i — =
= ——
> - % g
- -
Z z
= = S -
r—
- = . o . S
5 = w; ~p— >
= - — '
- i = i
-
'
-2 -
N,
- = =
5

——

Proceedings of " =,

AQUATECH "96~ %"



Announcing a truly comprehensive
Directory of Canadian Aquaculture!

Hardcopy, CD-ROM & Internet Pulication

Canadian Aquaculture 2,500+ profiles!
Directory e Producers
» finfish « shellfish

s seaweeds e seq urchins
» Supplies/Services
¢ Aguatechnologies
» Engineering
» Research/Biologicals
e Training/Education

e Key contacts
e addresses e e-mal

o Tel/fax o Web s7es
s Products & Services
¢ Research / Technologes
and more!

A must have for a
http://CanAqua.com in this industry?

Available in easy access format hardcopy or CD-ROM.
CD lets you search, sort, print reports, labels, keep notes and moret

A C C E S 1,740 Producers!
802 Services / Suppliers / R&D
Putting the entire Canadian aquaculture industry on the
http S anAqua.com

(" SAVE 20% AAC intro special! |

HARDCOPY regular $115.00 => Special: $89.95* CD ROM regular $195.00 => Specia 353
“Add S&H $7.50 *GST in Canada ($6.80 for hardcopy $10.92 for CD) *PST in ON ($7.80 for hardcopy siz@Ewt

Contact Canada™ 358 Delrex Blvd. Georgetown, ON L7G 4H4
Tel: (905) 873-1295 Fax: 6133 e-mail: ccinfo@CanAqua.com
Cheque VISA Mastercard



& Anesthetics

& Parasiticides

& Disinfectants
& Antimicrobials
& Spawning Products
& Transportation Products
& Hatchery & Farm Supplies
& Alpharma Biojec Vaccines

Canadian Distributor for

Aquatic Animal Health Division

SYNDEL INTERNATIONAL INC.
9211 Shaughnessy Street
Vancouver, B.C. Canada V6P 6R5

Vancouver, BC St. George, NB
Telephone: (604) 321-7131 (506) 755-8982
Toll Free: (800) 663-2282  (800) 830-4885
FAX: (604) 321-3900  (5086) 755-8982




Bulletin
of the
Aquaculture Association
of Canada

Membership in the Aquaculture Association of
Canada (AAC), anonprofit, charitable organization
is available to individuals, institutions, companies
and agencies. Receipts for tax purposes are issued
for membership dues and donations. For member-
ship information contact: AAC, PO Box 1987, St.
Andrews NB EOG 2XO Canada [Telephone 506
529-4766; Fax 506 529-4609; e-mail AAC@
WOLVES.STA.DFO.CA].

Officers

Joseph Brown, President
Jay Parsons, President-Elect
Cyr Couturier, Past-President
Maureen McInerney-Northcott, Vice-President
Tillmann Benfey, Treasurer
Irwin Judson, Secretary

Directors

Diane Morrison
John Holder
Andrew Boghen
Yves Bastien

Bulletin Staff

Managing Editor — S. Waddy
Editorial Assistant — Theresia Fawkes

The AAC Bulletin is distributed as a benefit of
membership. Annual dues are $40 for students, $50
for individuals and $85 for companies— 25% of
dues is designated for Bulletin subscription. Sub-
scriptions are available to nonmembers and librar-
ies for $40 per year. One or more of the 4 issues
(March, June, September and December) contain
the scientific and technical presentations from the
annual meeting of the Association. Advertising,
news items, information on meetings, jobs avail-
able, letters and interesting photographs are wel-
comed. Although material in the Bulletin is not
protected by copyright, AAC would appreciate be-
ing cited as the source of material used by other
publications. The Bulletin is abstracted and in-
dexed in Aquatic Sciences and Fisheries Abstracts
(ASFA). Mailed under Canada Post Publications
Mail Product Sales Agreement No. 525375.
Change of address notices and undelivered copies
should be mailed to AAC. Return postage guaran-
teed.
ISSN 0840-5417

Printed by Tribune Printing, Sackville, N.B.

