June 1989)

Adapting medical didygnostics

EnSys Inc., a privately held environmental
biotechnology company, has just raised $4.5 million
through the sale of equity to a group of venture
capital funds and pians to develop rapid,
easy-to -use, on-site diagnostic tests for the
detection of hazardous materials.

The company’'s first products will be directly
readable air monitoring badges to be worn by
workeis, a project on which it is collaborating with
Assay Technology, Inc. These will be folloved by
test kits to detect chemicals and toxic waste in
soil and water samples.

The EnSys strategy involves adapting medical
diagrostic technology for environmental use. New
tests, like those used to test for pregnancy gt
home, are designed to be used by consumers. Many

are based on imamusoassay, the process in which
antibodies are used to detect minute guantities of
EnSys is devel.,ping hazardous chemical

substances.
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detection systems using both immunoassay and colout
change chemistry.

The advantage ot the new eavironmental
diagnostic tests is that they should be highly
sensitive, yet easy to perform. As a result,
expensive laboratory equipment or highly skilled
technicians are not needed. Instead, the tests
could be used by workers at all stages of hazardous
waste monitoring or at toxic waste clean-up sites.
worker monitoring badges using this technology could
be read directly by the wearer, simply by observing
a colour change.

Among the substances the EnSys tests will
detect are chemicals like aromatic hydrocarbons,
chlorinated solvents, pesticides and heavy metais.
Details from: Orlan Johnson, President, EnSys Inc.,
300 Park Offices Drive, Suite 119, P.O. Box 14003,
Research Triangle Park, NC 27709, USA.

Note: A report tocusing un emerging clean-up
technologies has just been published in the States.
Copies of Cleaning up: US Waste Manigement
Technology and Third world Development, by

John Elkington and Jonathan Shopley, are available
from the Worlid Hesources Institute, 1709 New York

Avenue, N.W., washington, D.C. 20000, USA.
{Source: Biotechnology Bulletin, Vol. 8, No. 4,
May 1989)

Genetic engineering improves ethanol yields

Through genetic engineering, SERI researchers
are lowering the cost of producing fuel ethan.i f.om
cellulosic biomass feedstocks such as wheat straw
and wood chips.

The key is in the production of xylose
isomerase, a bacterial enzyme that increases the
efficiency with which xylose, a five-carbon sugar,
is fermented to ethanol. Xylose accounts for 30
to 50 per cent of the fermentable sugar in these
feedstocks.

Using a genetic engineering technique that
allows for the overproduction of enzymes, researchers
in SERI's Biotechnology Research Branch have achieved
cost -effective production of xylose isomerase.

This enzyme converts xylose to another sugar,
xyulose, which can be more easily and efficiently
fermented by yeast. By simultaneous fermentation
and isomerization of xylose (SFIX), yeast cells
continuously convert the xylulose formed into
ethanol, using all the available xylose and
increasing the rates and yields of ethanol
production.

SERI researchers developed the process of
overproduction of the enzyme xylose isomerase
throuyh genetic engineering. The gene responsible
for production of the enzyme in the bacterium
Escherichia coli was altered by adding a promoter
gene, a segment of DNA that makes the original gene
produce xylose isomerase at higher than notmal
rates. To allow researchers to control the timing
of the overproduction, a repressor gene was also
added. The repressor makes the production of the
enzyme temperature dependent.

Controiling the timing of enzyme production
allows researchers to fine tune the process by
in separate steps. The cells are first grown to
high density at 32° C, the optimum temperature for
growth., The temperdture is then raised to 42° C,
which induces the enzyme production. This results

in an enzyme concentration ejual to about 20 per
cent uf the total protein in the cells after

two hours of induction, roughly 13 to 20 times the
level normally produced by E. c¢oli. SERI scientists
belleve these results can reduce the cost of ethanoid
pruduction from $1.80 gal. to $1.35-gal.

Contact: Dr. Stan Lastick (303) 231-7279.

(Source: SER! ST In Review, Wminter 1988-89)

Micrualygae co .sume greenhouse gases while producing
fuel

Microalgae may one day trap some of the catbon
dioxide responsible for the greenhouse etfect and
turn it into liquid fuel and other useful products.
These single-cell plants, which consume 20 times
more carbon dioxide per unit of land area than cCrop
plants, are the key to such facilities.

Since 1979, SERI researchers have been
developing micrcalgae as a biomass resource for the
production of liguid fuels. Their research has
resulted in methods of using microalgae to
biologically trap carbon dioxide, which is produced
by the burning of coal and oil and contributes to
global warming (the greenhouse effect) as it
accumulates in the atmosphere.

tnder current plant for microalgal biomass-to-
fuel technology, microalgae have the potential of
using 160 billion kilograms of carbon dioxide per
year fcr production of fuel and other products such
as specialty fatty acids and natural pigments.

The use of microalgae is preferable to other
carbon dioxide reduction schemes, which, some
analysts predict, would greatiy affect existing
utility operations and increase the cost of
electricity by at least 75 per cent.

The desert south-west of the USA, with abundant
expanses of flat land, high solar radiation, few
competing land uses, and availability of large
saline aquifers, is an ideal initial location for
microalgae farms. Other areas of the country and
globe also have potential for such installations.
Contact: Dr. Lew Brown (303) 231-1321.

(Source: SERI SsT In Review, Winter 1988-89)

Biopesticides: Can they herald the promised land?

According to a recent survey chemical
pesticides are going to be slowly replaced by
biologicals, a collective name for biopesticides
the insect toxins, pheromones, growth regulators,
etc. in the coming decades. The present world
turnover of about $30-34 million is likely to grow
to $8 billicn within the next ten years to come.
Sirce 1964, when DDT was banned, another
15 pesticides were banned in the US. Several dozen
others have been restricted or altogether banned in
subsequent years up to 1986. The cost of RsD and
time taken for registration (about $!1 million a year
for eight years) are making any new project out of
reach for many companies. Another discouraging
feature is that, by the time registration is
granted, a little more than half of the patent
period ot 15 years expires. The US Congress has
recently extended the patent by five years to offset
the time taken for registration. As against this
biopesticides take three to four years to develop
and cost a third of what it costs to develop a4
chemical molecule.

Again, it 135 the American scene where the
action is, though research is going on all over the
world, on non chemical pest control agents., Several
biotechnolngy compa~ies are in the fray, developing




new microbes. About 4 score ot leading pesticides
giants are also in the run. 3andoz has introduced
Bacillus thuringiensts (BT) and has demonstrated its
effectiveness as a mosgquito larvicide also. Monsanto
went another step ahead and developed a genetically
engineered Pseudomonas fluorescens, which
incorporated the insect toxin-producing gene of BT.
These organisms are expected to colourice in the
roots of plants and kill soil insects. Pseudomonas
could not get the EPA clearance for field testing,
as there is no information on the migratioun of the
bacterium. Another biopesticide was rejected by EPA
as the manufacturers, Advanced Genetic Sciences, a
Calitornia company, conducted unauthorized field
trials with its genetically engineered P. syringas
(ice minus strain). Following this, Monsanto has
dropped its application for M. fluorescens. As a
frllow-up, Munsanto has developed another

:netically engineered strain of lactose digesting
v. florescens, which turns bright blue due to a
genetic market. This will make it easy to detect
the bacteria if they migrated away from the root
clusters of the plants where they are deposited.

According to industry sources, however, the
real potential lies in toxins of fungal and viral
origin. Monsanto is developing a fungal strain,
alternaria cassiae, which can kill jointvetch, a
weed of soybean in the US, and also have a programme
of joint effort with Mycogen, a biotechnology
company, which is likely to culminate in marketing
the product by 1990, under the trade name "casst”.
Notwithstanding the scientific merits and Monsanto's
interest, fungal pesticides are not much to talk
about in commercial terms. The temperature and
humidity in the country are said to be capable of
neutralizing their effectiveness.

Chevron Chemicals' Agricultural Chemicals
Division is engaged in actively evaluating a
fungicide and is negotiating with biotechnology
companies about setting up joint ventures.
Hoechst-Roussel Agri. Vet claimed that they have a
non-selective pesticide which they are hoping to
register in the US, also by about 1990.

Dow Chemicals is adopting a different strategy.
Dow has acquired United Agriseeds, one of the 10 top
US seed companries, at a cost of $45 million to make
forays into bio-pesticides, while American Cyanamid
is using both in-house capabilities and
collaboration. They have agreements with some
companies working in the field. Ecogen, a
Pennsylvania-based company, is working on a cotton
bio-insecticide, with American Cyanamid. The
company has already commercialized two biopesticides,
"Dagger G", a biofungicide based on naturally
occurring Pseudomonas fluorescens for controlling
the damping of the disease of cotton seedlings, and
another a collage biopesticide for the control of
jointvetch weed in rice and soybeans. Ecogen is
also on the lookout, according to reports from the
joint venture partners, for marketing i:s products.

Another company to have hit the headlines and
coming closest to a recent trend in the US 15 Igene
Biotechnology, who commercialized a nematicide
Clando San, derived from the shells of crabs,
shellfish and shrimps. The company's chairman
reportedly said that the product has a market
potential of §l million a year.

In India, the Neem Mission of Pune is
populdarizing Neem derived products. A technology
for the production of Neem products is avdilable
with IARI. A fungicide of plant origin "Phytoalexin”
is marketed by th.: west Coast Rasayan. The product
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induces phytoalexin production in the planrt body
which wards off phytomycetes infection. This is
almost on the same lines as the technique of
immunization. The product based on Phytoalexin
produced by gram plants is being marketed amcng the
grape farmers in Maharashtra, Andhra Pradesh and
Karnataka. The menufacturers cite references to say
that this chemical cannot be synthesized in the
laboratory.

Though several biological control agents are
recognized and references to herbs with pesticidal
properties are abundant in Ayurveda, and the
tfolklore, no Indian company has attempted to develop
and commercialize these products. The comparatively
low cost of R&D and the possible ease with which
these products can be registered should open
enormous opportunities to Indian companies and
scientists to develop future generation pesticides.
Unlike in the West, Ayurveda and local medicines
offer clues to potential candidates, which is an
advantage the scientists and technocrats in India
should exploit. (Extracted from Chemical Business,
20 May - 4 June 1989)

Extraction industry applications

Magnesite beneficiation through gene technology

The State-owned Burn Standard Co. Ltd. in
Calcutta, India claims to have achieved a vital
breakthrough in magnesite beneficiation by employing
a genetic engineering process. Following sustained
research and development efforts, the company may be
able to economically utilize the large magnesite ore
reserves in Salem district in Tamii Nadu. 1In the
current fiscal year, it is setting up a pilot plant
at Salem with S5-mt/d capacity. When chemical
beneficiation would have cost R 200 million, or
about $14 million, the company turned to gene*ic
engineering to remove silica from magnesite ore.

The genetic engineering technique involves the
isolation of various silicate micro-organisms from
different magnesite ores through silica-removing
strains. After extensive research, a process was
developed where silica content could be reduced from
14 per cent to 2.5 per cent, and a series of
reactors has been installed in a semi-pilot plant.
The results show that silica contents could be
reduced to 1 per cent. (Source: E & MJ
[Engineering and Mining Journal), May 1989)

Iron-oxidizing bacteria

Scientists at Dowa Kogyc (Dowa Mining Co. Ltd.,
Tokyo) - collaborating with researchers at the
Agricultural Junior College of Akita Prefecture -
have developed a host-vector system for cloning
genes in iron-oxidizing bacteria. One constructed
strain grows twice a4s fast as the wild type, and
oxidizes iron at twice the rate. Iron-oxidizing
bacteria are used ia mining to leach metals such as
copper and uranium from iron ore and to process
waste hydrogen sulphide gas produced by petroleum
refineries. Unfortunately, however, many of the
potentially useful bacterial strains grow too slowly
to be practical.

