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Glossary 
The purpose of this series is 
to inform readers of current 
trends in Canadian science and 
technology. 
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revolution that is blazing new 
trails in the fight against disease, 
allowing traditional sectors such 
as the agri-food and forest indus-
tries to modernize and increase 
their productivity, providing new 
weapons for the fight to protect 
the environment and forests, and 
making it possible to develop 
new industries, such as bio-
electronics, and to create new 
products. 

Already, biotechnology is respon-
sible for introducing new syn-
thetic substances and producing 
existing products at a lower cost, 
and for developing more effec-
tive, inexpensive and less pollut-
ing processes. Here is proof of 
the dynamism and know-how of 
Canadian biotechnology. 

o 

Introduction 

Human beings have long used 
micro-organisms to produce the 
things they need. Since people 
first began to make beer, bread, 
wine or cheese, they have been 
using biotechnology, even 
though these traditional technol-
ogies were not known as such. 

However, only the most recent 
discoveries of biology and genet-
ics, and the areas to which 
they have been quickly applied, 
have opened the way for modem 
biotechnology. It took about 
15 years for "selected" or 
"manipulated" micro-organisms 
to become (or at least hint at 
becoming) industrial giants. 
These are now the stars in the 
biotechnological firmament. 

Biotechnology has become the 
nucleus of a true technological 

Aerial view of the Balco Cantor 
greenhouses. 
(Ba (co Cantor Relorestatpon Centre Ltd 

Canada is carving out an envia-
ble position for itself in an 
extremely competitive biotechno-
logical and bioindustrial field and 
is in the forefront of advanced 
research in biology, genetics and 
biotechnology-based business 
endeavours. 

The use of the term "biotechnol-
ogy" is a recent phenomenon, 
originating with an epoch-making 
discovery in the history of the 
biological sciences. In 1973, 
researchers in Stanford, Califor-
nia, succeeded in carrying out an 
experiment of vital importance. 
After cutting DNA (deoxyribo-
nucleic acid) fragments that car-
ried a particular gene from a cell, 
they were able to transfer that 
gene to another cell, thus achiev-
ing the very first gene transplant. 

Since that time, genes have 
become concrete entities that 
can be manipulated at will, and 
this has led to the rise of the 
"age of genetics." It is now pos-
sible to manipulate the genetic 
coding (contained in the DNA) of 
all living organisms, from bacteria 
to human beings. Because of 
genetic engineering, it is even 
possible to reprogram micro-
organisms in order to make them 
produce certain desired sub-
stances continuously. 

However, the biotechnologies 
used by those woriçing in this 
field are not restricted to genetic 
engineering. They also include 
cellular fusion, which is the basis 
for the production of hybridomas 
for diagnostic or therapeutic pur-
poses. In agriculture and forestry, 
they consist mainly of cell 
and tissue cultures. Enzymatic 
and fermentation engineering 
techniques also play an impor-
tant role, especially in the food 
and pharmaceutical industries, 
because they make it possible to 
domesticate microbes effectively 
and use them to produce various 
substances that meet people's 
needs. 



o  

Equipment used in the waste-water 
purification process (waste produced by 
cheese production and washing water). 
(Cooperative agro-alimentaire Agropuri 

In the last few years, more dis-
coveries have been made and 
new applications have been 
developed. At present, Canadian 
biotechnology researchers work 
mainly in such key sectors as 
health, the agri-food and forestry 
industhes, the control of environ-
mental pollution and mining. 

The National Research Council 
(NRCC), which is Canada's 
national laboratory, fulfils its 
mandate to promote the develop-
ment of expertise in biotechnol-
ogy and help industry carry out 
commercially promising research 
activities through the National 
Biotechnology Program. In order 
to do this. the NRCC takes 
advantage of its high-level net-
work of laboratories that includes 
the Biotechnology Research 
Institute in Montreal. the Plant 
Biotechnology Institute in Saska-
toon and the Biological Sciences 
Branch in Ottawa. 

This network is continually grow-
ing and encompasses a large 
number of Canadian universities 
and private-sector companies 
seriously committed to biotech-
nology. From coast to coast 
numerous Canadian companies 
that are deeply involved in 
research and development (R&D) 
efforts in biotechnology are 
beginning to thrive as a result. 

It is expected that the biotech-
nology market will be worth 
some 60 billion dollars by the 
year 2000.' Though not a world 
leader, Canada is now starting to 
claim a share of this promising 
market. Relying on creative indi-
viduals, as well as sophisticated 
equipment and cutting-edge 
expertise, Canada aims to cap-
ture a position in the forefront of 
research in biotechnology, and to 
take advantage of the innumera-
ble possibilities offered by this 
new and powerful technology. 

1. Roger Miller, The Strategic Management 
of Biotechnology R&D for the Successful 
industrialization of Biotechnology. Second 
Industrial Biotechnology Conference, NRCC, 
4 and 5 December 1986 



The Health Field:

Beginning to Realize

the Potential

The health field is one of the
most important areas of applica-
tion for biotechnology, and the
products of this technology are
now starting to be introduced on
the market. These include alpha
interferon, the human growth hor-
mone, human insulin, a vaccine
against hepatitis B and a mono-
clonal antibody that can be used
to prevent the rejection of organ
transplants (OKT 3).

Canada has always been particu-
larly active in this field: Canadian
researchers discovered insulin
and were the first to clone human
proinsulin.

According to the strategic plan
published in 1984 by the Biotech-
nology Research Institute, the
market for pharmaceutical, diag-
nostic and biological products in
Canada will reach a commercial
value of over two billion dollars
in 1995.

Monoclonal antibodies:
Diagnostic and therapeutic
tools

Diagnostic tests for the detection
of pregnancy, the monitoring of
diabetes, the detection of some
sexually transmitted diseases
(STDs), the detection of cancer of
the colon and of cancer of the
breast and lungs in particular,
and the diagnosis of allergies and
viral hepatitis have undergone
considerable expansion. Such
rapid development is based on a
fundamental discovery: mono-
clonal antibodies.

Antibodies are naturally pro-
duced by blood lymphocytes
when foreign substances, or anti-
gens, penetrate the organism.
However, these antibodies can-
not reproduce indefinitely. In
1975, the English researchers

Kbhler and Milstein found the
solution. For the first time they
were able to obtain, from a sin-
gle mouse cellular strain, an
unlimited quantity of antibodies
that were all identical and
extremely specific. These were
the first monoclonal antibodies.

By fusing two different cells,
researchers could obtain a
"hybrid" cell, known as a hybrid-
oma, which has the genetic char-
acteristics of the two parent
cells. In order to produce a spe-
cific antibody, that is, one capa-
ble of recognizing a very precise
substance, all that is necessary
is the fusion of a cell that can
manufacture this antibody with a
cancerous cell that has the
capacity to reproduce indefi-
nitely. The hybridoma multiplies
by producing genetically identical
cells, or clones, and the antibody
is thus said to be monoclonal.

Until recently, antibodies were
obtained by immunizing an ani-
mal and extracting the antibodies
from its blood. However, the
product always contained impur-
ities. The discovery of mono-
clonal antibodies has solved this
problem. The high specificity and
purity of monoclonal antibodies,
and the fact that they are relative-
ly easy to obtain, makes them
first-line tools for the preparation
of "diagnostic kits."

Quadra Logic Technologies Inc.
of Vancouver, British Columbia,
is involved in the development
and marketing of immunological
diagnostic products for people
and animals. The company has
been able to develop diagnostic
kits on the basis of monoclonal
antibodies for the early detection
of leukemia, lung cancer and
German measles.

In Edmonton, Alberta, Chem-
biomed Ltd. was one of the first
firms in the world to market a
series of reagents, in particular
the Syntype typing reagent, for
the determination of blood type
using monoclonal antibodies.

The Institut Armand-Frappier,
located in Laval near Montreal,
Quebec, is a leader in marketing
diagnostic kits. Specifically, the
company has marketed kits for
the diagnosis of herpes 1 and 2
and the cytomegalovirus.