Message
from the
Chairman

My thanks to all of you who took part in
AQUATECH '96. Your participation in this
focussed event is representative of a growing
awareness of the aquatic environment: its
riches and its limitations. We have heard
about the opportunities in the culture of new
species; advances in aquatic environmental
and bioremediation technologies; integration
of the infotech world with biotechnology;
fish health and nutrition; investment; and new
medical products from cold oceans.

But most of all, we have had an opportunity
to meet with fellow scientists, business peo-
ple and entrepreneurs to stimulate our minds
as well as our taste buds. Many of us had
taken full advantage of the venue and enjoyed
the wonderful hospitality for which New-
foundlanders are noted.

I am pleased to acknowledge financial sup-
port for this workshop from the National
Biotechnology Networks Secretariat, Cana-
dian Institute of Biotechnology, Seabright
Corporation, Canadian Centre for Fisheries
Innovation, National Research Council —
Institute for Marine Biosciences and IRAP,
Industry Canada, Contact International Ltd.
and others. I would also like to thank the
Local Organizing Committee, for without
their dedication and hard work, this workshop
would not have been possible.

Sincerely,

J.M. (Monty) Little

Chair, AQUATECH

President, Syndel International Inc.
9211 Shaughnessy St.

Vancouver, B.C. V6P 6R5

Cover: The rugged coastline of St John's,
Newfoundland with Signal Hill and the historic
Marconi Tower in the background. Photograph by
Stephen Forgeron, Seabright Corporation Limited.
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Introduction to
AQUATECH '96

“From research to the real world: alliances and

opportunities in cold ocean biotechnology”
May 5-7, 1996 — St. John’s, Newfoundland

D. Little that looked at the commerciali-

zation of marine biotechnology con-
cluded that despite the lack of a formal strategy,
Canada is currently in a leadership position in
this industry sector vis @ vis other countries,
including Japan, the United States and Norway.
The report goes on to state that the “growth of
these companies and the formation of new ma-
rine biotechnology companies will be limited
and slow without more focused planning, guid-
ance and investment”. These are all potential
roles for AQUATECH.

The philosophy underlying AQUATECH, a
branch of the Canadian Biotechnology Net-
works, is an operational mechanism to enhance
the interaction among universities, government
and industry with the goal of increasing the
commercialization of biotechnology opportuni-
ties. The networking function is designed to
help industry identify promising technology be-
ing developed at university and government
laboratories and to identify scientific expertise
resident in those institutions that can assist in-
dustry in its R&D and commercialization activi-
ties. The latter should give rise to joint ventures,
consortia and multi-disciplinary teams being
assembled out of the three groups — industry,
government and academia.

Under the leadership of the local organizing
committee, the theme chosen for AQUATECH
'96 was ‘“‘From research to the real world: alli-

! recent Industry Canada report by Arthur

ances and opportunities in cold ocean biotech-
nology.” The first section of the theme “from
research to the real world” was selected because
a need has been identified to emphasize how
most biotechnology applications are derived
from extensive periods of research which at
some point become the solution to many of the
problems identified in the industrial sector. The
statement alludes to a partnering of researchers
from universities, government institutions, and
other research facilities with the industrial sec-
tor who are the end users of such technologies.
The active partnering of aquatic biotechnolo-
gies and information technologies research has
the potential to yield significant benefits in both
fields. The middle section of the statement ““al-
liances and opportunities” highlights the desire
for networking that is the foundation upon
which AQUATECH exists, and “cold oceans
biotechnologies’ reflects the need for the iden-
tification of potential opportunities from both
fresh and marine waters from which the Cana-
dian economy could benefit.

Six topics were selected around this theme and
established the template for AQUATECH '96.
Canadian, American and international speakers
addressed more than 130 participants under ses-
sions entitled:

e  Culture of new species and evaluation
of new products,

e Environmental and bioremediation
technologies,
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e Integration of information technology
with biotechnology,
Fish nutrition and health,
Investment and biotechnology, and
New medical products from cold
oceans.

Ninety minutes were devoted to each topic in
which a session chairman directed three 20-
minute presentations representing industry, aca-
demic, and government perspectives. The
speakers’ views were then challenged and dis-
cussed during lively 30-minute question and
answer sessions.