Iron-oxidizing bacteria grow in extremely
acidic soil. They convert Fe to Fe using
the chemical energy and carbon dioxide released
during this reaction for metabolic growth. The
host vector system consists of a bacterial plasmid
carrying the gene for mercury resistance The
scientists used this vector to clone a gene that
decreases the doubling time of the host bacteria




from six to seven hours to three hours. The
scientists hope to Jevelop new “industrial-strength®
bacterial strains in two ty three years. Because
there are still restrictions concerning the release
of genetically engineered organisms into the
environment, extensive safety testing will be
required before the bactesia can be used in the
field. (Source: Bio/Technology, Vol. 7, June 1983)

Chemical applications

Nitto discovers acrylamide microbe

Nitto Chemical Industry of Japan has discovered
a microbe it claims is capable of improving
biological production of acrylamide. The microbe
will allow the company to increase acrylamide
production from 6,000 ton- year to 10,000 ton/year
without having to alter its facilities.

According to the Jabanese firm, this microbial
process .s superior to the sulphuric acid and copper
catalyst processes now in use. "It is capable of
producing acrylamide at lcwer cost and calls for
only limited space for installation of process
units*", says Nitto.

The new organism will be scaled up for
commercial production during this year. Nitto
intencds using the technology overseas both by itself
and through joint ventures. (Source: European
Chemical News, 24 July i983)

Industrial microbioloqy

SERI enzyme work increases industry profits

SERI researchers are at work lowering the
expense of industrial enzyme use by producing
enzymes that remain active longer under the harsh
conditions encountered in industrial reactions.

Today, industry commonly uses enzymes to help
break down starch in the production of alcoholic
beve-ages, to degrade cellulose in clarifying fruit
juices and modifying fruit and vegetable products,
and as protein- and lipid-degrading agents in
detergents and meat tenderizers.

Using special chemical reageats, SERI
researchers are modifying e.zymes by reticulation -
the formation of a network of covalent chemical
bonds between different portions of the folded
peptide chains that make up the molecules of enzymes
and other proteins.

The man-made supplementary bonds created by
this type of crosslinking produce enzymes with
greater physicdai stabitity than occurs naturally.

One example of such modification is the enzyme
p-glucosidase, whicli is produced by the tungus
Aspergillus niger and used to suvplement the
conversion of cellulose to glucose for fermentation
to fuel alcohol. During the past year, researchers
in SERI's Applied Biological Sciences Section of the
Biotechnology Research Branch have developed
crosslinking techniques that increase the life time
of this enzyme more than 200 fold at the elevated
temperdature.

Through such etrorts in enzyme te-hnology, SER!
is helping clients enhance their industrial
processes and achieve greater profitability.

t: Dr. Karel Grohmann
ER1 S»T In Review, Winter

Contae
(Source: S

(303) 231 71252.
1988 89)
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Biotechroloyy headphones

Sony's MDR-R10 King is the world's first
headphones produced using bacteria to make the
diaphragm that vibrates to produce sound. In most
headphones, the diaphragm i1s made of compressed
paper. Sony, with Ajinomoto and Research Ins.itute
for Polymers & Textiles, uses Acetobacter aceti,

a short, rod-srtaped bacterium, to make the
diaphragm- It feeds the bacteria with a solution
of sugar saccharides to produce threads of
cellulose, under 40 nm diameter each. After

two days, the threads mesh into a web 2 mm thick.
Sony dries the web, compresses it into a sheet

20 microns thick and shapes it into a miniature
diaphragm that is ten times as rigid as paper.
(Extracted from New Scientist, 25 March 1989)

Bio-hazards

Assessment of genetic haz.rds

The GENHAZ procedure for assessing the hazards
that would be posed by releasing genetically
engineered organisms into the environment has been
developed under the sponsorship of the UK Royal
Commission on Environmental Pollution. GENHAZ is
based on IC{'s HAZOP procedure for hazard analysis,
which requires flow diagrams of various aspects of a
process, and puses questions about various stages in
the process. GENHAZ poses questions about each step
in the release of an organism. GENHAZ will be
tested in evaluating the release of genetically
altered potatoes at the John Innes Institute of the
Agricultural & Food Research Council. Commission
member C. Suckling says GENHAZ will point out even
remote possibilities. J. Beringer of the University
of Bristol says that GENHAZ asks questions in a
structured way that is novel to genetic engineering.
K. O'Connor of the US Office of Technology Assessment
says there is no comparable hazard assessment
procedure in the US. (Extracted from New Scientist,
27 May 1989)

E. PATENTS AND INTELLECTUAL PROPERTY ISSUES

EPO rejects patent application fo: transgenic mic
The European Patent Office iuw Munich has
rejected an application tiled by Harvard University

in Massachu _.ts for so-called "oncomice” -
transgenic mice with an activated cancer gene

from humans that produces tumours in the animals.
The US Patent Oftice granted a patent covering such
oncomice to the university more than a year ago.

The inventors of the oncomice are Philip Leder
from Harvard Medical School and his former
collaborator, Timuthy Stewart, now working for the
Genentech company in San Francisco. Reseatrchers can
use the oncomice as experimental models four certain
types of cancers that occur in humans.

The first

commercial product based on the

American patent is a4 strain of oncomice that carties
a human oncogene (cancer gene) called ras),

Du Pont, an American pharmaceuticals «ompany,
produces the mice under licence. The danimals carcy

that ras is "switched on”.
animals develop a type of
couple of months,

Must of the transgenic
breadast cancer within a

Christian Gugerell, the chief exdaminer at the
European Patent Office, 3a1d that these were two
reasons why the office derided on 27 June ta e ject




the patent. First, Article 53(b) of the European
Patent CJonvention excludes animal varieties from
patent protection. The office iuieipiets one of the
17 claims of the application as inherently
concerning animals. Secondly, the application
covered any transgenic mammal .

The US Patent Oftice took a different view,
following a US Supreme Court ruling in 1980 that
"averything under the sun” coul!l be patented if
it included some sort of invention. Harvard
wanted the European office to grant a patent on the
microbiological process used to produce oncomice,
but its application included the claim for the
animals themselves. Under the terms of the
European Patent Coavention, patents referring to a
process also cover the products of that process.
Harvard has two months to appeal against the
decision. (Source: New Scieatist, 8 July 1989)

Draft directive on patentabiiity of biotechnological

St

the invention and is essential for its

industrial utility.

The most important new proposal is to reverse
the burden of proof in an action for infringement,
where a process for making a product has been
patented, and that product is produced by a party
other than the patentee, and an organism for
carrying out the process has been deposited and a
sample given to a third party. In these
circumstances, in the absence of proof to the
contrary, the product will be deemed to have been
obtained by the patentable process. This provision
would give much greater protection to the patentee
where a new biotechnological process for manufacture
of a known product has been patented, and the
micro-organism has been deposited. (Source:

ABA Bulletin, Vol. 4, No. 2, April 1989)

Patenting Life Forms in Europe - a new publication
of the ICDA Seeds Campaign

‘nventions in the European Economic Community

The European Commission has sent to the Council
a formal proposal for a directive on patentability
of biotechnological inventions, with the aim of
ensuring that protection in this field is available
on similar conditions in all member States of the
European Economic Community.

According to the draft, the following will be
patentable:

- Micro-organisms (i.e. all microbioiogical
entities capable of replication)

- Biological classifications other than plant
or animal varieties

- Parts of plant and animal varieties other
than propogating material protectable under
Plant variety Protection law

- Plants and plant material, unless produced
by non-patentable use of a previously known
biotechnological process

- Uses of plant or animal varieties. and
process for the production thereof

~ Microbiological processes (i.e. processes
carried out with the use of, performed on,
or resulting in a micro-organism

- A process in which human intervention
consists of more than merely selecting an
available biological material and allowing
it to perform an inherent biological
function under natural conditions.

The subject mdatter of an invention, including a
mixture, which forms an unsepdarated part of a
pre-existing material, will not be considered
unpatentable fcr the reason only that it forms part
of the natural material.

Much consideration has been given to the
scope of protection, the circumstances in which use
is regarded as experimental, rights to protect
propagation of self replicable products, the
extension of rights to the product of a process
and to subsequent generations obtained by it, and
the extension of protection for a product with
particular genctic information to any product
incorporating that infoimation, where this
information ‘s an essential characteristic of

The patenting of life forms has grown into a
highly coatroversial issue, now that the new
biotechnology products are starting to reach the
marketplace. The EEC is about to take decision on a
draft Directive which would make virtually all forms
of life subject to exclusive monopoly control in all
EEC member States. The US Patent Office already
granted industrial patents on plants and animals,
while developing countries are under increasing
pressure to do the same.

Most of the decision-making on patenting life
forms is being done within board rooms and lawyers'’
offices, while the impact of life patents will be
felt by all of us. Deep concern has already been
expressed by breeders' and farmers' unions, consumers
and church-based organizations, and by environment
and third wecrld groups. The heart of the question
is whether genetic resources should be privately
owned, and whether society should grant monopoly
control over them to a handful of large transnational
corporations that are already controlling the
development of the new biotechnologies.

In order to provide a platform for the public
interest community to openly voice its concerns on
the impact of life patents, the ICDA Seeds Campaign
and GRAEL convened an international conference at
the European Parliament on the patenting of life
forms (February 1989). The conference was attended
by almost 200 people from many different sectors,
including NGOs, private industry, government
officials and public research institutions.
has now published Patenting Life Forms
which the full texts of all
total - are reproduced.

ICDA
in Burope, in
interventions - 18 in

Patenting Life Forms in Europe brings together,
for the first time, a whole range of data, views and
opinions on the impact of life patents presented by
policy makers and public interest groups. What do
patents mean for the biotecnhnology industry, for
public research, for farmers and for breeders? what
are the ethical and religious concerns and how will
they affect the position of developing countries?
Written in understandable language, Patenting Life
Forms in EBurope intends to broaden the discussion on
life patents and present accessible information and
views to facilitate the work of policy makers and
NGOs. The book has 80 pages, tables/graphs/
iJlustrations and costs US$30 for individuals and
other3 and US$12 for NGOs. Available from ICDA
Seeds Campaign, Apartado 23398, E-08080 Barcelona,
Spain.




Eutopean Patent Ottice

Tmedical treatment*

nattows detinttlon ot

In a deciston
Technical Board of

of the European Patent Ottice's
Appeal (Case 1385 8o,

2S5 Septemb2r 1988) the Jdetinition of "medical
treatment® tor the purposes of patentability was
considerably narrowed. The application was tor a
method for noo-invasive determination ot chemical
and‘or physical conditions inside a living animal or
human body using magnetic resonance. The Examiner
rejected the application as being tor a method of
diagnosis under EPC Article 3 %2(4), and hence
unpatentable. It was held that Article 52(3)

must be construed narrowly, and excludes from
patentability only methods whose results directly
enable a decision as to a patticular course of
treatment. Methods providing interim results are
not diagnostic methods tor this purpose, even if
they can be used in making a diagnosis. It was
further held that a method ot data gathering per se
does not amount to a method of diagnosis, since
this requires turther steps of comparison with
normal values, identification of abnormalities,
and a decision as to whether these abnormalities
result from a clinical condition. All of these
steps are required in order to constitute a
diagnostic method. A method which involves
interaction with the human or animal body can be
industrially applied if it can be used by a
technician who does not have specialist medical
knowledge or skills. In order to fall within
Article 52(4), a diagnostic method to be practiced
on the human or animal body presupposes a symptom
which is directly discernable on the body itself.
It was held that the claims were not for a
diagnostic method as detined by Article 5»2(4), but
were for a technical method of measurement which
might be useful for diagnostic purposes, as well as
for other purposes.

It is thought that this decision may open the
way for patentability ot non-invasive methods ot
diagnosis. This, in conjunction with the decision
regarding patentability of transyenic plants, widens
the scope of protection available in Europe for
biotechnological inventions. (Source:

ABA Bulletin, Vol. 4, No. 2, April 1989)
Animal patents
Animai rights, the reledse ot genetically

engineered organisms into the environment, and the
effects ot large agribusiness companies on the
farming industry are the real issues behind the
debate over the patenting of animals, dccording to a
report* released by the US Congress's Office of
Technology Assessment (OTA). Existing regulations
can be adapted to address most of the practicdl
considerations of animal patenting, such as whether
farmers should pay royalty tees for breeding
patented livestock. But the ethical gquestion ot
whether or not transgenic animals should be subject
to patents is a question that may need furthe:
claritication, OTA says.