Medicorp Inc., a young firm
located in Montreal, Quebec, has
recently marketed a new product
called Quadroma, a bispecific
monoclonal antibody produced
on the basis of a hybrid hybrid-
oma. Such "bispecificity" allows
it to recognize two different mole-
cules, and because of their great
specificity and sensitivity, these
bispecific antibodies are invalua-
ble tools for immunodiagnostic
tests.

The monoclonal antibody tech-
nique has also been used for
the early detection of cancerous
cells, through the radioimmuno-
diagnostic method. Before being
injected into the patients, anti-
bodies that are specific to certain
tumour tracers are joined with
radioactive isotopes. Subse-
quently, these antibodies attach
themselves to the tumours and
can be localized by scintigraphy.
Thus, it is possible to detect a
certain number of cancers at a
very early stage.

At present, researchers are
attempting to meld these anti-
cancer antibodies with a sub-
stance that can destroy the
marked cells. This would make
feasible an actual anti-tumour
missile, or immunotoxin, capable



of destroying cancerous cells 
without affecting healthy ones. 
However, this technique is still at 
the developmental stage. 

At the end of 1987, monoclonal 
antibodies were used for the first 
time for therapeutic purposes in 
organ transplant cases. The 
Ortho Pharmaceutical firm of 
Don Mills, Ontario, marketed 
OKT 3, or "Orthoclone," for the 
treatment of acute rejection of 
kidney transplants. This special 

drug makes it possible to neutral-
ize the lymphocyte T cells — 
those responsible for the organ 
rejection — in the immune sys-
tem of the transplant patient. 
OKT 3 makes it possible to 
reduce the doses of immunosup-
pressing drugs. and thus reduce 
some of the secondary effects 
that can be disastrous over the 
long term. To date, more than 
30 000 patients worldwide have 
been treated with the drug. 

The hybridoma cells that produce OKT 3 
monoclonal antibodies are grown in 
large quantities in tissue culture flasks. 
{Ortho Pharmaceuttcal Crtnada) Ltd 

A new generation of 
vaccines 

Vaccination is one of the most 
effective tools of modern medi-
cine. Specifically, vaccination has 
made it possible to eradicate 
smallpox and control outbreaks 
of diphtheria and tetanus in 
countries where prevention is 
systematic. 

However, at present, traditional 
vaccines have serious limits in 
terms of effectiveness, safety 
and cost of production. VVithout 
taking into account the fact that 
five million people throughout 
the world die each year of 
diseases for which there are still 
no vaccines — diseases such as 
malaria, viral diarrhoea and such 
STDs as acquired immuno-
deficiency syndrome (AIDS) — 
the major disadvantage of vac-
cines is that they contain whole 
micro-organisms. 

Researchers, therefore. are strug-
gling to develop a new genera-
tion of vaccines based on the 
knowledge acquired in the field 
of immunology combined with 
such advanced techniques as 
genetic engineering. Unlike tradi-
tional vaccines, these new vac-
cines do not contain pathogenic 
agents that have been killed or 
inactivated, or any fraction of 
such agents. They consist solely 
of elements that provoke an 
immune response. namely the 
microbe antigens, and are known 
as sub-unit vaccines. The key to 
production of these new vac-
cines is the identification of anti-
gens that can lead to the secre-
tion of protecting antibodies. 
However, such identification is 
the most difficult stage in the 
process. 

o 



Fermenter used in the production of 
vaccines. 
(Connaught Laboratories Ltd ) 
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In Canada, Connaught Laborato-
ries, a firm engaged in develop-
ing, manufacturing and market-
ing vaccines, has focused on the 
development of a new type of 
vaccines created using genetic 
engineering and peptide synthe-
sis techniques. The company is 
considered a world leader in the 
production of human vaccines. In 
1987, it sold over 350 million 
doses of various types. 

Connaught Laboratories is also 
involved in the development of 
the new so-called biosynthetic 
vaccines for diseases such as 
whooping cough, hepatitis B, 
influenza and AIDS. 

The Institut Armand-Frappier is 
another firm dedicated to vaccine 
research. It has recently mar-
keted its own vaccine against 
hepatitis B (Engérix-B), and its 
researchers are also developing 
a vaccine against whooping 
cough. 

At the forefront of advanced 
research, Connaught is also inter-
ested in the production of syn-
thetic vaccines, the ultimate in 
immunization. These vaccines 
are made from very small frag-
ments of protective proteins that 
have the power to induce the for-
mation of antibodies. These 
small molecules, known as pep-
tides, can be easily synthesized 
in the laboratory, and make 
possible very powerful and safe 
vaccines. 

In 1988, Connaught Laboratories, 
in collaboration with Finnish 
researchers, obtained from a pep-
tide a vaccine against meningitis 
far more effective than the exist-
ing one. Other synthetic vaccines 
against diphtheria, streptococcal 
infections and rabies are also 
being developed. 

Protein engineering and 
peptide synthesis: The last 
word 

The development of recombinant 
DNA and monoclonal antibody 
technology has paved the way for 
the commercial production of 
new or replacement drugs pre-
pared using proteins and 
peptides. 

Protein engineering makes it pos-
sible to act directly at the level of 
DNA coding to change the pro-
tein sequence and create pro-
teins with different properties. 
For this reason, researchers are 
seeking molecules that are more 
stable, active and easy to purify; 
that are more or less immuno-
genetic, depending upon the 
needs; and that have new 
specificities. 

Peptide synthesis is another 
technique that uses proteins as 
raw materials. Peptides are, in 
fact, small fragments of proteins 
that are naturally found in all 
living organisms. Numerous 
companies are already very active 
in this area of advanced 
biotechnology. 

A company working in the fore-
front of this sector, Synthetic 
Peptides Inc. of Edmonton. 
Alberta, is developing peptides 
for pharmaceutical and diagnos-
tic applications, as well as for the 
manufacture of synthetic vac-
cines. The firm has also devel-
oped two computer programs 
(Surfaceplot and HPLC 1) that 
facilitate the design of bio-
logically active proteins and 
peptides. 

IAF Biochem International Inc. of 
Montreal, Quebec, a research-
oriented company, is involved in 
the development and manufac- 



ture of products used for the
diagnosis and treatment of
diseases affecting the immune
system. The technology of pep-
tide synthesis represents a signif-
icant part of its activities. Bio-
chem uses this technique for the
development of new vaccines,
immunomodulators and epitope
synthesis. As for immunomodu-
lators, the firm uses a peptide
synthesis technique, currently
being patented, to create stable
analogs that have excellent thera-
peutic potential.

Biochem has also developed a
technique known as epitope
synthesis, which makes it possi-
ble to accurately define antibody
bonding points, or epitopes, in
order to synthesize the corres-
ponding peptides and modify
them so that they correspond to
the three-dimensional structure
of the original protein. The com-
pany is using the technique to
develop a new generation of
more sensitive and specific diag-
nostic kits.

Photoactive therapy in the
fight against disease,
especially cancer

In addition to surgery, chemo-
therapy and radiotherapy, there is
now a fourth alternative in the
treatment of cancer photoactive
therapy. This method is based on
a photosensitizing agent that
forms part of the porphyrin cate-
gory. These porphyrin molecules,
which are hemoglobin derivates,
are activated by light.

Quadra Logic Technologies of
Vancouver is the world leader in
photoactive therapy. The Cana-
dian firm will shortly bring onto
the market the first photoactive
drug: Photofrin. When used for
the treatment of cancer, the drug
is injected and then activated by
a laser beam focused on the can-
cerous tumour. When exposed to
a light source, Photofrin releases
a substance that destroys can-
cerous cells without attacking
the healthy surrounding cells.
The company is also considering

a technique to put monoclonal
antibodies and porphyrins to-
gether in order to improve the
effectiveness of the treatment.

Aside from cancer treatment, the
photoactive drug can be used to
purify the blood and eliminate
various types of viruses, such as
the herpes and AIDS viruses. It
has also produced encouraging
results in the treatment of arterio-
sclerosis, psoriasis and various
forms of STDs.

Quadra Logic researchers are
also working to produce a new
generation of more effective
porphyrins that do not produce
photosensitivity in patients.



brewers were successful in 
making their products only by 
chance. 