The event provided a dynamic forum and net-
working opportunity for participants repre-
senting R&D scientists from corporate, univer-
sity and government laboratories, commercial
and government managers, aquaculturists, pol-
icy makers and regulators, students, bankers and
investment brokers.

AQUATECH is grateful to the Aquacuture As-
sociation of Canada for the opportunity to pub-

lish papers, excerpts, and abstracts of presenta-
tions in this special issue of the Bulletin. It
seems appropriate to deliver proceedings of the
AQUATECH conference to the aquaculture
community, being members of a relatively new
and rapidly developing industry poised to bene-
fit from the interface of a widening band of
business, research and government stakehold-
ers. Special thanks to the AAC Bulletin editorial
staff for their patience and diligence in creating
this issue.

These proceedings would not have been pos-
sible without the contribution of manuscripts
and abstracts from the conference speakers. Al-
though lacking the animation and personality of
the presenter, we hope that these written sum-
maries of AQUATECH '96 will give the reader a
useful insight into the range of topics covered at
the conference.

—Local Organizing Committee

8pecial Thanks

We gratefully acknowledge the financial

contribution of the National Research Council —

Industrial Research Assistance Program in the
publication of this AQUATECH '96 proceedings.
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Culture of New Species

Status of commercial farming of cold-water marine
fish in Norway, 1995-1996

Rolf Engelsen

Halibut, cod and wolffish are the marine fish species being farmed in
Norway. Turbot are also being produced, but the juveniles are exported
to Spain for grow-out. Market volumes of marine fish were less than 50
metric tonnes in 1995 (halibut and cod only, no wolffish were sold). The
prognosis for the year 2000 is 1-2,000 tonnes of halibut; no production
of cod and wolffish are expected. Hence, the volume of farmed marine
fish is still very modest in comparison to the 270,000 tonnes of salmon

produced in Norway in 1995.

Halibut

In 1992 a market study” on halibut indicated
promising prospects for the species. The strate-
gic summary of that study is presented in Table
1 and development of the industry has so far
been consistent with expections. Farmed halibut
are being sold at prices (US$10 per kilogram of
live fish) well above those for wild—caught fish
(approximately US$13.50 per kilogram whole
fish gutted CIF).

The competitive advantage of farmed halibut
is related to freshness, availability of preferred
sizes, reliability of supply, and quality. The
market potential for farmed halibut in Europe is
presently estimated at 20,000 t per year. The
up-market restaurant segment demands a whole
fish, 4-8 kg in size. In Norway, the catches (by
volume) of wild halibut are composed predomi-
nantly of large fish and more than 90% of the
fish are marketed as frozen product, so there is
no regular supply of fresh wild halibut in Nor-
way. The quality of wild halibut also varies
more than cultured halibut because of greater
handling.

The major factors determining profitability in
halibut farming are sales price and growth rate
of the fish. The mortality rate in halibut grown
in culture tends to be very low, so production is
a function of growth which is primarily depend-

ent upon temperature. The estimated optimum
temperature ranges for various sizes of halibut
are shown in Figure 1.

High summer temperatures can create prob-
lems, especially for large halibut. Long periods
of low winter temperatures reduce growth to a
minimum. The sexual maturation of males,
typically occurring in the winter when the fish
are 2.5-3.0 kg, must be postponed until the fish
reach a weight of at least 6-7 kg. This can
hopefully be achieved by manipulating the pho-
toperiod cycle. Growth rates in land-based op-
erations where temperatures vary seasonally
from 6-12°C are fairly well known. Cage-based
farming involves greater seasonal and geo-
graphic variation in temperatures. The water
temperatures in the southwest of Norway can
reach 18-20°C in the summer and winter tem-
peratures, especially in the north of Norway,
may fall to 2-4°C or lower.

Feed is a major cost in fish farming. Dry feed
is becoming widely used and there is a tendency
towards the use of feeds with reduced levels of
protein and increased levels of fat, especially for
larger fish.