Congress had heard Loth sides of the debate
since the patent office declared in early 1987
that it would uot reject patent applications on the
sole basis that the invention for which the patent
wds being sought wdas an animal. The granting of the
first patent for a higher life form last year to

* New Developments o Biotechnology
Patenting Life, Otfice of Technology Assessment,
Washington X, 1989

%4
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Harvard University, tot 4 transgenic mouse
containing human oncogenes - heated up the exchange
between patent proponents and those who assetrted
that animal patenting would lead to animal suftering
and higher costs for farmers.

But attempts in the past two years to pass
legislation to halt the patenting of additional
animals until the ramifications could be worked
out - and specitically to exempt researchers and
farmers trom royalty payment reguitements have
tloundered. The Animal Legyal Detense Fund has
also lost the tirst round in a court battle to
overturn the patent office's decision to patent
animals.

In the meantime, 43 patent applications
covering animals have piled up at the patent
office. Other companies are not waiting for patent
protection to develop profit-making genetically
engineered animals. Integrated Genetics has formed
a collaboration with Tufts University to develcp
herds of cows capabie of excreting human proteins in
their milk, and the company Transgenic Sciences has
just been formed, and intends to develop animal
breeds which produce valuable pharmaceuticals.
(Source: Nature, Vol. 338, 30 March 1989)

F. BIO-INFORMATICS

"Alterpative” pesticides spawned by biotechnoloygy
could grow to $8 billion market by 2000

An emerging world market for "alternative~®
microbiological and biochemical pesticides could be
worth $8 billion by the end of the century,
according to a new 3%0-page study trom Frost &
Sullivan entitled The Impact of Biotechnology on
Pesticides in the US (A2150).

"Many of the genetically engineered products
coming out of the laboratory over the next few years
will need to sustain three to five years or longer
of large-scale field testing and clearance betore
market release”, the report says. "For thuse who
can survive this passage, the rewards will {2 the
ability to pdarticipate in a market that could reach
$1-2 billion within 10 to 15 years in the US and
$6-8 billion worldwide".

The report also advises both large and small
companies to develop strong expertise and proprietary
processes irn targeted key technologies; select
"appropriate problems to solve within high value
markets®”; «consider strategic relationships tor
research, production, marketing, distribution and
financing; and think in terms of large-scale
production.

Alternative pesticides will be developed from
several core technologies. Recombinant DNA
techniques will create micro organisms to be used as
pesticides, discvase suppressants and chemical
detoxicants, as well as making piants themselves
more intrirsically pest resistant.

Bioprocessing will produce large quantities
of alternative pest controls efticiently and at
lower custs. Detection and measurement systems will
be developed to monitor plants and their environment
for pathogens and selected chemicals. Ultimately,
advances in basic cell biolugy will yield greater
knowledge of insect and plant physiology leading
to new melhods of pest control, Alternative
insectivides and herbicides will include bactetia,

viruses, tungi, other micro organisms and




reguliatory messenger control chemicals. Details
of the report, priced at $2,900.00, from:
Justomer Service, Frost & Sullivan Ltd., Sullivan
House, 4 Grosvenor Gardens, London SWlw UODH.

In the States, Frost & Sullivan Inc., are at

106 Fulton Street, New York, NY 10038. (Source:

Biotechnolugy Bulletin, Vol. 8, No. S, June 1989)

Biopesticides report

A new
Scientitic

report on biopesticides frum CPL
Information Services predicts that
protecting crops by non-chemical means is likely to
become far more widely practised in the near tuture.
Although alternative means of pest control,
including biopesticides, have thus far failed to
tulfil earlier predictions that they would take a
significant share of the world agrochemicals market,
they *re now poised to pose a challenge tu
agricultural chemicals.

In the current climate of anxiety about
contaminated food and water pollution, consumers are
suspicious of chemicals and would like to see their
use reduced. 1In the past biopesticides did aot
represent a feasible alternative to “"conventional®
chemicals, as they were frequently unreliable and
eipensive. Farmers attempting to grow “organic”,
non-chemical food found it difticult to obtain the
same quantity and apparent quality of produce grown
with chemicals.

Improved biopesticides now represent a real
alternative to chemical crop protection. Genetic
engineering and other techniques have been used to
make plants resistant to insects and to make
micro-organisms like bacteria, tungi and viruses
take on different properties t. enhance their
potency as biopesticides.

Around 50 companies are taxing an active
interest in biopesticides including established
producers like Abhott Laboratories and Sandoz, major
oil and chemical companies like Shell, Monsanto and
ICI, as well as new, dedicated riotechnology
companies like Ecogen and Mycogen. New products
coming to the market include biopesticides for the
control of potato beetle, specialty products
insect control in vegetable, and many others.
Although the total market is no mure than
$20-$30 million at present and RsD expenditures
exceed product sales, new technoloyy and the new
prcducts will make the market grow.

for

A newly published report frum CPL Scientific
Information Services reviews the current status and
future prospects of biopesticides in considerable
detail. BIOPesticides: Markets, Technoloqgy,
Registration & Companies 100,000 words in two
volumes is available for 1,500 pounds stesling ot
$2,500 trom: CPL Scientific Limited, Science House,
winchcombe Road, Newbury RGl4 5QX, UK.

Tel: 0635-524064, Fax: 0635 52932:. (Source:
Australian Journal of Biotechnology, Vul. 3, No. 2,
April 1989)

Biotuels:

This
the US Department of Energy’'s HBiofuels and Municipal

publication vutlines the resesrch plan of

Waste Technology Program. The Program's research
focuses on five pathways for producing ligquid and
gaseous f1iels (bicfuels) from many types of plant
materials ond from certain waste products such as
municipdal wau.tes. The fuel pathways use new of
currently availabie feedstocks and lead to

(1) alcohol tuels, (2) Liccrude derived gasoline,

(3) plant-oil-derived diesel fuel, (4) biogas, and
(5) syngas. These renewvable fuels provide
alternatives to petroleum, natural gas and other
fossil fuels. Bbackground, current status and future
research required are presented for each fuel
pathway, as are technical performance and cost
goals. The publication is available from the
National Technical Information Service,

US Department of Commerce, 5285 Port Royal Road,
Springfield, VA 2216l.

Handbooks of Biomass Downdratt Gasifier Engine
Systems by Thomas B. Reed and Agua Das

Recent concern about cost and availability of
alternative fuels has revived interest in generating
pcwer from biomass fuels, a techrnology that has
existed for decades but without the benefit of many
written reference materials. This handbook is
intended as a guide to the design, testing,
operation and manufacture of small-scale (less
tnin 250 kW) gasifiers though much of the
information is applicable to all levels of biomass
gasification. Written by two experts with more
than 10 years cf hands-on experience, the handbock
should be useful to engineers and others needing
practical information about the design, construction
and opecation of gasifiers. In addition to many
illustrations, it contains an extensive list of
references ard sources of additional information.
Like most documents produced by the Solar Technical
Information Program, the book is also available
from the Superintendent of Documents. The
publication is available from the National
Technical Information Service, US Department of
Commerce, 5285 Port Royal Road, Springfield,

VA 22161.

The Laws of Life: Ancother T"o.elopment and the New
Biotechnologies by Cary Fowler, Eva Lachkovics,
Pat Mconey and Hope Shand

According to this study, biotechnology offers
the poor of the world both Einstein and Frankenstein,
serving as a bright beacon to a better world, but
also threatening to consume the third world and
radically uproot agriculture and transform human
health care. The study outlines more than
30 recommendations aimed at national Governments,
the UN system, the private sector and citizen grouups
and religious organizations. (Co-published by the
Dag Hammarsk jold Foundation and the Rural Advancement
Fund International) (Source: Development Forum,

May ‘June 1989)

Release of genetically engineered orgqanisms

The DECHEMA wWorking Party on "Safety in
Biotechnology”™ has recently issued a report entitled
Considerations on release of gene technolugically
engineered micro-orqanisms into the environment.

The authors are K. H. Domsch et al. The study
points out the principles to be observed by a
manufacturer as a precaution against risks in the
vase of a deliberate release of genetically altered
micro-organisms or vituses.

Pussible hazard
potentials are deduced step by step from ecological
and genetic facts, and are substantiated and
correlated with considerations concerning the
likelihood of their occurrence. Heferences dre
given to test procedures and suitable methods for
genetic and ecological safeguards. The study
indicates the questions likely to be answered in the
course of a registration procedure and the areas in
which research activity is urgently required.

The paper has 48 references and should be
useful reading to those concerned with this area.




The article appeared 1n FEMS Mictobiology Ecology
53 (1988) 201-272 published by Elsevier. (Source:
ABA Bulletin, Vol. 4, No. 2, April 1989)

Australian and New Zealand Biotechnology Directory

The new Directory which was released at the
Eighth Australian Biotechnology Conference in Sycney
on 6 February 1989 has received wide acclaim as
being a publication of very high quality and
accuracy.

Mz. Barry Jones, MHR, launched the Directory
when he was opening the Conference ani was presented
with a complimentary copy. The Directory was on
sale during the course ot the Confer2nce and copies
can be obtained from the publishers, Australian
Industrial Publishers Property Ltd., P.O. Box 8,
Cowandilla, SA S033. (Tel: (08) 233 0022;

Fax (08) 234 00538).

This joint production with the Australian
Biotechnology Assocation (ABA) has been very
successful and the ABA is particularly grateful to
those government departments who sponsored the ABA
for the preparation of the data base. A second
edition is expected at the beginning of 1990.
Companies and organizations who wish to be included
in the new edition and who were not in the first
edition should apply immediately to the Secretary,
Australian Biotechnology Association, P.0O. Box 303,
Clayton, Vic. 3168 for forms. Corrections and
changes of address for those who have entries in the
Directory should also be sent as soon as possible to

the Secretary, ABA. (Source: ABA Bulletin, Vol. 4,
No. 2, April 1989)
Food Biotechnology

The seventh in the Cambridyge s.udies in
biotechnology covers Foud Biotechnology. “Despite

its primitive base technology and lack of
understanding cf existing underiying science®, the
authors say, “the food manufacturing industry has
shown a remarkably robust apnetite for
biotechnology™. The core of the book describes in
detail the development of two products, high
fructose corn syrup and "Quorn”, the mycoprotein
which 1s now at the heatt of a growing number of
food products you can find in the supermarket.
Details from: Cambridge University Press, The Pitt
Building, Trumpington Street, Cambridge CB2 1RP.
(Source: Jiotechnoloyy Bulletin, Vol. B8, No. 5,
June 1989)

Biotechnology Suurcebouk

A new 362-page report trom SEAI Techanical
Publications, Biotechnology Sourcebook, gives an
insid2 view of the biotechnology programmes of
280 corporations, trom AC Biotechnics to Zymo
Genetics. The twu authours, Shawn Lynn Linam and
M. Todd Jarvis, are based at Mississipl State
University. Details ot the publication, priced at
$85.00, from: SEAI Technical Publications,

P.O. Box 590, Madison, GA 30n50, USA. (Source:
Biotechnoloyy Bulletin, Vol, 8, No. 5, June 1989)

Biotechnology publivations from the OECD

The fifth in the series of biotechnology
publications produced by the Organication for
Economic Co operation and Development (OED) has
just been launched. Among other things,

11.5 pounds sterling) looks a4t biotechnology's
implications for the quality of life, the policies
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of industrial firms 1 this area, the time scales
for diffusion of biotechnologies through the elonomy
and the prospective impacts on employment.