Only after scholars such as 
Pasteur and Hansen published 
results of their discoveries at the 
end of the last century did fer-
mentation cease to be the result 
of chance. These researchers 
demonstrated the action of 
yeasts in fermentation, and over 
the past few decades, research 
has essentially focused upon the 
improvement of yeast strains and 
the automatization of the fermen-
tation process. 

Lallemand Inc. of Montreal has 
contributed significantly in 

A New Era for the 

Agri-Food Industry 

The use of biotechnology in the 
agri-food industry, one of 
Canada's largest industries, is 
likely to lead to diversification 
and modification of all food prod-
ucts, both those made from agri-
cultural products and those 
obtained from other sources. 

Fermentation: New uses for 
an ancient craft 

More than 4 000 years B.C., a pro-
cess of fermentation using yeast 
was already part of daily life. It 
seems that the Egyptians knew 
beer and wine yeasts could be 
used to make bread rise, but they 
did not understand how to con-
trol the process. Bakers and 

Supervisor checking the process of 
fermentation (fermenter measuring 
120 m 3 ). 
(Lallemand Inc )  

changing the face of the "oldest 
biotechnology" in the world. 
Lallemand, a major producer of 
yeasts used in the bakery, winery, 
distillery and brewery markets, 
holds 60 per cent of the Canadian 
market for fresh yeast. For the 
past 10 years, with the develop-
ment of some 15 wine yeast 
strains made for export purposes, 
Lallemand has also become one 
of the largest producers of wine 
yeast in the world. 

The company is particularly inter-
ested in the development of 
yeast strains for specific applica-
tions. In the bakery field, for 
example, Lallemand is working to 
develop yeasts that are resistant 
to freezing for frozen doughs, 
yeasts resistant to high osmotic 
pressures for sweet doughs and 
yeasts with a high maltase activ-
ity for unsweetened doughs. 

In the winemaking field, Lalle-
mand has developed a high-
performance "Double-Killer" 
yeast that is derived through pre-
cise genetic manipulations and 
does not contain any bacterial 
DNA. In addition, the increase in 
yeast strains has led Lallemand 
to develop more refined identifi-
cation techniques. 

In other respects, the application 
of immobilized cell techniques 
has significantly improved the 
fermentation process in sparkling 
wines produced by the cham-
pagne method. The immobiliza-
tion of yeast in micro-bubbles of 
a natural polymer, such as algi-
nate, for example, makes it pos-
sible to seed the culture medium 
continuously and regularly, while 
increasing productivity. The use 
of immobilized cells as biocata-
lysers is a new and rapidly 
advancing technique. 



Basin used for cheddar cheese 
manufacture. 
CooperaIrve agro-alimentere Agropurl 

Dairy products: Winners in 
the biotechnology stakes 

Dairy products offer enormous 
market potential for the industrial 
application of biotechnology, 
from the development of new 
processes to the introduction of 
new products. 

In particular, biotechnology will 
make it possible to adapt cottage 
industry processes such as 
cheese-making to production on 
an industrial scale. This was 
recently the case in the produc-
tion of cheddar cheese. With the 

collaboration of university re-
searchers, the coopérative agro-
alimentaire Agropur of Granby, 
Quebec, Canada's largest ched-
dar cheese manufacturer, has 
developed a new process that 
can reduce the ripening period of 
old cheddar. 

The Agropur development, based 
on the selection of a special Lac-
tobacillus bacteria strain and its 
use for cheddar cheese produc-
tion, cuts the length of the ripen-
ing period by half. In addition, the 
new process makes it possible to 
use pasteurized milk. Agropur's 

innovation considerably improves 
the quality of the cheese in terms 
of both taste and texture and has 
also allowed Agropur to save 
several million dollars. 

In general, biotechnology has 
contributed toward great 
improvements in milk processing 
techniques to the point where 
milk can be used for virtually 
everything. The three main ingre-
dients of milk — lactose, fat and 
protein — can also be used to 
manufacture a wide range of 
products. 

o  

Protein is undoubtedly the most 
useful ingredient in milk. Protein 
hydrolysis is used to segment 
the proteins with the help of 
enzymes, thus providing smaller 
protein fragments that can be 
more easily assimilated by the 
organism. Milk proteins are of 
high quality and contain special 
characteristics that make them 
invaluable to the food, cosmetics 
and pharmaceutical industries. 

Milk proteins are already used in 
a wide variety of products such 
as diet foods, frostings, soup 
mixes. foaming agents, nutrition-
al supplements, cereal foods, etc. 



Can other food products be 
far behind? 

On a larger scale, the food indus-
try in general continues to reap 
the benefits of biotechnological 
developments. 

George Weston Limited of 
Toronto, Ontario, has been active 
in the food industry for more than 
100 years. Through its affiliate, 
Diversified Research Laboratohes 
Ltd., Weston's has been a leader 
in research and development in 
the food industry for more than 
30 years. The company has 
undertaken research in a wide 
range of areas, including biotech-
nology, and concentrates particu-
larly on the study of fermentation. 

For 	example, 	Diversified 
Research Laboratories Ltd. has 
developed a yeast-based fermen-
tation process for the production 
of a cocoa butter substitute. The 
process is characterized by the 
use of a single yeast strain that 

can use inexpensive milk byprod-
ucts as a source of food. The 
substitute product obtained is 
very similar to the original cocoa 
butter, but is much less expen-
sive. Moreover, it is entirely com-
patible with cocoa butter in the 
preparation of various food 
products. 

Agri-food products can also be 
used as raw materials for the 
extraction and purification of 
enzymes and proteins. STC Labo-
ratories Inc. of Winnipeg, Mani-
toba, an affiliate of Export 
Packers Company Ltd., is in-
volved in this field, working with 
eggs and horseradish. The com-
pany extracts and purifies com-
pounds such as "horseradish 
peroxidase," which is used in 
tests to measure the cholesterol 
rate; and avidin, which is pre-
pared from eggs and is used in 
pregnancy tests. Compounds 
extracted from agh-food products 
are used mainly by the pharma-
ceutical industry. 

00  

Bulk cheese being drained (boxes 
weighing 275 kg each). 
(Coop é rative agro-alimentaire Agropurt 
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Biotechnology in the 

Field . . . and on 

the Farm 

The future of plant production no 
longer depends upon seed selec-
tion and the farmer alone. Today, 
it also depends upon the contri-
bution of laboratories where biol-
ogists and geneticists create 
greater varieties of new "made-to-
order" plants that are healthier, 
more resistant and more produc-
tive — plants that will eventually 
grow without the use of nitrogen 
fertilizers. 

Growth chamber ,  culture of 
plant fragments. 
(alicroelite Plant Laboratorres Inc )  

Micropropagation: A second 
green revolution 

Propagating a rose bush to 
obtain 300 000 identical bushes 
or producing 100 000 strawberry 
plants from a single one in only 
a few months and in an area 
measuring only a few cubic 
metres are miracles that have 
already been made possible by 
micropropagation, or the in vitro 
culture of plants. 

Cellular or in vitro culture, ena-
bling the reproduction of plants 
from cells rather than seeds, is 
one of the many revolutionary 
techniques developed in the field 
of biotechnology. In vitro culture 
makes it possible to grow new 
plant varieties that are some-
times impossible to obtain 
through traditional genetic tech-
niques, and it also makes it pos-
sible to propagate healthy, vigor-
ous and disease-free plants in 
large quantities. Initially used 
with omamental or garden mar-
ket plants (carnations, strawber-
ries. potatoes, etc.), in vitro cul-
ture is now being used with fruit 
trees and forest species. 

The development of exceptional 
varieties of plants utilizing in vitro 
culture techniques is of great 
interest to industry. Indeed, 
micropropagation is a continually 
expanding industry in Canada 

Agriforest Technologies Ltd. of 
Kelowna, British Columbia, is 
one of the leaders in this field. 
The company produces over 
500 000 plants per year by micro-
propagation. Unlike most other 
firms working in the micropropa-
gation area that use tissues 
obtained from buds, Agriforest 
specializes in the culture of root 
tissues. The firm has used this 
method to produce fruit trees, 
assorted varieties of fruit plants, 
omamental plants and a new 
product just recently put on the 

market called "Roselets." Agrifor-
est has also developed a tech-
nique for the micropropagation of 
woody species which has been 
patented in Canada, the United 
States, Holland and Belgium. A 
micropropagation method for the 
reproduction of superior strains 
of Douglas fir and white pine is 
also being developed. 