The initial size of fish stocked into the cages
is also an important factor in the economics of
halibut farming. There is clearly a demand for a
larger input fish, but to produce a one-year-old
halibut (H1) of 200-500 g heated seawater is

Bull. Aquacul. Assoc. Canada 96-4
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Figure 1. Estimated optimum on-growing temperatures for halibut. 2)

required. Compared to the traditional input of
HO fish in the autumn, cage farming requires a
large H1 fish so that on-growing can be reduced
by a year. Land-based operations without heat-
ing facilities would also benefit from using a
large H1 fish as input.
The various farm concepts currently used for
the on-growing of halibut are:
1. land-based — Aquahive (Halitek)-type
cages (Fig. 2);
2. land-based — traditional separate circu-
lar tanks;

3. land-based — shallow raceways;
4, sea-based — cages with firm net
bottoms (Fig. 3).

Allmodern land-based plants use photoperiod
manipulation, and most oxygenate and pump
relatively low volumes of water.

The major production plant, Stolt Sea Farm
AS, is a forerunner of the Aquahive
(Halitek)—type of operation. The Stolt Sea Farm
plant has a market share of approximately 90%.
There are currently experiments being con-
ducted with other land-based systems, particu-

Table 1. Summary of a 1992 halibut marketing study.

Short term Long term
1993-95 2000-2010
Volume (tonnes) 10-100 5 000-20 000
Goal Market acceptance Development of volume market
Market Selected customers in Europe
UK & Scandinavia
Market segments Up-market catering Fragmented structure
Product Whole fresh fish Broad product range
Price (CIF/kg) USS$11-14 US$6.5-9
Turnover (US$ million) 1 37-190
Distribution Selected whole sales Diversified
distribution
Promotion Direct marketing Brand strategy
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Figure 2. Land-based Aquahive (Halitek) @) farm system for on-growing halibut.

Figure 3. Cage-based farm system for on-growing halibut, )
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larly with shallow raceways. However, cage-
based farming is currently attracting the most
interest due to promising initial results and the
low entry cost for farming on a small-scale. In
1995, 10-15 small operations were started.

When comparing these alternative technologi-
cal solutions one has to focus on both produc-
tivity and entry cost (capital expenditure). The
profitability of the land-based farm depends
upon the scale of operations, but it is too early
to draw conclusions regarding the profitability
of cage-based on-growing of halibut. A possible
solution may be land-based production of a
relatively large input fish that is then grown in
sea cages.

Halibut require a large area in which to grow.
A traditional cage with deep nets provides a
large volume but only a small area. It is calcu-
lated that production per unit can be five times
greater for a volume-demanding fish such as
salmon, compared to the area-demanding hali-
but. This fact has led to an interest in shelf
systems for cage-based operations. Stolt Sea
Farm AS has already installed a one-shelf,
two—level system. The Halitek system has been
tested with a two- shelf, three—level system. The
goal is to include three shelves, in addition to
the bottom area. Such a “halibut high rise” could
expand available farming area by 100-200%.
However, the shelf system introduces some
challenges with respect to tank hydraulics and
fish management. There is a strong economic
driving force to obtain suitable solutions as the
shelf system will dramtically reduce investment
cost per square meter.

Considerable effort has gone into the produc-

tion of juvenile halibut, but progress has been
hindered by problems related to up-scaling and
shifting the technology from extensive to inten-
sive production methods. The industry as a
whole masters commercially the broodfish
stage and egg supply as well as the yolk-sac
stage. There are, however, still problems con-
nected to start-feeding. Here we see the change
to more intensive methods. This is mainly con-
nected to feed and feeding technology. The
industrial standards could be based upon an
improved Artemia-based diet, a produced rather
than harvested supply of zooplankton or, in the
future, possibly even a formulated feed. The
weaning stage still represents challenges in con-
nection to feed and feeding technolgy. The first
growth phase also involves the same type of
questions. Up-scaling requires efficient solu-
tions, especially in these fields.

There has been a lot of focus on disease prob-
lems in juvenile production, mirroring the frag-
ile character of the very young halibut as well
as, in some limited areas, an incomplete under-
standing of the required conditions for culture.
Another factor is probably of substantial impor-
tance— under-investment in production plants
making it impossible to control environmental
conditions.

The price of juveniles has been very high. An
input fish of 200 g or more has commanded
more than US$7.50 per fish. Small juveniles (5
g) have been sold at prices of US$3.00-5.00.
The production of halibut fry or small juveniles
could be greatly intensified by producing sev-
eral batches each year (Fig. 4). This would result
in more efficient utilization of the facilities and

HALIBUT JUVENILE
PRODUCTION

B Actual prod.