Other publications in the series are:
Biotechnology and the Changing Role of Government
(1988, 11.00 pounds sterling), Recombinant DNA
Safety Considerations (1986, 6.00 pounds sterling),
Biotechnology and Patent Production (198S,

8.00 pounds sterling) and Biotechnology:
International Trends and Perspectives (1982,

5.50 pounds sterling). Details from:

QECD Publications, 2 rue Andre-Pascal, 75775 Paris
CEDEX 16, France. Also availabile from HMSO.
(Source: Biotechanology Bulletin, Vol. 8, No. 5,
June 1989)

Bibliography tor bispecific monocional antibodies

Polycell Inc., a subsidiary of Quest
Biotechnology Inc., announced that i1t has ccmpiled a
bibliography which references articles on bispecific
monoclonal antibodies for research and clinical
applications including both diagnosis and therapy.
The bibliography and copies of selected articles are
available upon request by contacting
Dr. wWerner H. Wahl, Vice President, Science and
Technology. (Source: Company News Release,

22 May 1989)

Directory of Bio’echnulogy Intormation Resources

Cirectory of Biotechnology Information
Resources (DBIR), a data base comprising
international sources of publicly available
information on biotechnology (National Library ot
Medicine, Circle 304), is available now on the
library's Medlars data base system. DBIR, developed
by the American Type Culture Collection under
contract to NLM, includes listings on computerized
data bases, networks, bulletin boards, and data base

vendors; molecular biology computer resources;
culture collections and repositories; biotechaology
centres; nomenclature committees; and

biotechnology publications. (Reprinted with
permission from Chemical Engineering News,

17 April 1989. Copyright 1989 American Chemical
Society)

Computationdl Molecular Biology

A new book by Arthur Lesk of the European
Molecular Bioloyy Laboratory covers the field of
computing with protein and nucleic acid sequences.
It describes what data are available, what
calculations can be performed, sources of data and
of software, and the intelligent interpretation of
results in scientific applications. Computational
Molecular Biolugy: Sources and Methods for
Sequence Analysis was written in response to an
initiative from a CODATA Task Group, to bring
together information of importance to scientists
working on sequence analysis in molecular biology.
Details ot the book, price 25.00 pounds sterling,
from: Oxford University Press, Walton Street,
Oxford, OX2 6DP, UK. (Source: Biotechnology
Bulletin, Vol. B, No. 4, Aay 1989)

Irish Biotech News is availlable free on
request from BioResearch Ireland. Founded in 1987,
BioResearch Ireland is a biotechnology contract
organization which links Irish universities and
research institutes. Its research centres
operate in five Irish universities and carry out
research in diagnostics and biotechnology
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applications in food. agriculture, veterinary
science, pharmaceuticals, and cell and tissue
Culture.

21-26 January

Technical services include the production of
monoclonal antibodies, diagnostic tests for fish
diseases, amino acid analysis, toxicology testing,
micro-encapsulation of novel drugs and protein
szquencing. Details from: Mary McCarthy,
BioResearch Ireland, BOLAS, Glasnevin, Dublin 9,
Ireland. (Source: Biotechnology Bulletin, Vol. 8,
No. 4, May 1989)

1 February

Protein Engineering Database Group

A deeper understanding of the relationships
between protein and nucleic acid sequences and
structures should follow from work now being done by
the Protein Engineering Club Database Group. The
aim is to link structure and sequence data in a
single data base. The project is based at Birkbeck
College, London, and at the University of Leeds,
and is backed by tae Science and Engineering
Research Council. Among the companies involved
are Glaxo, Celltech, ICI and Sturge/RTZ.
Eventually, it should te possible to deduce the
function of a gene simply by examining its
nucleotide sequence. Details from: lan Robertson,
British Technology Group, Electrouics and
Information Technology Division, 101 Newington
Causeway, London SEl 6BU, UK. (Source:

12-15 February

14-16 February

Biotechnoloqy Bulletin, Vol. 8, No. 3, 5-7 March
April 1989)
New listing of ATCC recombinant DNA materials
The American Type Culture Collection (ATCC) has
published a 128-page listing of cloning vectors,
hosts, cloned inserts and libraries. The book does
not contain oncogenes and human libraries and clones,
which are available from the ATCC as part of the
ATCC/NIH Repository of Human DNA Probes and
Libraries. The ATCC Recombinant DNA Materials 26-29 March
Listing is free to US customers and sent to foreign
customers for a modest shipping and handling charge.
Details from: ATCC, 12301 Parklawn Drive, Rockville,
MD 20852, USA. (Source: Biotechnology Bulletin,
Vol. 8, No. 3. April 1989)
26-29 March
G. MEEBTINCS
1990
9-11 January Swansea, UK. SGM Symposium:
Gene Transfer in the Natural
Environment. Further 29 March
information from The
Meetings Assistant, SGM,
Harvest House, $2 London Road,
Reading RG1 5SAS, UK
16 January London, UK. Foaming Phenomena
in Bioprocessing: Opportunity i-5 April
or Liability? Purther
information from The Society of
Chemical Industry. 14-15
Belgrave Square,
London SWlX 8PS, UK
16-18 January Fort Lauderdale, USA. Sixth
International Symposium on
Separation Science and 3-4 Aprit

Biotechnology. Purther
information from

Mrs. Janet Cunningham,

Barr Enterprises, P.O. Box 279,

Walkersville, MD 21793, USA

Miami, USA. Miami Bio/Technology
winter Symposia. Further
information from Miami
Bio/Technology Winter Symposia,
P.O. Box 016129, Miami,

FL 33101, USA

London, UK. Management of biotech
opportunities - a nev realisa

for the process industries.
Further information from

The Society of Chemical Industry,
14-15 Belgrave Square,

London SWiX 8PS, UK

Palmerstor North, New Zealand.
Fermentation Technologies:
Industrial Applications.

Further information from

The Conference Director,
Biotechnology Department, Massey
University, Paimerston North,
New Zealand

Hobart, Australia. ANZAAS
Congress. PFurther information
from The Organizing Secretary,
1990 ANZAAS Congress, University
of Tasmania, P.O. Box 252C,
Hobart, Tasmania, Australia

Stuttgart, PRG. Second
International Symposium on
Biochemical Bngineering.
Further information from
Dr. W. Waldraff, ISP,
Bioverfahrenstechnik,
Ko-ordinationsstelle der
Universitat Stuttgart,
Pfaffenvaldring 9, D-7000,
Stuttgart 80, FRG

London, UK. Chemicals and
Biosensors. PFurther information
from Ms. L. Hart, Royal Society of
Chemistry, Barlington House,
Piccadilly, London W1V OBN, UK

Cambridge, UK. Stability of
Proteins: Theory and Practice.
Purther information from

Prof. F. Franks, Biopreservation
Division, Pafra Ltd.,

150 Cambridge Science Park,
Cambridge CB4 4GC, UK

London, UK. Strategic use of
technology - 2 vital issue for the
1990s. Purther information from
The Society of Chemical Industry,
14-15 Belgrave Square,

London SWiX 8PS, UK

Delphi, Greece. EMBO/FPEBS Workshop
on the Structure and FPunction of
Bucaryotic RNP. Pu.ther information
from Dr. A, Guialis, National
Hellenic Research Foundation,
Biological Research Centre,

48 Vassileos Constantinou Ave.,
Athens 11635, Greece

Swansea, UK. Advances in
Separation Processes. Purther
information from Dr. R.X. Sinnott,
Chemical Engineering Dept.,
University College Swanses,
Swansea SA2 8PP, UK




3-S5 Apral

18-20 April

22-25 April

13-18 May

20-25 May

22-25 May

5-7 June

13 16 June

25-28 June

1

Cambridge, UK. Opportunities in
Biotransformations. Further
information from The Society ot
Chemical Industry, 14-15 Belgrave
Square, London Swlx 8PS, UK

Orlando, Florida, USA. First
International Conference on Human
Antibodies and Hybridomas.
Further information from

S.L. Patterson, Butterworths,

80 Montvale Ave., Stonehanm,

MA (02180, USA

Kyungju and Seoul, Korea.
Asia-Pacific Biochesical
Engineering Ccnference '90.
Further information from

Prof. P. Greerfield, Department
of Chesical Engineering,
University of Queensland,

St. Lucia Queensland 4067,
Australia

Anaheim, California, USA.
Ninetieth Annual Meeting of the
American Society of
Microbiology. Further
information from R. A. Bray,
American Society of Microbiology,
1913 I Street Nw, Washington,

DC 20006, USA

Boston, USA. International
Symposium on Liquid
Chromatography. Further
information from

Ms. Shirley Schlessinger,

400 E. Randolph Street,

Suite 1015, Chicago, IL €0e0l, USA

Di jon, France.

Bio-Chromatography and Molecular
Affinity. Further information
from Le Secretariat, Groupe
Francais de Bio-Chromatographie,
Unite d'Immuno-Allergie, Institut
Pasteur, 28 rue du Docteur Roux,
F-75724 Paris Cedex 15, France

London, UK. Pest Management in
Rice. Further information from
The Conference Secretariat,
Society of Chemical Industry,
14-15 Belgrave Square,

London SWlx 8PS, UK

Philadelphia, USA. Third
International Conference on
Molecular Biology and Patnology
of Matrix. Further information
from Or. Dacrwin J. Prockop,
Jefferson Institute of Molecular
Medicine, Jefterson Medical
College, Thomas Jefferson
University, Philadelphia,

PA 19107, UsA

Calgary, Alberta, Canada.
Conference on Moiecular and
Cellular Mechanisms of Alcohol
and Anagesthetics. Further
information from The Conference
Lepartment, The New York Academy
of Sciences, 2 East 63rd Street,
New York, NY 10021, USA

29-29 June

2-3 July

B8-13 July

12 13 August

26-31 August

26-31 August

28 August -
3 September

September

9-14 September

Amsterdam, The Netherlands.
Amsterdam Biotechnoiogy "90
Exhibition to be held in
conjunction with the Seventh
Congress of the International
Association for Plant Tissue
Culture. Further information from
RAI Inteé- national Exhibition and
Congress Centre, Europaplein,

1078 GZ Amsterdam, The Netherliands

Cambridge, UK. Advances in the
Chemistry of Furgicides and
Herbicides. Further information
from The Conference Secretariat,
Society of Chemical Industry,
14-15 Belgrave Square,
London SWlX 6PS, UK
Copenhagen, Denmark. Fifth
European Congress on

Biotechnology - Biota2chnology from
Agriculture to Industry. Further
information from ECB-5, Spadille
Congress Service, Sommervej 3,
DK-3100 Hornbaek, Denmark

Strasbourg, France. Sixth
International Sysmposium on
Genetics of Industrial
Micro-organisms. Further
information from The Secretariat,
GIM 90/SFM, 28 rue du

Docteur Roux, F-75724 Paris
Cedex 15, France

Berlin, FRG. Eighth laternational
Congress of Virology. Purther
information from H. Zeichhardt,
Congress Secretary, Institute for
Clinical and Experimental
Virology, Free University of
Berlin, Hindenburglamm 27,

D-1000 Berlin 4%, FRG

Vienna, Austria.

Euroanaiysis VII. Further
information from The Secretariat,
Interconvention, P.O. Box 80,
Vienna A-1107, Austria

Regensburg, FRG. Fourth
Internationai Mycological

Congress. Further information

from Prof. Dr. Andreas Bresinsky,
Botanisches Institut der
Universitat, 0-8400 Regensburg, FRG

Beijing, China. Biotech Expo '90
Third Round of the International
Exposition and Symposium on
Biotechnology and Life Sciences.
Further information from Commedia
CICS Ltd., 22/F Sing Po Building,
101 King's Rcad, North Point,
Hong Kong

Interlaken, Switzerland.
Fifth International Symposium
Molecular Genetics of

Plant -Microbe Interactions.
Further information from

Dr. Hauke Hennecke,
Mikrobiciogische: Institut,
ETH Zentrum, CH 8092 Zurich,
Switzerland




Ie-22 Septemter

Y4 27 September

28-31 O-tober

Date unknown

1931

7 11 Aprii

10-13 April

9 15 June

15 17 July

Lilversity ot heading, UK. Second

Internativnai Junference oo
Sepatations for Biotechnology.
further tutormation trom the
Conference Secretariat, SoCtety
of Chemicai ludustry,

I4 195 Be.grave Square,

London SwiX 3P3, UK

Osaka, Japan. IUMS Jongress
Bacteriology 1nd Mycology.
Further 1ntoamation from

Dr. Yoshitumi Takeds,

Secretary General, IUMS Jongress,

¢ O The Institute of Medical
Science, University of Tokyo,
4-0-1 Shirohanedai. Minato-ku,
Tokyo 108, Japan

Gold Coast, Australia.

Ninth Australian Biotechnology
contetence. Further
intormation from

Prof. P. Greenfield, Department
ot Chemical Engineering,
University of Queensland,

St. Lucia, Queensliand 4067,
Australia

San Francisco, USA.