Les Clay & Son Limited of 
Langley. British Columbia, has 
already marketed about 400 dif-
ferent cultivars obtained by 
micropropagation in various 
countries throughout the world. 
This company is also conducting 
research in order to select and 
propagate various species of 
omamental and forest plants on 
the basis of tissue culture. 

High-performance biological 
fertilizers 

Research in biotechnology has 
led to the discovery of micro-
organisms that can be grown and 
used as actual living fertilizers. 

These micro-organisms (bacteria 
or fungi) bond with the plant 
roots in order to retain atmos-
pheric nitrogen (as in the case of 
bacteria of the Rhizobium genus), 
provide them with minerals 
essential to their growth (as in 
the case of mycorhiza) or facili-
tate plant growth and help con-
trol diseases, as in the case of 
rhizobacteria. Thus, in the field, 
these micro-organisms take over 
and take on the work of the 
farmer and fertilizers — all 
without cost! 

Microbio-Rhizogen Corporation 
of Saskatoon. Saskatchewan, 
produces and markets rhizobium 
inoculants that can be used 
to grow assorted varieties of 
legumes. mainly peas, lentils, 
alfalfa, clover, etc. The Microbio-
Rhizogen product is sold in a 
ready-to-use form. The firm is 



Plant explants in the culture medium. 
(Agriforest  Technologies  Ltd.) 

Spring barley. 
(Senn Inc ) 

now conducting research in order 
to select the types of rhizobium 
that are compatible with lupin 
and chick peas. 

Les Tourbières Premier Ltée, a 
Rivière-du-Loup, Quebec, firm 
that specializes in peat moss and 
peat moss-based products is 
interested in a type of mycorhiza 
(endomycorhiza) that forms a 
symbiosis in the plant root, 
where it bonds. The company is 
involved in the production of 
endomycorhiza and substrates 
compatible with their use. It has 
recently marketed a peat moss-
based substrate that carries an 
endomycorhizial inoculum called 
Mycori-mix. This accomplish-
ment is a first both nationally and 
internationally. The product can 
be used with market garden and 
ornamental commercial crops 
that use peat moss-based culture 
media. These crops consist 
mainly of market garden plants 
grown in greenhouses or trans-
planted in the field, especially 
celery, pepper, lettuce, tomato 
and cucumber, as well as plants 
obtained from in vitro culture, 
particularly apple trees, fems and 
asparagus. 

Genetic improvement of 
plants: Already a reality 

Humans did not wait for biotech-
nology in order to start improving 
their crops, that is, to obtain 
cultivated plants with the most 
desirable characteristics, such as 
resistance to disease, early 
maturation or productivity. How-
ever, early attempts at plant 
improvement met with various 
problems. Genetic engineering 
can solve these problems by 
making it possible to change the 
genetic make-up of plants with-
out involving sexual reproduction. 

In the past, time was a major 
constraint, particularly the 
arnount of time required to obtain 
a pure strain in a genetic im-
provement process. The Semico 
Inc. company of Sainte-Rosalie, 
Quebec, uses a technique called 
the "double-haploid method" to 
shorten the selection cycle of 
new cultivars of spring barley. It 
is now possible to create geneti-
cally pure plants from the second 
generation on. In comparison 
with the conventional genetic 
improvement process, this new 
technique makes it possible to 
jump 15 to 20 generations, there-
by reducing the time required to 
develop a new variety of cultivar 
by four or five years. 

W.G. Thompson & Sons Ltd. of 
Blenheim, Ontario, is also inter-
ested in the improvement of 
spring barley. Using the double-
haploid technique, mainly with 
six-rowed spring barley, the com-
pany has been able to develop 
cultivars with valuable character-
istics, such as good resistance to 
various diseases, strong stems 
with firm resistance to bending, 
and round, full, plump seeds. 

Genetic engineering has also 
been used to develop genetically 
superior varieties of plants 
through different techniques. 
One of the most striking exam-
ples of this approach is the pro-
gram for the genetic improve-
ment of colza, a crop for which 
Canada is the largest world 
exporter, and which occupies a 
surface area of 1.2 million ha. 
Allelix Biopharmaceutical Inc. of 
Mississauga, Ontario, has man-
aged to develop a genetically 
superior variety of this oil-
producing plant. In 1987, the 
company announced that it now 
had colza plants that were both 
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Barley embryos cuflivated in a nutrition-
al medium - viable plantules.
(W.B. Thompson & Sons Ltd.)

male sterile and resistant to tria-
zine, a herbicide that is normally
toxic to colza.

This new variety was produced
using a technique called "proto-
plasm fusion" or somatic hybrid-
ation, which consists of joining
the contents of two somatic (non-
sexual) cells obtained from plant
tissue. This hybrid variety of colza
is now being tested in the field,
in accordance with government
regulations. However, Allelix
announced in 1989 that it had
been able to develop the first
plants of hybrid corn by using a
sophisticated genetic engineer-
ing technique - the culture of
immature male pollen (micro-
spore). Thus, the firm was able to
do with corn what had already
been done with colza, but using
a different technique. The pollen
culture technique, which makes
it possible to transfer laboratory
results more quickly into the
field, is likely to replace the use
of protoplasm fusion.

The next stage in colza improve-
ment will undoubtedly involve
genetic transfer, which has

already produced very encourag-
ing results in the laboratory.

Furthermore, the colza famiiy
encompasses a wide variety of
genetic characteristics that can
easily be exchanged among its
members, such plants as broc-
coli and cauliflower. Indeed,
Allelix researchers have recently
been able to transfer the charac-
teristic of male sterility from
colza to broccoli, and they are
now attempting the same pro-
cess with cauliflower and
cabbage.

Breeding success in
livestock

Another area where biotechnol-
ogy is being applied is animal
breeding. The animal breeding
techniques used in Canada are
among the most advanced in the
worid, and Canadian Holstein
cows are renowned as one of the
most productive milk-producing
breeds.

Biotechnological progress in ani-
mal breeding has led to the

Clone of 14 embryos ready to be trans-
planted into a cow.
( Ah Bnw.ecs Inc.)



development of useful embryo 
manipulation techniques, such as 
overovulation, the removal of 
embryos, the freezing and divi-
sion of embryos, etc. Alberta 
Livestock Transfers of Calgary, 
Alberta, which has recently 
become Alta Genetics Inc., was 
one of the first companies in the 
world to use embryo manipula-
tion techniques on an industrial 

scale. In addition, the company 
has built a significant export mar-
ket for its frozen embryos. 

Alta Genetics has become the 
standardbearer and is a leader in 
cloning and nucleus transplanta-
tion methods, particularly with 
Holstein dairy cattle. In collabo-
ration with the University of 
Calgary, the company is also 

conducting research on more 
advanced genetic manipulation 
techniques, such as gene trans-
fers. Research results may lead 
to more productive and healthier 
animals more suitable for use as 
food or for industrial purposes. 
However, at present, gene trans-
fer, particularly for large animals, 
is one of the techniques that has 
yet to be fully mastered. 

00  

Four Holstein calves obtained from the 
same clone and delivered using the 
nucleus transplantation process. 
(Alta Genetics Inc 
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Developing 

Aquaculture 

Salmon eggs where the eye is visible. 
Ovulation and egg-laying are stimulated 
by the injection of "Ovaprim." which is 
a reproductive agent prepared from pep-
tide hormones and used with salt- and 
fresh-water fish. 
(Syndel Laboratories Ltd )  

Although aquaculture is a new 
industry in Canada, it holds con-
siderable promise for successful 
development. Techniques derived 
from biotechnology will undoubt-
edly help bring about a major 
breakthrough in the next few 
years. 