E Potential prod.

1980 1991 1992 1993

Figure 4. Juvenile halibut production.
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lower production costs. Hence one can foresee
a system of halibut farming involving produc-
tion plants for fry (small juveniles), large juve-
niles (input fish for on-growing) and on-grow-
ing. The broodfish plant could be separate or
integrated with the on-growing or fry produc-
tion plant.

Cod

Farmed cod have to be positioned for an off-
season market or to special niches that require
fresh fish. However, these markets do not pay a
high premium compared to wild catches.
Farmed cod also compete with wild—caught cod
that have been kept and fed in cages for a period
of time.

Farmed cod production reached a level of per-
haps 500 t before declining in 1990. The set-
back was caused by market problems as rising
wild catches reduced prices (even the higher
prices were too low for cod-farming to be prof-
itable). Catches in the North Sea and Barents
Sea were at a minimum in 1990, with a total of
300,000 t, but rose to a level around 850,000t a
year in 1994-96.

Production costs for cod culture were high due
to slow growth and early maturation, the disad-
vantages of culture on a small-scale, problems
with small CO fish (zero-year-old cod finger-
lings are 10-20 g) and other factors.

The Ocean Research Institute in Bergen isnow
using photoperiod manipulation in the on-grow-
ing of cod. The results have been encouraging,
producing both faster winter growth and fish
that reach a marketable size without experienc-
ing maturation. An additional effect of photop-

eriod manipulation is lower feed conversion
rates and improved product quality.

An economic analysis has been undertaken®
of arenewed cod farming concept located on the
west coast of Norway and based upon a Cl
(one-year-old cod juvenile) of 300 g, photope-
riod manipulation, as well as large—scale mod-
ern farming techniques as in salmon farming,
This analysis indicated a production cost of
US$2.75 per kg (live fish), financing costs ex-
cluded. A reduction potential of US$0.30 in the
short term seems to be realistic. Cod farming
could be profitable today given a sales price of
approximately US$3 per kg.

The juvenile production of cod almost stopped
due to falling demand from on-growers (Fig. 5).
The Ocean Research Institute has continued to
produce juveniles based upon an extensive cul-
ture method. In 1995, 100,000 juveniles were
sold to commercial small-scale farmers.

The production of cod fry could be expanded
along the same paths as halibut. It has been
demonstrated that economics of scale are im-
portant in fry production. This is related both to
the production of several batches per year and
the size of each batch. The input fish could be a
large juvenile, i.e. 300 g or more. This would
again reduce on-growing time, as well as make
life easier for the cod farmer as he would receive
amore robust fish that demands less operational
handling. Production of juveniles could be un-
dertaken in land-based farms or closed systems,
whereas on-growing has to be cage-based.

Wolffish

The main interest is in the species Anarhichas

(K)

1987 1988 1989 1990

COD FRY
PRODUCTION

1991 1892 1993 1994 1995

E Production

Figure 5. Juvenile cod production.
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minor, the spotted wolffish, due to faster
growth and higher filet yield than with
Anarhichas lupus (the grey wolffish). The wolf-
fish is another area-demanding fish and has to
be grown on land-based farms or cage-based
systems with a firm bottom or shelves.

There has been limited commercial interest in
the wolffish, probably due to the low market
price in Europe. There is also substantial com-
petition from wild—caught fish. However, off-
season prices and interest in up-market niches
suggest some commercial potential in Europe.

The recognition in 1990 that fertilization oc-
curs internally made juvenile production possi-
ble. About 5,000 juveniles are currently pro-
duced per year, but all activity is research-
based. An industrial player could possibly in-
crease juvenile production to a commercial
level in a few years time.

There are indications of good growth at fairly
low temperatures for the spotted wolffish. This
is the most crucial question in addition to the
market factor.

Conclusion

Halibut could become an important species in
Norwegian commercial aquaculture in the near
future and has a potential of as much as 20,000
t in 15 years time. The increase will depend
upon success of juvenile production and then
market reaction.

Cod and wolffish have the potential to become
new species in aquaculture. The crucial ques-
tion is on the market side. Juvenile production
for wolffish could possibly be expanded in the

short term. This could hopefully also be the case
for cod. The solutions will however require a
substantial investment from commercial players.
The central question in on-growing is verifi-
cation of growth and productivity, ensuring
profitability at realistic market prices.