Anabiotec "90. Third
Internatiovnal Symposium on
Analytical Methods in
Biotechnolugy. Further
information from

Ms. Shirley Schlessinger,
Anatiotec 90, 400 E. Randolph
Street, Chicago, IL 60601,

USA

New Delhl, India. Biotek

India "90. Further information
trom Ms. Anu Kapor, Convex,
13-F Basant Lok, Vasant Vihar,
New Deihi 110057, India

Southampton, UK. Neurotox 91,
Further information from The

Cunference Secretariat, Society ot
Chemical Industry, 14-15 Belgrave

Square, Londun SwlX 8PS, UK

kBoston, USA. International
Symposium on Pharmaceutical
and Biomedical Analysis.
Further information from
Ms. Shirley Schlessinger,
400 E. Randolph Street,

Suite 1015, Chicago, [L 60001, USA

Frankturt am Main, FRG.

ACiHEMA '91., Further information
from DECHEMA, P.O. Box 970146,

D 6000 Frankfurt am Main 97, FRG

Ruthamsted Experimental Station,
Harpenden, Herts., UK,
Resistance '721
developments in combating
pesticide resistance.
Further iuformation from

Dr. B. Khamba ', AFRC Institute of
Arahble Crops Research, Rothamsted

Experimental Station, Harpenden,
Herts. AlS 2JQ, UK

Achievements and

Jerusa.es, (stael.

Frfteenth internationgl

Congress of Biochemistry. Futthe:
tnformation from Dr. N. de Grout,
Department tor Biclogical
Chemistry, Hebrew Universite.
Jerusalem 91503, Israel

August

24-27 September Leeds, UK. Biotech UK.
Further inturmation from
Biotech UK Information,
v o Prof. J. D. Bu'Luck,
Manchester University,
Manchester Mi3 9PL, UK

Italy. Siith European Conygress on
Biotechnolouvy organized by Italian
Member Societies

SPBCIAL ARTICLE

Bacterial Leaching: A Potential for
beveloping Countries

Rohini Acharya*
Paper prepared for the Genetic Engineering and
Biotechnology Monitor United Nations
Industrial Development Qrganisation

IFIAS-Maastricht

Bacterial leaching: a potential for developing
countries

Abstract

Although bacteriai ieaching or tne recovery ot
metals from ores through the use of bacteria is not
4 new technology, the optimization of the process is
still in its development stages. Bacterial leaching
occurs when certain bacteria which inhabit the
relatively acidic waters of mines interact with the
ore to release an etfluent from which the metal
content can be recovered quite easily. The process
has occurred in nature for hundreds of years.
However, scientists have only recently started to
examine means by which this process may be
optimized, reducing thereby some of tne highly
capital intensive mining and extracti:uia procedures
in conventional mining.

Bacterial leaching offers many advantages over
conventional technology. It i3 a natural process
which already occurs in mine dumps, cutting out the
costs of mining the ore ard bringing it up to the
surface. Furthermore, 1t has been discovered that
bacteria can leach ores with a grading of as low as
0.01 per cent, whicr increases substantially the

* The authour is currently working at the
International Pederation of Institutes for Advanced
Study (IFIAS) in Maastricht, the Netherlands as a
Programme Officer in the Biotechnology Programme.
This paper is partly based on a previous report
funded by the GAIA Institute for the Study of
Natural Resources also based in Maastricht, which is
Suor to appear as part of the IFIAS Biopolicy
Research Sefies. I would like to express my thanks
to Dr, Alyson Warhurst from SPRU at the University
of Sussex and IFIAS for theisr help in the research
and writing of this report.
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amount ot metal which Can be recuvered. Because the
use of this technoloygy can iead te the pruduction of
metal in a relatively pure form at the amine site, it

ypasses the use of smelirers, theredby reducing
damage to the environment. This methot is also
advantageous to developing countries which often ao
not possess the capital to construct smelters and
have to ship the ore overseas fur refining, thereby
losiag the advantage of value added.

This study examines the use of bacterial
leaching in the recovery of five metals, gold,
silver, copper, cvobalt and manganese and the
potential this technology holds for Jdevelopiag
countries, For this we also examine the economics ot
bacterial leaching in comparisy. with conventional
provessing technigues used in mining. The goal of
the study is to Jdemonstrate the viability of
bacterial leaching as an alternative to convestional
technologies especially to deveioping countiies.

1. Introduction

Bacterial leaching, ur the action of bacteria on
mine ores to release an eftluent containing metai is
a natural process which has occurred for centuries.
Bacteria which live in the relatively acidic waters
of 4 mine are able to dissvive normally insoluble
suiphide ores to release various metals in an
effluent form from which the metal can then be
recovered relatively easily. Similarly, scientists
have recently discovered that bacterial leaching van
be used for refractory gold, the extraction of which
is not normally possibie. Refractory gold is freed
from the ore through bacterial leaching and the
metal can then be recovered through normal leaching
procedures. Bacterial leaching can be applied for
the recovery of other met.!s as well in this way.

Although "he technclogy 15 relatively old and
would occur naturaliy regardiess ¢f human
involvement, recent research in this field has
develcped quite rapidly. Present research can be
distinguished from past applications because it
focuses on the coptimization process. This ir -iudes
the use of genetically engineered bacteria %,
accelerate leaching or altering pH lev-ls in the
mining environment to improve recovery rates.

The development potential for bacteriail
leaching in mining throughouut the world is enormous.
Lower and less sophisticated .~apital requisrements as
well as an increase ia the recovery of metal from
ore offer bright prospects for the future.

Recent years have also seen an acceleration in
the applicatiuns of bacterial leaching. The impetus
for this change has been provided by a aumber of new
developments which occurred over the last decade.
Mining companies have had to cut costs and adhere to
stricter envitonmental regulations in develoupel
countries. The collapse Of most base metal prices .n
the late 1970°'s and carly 1980°'s alsu resulted in a
worldwide restructuring programme as mining
compdnies were forced to lower costs of production
and this period witnessed large mine closures in
many developed countries. The development of
sivanced material technology has provided a
considerable threat to conventional metals as well.
These are some Of the more important changes which
have torced the urually conventional mining i1ndustry
to consider bacterial leaching as a ~1able oprion,
cesulting in a substantial increase in research and
applications of biotechnology in the mining 1ndustry.

For the developing countiies,
for using bacterial

the possibilities
leaching are eicellent. In the

past, less sophisticated mining technology in these
countries has resuvited in higher grade ores beinyg
tejected. Thus the Jumps of “waste® which have bLeen
created at mining sites coatain ore of a much highes
grade than presently bteing mined in these countries.
Biotechnology can be used to recover metal from
theae dumps without the extra costs of mining the
ore, enabling these countries to develup thei:
mineral resources more thoroughly.

This document examines bacterial leaching with
respect to five metals: gold, silver, copper,
manganese and cobait. Current research includes
examining the process by which bacteria act to
liberate metal from the ores as well as the actual
application of this technology on mine sites.
However, befure a technology 1s considered viabice,
its economic feasibility in relation to conventional
technulogles has to be examined. Hence we will luook
at the economics of bacterial leaching and present
the results of a previous study carried out for
copper and gould as well.

The paper intends to show the advantages of
bacterial leaching over other technologies presently
used by the miuning industries. not only
economically., but also in terms of environmental
protection. Mcreover, Jdeveloping countries have an
especially large role to play in this respect not
only because bacteriai leaching reduces the need four
expensive capital investmenis but also because it
enables extraction from dumps which already exist at
mine sites and were previously considered uneconomic
to process using conventional technologies.

2. Bacterial leaching

Bacteriai leaching, although we are only now
becoming familiar with it, has occurred in nature
for hundreds of years. In fact the earliest recorded
case of bacterial leaching at a mine site was in Rio
Tinto iu Spain some 300 years ago. 1- The bactertia
which thrive in the somewhat acidic waters of mines
funct:on as oxidizing agents and ubtain energy fur
growth through the oxidatisn of iron and sulphur.
These microbes require the fulfilment of certain
conditions to ensure their survival which in turn
facilitates bucterial leaching. These conditions
include ample amounts of oxygen, a highly acidic pH
and specific nutrients. 2 wWhile the process is
ancient, scientists have begun examining the prowess
only very recently. In fact research on applications
of bacterial leaching to copper and uranium recovery
led to a Kennecott Copper Corporation patent oniy as
late as 1958. 3/

Today, this j'rocess 15 being studied more
clusely by the scientific community and interest
mining companies has also increased due to lower
prices during the late 1970's and early 1980°'s. The
discovery of bacteria which ate known to oxicise
ores other than sulphides has led to research on the
recovery of metals other thun copper and uranium.
Leaching te. hniques have also tecome more advanced
due to the close relationship between the degtee of
optimisation and recovery levels. We cun now
identify three specific methods ot bacterial
leaching at mine sites:

n

Dump ledhing

At preseat, much of the ore which is retrieved
t the surface from mines and is considered to be
waste material 1s left lying 1n dumps. Sulphide ores
can be leached from these waste dumps by spraying a
slightly acidic solution containing bacteria. The
solution percolates through the dump, dissolving




suiphides 1n the process, tu pruduce an effluent.
The metal can be recovered ftrom the eflluent when
the mineral concentrations «f the solution are high
enough (around 23 litre). by precipitation on scrag
1ron Oor through moze efficient sclvent extraction
and electrowinning techniques.

The rate cf metal .ecovery 1s probably the
iowest for this kind of leaching (usually less thar
40 per cent oOf total me-al content recovered).
because of the lack of optimization. The Jdumps used
for bacterial leaching are not specially constructed
for this method of mineral recovery. For efficient
recovery, not only do the bacteria have to be kept
in optimized conditions, but s0 does the ore. In the
case of dump leaching, the solution is unable to
reach the centre of the dump and theretore unable o
efficiently leach the entire ore heap. However, as 2a
result of this, the costs associated with dump
leaching are generally low with additional costs
imposed by the introduction of new equipment such as
acid resistant pipes, pumps and collecting tanks.
The total costs associated with dumsp leaching
usually range from between USS$Ll million and
US$2.5 million depending upon factcors such as dump
dimensions and topography. Operating costs are
minimal, an efficient process resulting in self
generation of acid and no additional purchase of
energy. 4/

Heap leaching

As its name suggests, this process involves che
leaching ¢f marginal ores during on-going operations
and of overburden from newly developed open pit
mines, in heaps designed to be constructed and
operated according to parameters for optimal
bacterial activity at the mine sites. Initial
capital and operating costs are therefore higher
than they are for Jdump leaching but as a result the
recovery of metal is considerably higher, ranging
from between 40 and 80 per cent depending upon the
extent of optimization.

Initial costs are normally associated with the
designing and optimization of heaps which tacilitate
efficient aeration and temperature control as well
as extensive testing tc maximize metal recovery.
Higher capital costs are also required for blasting
and crushing of ore the extent of which depends upon
the natural particle size of the ore. Investment
costs for heap leaching have been estimated at
between US$S million and US$50 million. S

Concentrate leaching

Also known as vat leaching, this method of
bacterial leaching is the most capital and skill
oriented. Leaching of ores takes place in confined
and optimised envitonments, allowing more control
over the process. This method in the future has the
potential to provide an alternative to
envirtonmentally damaging processes such as smelting
and roasting. As yet however, not enough is known
about the microbivlogy and genetic make up of the
bacieria involved and the development of this methud
is still in its early stages with a few companies
such as Giant Bay Resources Inc. and Coastech
Research Inc. carrying vut experiments in confined
envitonments where tight cuntrols car be
maintained. 6

3. Biotechnology applications in aining
3.1 Gold and silver
Much of the world's current research in

Lactetial leaching has concentrated on goild. The
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precious metal has seen a tairly explosive price
r1se in the last decade or so. The reason we incilude
silver in the analysis together with gold is that
the two metals are almost always found together in
nature. It is therefore Jdifficult to study bacterial
leaching of silver without mentioning gold and vice
versa.