Syndel Laboratories Ltd. of 
Vancouver, British Columbia, has 
mastered the art of stimulating 
ovulation and egg-laying in 
farmed fish. The company has 
also recently marketed a very 
sophisticated product called 
Ovaprim, used mainly with carp, 
salmon and catfish. A fourth-
generation product prepared 
from peptide hormones (godano-
tropin and dopamine), Ovaprim is 
the result of years of research. 
The use of extracts of pituitary 
hormones to control the repro-
ductive process has become a 
thing of the past, and today 
Syndel Laboratories is one of the 
world leaders in new techniques 
used to induce ovulation in salt-
and fresh-water fish. 

Another company in British 
Columbia, Microtek Research 
and Development Ltd., is inter-
ested in developing diagnostic 
tests and vaccines for various 
diseases that can affect fish in 
aquaculture farms. Microtek has 
developed a vaccine, approved by 
Agriculture Canada, as well as a 
diagnostic test for various fish 
diseases. This research and 
development firm has also devel-
oped a monoclonal antibody to 
identify Renibacterium salomoni-
narum, a bacterium responsible 
for kidney disease in salmon. 

Royal Pacific Sea Farms Ltd. of 
Vancouver, British Columbia, is 
concentrating its efforts on 
growth hormones, in particular 
recombinant somatotropin. With 
this hormone, the company aims 
to improve the productivity of fish 
farms. 

Tissue culture laboratory used to carry 
out diagnostic tests of viral diseases in 
fish. 
ilidlicroteli Research and Development Ltd ) 
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Protecting the 

Environment 

Over the medium term, the envi-
ronment will likely derive great 
benefits from the advances being 
made in biotechnology. Already, 
it is possible to produce very 
effective bacteria to purify waste 
water and biologically degrade 
toxic waste. 

Use of micro-organisms to 
purify waste water 

The biological processes used to 
purify waste water are based on 
the presence of bacteria that 
develop naturally. VVith or without 
oxygen, depending upon the pro-
cess, these bacteria decompose 
the organic materials contained 
in the water and use them as a 
source of food. The residues are 
concentrated in the form of 
sludge, which is then ready for 
disposal. 

Faced with an overload of organ-
ic materials, which often occurs 
in purification plants, ordinary 
bacteria cannot meet the chal-
lenge. However, a new process 
known as LLMO (Liquid Live 
Micro-Organism), which has 
already been approved in the 
United States, provides a remedy 
for the problem. Aquarecherche 
Ltd. of North Hatley, Quebec, has 
given the name of DACTAPUR to 
its version of the LLMO process. 
It was used for the first time in 
Canada during 1987 in the purifi-
cation plant of the Municipality of 
Lac-Mégantic, Quebec. 

This process is of considerable 
interest because it adds a mix-
ture of non-pathogenic super-
bacteria strains to the waste 
water. These can help service 
micro-organisms significantly 
reduce (in the order of 30 to 
50 per cent) the volume of sludge 
produced during processing, 
while making the residues avail-
able for agricultural and forestry 
purposes. In addition, these 
super-bacteria digest fats and 
eliminate the problem of unpleas-
ant odour in waste-water net-
works. Aquarecherche investiga-
tors have also been able to 
condition these bacteria so that 
they can degrade solvents and 
hydrocarbons. 

Paques Lavalin of Willowdale, 
Ontario, a company very active in 
the environmental field, is espe-
cially interested in the anaerobic 
processing of waste water. This 
technology, which was imported 
from Holland, has made it pos-
sible to develop the BIOPAQ 
system, which can be used to 
process waste water while pro-
ducing a biogas that can be used 
to replace conventional fuel in a 
plant. The anaerobic bacteria 
used in the BIOPAQ reactor 
digest up to 90 per cent of the 
biodegradable materials con-
tained in waste water. Apart from 
waste-water processing plants, 
the BIOPAQ system can be used 
in various other industries, in par- 

ticular pulp and paper, food prod-
ucts and beverages. 

At the same time, it is clear that 
industrial effluents are very dan-
gerous for the environment, par-
ticularly the aquatic environment 
and the water table. Industry is 
becoming increasingly aware of 
its role in protecting the environ-
ment and of the possibilities 
offered by biotechnological pro-
cesses. Such is the case with the 
Bon-Conseil cheese-making 
plant, a Quebec subsidiary of 
Agropur. The plant dumps a 
volume of waste water equivalent 
to that produced by a population 
of 50 000 people. 

Aware that agri-food effluents 
have been identified as a major 
pollutant, the company has dis-
tinguished itself by acquiring a 
waste-water processing centre 
that uses a mixed anaerobic-
aerobic system. The initial 
decomposition of the polluting 
load is obtained by means of bac-
teria that act in a sealed cham-
ber in the absence of air (anaero-
bic phase). The purification task 
is complemented by the activity 
of aerobic bacteria contained in 
outdoor tanks in the open air. The 
sludge produced by the process 
is used as a fertilizer for an 
experimental spruce nursery next 
door to the waste-water process-
ing centre. 

Blopag Two Stage Process 

Hydrolysis 
Acidification 
Acetogenesis 

Illustration of the BIOPAO system. 
(Paques Lavahni 

Acidification 
Acetogenesis 
Methane Formation 



Illustration of a gas/water separator 
module in the foreground and the reac-
tor container in the background. 
tPaques Lavahn 

Sample of horsetail grass (Equise-
tuum fluviatile). This semi-aquatic 
plant can concentrate arsenic in its 
tissues and is used to determine 
the level of arsenic concentration 
in laboratory and pilot studies. 
lP Lane and Associates Ltn I 

Among the companies that con-
centrate research and develop-
ment in this area, of part icular 
interest are P. Lane and Associ-
ates of Halifax, Nova Scotia, and 
ADI Ltd. of Fredericton, New 
Brunswick. P. Lane is mainly con-
cemed with the microbial degra-
dation of aromatic polycyclic 
hydrocarbons that contaminate 
the soil and water ,  and with the 
accumulation of heavy metals in 
aquatic macrophytes. The com-
pany orients much of its research 
toward the needs of developing 
countries. ADI is the only small 
business in Canada involved in 
biotechnology projects at the 
international level. Anaerobic 
waste-water treatment for warm, 
strong organic waste water 
coming from a wide range of 
sources is of particular interest to 
ADI. 

Heavy metals and toxic 
products: Bacteria that can 
control them 

One of the most promising appli-
cations of biotechnology in the 
environmental protection area is 
the biological degradation of 
toxic waste through micro-
organisms. Toxic waste often 
causes great damage before it is 
detected. 

To address this problem, CBR 
International Biotechnologies 
Corporation of Sidney, British 
Columbia, has developed and is 
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now marketing an "Environmen-
tal Monitor" test that can be used
to measure environmental stress
in living organisms, especially
micro-organisms. There is a great
need for tools that can predict,
detect and diagnose environmen-
tal deterioration.

The environment is constantly
attacked by a wide variety of
toxic compounds of the organo-
chlorine family. However, a
recent discovery indicates that
certain strains of Pseudomonas

bacteria can decompose some
polychlorinated compounds.
These micro-organisms produce
enzymes that destroy the
nucleus of molecules of poly-
chlorinated hydrocarbons and
release the chlorides that render
the molecule toxic. This
approach can also be used with
polychlorinated biphenyls (PCBs).

In collaboration with the Biotech-
nology Research Institute in
Montreal and the National Scien-
tific Research Institute-Health

Class 100 Clean Room for the deter-
mination of trace levels of environmental
contaminants.
( CBR International Biotechnologies Corporation)

(INRS-Santé), the Sanivan Group
of Anjou, Quebec, is developing
a PCB biodegradation process.
This initiative will require exten-
sive effort and rigorous research
protocol, but tests have already
been carried out in the field and
the Sanivan Group expects that
a biological decontamination pro-
cess could be available at the
beginning of the 1990s.
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The development of biotechnolo-
gies can significantly affect the
processing and profit-making
capacity of industrial waste.

To deal with wood waste pro-
duced mainly by the forestry and
agricultural industries, Stake
Technology Ltd. of Norval,
Ontario, has developed a steam
cracking process for biomass
transformation. This process,
called Staketech, uses steam
cracking to decompose waste
into its three principal compo-
nents: cellulose, hemicellulose
and lignin. With the Staketech
process, Stake has become a
world leader in the conversion of
lignocellulose material. However,
this is only the first stage in the
transformation of biomass com-
ponents into a whole range of
valuable products, and it is at this
point that biotechnology will play
a role.

Micro-organisms can, for exam-
ple, metabolize the sugars con-
tained in hemicellulose and

With the Stake procedure it is possible to not
only convert the biomass, but, using steam
cracking, to decompose wood waste into its
three main components: cellulose, hemicelluloses
and lignin.

LIGNIN AND CELLULOSE
SEPARATED

IMPREG-
NATING
TANK a
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Biomass conversion process.
(Stalu TechrNM LN.)
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thereby obtain a protein-rich
product that can be used as ani-
mal feed. The chemical and food
industries could also take advan-
tage of hemicellulose byprod-
ucts, the former with the produc-
tion of furfural, a solvent; and the
latter with the production of xyli-
tol, a byproduct of wood alcohol
(xylose) that has an excellent
sweetening power and can be
found mainly in sugar-free chew-
ing gums.

In regard to xylitol, logen Corpo-
ration of Ottawa, Ontario, has
developed a production tech-
nique that can reduce costs sig-
nificantly. When produced con-
ventionally, xylitol is 500 per cent
more expensive than when it is
obtained from sugar alcohol and
sorbitol.

Cellulose can be hydrolysed by
enzymes in the preparation of
fermentable sugars that can
be used to produce ethanol or
prepare complex chemical prod-
ucts (acetone-butanol, polyols,
etc.).

The lignin obtained with the
Stake process is not chemically
modified. Thus, it could be used
in the preparation of adhesives
for the forest products industry
and in a wide variety of other
products.



Encouraging Forest 

Growth 

A number of plantules are produced in 
test tubes from a single yellow cedar 
plant. 
(Cantor Corporation) 

The micro-shoots are then transplanted 
into the soil in the greenhouse, until 
they can be transplanted outside. 
(Cantor Corporation) 
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One of the major contributions of 
biotechnology to forest health 
and growth is undoubtedly the 
successful association of myco-
rtizal fungi and trees. It has been 
shown that mycorhiza improve 
the chances of survival of young 
plants by allowing them to better 
absorb water and mineral salts 
(particularly phosphorus) and by 
providing them with some protec-
tion against pathogenic agents. 

The Rhizotec company of Saint-
Jean-Chrysostome, Quebec, 
marketed three mycortizal inocu-
lants in the course of 1988 and 
became the first Canadian firm to 
succeed in this sector. In the 
three cases, the fungus used was 
Laccaria bicolor, an edible fungus 
that is routinely consumed as 
food. This company also devel-
oped a technique for the inocu-
lation of plants in containers, a 
method that makes it possible to 
inoculate 20 000 plants per hour. 
Rhizotec has a bank of 152 differ-
ent strains of mycorhizal fungi 
and is in the process of produc-
ing approximately 12 on a com-
mercial basis. 

Balco Canfor Reforestation Cen-
tre Ltd. of Kamloops, British 
Columbia, is also very active in 
this area of biotechnology and 
produces about 10 million plants 
per year, mainly white pine, 
lodgepole pine and Douglas fir. 
The nursery uses mycorhizal 
fungi to improve the quality of 

the plants and the rate of survi-
val after planting. Various exper-
iments have in fact shown that 
the rate of survival of the plants 
could be increased by about 
25 per cent. The rate of growth of 
mycorhized trees is also higher. 

Within the framework of its genet-
ic improvement program, Canfor 
Corporation of Vancouver, British 
Columbia, an affiliate of Balco 
Canfor Reforestation Centre Ltd., 
has developed "super-trees," or 
hybrids, that grow faster and pro-
duce wood of better quality. 

Moreover, in collaboration with 
Les Clay's nursery of Langley, 
British Columbia, a project is 
under way to culture tree tissues 
in order to produce clones of 
high-quality conifers and repro-
duce them quickly through 
micropropagation. This technique 
has been successfully used with 
yellow cedar, and studies are 
being carried out with other spe-
cies, such as Douglas fir and 
sitka spruce. These efforts are 
expected to improve by 10 per 
cent the yield of future planta-
tions, and in general, tissue cul-
ture and cloning will save time 
that is precious for the Canadian 
forest. Canfor Corporation is the 
only Canadian forestry company 
that is so deeply involved in the 
use of advanced techniques for 
the genetic improvement of 
conifers. 
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Improvements in 

Wood Processing 

In addition to offering promising 
possibilities for the quantitative 
and qualitative improvement of 
forest production, biotechnology 
can also play an important role in 
wood processing. 

It is already known that some 
micro-organisms, particularly 
enzymes and fungi, can trans-
form the main components of 
wood (cellulose, hemicellulose 
and lignin) into a wide range of 
substances — chemical prod-
ucts, solvents, food products and 
fuels. Now, however, the chal-
lenge is to find the most effec-
tive micro-organisms and the 
most productive and economic 
techniques to achieve these 
results. 

Technician working with the equipment 

used for the diagnosis of fungi that 
discolour and rot wood. 
(Fonntek Canada Corporation  

logen Corporation of Ottawa, 
Ontario, has unique and signifi-
cant experience in the production 
of cellulases, enzymes that have 
been selected to modify or com-
pletely break down cellulose 
fibres to make a useful wood 
component. Many types of cellu-
lases are available, namely endo-
glucanase, exoglucanase and 
betaglucosidase. logen was the 
first company to develop an enzy-
matic conversion technique that 
allows the conversion of cellu-
lose into glucose. 

Forintek Canada Corporation of 
Ottawa, Ontario, has identified an 
enzyme, xylanase, that can play 
a role in the process used to 
bleach pulp for fine papers. The 
pulps treated with xylanase 
require fewer chemical products 
and produce better yields. Forin-
tek has obtained a patent for the 
production and purification of 
xylanases on a large scale. 

In the Pulp and Paper Research 
Institute of Canada (Paprican) in 
Pointe-Claire, Quebec, research-
ers have also discovered a fun- 

gus, Coriolus versicolor, that can 
bleach kraft pulp obtained from 
hardwood within a period of five 
days under aerobic conditions. 

In the lumber field, Forintek 
Canada has developed a test for 
the diagnosis for biological con-
trol of fungi and sap-staining 
fungi that can affect the colour 
of wood. The wood could simply 
be inspected using an immuno-
logical test to detect infected 
wood that has not yet been dis-
coloured and should be treated. 
The conventional method used to 
protect the wood against colour 
changes uses chemical products 
that are toxic to living organisms 
and can remain in the environ-
ment, whereas the treatment 
developed by Forintek is based 
on the natural competition that 
exists between fungi. Thus, some 
fungi that do not change the 
colour of wood or lead to rotting 
are used to prevent the develop-
ment of undesirable fungi. This 
less toxic treatment may meet 
the environmental standards in 
force in the lumber export 
markets. 



Bacteria colony (Thiobacillus ferroxidans) 
of leaching microbes (electron microg-
raphy X 7500). These bacteria digest 
pyrite or iron sulfide and release the 
precious metals. 
(GB Btotech Inc ) 

The largest biological leaching reactor 
in the world. The tank measures 6.5 m 
in diameter and 7.2 m in height. This 
reactor is located near Goldbridge in 
British Columbia. 
(GB Biotech Inc ) 
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Mining with Bacteria 

The history of bacteria for use in 
the mining industry began in 
1947 when two researchers in 
British Columbia attempted to 
explain why abandoned coal 
mines produced acid concentra-
tions. They discovered that a bac-
terium, Thiobacillus ferroxidans, 
exists at the bottom of a mine. 
This bacterium can accelerate, by 
hundreds of thousands of times, 
the natural conversion of pyrite 
into sulphuric acid. This process, 
called metal bioleaching, can be 
used to release precious metals 
contained in the pyrite. 