Bioleaching of gold especially certain types of
mineralisation is now being commercialised by both
biotechnology firms as well as by miaing companies
all over the world. Gold occurs in rocks either in
nugget form or as an inclusion into sulphide
minerals such as pyrite, arsenopyrite, pyrrhotite,
galenite, sphalerite and silicate minerals.
Bacterial leaching as well as other forms of
processing have proved popular with gold which has
seen its price rise almost continuously since the
abandonment of the gold standard system in the
1970°'s. However, it is in the area of refractory
gold that bacterial leaching has shown its true
potential.

The reasons for refractoriness in gold may be
many: inclusions of submicron gold in sulphide
rinerals, especially pyrite and arsenopyrite; the
presence of iron, copper or lead minerals which
consume cyanide by forming metal-cyanide complex
ions are some. 7/ These refractory ores do not
react to comventional cyaridation procedures.
Instead, it has been suggested that pretreatment
with bacterial solution makes it possible to recover
gold through cyanidation or cyaanidation-CIL.
Successful applications of bacterial leaching to
refractory gold have been demonstrated a number of
times both through laboratory testing as well asx
applications. 8/

Most of the work in this area has concentrated
03 “he us2 of the mesophilic bacteria
T. ferrooxigans which obtains energy from the
oxidation of ferrous iron and reduced sulphur
compounds. Refractory goid bearing sulphide minerals
su-h as arsenopyrite and pyrite can therefore be
oxidised by T. ferrooxidans to recover gold. 9/
However, Coastech Research in Canada has begun
investigating alternative bacteria which may be
better applied to the leaching process. One of these
which was isolated in 1972 and is receiving
considerable attention is Sulfolobus acidocaldarius.

In a study published in 1986, researchers from
the University of Warwick have tested and discussed
the advantages of this bacterium. 10/
Sulfolobus-like bacteria were obtained via pyrite
enrichment cultures of Icelandic hot spring and
English coal pile samples. Chalcopyrite,
pentlandite, pyrite and nickel containing pyrrhotite
concentrates were degraded during the autotrophic
growth of iron and sulphur oxidising strains of the
bacterium at temperatures of 70 degrees celsius.
Preliminary results were encouraging for sulfolobus
showing that while T. ferrooxidans initially
produced better oxidation kinetics, oxidation rates
for sulfolobus i1ncreased with increasing pulp
density up tc the highest density.

More recent work studying the leaching of
arsenopyrite using sulfolobus at high temperatures
at the University of Umea reveals that the bacteria
produced stable levels of metal dissolution and
promising leaching rates at temperatures of as high
as 70 degrees celsius. 11/

was also tested, this time on pyrite
12/ Resuls showed that the total
iron released by T. ferrooxidans

brierley:
leaching.
amount of




at 37 Jdegrees celsius was vounsiderably lower than
the amount of iron released using S. brierleyi at
higher temperatures of 60 and o8 Jdegyrees celsius.
Similarly, Norris and Barr 13 from the University
of warwich confirmed the ability of thermophilic
bacteria such as Sulfulobus to leach pyrite at high
temperatures. However, bacterial activity is reduced
when mineral concentrations are increased. For this
reascn, turther research needs to be carried cut on
the screening and study of different thermophilic
strains with respect to their tolerance of nigh
solid concentrations as well as improvement in the
design of reactors.

Bacause of the importance ot gold as a metal as
well as the occurrence of silver together with gold,
bacterial leaching research has not concentrated
much specifically on silver recovery. This was
partly due also to the fact that previous tests of
micrubial leaching of silver proved to be
unsuccessful. 14 According to Ehrlich 1S a
probable reason for this lack of success of leaching
of silver ccntaining sulphide ores is that siiver
ion is perceived to be very toxic to micro-organismws
in general, discouraging their use in bioleaching of
silver ores. Ehrlich however obtained significant
results in ris test studying the leaching of silver
from a mixed sulphide, silver coutaining ore.

Two samples of ore from the same vretowdy in
Idaho were used, one for a batch leaching experiment
and the other for continuous leaching. The culture
used in the experiments was a strain of Thiobacillus
fercooxidans. In the case of the batch leach tests,
pairs of Erlenmeyer flasks were used, one inoculated
with a solution containing T. ferrooxidans.
Similarly, for the continuous tests, two reac'ors
were used, one inoculated and the other
uninoculated. Three different media Containing
different levels of iron were intrcduced. The
results of the batch leaching show that of the three
media, 9K Fe medium was by far the must effective,
T. ferrooxidans accelerating the leaching of Ag, Cu
and Zn in 9K and 0.9K Fe medium but in 0K medium its
effect was slight for Cu and Zn and absent for Ag.

In the case of continuous leaching the overall
rates of silver recovery in the reactor containing
T. ferrooxidans were satisfacto:y (77.5 per cent).
Moreover, leacuing rates in the countinuous process
appear to have been relatively selective for silver,
the final results showing relatively smaller levels
of other metals including copper, zinc and lead
recovered in the inoculated continuous test reactor
a3 compared to the inoculated bdatch test results.
This selectiveness mdy have some practical
implications: firstly, depending upon the recovery
process, it would faviiitate the recovery of silvet
from the pregnant soulution by lessening interferen.e
from Cu and 2Zn, and it helps to preserve much of the
Cu and Zn in the ore for subseguent extraction by
batch leaching or other suitable processes.

Another series of experiment< carried out
recently shows that the use of T. ferrooxidans to
treat refractory gold arsenic concentrates by tan®
leaching is much more profitable than aiternatives
swoh as cyanidation and autoclave ledching.
Moreover, bacterial leaching is environmentally sale
when compared to vonventional processes such as
pysometallurgical processing. 16 The rate of
recovery tn the controlled laboratory conditions was
as high as over 90 per cent for gold and B0 per cent
for silver from the concentrdates. Processing in a
closed system also reduced the Jdanger of
envifonmental pHollution from the substances released
during leaching.

Commercial applications of this form of
recovery have increased considerably ir. the las:
five years or su. In Canada bioleaching plants have
been run successfully by Giant Bay Resources luc.
The effectiveness of this process has been
Jdemonstrated by 2 number of pilot scale tests. Bench
scale tests initlally tested approximateily thirty
different concentrate sampies from sites in North
America and Aust.alia to determine their response to
bio-oxidation. Of these samples, three were used in
continuous bench scale analysis. Finally, a mixed
pyrite-arsenopyrite concentrate trom Eastern Canada
was used in a pilot plant operation which lasted
trom August to December 1985.

The results Juring the three stages of
op ;tation showed cumulative sulphide oxidations ot
62 per ceut after stage one, 78 per cent after stage
two and 94 per cent after stage three. Some of the
advantages offered by bacterial leaching: operation
at room temperature and pressure; efficient use of
oxygen from air as the oxidant; and disposal of
iron, arsenic and sulphur as environmentally sate
products. 17, Since then, Giant Bay has been
involved in a number of commercial applications,
most of them joint vertures usiag biotechnology on a
trial basis. Most of these ventures have involved
sulphide gold deposits in Australia and Canada. The
world's first gold dore bar was recovered from the
treatment of refractory gold vre by bioleaching in
September 1987 18 at the Salmita gold mine in
Northwest Territories in Canada.

the

Ian the case of Equity Silver Mines Ltd's open
pit in British Columbia, the company conducted a
feasibility analysis for bacterial pretreatment of
the ore by constructing both laboratory and pilot
scale bioleaching test facilities. 13 Preliminary
laboratory testing of the ore was carried out at BC
Research's laboratories. Batch testing revealed that
gold recovery by cyanidation appeared insensitive to
the degree of pyrite oxidation. however, silver as
cuonfirmed by earlier studies, appears highly
deg endent on Fe extraction. Thus, depending upun
parameters such as the price of silver, the tests
indicated that it may be advantageous to minimise
the deyree of ouxidation at the expense of silver
recovery, to minimise treatment costs of byproduct
bivleachate constituents,

The pilout plant was se’ up mainly using the
same parameters as for .he batch tests. The results
show that although a combined Fe ¢ As extraction of
B0 -90 per cent is not justified tor additional gold
recovery which appedars to remain . unstant atter
apout 80 per cent extraction, silver recovery
continues to improve as sulphide oxidation
continues. The final tesult at Equity was the
setting up of a 2 tonne per day pilot scale triai
where the biloleach circult sizing and operating
parameters were mgintdined at 80 90 per cent
combined Fe ¢ As oxidation as silver prices were not
high enough to warrant the additional capital and
operating costs associated with increased silver
recovery.

Newmoit Gold has recoynised the importance of
bacterial izaching for recovery of refractory gould
such as found in the orebodies of the Carlin Trend.
Ongoing research on the use of the microbe
Thiobacillus_ferrooxidans and other similar bacteria
has resulted in the setting up of a series of pilot
facilities tor biovleaching. 20,

Although most of the commercial applicaetions
discussed thus far have concentrated on devel.oped
countries, bioleaching of refractory gold and silver
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Thne telatively (oW Lfldes ot copper on the last
decade have proempted more researon into in place or
in-situ bacterial leaching., [t has also been
encoutrayged by the US Hureau of Mines as well as the
Canadian Department of Enerqgy, Mines and Resources
(TANMET), the latter contracting the mining Company
Horanda to carry out o pre teasibiality study ot
tnositu leaching of copper. /8. One of the mines
wwned by Noranda as alrteady 1nvoived 1n bacterial
leaching. Lakeshore mine in Arizona, USA which 1n
1983 changed trom block cave mining vat leaching ot
1t oxide Jeposit to a bote hole 1o place leaching
ol low grade ore, 13 currently recoveting
apptesimately 700 tonnes per month of coupper trom
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The mine ohosen by Noranda for study was the
Gueoo Mine dn ontaro, Canada,. Hnfottunateiy the
tesults Wwere not encoutaging for bacterial leaching



whose cost varies from mine to aine because of
different mining environments.

Recently, an in-situ pilot plant was set up at
the San Valentino di Predoi mine in Northern
Italy. 29/ Initially, shake flask tests were
carried out using T. ferrooxidans strains isolated
from mine waters. The results conftirmed a high
leaching rate and accordingly, a sultable
bioleaching flowsheet was devised which has since
been implemented.

In South Africa, large-scale bacteriai tests
were carried out in-situ at the Prieska Copper-Zinc
mine. 30/ Irn laboratory tests, leaching of zinc
was far better than copper from Chalcopyrite.
Despite the poor results obtained for copper, zinc
recovery was high enough to encourage continued
large-scale laboratory tests. However, here too, as
in Canada, it was decided that in-situ bacterial
leaching would not be a feasible alternative because
ot problems of adequate access for distribution of
the iixiviant and the dimensions and attitude of
the orebody.

In the developing world too, work on bacterial
leaching of sulphides is continuing. The Andean Pact
countries are possibly the leaders in the use of
this technology in the Third World. As has been
noted before, 31/ several bacterial leaching
industrial scale operations already exist in
developing countries: a dump leaching operation at
Bougainville in Papua New Guinea, a combined dump
and underground leaching operation at Cerro de Pasco
in Peru and a semi-optimised heap leaching operation
at Cananea in Mexico. In addition, Centromin of Peru
has designed a semi-industrial scale bacterial heap
leaching plant to extract copper from low grade ore
from overburden at Toromocho.

More recently, Mineroperu has submitted a
proposal for bacterial leaching of copper for
approval. The proposed process to be developed at
Mineroperu’'s Cerro Verde unit will entail treating
secondary sulphides by acid-ferric bacterial
leaching to produce 15,000 tonnes per year of copper
cathodes using existing facilities and floating the
fines to produce 57,000 tonnes per year of copper
cathodes. 32/

in Chile, laboratory as well as semi-industrial
scale tests were conducted to help determine some of
the parameters of an optimal bacterial leaching
industrial project. 33/ A mixed kinetic model
describing the dissolution of low grade copper ores
from the El Teniente mine in Chile was recently set
up. Predictions from the model when compared with
experimental data from a bacterial leaching
operation in a pilot column showed surprisingly
similar results. 34/ Codelco in Chile has been
using bacteria for dump leaching projects: one for
treating low grade sulph'des (0.2 to 0.5 per cent)
and the other for treating coarse middlings from its
concentrator. 35

In Panama, percolation leach testing has been
carried out on ores from the Cerro Coiorado copper
deposit. 36/ The recoveries were poor, jarosite
deposition favoured by poor liguor distribution over
and in the fairly alkaline rocks was probably a
ma jor cause of the cessation of leaching. Ia
contrast, a majur success was reported with
bacterial leaching of Chalcopyrite concentrates from
Mosaboni in India. 37/ The tests were carried out
first in shake flasks and then in a glass bioreactur
were largely successful, the bioredactor recovery
rate reaching 8B.64 per cent, significantly higher

than recovery rates of 70.24 per cent in shake
tlasks. This significant improvement appears to bLe
due to efficient aeration and consequent high rates
of oxygen and carbon dioxide mass transter achieved.