GB Biotech Inc. of Burnaby, Brit-
ish Columbia, is one of the two 
or three world leaders in the use 
of bacteria for the concentration 
of gold and silver ores. The con-
centration operation is carried 
out in a reactor. The company 
has built the first biological 
leaching plant in North America 
to recover gold and silver from 
ore and concentrates with a low 
sulphur content. The biological 
leaching process developed by 
GB Biotech is now being market-
ed, and the company expects 
eventually to use the same pro-
cess in the open air, spraying the 
bacterial solution over ore piles. 

Coastech Research Inc. of North 
Vancouver, British Columbia, is 
involved in research and develop-
ment in the mining field and 
offers its services to the mining 
industry. Among other aspects, 
the company is interested in the 
use of micro-organisms for the 
extraction and recovery of metals 
from ore, concentrates and 
mining waste. The firm works 
mainly on the biological leaching 
of gold, but it is also interested 
in copper and other metals. 

With government support, Deni-
son Mines Limited of Elliot Lake, 
Ontario, has been successful in 
developing a biological leaching 
process that can be used for the 
underground extraction of 
uranium. 

Bacteria could also be used to 
eliminate mining waste, a source 
of pollution mainly because of its 
sulphur content. Recbiomine Inc. 
of Sainte-Foy, Quebec, has in-
stalled a pilot laboratory to devel-
op a process for the biodeg-
radation of mining waste. The 
company expects to market this 
process in due course. 
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Glossary 

Antibodies 
Blood proteins that serve as the 
basis of the immune system in 
mammals. Antibodies combine 
specifically with corresponding 
foreign substances called anti-
gens (see antigen). 

Antigen 
Molecule (generally a protein) 
which, when introduced into the 
body, stimulates the production 
of antibodies that react specifi-
cally with this antigen. 

Bacterium 
Very common unicellular organ-
ism that measures about one 
micron. Some bacteria are patho-
genic, but the majority are use-
ful to man for a large number of 
natural processes. 

Biosynthesis 
The production of a chemical 
substance by a living organism. 

Cellulase 
Enzyme that decomposes cellu-
lose into glucose. 

Cellulose 
Polysaccharide made up of 
glucose units that are joined 
together. Cellulose makes up the 
greatest proportion of the walls 
of plant cells. 

Clone 
Group of cells that are all derived 
from a single initial cell through 
successive divisions. 

DNA 
Deoxyribonucleic acid present in 
the nucleus of the cells. It con-
tains the chromosomes and is 
the basis of heredity. 

Enzyme 
Protein molecule that acts as a 
catalyser (accelerator) of bio-
chemical reactions that take 
place within living organisms. 

Fermentation 
Process that provides energy 
through the (incomplete) degra-
dation of organic materials in the 
absence of oxygen. 

Gene 
Portion of a DNA molecule that 
encodes the amino acid chain 
forming a protein. 

Genetic code 
Hereditary information used to 
assemble the basic fundamental 
constituents of living beings (pro-
teins) and control basic living 
reactions. 

Genetic engineering 
Biotechnology used to change 
the hereditary information of a 
living cell in order to make it 
accomplish different functions. 
Genetic engineering is used for 
cellular "reprogramming." 

Genetic manipulation 
The process of adding a gene to 
a cell in order to provide it with 
a new characteristic. To do this, 
it is necessary to remove the 
desired gene from an animal cell 
and transfer it to a bacterium. 

Genome (or genetic 
inheritance) 
Set of chromosomes in a cell. 

Hemoglobin 
Protein molecule containing iron 
that has the ability to capture 
oxygen in a reversible manner 
and thus transport it throughout 
the organism. Hemoglobin is 
contained in the red blood cells. 

Hormone 
Substance secreted by an inter-
nal secretion or endocrine gland: 
it is emptied into the blood and 
is carried to the tissues, where it 
carries out a specific action. 

Hybrid 
A new variety of plant or animal 
that results from crossing two 
existing varieties. 

Hybridation 
Reaction consisting of realigning 
two complementary strands of 
DNA. 

Hybridoma 
A hybrid cell formed by the 
fusion of a lymphocyte and a 
myeloma (or cancerous) cell. 
Hybridomas are used mainly for 
the production of monoclonal 
antibodies. 

In vitro 
A biological experiment that 
takes place outside a living 
organism. 

Interferon 
Natural anti-viral (and probably 
anti-tumour) protein secreted by 
the attacked cells. 

Lymphocyte 
Small white globule that pro-
duces antibodies (lymphocyte B) 
or plays a role in the amplifica-
tion of immune mechanisms 
(lymphocyte T). 

Metabolism 
Chemical reactions that take 
place in a cell and, by extension, 
the reactions that take place in a 
living organism to produce 
energy. 

Molecules 
Combinations of atoms joined 
together by chemical bonds. The 
average size of a molecule is 
10 times greater than that of an 
atom. 

Monoclonal antibodies 
Very specific antibodies obtained 
by hybrid cellular strains called 
hybridomas (see hybridoma). 

Moulds 
Microscopic fungi visible to the 
naked eye. 

Mutation 
Alteration of DNA structures by 
a physical or chemical agent. 
Anything that can produce a 
mutation is said to be a mutagen. 
Alterations produced by muta-
tions are hereditary. 



Oncogene 
A gene that plays a role in the 
transformation of normal cells 
into cancerous cells. Some 
viruses are oncogene carriers. 

Pathogen 
Something that causes disease: 
pathogenic microbe. 

Photosynthesis 
Reaction through which chlo- 
rophyllic plants transform light 
energy into organic substances. 

Polymer 
Long chain macromolecule 
formed by a repetition of small 
structural units. 

Porphyrin 
Essential biological pigment 
(e.g., chlorophyll, red blood 
corpuscles). 

Protein 
Macromolecule formed by a 
chain of amino acids that are 
joined together. They are the 
building units of all living beings. 
The proteins that catalyse the 
metabolic reactions are called 
enzymes. 

Restriction enzymes 
Particular enzymes, present in all 
cells, that are capable of recog-
nizing and destroying DNA. 
Restriction enzymes are used in 
genetic engineering as biological 
"scissors" to cut the DNA and 
recombine it with other 
fragments. 

Yeasts 
Single-celled fungi. 
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List of Companies and

Institutions Mentioned

in This Publication

ADI Limited
1133 Regent Street
Fredericton, New Brunswick
Canada E3B 3Z2

Tel: 506-452-9000
Fax: 506-459-3954

Agriforest Technologies Ltd.
2330 Enterprise Way
Kelowna, British Columbia
Canada V1X 4H7

Tel: 604-860-5815
Fax: 604-763-4780

Agropur coopérative
agro-alimentaire

510, rue Principale, C.P. 6000
Granby (Québec)
Canada J2G 7G2

Tel: 514-375-1991
Fax: 514-375-2099
Telex: 05832510

Allelix Agriculture (Subsidiary
of Allelix Biopharmaceutical
Inc.)

6850 Goreway Drive
Mississauga, Ontario
Canada L4V 1 P1

Tel: 416-677-0831
Fax: 416-677-9595
Telex: 06968036

Alta Genetics Inc.
Site 12, Box 12, R.R. 4
Calgary, Alberta
Canada T2M 4L4

Tel: 403-239-8882
Fax: 403-239-8886
Telex: 03821172CGY

Aquarecherche Ltée
C.P. 208
North Hatley (Québec)
Canada JOB 2C0

Tel: 819-842-2890
Fax: 819-842-2902

Balco Canfor Reforestation
Centre Ltd.

R. R. 3
Kamloops, British Columbia
Canada V2C 5K1

Tel: 604-578-7212
Fax: 604-578-8655

Biotechnology Research
Institute

6, avenue Royalmount
Montréal (Québec)
Canada H4P 2R2

Tel: 514-496-6102
Fax: 514-496-6232

Canfor Corporation
2800 - 1055 Dunsmuir Street
P.O. Box 49420, Bentall Postal

Station
Vancouver, British Columbia
Canada V7X 1135

Tel: 604-661-5241
Fax: 604-661-5273
Telex: 0453338/cable canfor

Chembiomed Ltd.
Edmonton Research and

Development Park
P.O. Box 8050
Edmonton, Alberta
Canada T6H 4N9

Tel: 403-450-6800
Fax: 403-450P6899
Telex: 0373886

Coastech Research Inc.
80 Niobe Street
North Vancouver, British

Columbia
Canada V7J 2C9

Tel: 604-980-5992
Fax: 604-980-2737

Connaught Laboratories Ltd.
1755 Steeles Avenue W.
Willowdale, Ontario
Canada M2R 3T4

Tel: 416-667-2627
Fax: 416-667-0313
Telex: 22184

CBR International
Biotechnologies Corporation

P.O. Box 2010 - #101
9865 West Saanich Road
Sidney, British Columbia
Canada V8L 3S3

Tel: 604-655-1944
Fax: 604-655-7131

Denison Mines Limited
Elliot Lake Operations
P.O. Box B 2600
Elliot Lake, Ontario
Canada P5A 2K2

Tel: 705-461-6214
Fax: 705-848-4445

Diversified Research
Laboratories Ltd. (affiliate of
George Weston Limited)

1047 Yonge Street
Toronto, Ontario
Canada M4W 2L2

Tel: 416-922-5100
Fax: 416-922-4318

Forintek Canada Corporation
800 Montreal Road
Ottawa, Ontario
Canada K1G 3Z5

Tel: 613-744-0963
Fax: 613-744-0903
Telex: 0533606

GB Biotech Inc.
Suite 750
650 West Georgia Street
P.O. Box 11583
Vancouver, British Columbia
Canada V6B 4N8

Tel: 604-683-6332
Fax: 604-434-9320

IAF Biochem International Inc.
10 900, rue Hamon
Montréal (Québec)
Canada H3M 3A2

Tel: 514-335-9922
Fax: 514-335-9919
Telex: 05827642



Institut Armand-Frappier 
(Frappier Diagnostic Inc.) 

527, boulevard des Prairies 
Laval (Québec) 
Canada H7N 4Z9 

Tel: 514-687-5010 
Fax: 514-687-5010 
Telex: 05562171 

Institut national de recherche 
scientifique sur la santé 

248, boulevard Hymus 
Pointe-Claire (Québec) 
Canada H9R 1G6 

Tel: 514-630-8800 
Fax: 514-630-8850 
Telex: 05131623 

logen Corporation 
400 Hunt Club Road 
Ottawa, Ontario 
Canada K1G 3N3 

Tel: 613-733-9830 
Fax: 613-733-5127 

Lallemand Inc. 
1620, rue Préfontaine 
Montréal (Québec) 
Canada H1VV 2N8 

Tel: 514-522-2133 
Fax: 514-522-2884 
Telex: 0524824 

Les Clay & Son Limited 
3666 - 224th Street, Box 3040 
Langley, British Columbia 
Canada V3A 4R3 

Tel: 604-530-5188 
Fax: 604-534-3463 
Telex: 04352848VCR 

Les laboratoires Rhizotec Inc. 
780, rue Commerciale 
Saint-Jean-Chrysostome 

(Québec) 
Canada G6Z 2C9 

Tel: 418-839-5931 

Les Tourbières Premier Ltée 
Chemin Témiscouata, C.P. 2600 
Rivière-du-Loup (Québec) 
Canada G5R 4C9 

Tel: 418-862-6356 
Fax: 418-862-6685 
Telex: 0513964 

Medicorp Inc. 
6 100, avenue Royalmount 
Montréal (Québec) 
Canada H4P 2R2 

Tel: 514-733-1900 
Fax: 514-496-6232 
Telex: 6503156922 

Microbio-Rhizogen Corporation 
Bay 5, #116 - 103rd Street 

East 
Saskatoon, Saskatchewan 
Canada S7N 1Y7 

Tel: 306-373-3060 
Fax: 306-373-2933 

Microtek Research and 
Development Ltd. 

P.O. Box 2460 #101 
9865 West Saanich Road 
Sidney, British Columbia 
Canada V8L 3Y3 

Tel: 604-655-1455 
Fax: 604-655-7131 

National Research Council 
Canada 

Building M-58 
Montreal Road Campus 
Ottawa, Ontario 
Canada K1A 0R6 

Tel: 613-993-9101 

Ortho Pharmaceutical (Canada) 
Ltd. 

19 Greenbelt Drive 
Don Mills, Ontario 
Canada M3C 1L9 

Tel: 416-449-9444 
Fax: 416-449-2658 

P. Lane and Associates Ltd. 
1046 Barrington Street 
Halifax, Nova Scotia 
Canada B3H 2R1 

Tel: 902-423-8197 
Fax: 902-429-8089 
Telex: 01921745 

Paques Lavalin 
Atria North — Phase II 
2235 Sheppard Avenue East 
VVillowdale, Ontario 
Canada M2J 5A6 

Tel: 416-756-9687 
Fax: 416-756-4998 
Telex: 06986781 

Plant Biotechnology Institute 
110 Gymnasium Road 
Saskatoon, Saskatchewan 
Canada S7N 0W9 

Tel: 306-975-4191 

Pulp and Paper Research 
Institute of Canada (Paprican) 

570, boulevard St. John's 
Pointe-Claire (Québec) 
Canada H9R 3J9 

Tel: 514-630-4100 
Fax: 514-640-4134 
Telex: 05821541 

Quadra Logic Technologies 
Inc. 

520 West 6th Avenue 
Vancouver, British Columbia 
Canada V5Z 4H5 

Tel: 604-872-7881 
Fax: 604-875-0001 
Telex: 0454654 

Recbiomine Inc. 
1900, place Côté, Suite 206 
Sainte-Foy (Québec) 
Canada G1N 3Y5 

Tel: 418-653-2310 
Fax: 418-681-1909 
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Royal Pacific Sea Farms Ltd. 
1407 - 700 West Pender 
Vancouver, British Columbia 
Canada V6C 1G8 

Tel: 604-685-8340 
Fax: 604-685-4282 

S.P.I. Synthetic Peptides Inc. 
Room 355, Medical Sciences 

Building 
Department of Bio-Chemistry 
University of Alberta 
Edmonton, Alberta 
Canada T6G 2H7 

Tel: 403-492-3155 
Fax: 403-432-7168 

SIC  Laboratories Inc. (affiliate 
of Export Packers Company 
Ltd.) 

Science and Technology 
Center 

68 Irene Street 
Winnipeg, Manitoba 
Canada R3T 4E1 

Tel: 204-284-5052 
Fax: 204-475-7740 

Semico Inc. 
4905, boulevard Laurier 
Sainte-Rosalie (Québec) 
Canada JOH 1X0 

Tel: 514-799-3225 
Fax: 514-464-5362 
Telex: 05830507 

Stake Technology Ltd. 
2838 Highway #7 
Norval, Ontario 
Canada LOP 1K0 

Tel: 416-455-1990 
Fax: 416-455-2529 

Syndel Laboratories Ltd. 
9211 Shaugnessy Street 
Vancouver, British Columbia 
Canada V6P 6R5 

Tel: 604-321-7131 
Fax: 604-321-3900 
Telex: 0636700394 MBXCA 

W.G. Thompson & Sons Ltd. 
P.O. Box 250 
Blenheim, Ontario 
Canada NOP 1A0  

To obtain general information 
on Canadian firms active in 
the field of biotechnology, you 
may consult the 1988 Cana-
dian Biotechnology Industry 
Source Book. 

The publication Partnerships in 
Biotechnology is a guide to 
federal programs,  services and 
research centres involved in 
the biotechnology industry in 
Canada 

The above publications are 
available by writing to the 
Biotechnology and Health Care 
Products Directorate, Industry, 
Science and Technology 
Canada, 235 Queen Street, 
Ottawa. Ontario K1A OH5. 
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Tel: 519-676-5411 
Fax: 519-676-5674 
Telex: 06478529 

Sanexen International Inc. 
(Le Groupe Sanivan) 

7777, boulevard Louis-H. 
Lafontaine 

Anjou (Québec) 
Canada H1K 4E4 

Tel: 514-355-3351 
Fax: 514-354-2493 
Telex: 05829559 



Conifer plants growing in greenhouses. 
(Bale° Cantor Reforestation Centre Ltd.) 
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Production of vaccines using fermenta-
tion equipment. 
Mucrotek Research and Development Ltd 1 
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