3.3. Manganese

So far, research on bacterial leaching has only
concentrated on the group thiobacillus. Thiobacilli
are effective only when applied to sulphide
ores. 38/ Much of the wcrld's mineral wealth
however, is contained 1n other accumulations.
Manganese for example, can be found in the form of
oxides, carbonates and silicates. There are however
limits to the use of chemolithotrophic thiobacilli
for these ores. This is because the energy suppl;ing
substrates (sulphides, iron (II), sulphate and
sulphur) are missing and must be added to the ore.
Moreover, the pH values (usually greater than 5) in
the leaching solution have an inhibiting effect on
the bacteria.

Several methods for leaching of manganese ores
have been identified thus far. A feasibility test
was carried out by the US Bureau of Mines for
leaching of manganese from low grade oxide and
carbonate ores. The presence of organic material
including leaves and yeast resulted in an average
leach rate of about 97 per cent after 60 days. 1319
This led them to conclude that micro-organisms can
be used to leach manganese from oxides and
carbonates.

Another method of manganese leaching replaces
the sulphur content, which in turn enables leaching
by sulphide oxidising bacteria. The method which was
patented in Japan, leaches manganese from an agueous
solution of manganese sulphate using bacteria to
oxidise sulphur to sulphuric acid. Initially, the
bacterium T. ferrooxidans was used to produce
sulphuric acid. This proved unhelpful since
manganese dioxide is almost insoluble in sulphuric
acid. However, in the presence of T. thiooxidans,
almost all of the manganese dioxide was converted
into manganese sulphate at an extremely rapid
rate. 40/

The use of heterotrophic bacteria also aids in
the process of managanese leaching. In India, an ore
containing 44 per cent manganese was leached using
cultures of Pseudumonas sp. ard Basillus sp.
Precipitation of the solubilized manganese was
carried vut with the addition of lime resulting in a
90 per cent recovery rate after 90 days. 41/ In the
USSR, manganese was recovered using heterotrophic
bacteria on liquid wastes. Once again the recovery
rate was high, 90-96 per cent in only 12 days. 42~
An impcrtant conclusion here is that contrary to
conventional beliefs bacterial leaching under
certain circumstances may result in high rates of
metal recovery in a relatively short period of time.

3.4, Cobalt

Cobalt is used mainly for the production of
superalloys for use by the aerouspace and other
industries. In 1988, the two largest producers of
cobalt, Zaire and Zambia together accounted for over
70 per cent of totdl market economy production, 43

Cobalt very often occurs in nature along with
other sulphides, predominantly copper and nickel
sulphides. Until now more emphasis appears to be
placed on the biological recovery of these other
metals. The fact that most of the world's cobalt is

produced in these two African nations may partly
account for the slow growth of bacterial leaching of
Indeed 43 we saw, the main reason why gold

cobalt.




nas received so much atteuticn is linked to its
price as well as the fact that a large amount of
gould is produced in Jdevelouped countries where more
advanced technology and envitonmental legislation
has provided incentive for mining companies to
branch out into other methods of processing which
are potentially chedper and less harmful to the
envitonment.

Some have also argued that because cobalt is
largely produced in areas of the world which are
potentially unstable, it 1s increasingly beilng
tegarded as a strategic mineral. 44 Interest in
alternative means of producing cubalt is theretore
likely to grow in the near future.

Some proyress is already being made in this
field. In South Africa, nickel and cobalt can
usually be found together. However, although nickel
deposits do exist in the country, they -re usually
low grade and disseminated in nature and with the
present ecvonomies and technology, their exploitation
13 considered to be uneconomical. 45- Nickel in
South Africa 1s principally found in pentlandite
which contains quantities of cobalt. Conventional
extraction techniques have so tar been unsuccessful
in extracting a high percentage or metal from this
kind of ore in which mineralisation occurs as
exsolved fine lamellae in pyrrhotite. The result is
a dilemma as to whether grade should be sacrificed
in favour of recovery. The South African Council for
Mineral Technology (MINTEK) has therefore initiated
a study examining other non conventional means for
extracting nickel from such ores. The study examined
the agitated bacterial leaching of nickel sulphide,
producing cobalt and copper as by products.

The semicontinuous process, showed a large
increase in extraction rates for both cobalt and
nickel after about five weeks, the leaching rate
steadying to over 85 and 90 per cent respectively
atter about 11 weeks ot leaching. The authors of
this study also designed a flowsheet which would
justify bacterial leaching of nickel and cobalt on a
practical scale. Although the economics of bacterial
leaching tor this particular case were not
discussed, the authors argued that opinion in the
mining industry is continually being adjusted to
favour bacterial leaching as we see economic
leaching rates which are competitive with more
expensive and environmentally det:imental
conventional processes.

4. Biosorption: The environmental benefits
field
which

research in the
the process by

A telatively new area of
ot bioleaching is biasorption,
microblal biomass, living or dead ailds in the
removal ot metals orf toxic substances from waste
material and industrial effluents. Research in this
atea ranges frum the recovery of precious metals
such as gold, 36 the recovery of cobalt, 477 copper
binding, 48, to the accumulation of heavy metals and
radionuclides by non growing fungal biomass. 49

At the Homestake gould mine in South Dakota, a
process has been developed fcr the biodegyradation of
cyanide waste which removes free cyanide and metal
from effluent before discharge to the
local watercourse, 5¢° The biomass that is
recovered from Lioreactors shows the presence of
about 49 grammes per ton of gold. The fact that the
presence of qgold was not detectable in the feed to
biodegradation indicates the extent of the
slavenging powel of the micto otganisms,

complesdes

The adsarption propeities ot a4 bacterium
(Hacillus subtilis), o fungus (Aspergillas aiger)

]

and two species ot algae (Chiourella vulygaris and

known to adsorb heavy metals. Results showed that
the adsurption of guld tended tu a maximum in the
range pH 3-3 fur all four orguanisms, with Chlorella
showing the best results for pure gold chloride

190 per cent adsorption in four minutes at 2 per
cent loading). For a potential inaust.oial process, a
semi-continuous process of selective gold recovery
from dilute solution was also demonstrated using a
column of alginate gel immobilized algae which
although restricting the adsurption rate, eunabled a
high recovery ot gould witi good selectivity.

A similar comparative study lovked at the role
played by two bacterial strains and a unicellular
alga in the adsorption ot uranium, silver and gold,
from barren sulutions, small-scale in sity leachates
and waste streams from metal finishing
vperations. 51~

Apart trom their adsorption abilities, these
micro-organisms are also important in environmental
conservaticn. Recent EEC directives against the
discharge of industrial effluents including air
pollutants such as sulphur dioxide produced by
smelters as well as environmental legislation in the
US and Canada has led to the increasing use of
bacteria such as T. ferrooxidans in the mining
industry. Mcre recertly the importance of harmless
algae and fungi which can be manipulated into
effective forms tor metal recovery from mining
operations and industrial effluent has been
acknowledged. 527/

One such application is the AMT-BIOCLAIM
process which applies biosorption for metals removal
trom wastewater. 53 The process which uses a
granulated non-living biomass product for a metal
removal agent (MRA) was tested on wastewater from a
jewellery manufacturer and a manufacturer of
precious metal compounds. Both kinds of gold cyania.
wastewaters contained either very low levels of free
cyanide (as in the rzze of the jewellery
manufacturer's wastewater) or none at all (metal
cumpany's wastewdter). Despite varyin, the volume of
the sample and the pH level, the level of metal
reccvery especially that of gold was extremely good
for both kinds of wastewaters.

Following up on this, a pilot plant for the
removal of lead from an industrial effluent was
set up by the owners ot this prucess, Advanced
Mineral Technologies Inc. and was run for 39 days.
A stable and efticient removal of lvad (98-99 per
cent) was achileved. The variation in pH did not
influence lead removal, nor did the variation of
lead content 1n the effluent which ranged from 0.01
to 4.30 mg, 1. 54/

Thus the research which has been carried ocut in
this new ared of bacterial activity in the field of
metallurgy shows that biosorption has both financial
and environmental potential. However, it must be
made <cledar that the field is extremely new, dand the
processes involved complex. Nevertheless bilosurption
has a substantial contribution to make both in terms
of increasing annual metal produciion levels as well
as providing incentives to companies which are at
present required to treat wastewaters as part of the
general effort especially 1n developed cuuntries to
clean up the environment,

5. EKconomics of bacterial leaching

Thus far we have shown that the use of
buterial leaching can be beneficial 1n terms of

high recovery rates as well as the important side
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eftect of reduced environmental pollution. However,
betore bacterial ieaching can be convincingly
portrayed as a feasible alter-.ative to conventional
processing technologies we have ty examine the
economic costs and benelfits ol the techiuui. jy
erpecially in comparison with some Of the older
technigues. This section is Jdivided into two parts.
The first will present a briet survey on the latest
developments in the economics of bacterial leaching.
Then we wWill present the results ot an economic
feasibility study S5 which considered orebodies ot
different sizes and ote grades as well as difterent
torms of bacterial leaching in relation to copper
and gold deposits.

S.1. Is bacterial

leaching ecvonomically viable?

The work 1n this fleld initially began with
refractory gold and silver since metal is rather
difficult to extract economically from this kind ot
mineralisation using conventional cyanidation
processes. Bacterial leaching seemed to be the only
alternative and if it could be proved economical,
would provide a feasible alternative for extraction
ot gold from retrac*ory ores.

Preliminary experiments at Giant Bay Inc. with
bacterial leaching for refractory gold-silver
concentrates 56 led to an engineering feasibility
study by wWright Engineers Ltd. The site chosen was
in Northern Ontario and the results from this study
would apply only to that site. Capital and
operating cost estimates for the BIUTANKLEACH
process were prepared it operating rates of S0, 100
and 200 tonnes per day. These were compared to
cupital and operating costs estimated for roasting
and pressure oxidation at a rate of 100 tonnes per
day. The results showed that the overall cost of the
Giant Bay technique was significantly less than the
two alternative technologies.

Similarly, researchers from Davy Mckee and
University College Cardiff 57  compared bacterial
leaching of gold from two pilot plants each with a
different average grade and capacity with a pilot
plant to treat a flotation concentrate without
bacterial leaching. The results showed a definite
advantage for bacterial lea:-hing prior to
cyanicdation. However, the results also indicated
that bdacterial leaching could be most economically
viable when the average grade ot gold in the
concentrate was relatively high (in this case the
plant which appeared most economic centained 1.2 g4
Au/tonne assay). This is similar to the conclusion
reached by our study on the economic viability of
tioleaching of refractory gold. 58/

A number ot others have recenlly also edamined
the feasibility of bacterial leaching in comparison
with other technologies, both for gold 59/ as well
as for copper. 60/ The copper study by BC Research
first demonstrated a system of bioleaching of
chalcopyrite. While the technical feasibility ot
bacterial leaching was established by the study, the
economic analysis showed that binleaching was only
marginally competitive with conventional processes,.
However the authors argued that this may change if
environmental restrictions forced higher smelting
charges., Since the study was completed, environmental
restrictions have become considerably more stringent
and bacterial leaching may now be considered more
competitive.,

5.2. Bacterial ledching ot copper and gold ores

Before concludiag this study, we would like
present the results o® a preliminary computer
modelling exercise 1n which we attempted to

Loy

deterinine the range ot crebody sizes as well as
methods by which bacterial leaching would be a
teasibie alternative to conventionsl technolugy. =i
As an example we used two kinds of orebodies,
porphyry copper and retractory gold deposits.
However, the model can be changed so as to carry oo
2 similar analysis for other kinds ot depesits,
including the other metils presented 1n tnis study.

The cost and revenue models were develouped at
the Royal School of Mines in London. They were
constructed within the MECON system and incotpurate
models for capite. and operating costs, revenue
tax regime. The currency used throughout the stuty
was US dollars. The mineral exploitation mcdels
incorporated a data base of cost models which cuuid
be selected for the flowsheet cust centres which in
turn were based on the unit operations. The var:.us
parameters of the flowsheet model can bte simply
modified to tailor the system to the flowsheet.

and

Cost Models: The cost models are based un 2
number of sources. 62, In these models the capital
and operating costs are expressed mathematically in
terms of capacity, that 1is,

COST = A X CAPACITYD
where A and B are constants. A is the magnitude
factor and B i1s the scaling factor.

The US Bureau of Mines claims a reliability tor
their cost models of plus or minus 25 per cent. The
MECON system has been able to achieve plus or minus
30 per cent. These valuations are of course highiy
dependent on techrical consistency and accuracy
where accuracy is dependent on the input.

Revenue Models: Revenue was calculated by
applying metal prices to the recovered mecal. These
required the estimation of in situ mined grade,
dilution, recovery, production rate and metal price.
we used a gzostatistical model to produce the
ielacionship of average grade above the cut off
grade to the proportion cf reserves above the cCut
off grade. The model used a log normal distributiun
with a constant coefficient of variation. In this
study, the values used for the coefficient ot
variation were 0.22 for copper and 0.52 for guid.
For simplicity and because of time cunstraints, we
assumed that the copper ore budies countained only
copper and the gould ore bodies only qould.

Taxation: A "typical”™ tax regime was chosen:
30 per cent tax rate, a 5 per cent royalty rate and
straight line depreciation over 10 years tor cCapital
allowance costs. Mining policies such as tax systems
and royalty rates play an important fule in the

economic feasibility of a mining project.

Methodulugy: The value of the ore body undes
consideration was measured in terms of the Net
Present Value discounted at 10 per cent. Note that
the NPV (10 per cent) increases a4s cutoff grade
increases to a maximum, and then falls., The value
of an orebody, tha% is, NPV (10 per cent) four
given capacity was taken to be this maximum value.

A Note On ut off Grades: The cut off grade 1o
the point at which a distinction can be made between
the ofe that whiih 15
considered waste. tor example, 1f the cut otf
grade for a particular mine was 0.3 per cvent voppet,
the ore which had an average gride higher than
0.3 per cent copper would be sent for processing and
the rest of the ore which had an average grade

Is processed, and the ore

So
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than 0.3 per cent copper, would then be dumped by
the side of the mine as "waste.” This relationship
between processed ore and waste forms the basis of
processing decisions and mining companies spend a
considerable amount of time and capital ascertaining
the “"optimal* cut-off grade which varies from mine
to mine.

Changing the value of the cut-off grade will
bring about a number of changes in processing and
the annual value of the final product. In particular,
the trade-offs associated with increasing or
decreasing the cut-off grade are extremely important
in a mining operation. In this study for e ample, we
found that for copper, because a typical coefficient
of variation for the grade is low (0.22), the range
of influence of the cut-off grade is relatively
small compared to the case of gold where increasing
or decreasing the cut-off grade has a considerable
impacc on the size of mineable reserves.

The following were the examples of orebodies,
average grades and annual production capacity used:

Copper

(i) Dump leaching for reserves of 50 million
tonnes, at an average grade of 1 per cent
copper with an annual capacity of 3 to
8 million tonnes.

(ii) Dump leaching for reserves of 250 million
tonnes, at an average grade of 0.5 per
cent copper with an annual capacity of
12 to 22 million tonnes.

(iii1) Heap leaching for reserves of 50 million
tonnes, at an average grade of 1 per cent
copper with an annual capacity of 3 to
8 million tonnes.

(iv) Heap leaching for reserves of 75 million
tornes at an average grade of 1 per cent
copper with an annual capacity of 5 to
9 million tonnes.

(v) Heap leaching for reserves of 150 million
tonnes at an average grade of 1 per cent
copper with an annual capacity of 6 to
12 million tonnes.

(vi) vat leaching for reserves of 150 million
tonnes at an average grade of 1 per cent
copper with an annual capacity of 6 to
12 million tonnes.

Gold

(i) Vat leaching for reserves of 10 million
tonnes at an average grade of 3 gm
Au/tonne with an annual capacity of 0.5 to
0.9 million tonnes.

(ii) vat teaching for reserves of 10 million
tonnes at an average grade of 4 gm
Au/tonne with an annual capacity of 0.5 to
0.7 million tonnes.

(iii) vat leaching for reserves of 10 million
tonnes at an average grade or 5 gm
Au/tonne with an annual capacity of 0.5 to
1.0 million tonnes.

(iv) Heap leaching for reserves of 10 million
tonnes at an average grade of 3 gm
Au/tonne with an annual capacity of 0.5 to
0.9 million tonnes per annum.

Results

Copper

The results of the two dump leaching tests
showed that while (i) was economic, having a
positive NPV (10 per cent) for all capacities,

(ii) was economic only for capacities larger than
14.5 million tonnes per year. For the heap leaching
scenarios (iii), {is) and (v}, it was found that
they were economic only at ore capacity levels of
over 50 million tonnes.

The final computer analysis for copper looked
at bacterial vat leaching at 1 per cent copper
grading of an orebody of 150 million tonnes.
However, while the same scenario was successful
using bacterial heap leaching (see above),
bacterial vat leaching was not economic for copper.
Values for the first dump leaching scenario showed
the orebody to have a positive NPV for all values.
However in the case of the second dump leaching
analysis NPV was positive only for values above
14 million tonnes per year. In the case of heap
leaching, while the two larger sized orebodies of
75 million and 150 million tonnes were economic at
all capacities, the smallest reserve of 50 million
tonnes was not economic at all, that is, it had a
negative NPV for all ccpacities. Indeed vat
leaching of copper was not economic at all arnd
because of the large negative values obtained,
method of ieaching was rejected altogether for
copper orebodies.

this

Gold

Three different scenarios using bacterial vat
leaching for different average ore grades were
censidered. wWhile (i) #as uneconomic, (ii) was only
ma:rginally economic. However (iii), which
considered high grade refractory gold ores of 5 g
Au/tonne, proved to be economic. In the case of
gold we saw that as the cut-off grade rose the NPV
of the orebody rose until a maximum value was
reached and then began to slope down. This maximum
point is the optimal cut-off point and demonstrates
the maximum value of NPV for the project. This
value was positive for the highest grade of gold
chosen, 5 g Au/tonne, only marginally economic for
4 g Au/tonne and negative at all points for the
lower grade, 3 g Au/tonne.

This suggests that heap leaching can be more
effective for lower average grades of refractory
gold than vat leaching. In contrast, the single
analysis using heap leaching showed that it was
marginally economic using lower average grades of
3 g Auytonne.

The results of this analysis, although
preliminary, showed that bacterial leaching can
indeed be considered a viable technology for
certain orebodies depending upon size of reserves,
average grades of mineralisation as well as cut
off grades. It must however be stressed that in
the final analysis, the costs and benefits of
bacterial leaching will differ from mine to mine
and while in some cases will be considered economic
compared to other technologies, for others it may
not. What this study does do is provide an example
in which bacterial leaching did provide economic
benefits for a range of orebodies with differing
average grades. The initiative of introducing this
new technology 4s a4 possible alternative in
feasibility analyses must now be taken by the
mining community which in some cases is already
taking place.




6. Conclusions and suggestions for future research

This study was based vn 3 review of the latest
developments in the field of bacterial ieaching
especially in relation to five metals: goid, siiver,
copper, manganese and cobalt. while cupper and the
precious metals, gold and silver have received the
most attention so far, applicatiuns to uther metals
such as the two identified abuve are also
progressing.

we reached three major conclusions from this
study and these may also provide research areas for
the future:

1. With pressure on countries, especially
developing countries, to adjust to
changing cunditions in the mining industry
and international markets, bacterial
leaching offers considerable potential.
Bacterial leaching offers developing
countries the ability to develop their own
capabilities in the area of biotechnology.
Having developed this capability in
bacterial leaching, developing countries
can compete with developed countries and
among themselves to expand economically,
not only in mining but also in other areas
where biotechnology has been applied with
considerable success.

2. Bactarial leaching is an environmentally
sound technology. Mineral extraction
processes currently make use of smelters
which are not only expensive to construct
but are also a major source of
environmental pollution. The world has
recognised the importance of eanvironmental
conservation as is evident from recent
developments in industrial countries.
Bacterial leaching not only provides an
alternative, envitonmental friendly
technology to mining companies in the
north who are bound by environmental
regulations but also provides developing
countries with a new techrology which is
cheaper than and at least as efficient as
smelters while at the same time bypassing
some of the environmental damage caused in
the north. The new area of biosorption
alsu promotes the use ot biotechnology in
solid waste treatment substantially
reducing pollution from mining and
industrial effluents.

3. The results from the economic feasibility
analysis for copper and gold bioleaching
show that for copper, while dump leaching
was economic for lower sized orebodies,
heap leaching was successful for orebcdies
ot a larger size. This is an important
conclusion, since metal recovery using
heap leaching vai. be significantly higher
by optimising leaching conditions than in
the case of dump leaching where recovery
levels cannut be predicted but are
generally lower. Additionally, this is
important for developing countries such as
Chile, one of the main copper producers,
where the size of deposits geierally tends
to be large. (Purphyry copper orebodies
in the country range trom about 4.6
million metric tonnes at the El Indio
copper mine to 18.% billion metric tonnes
at Chuguicamata, the world's largest
copper deposit.)

[-1-]

For gold, we can conclude that this preliminary
analysis favours the use of heap leaching for lower
grades while vat leaching can be used for higher
grade ores. Vat leaching which requites optimization
in controlled envircnments is generally considered
to be unfavourable for developing countries which may
not have access to the optimisation facilities or
the higher capital investment associated with this
form of bacterial leaching. Heap leaching on the
cther hand, as already pointed out, can result in
metal recoveries of up to 80 per cent when optimised.

6.1. Advantages of Bacterial Leaching tor
Developing Countries

It is perhaps to developing country metal
producers that biotechnology provides the greatest
advantages. The technology reguires relatively lower
capital investment and operating costs are also low
when compared to conventional mining. Biotechnology
may also prove useful in solving a number of
metallurgical problems associated with complex cre
deposits, many of them found in developing
countries. In this respect it has already
demonstrated its potential to extract different
metals such as the separation of zinc and lead
concentrates from these multimineral deposits.

Kesearch conducted in developing countries has
demonstrated the applicability of bacteria to the
leaching of copper and refra-tory gold. Stiil
further potential lies in the refractory deposits of
the Pacific rim countries especially Papua New
Guinea. For the other metals, research is still in
its preliminary stages, however, since a large
percentage of both but especially cobalt is produced
ia developing countries, applications of bacterial
leaching to these metals will be especially
beneficial to developing countries.

As much of the current bacterial leaching
applications are carried out on ore dumps,
developing countries which have highe: grade ore
dumps (less sophisticated technolegy in developing
countries has imposed a higher cut-off gracde in
mining operations. As a result, ore dumps have a
higher metal content in developing countries than
similar dumps in developed countries) are in an
especially good position to use bacterial leaching
technology.

In developing countries the c~st of buildiug
refining plants is enormous. In building a smelter,
the relevant mining authority has to take into
consideration all the extra costs such as the cost
of transporting ore from mines all over the country
to be processed at the smelter. As a result, poorer
developing countries tend tc export unprocessed
minerals to countries which do have the facilities
tor refining ore (mostly developed countries). One
sucn example is 2aire which ships its raw materials
to Belgium to be refined. In this process, the
developing country loses the value added from
refining the metal. Bacterial leaching, by enabling
the production of a purer fcrm of metal at the mine
site, again offers an advantage in this respect.
Thus optimisation of the leaching process provides
developing countries with the opportunity to lower
vosts, mine a larger range of metals and increase
their value added by producing a marketable final
product.

Thus biotechnulugy, although used estensively
in industry and agriculture is relatively new to
mining. Ccnsiderable research still remains to be
done to exploit this technology effectively. Despite
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