Notes and References

1. PA Consulting Group. 1992. Hartmark Iras and Nor-
wegian School of Economics and Business Admini-
stration, Market Evaluation of Farmed Halibut, Oslo.

2. Engelsen R. 1995. In Kveite - fra forskning til neering,
(Halibut — from Research to Industry) (L Berg, R
Engelsen, AG Kjerrefjord, K Pittman), pp. 185, Ber-
gen.

3. Design of Halitek AS.

4, Design based on steel cage system by Bemlo Construc-
tion Services AS.

5. Rolf Engelsen AS. 1996. PUSH-report, Economic
Analysis of Modern On-growing of Cod by Use of
Light-manipulation (in Norwegian), Bergen.

Rolf Engelsen runs his own consultancy com-
pany in aquaculture/aquaeconomics. He was
in charge of the Stolt Sea Farm AS marine
fish operations from 1986-1992. He is en-
gaged in commercial and development work
in connection with halibut, i.e., juvenile pro-
duction, use of heated water in production of
big H1I, land-based on-growing with inclusion
of shelf systems and cage-based experiments.
He has also undertaken a number of feasibil-
ity studies and economic analyses of halibut
and cod farming. His company address is:
Rolf Engelsen AS, Nordnesboder 3, P.B. 2031
Nordnes, 5024 Bergen, Norway.

TURBOT JUVENILES
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Figure 6. Juvenile turbot production.
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Culture of new species and
evaulation of new products

Aquabiotech:
a blue revolution?

Elliot Entis

Through the application of modern gene trans-
fer technology, the aquaculture industry is clos-
ing in on the ability to produce fish and seafood
products at a cost and at production levels which
will make these protein resources available to
much of the world’s population. The ability to
transfer desirable traits from one food source to
another through biotechnology innovations al-
lows aquaculturists to create beneficial changes
much more rapidly than through traditional
breeding techniques. What previously might
have taken tens of generations of animal breed-
ing to accomplish can now be done in three or
four generations. This is the “blue revolution”’.

Aqua Bounty Farms, adivision of A/F Protein,
Inc. of the United States and Canada, is intro-
ducing the first “blue revolution” fish to the
commercial world. Based on its decade of work
with Atlantic salmon, Aqua Bounty Farms had
demonstrated that it is possible to increase the
growth rate of these fish by 400% to 600% over
the norm. The company has begun to license its
technology to salmon growers under the
AquAdvantage label. Not surprisingly, the
regulatory reaction to AquAdvantage parallels
that of every other development from biotech-
nology. Some countries continue public wres-
tling matches over the very processes of
biotechnology, while others have become more
accustomed to simply regulating the products of
biotechnology. In the United States, govern-
ment agencies have been very supportive of
agbiotech in general, and of the AquAdvantage
breeding program specifically. In Canada, the
governmental response is also generally sup-
portive, but not yet well defined. The issue that
requires the most attention is that of accidental
escape. Aqua Bounty Farms believes that initial
approvals to grow AquAdvantage fish commer-
cially will be for land-based facilities where
escape into the oceans is not an issue, or in
seaside pens with fish that are sterilized, as is

often done now, thus rendering breeding issues
mute. Growers, by and large, are excited by the
tremendous enhancements in productivity
which AquAdvantage and similar aquabiotech
products can bring. To be sure, they need to be
reassured that consumers will accept these prod-
ucts and are thus watching carefully the reac-
tions of consumers to other biotech food appli-
cations.

Elliot Entis is President and CEO of A/F Protein,
Inc., 72 Bonad Road, W. Newton, Massachusetts
USA 02165.

Developing and evaluating
seaweed diets to enhance the
commercial gonad value of the
green sea urchin,
Strongylocentrotus
droebachiensis

Tom McKeever

The green sea urchin, Strongylocentrotus
droebachiensis supports a wild fishery in New-
foundland but the value of this fishery is limited
by disappointing roe yield and quality, and a
short harvesting season. The feasibility of feed-
ing abundant seaweed species to sea urchins, to
enhance yield and value, was investigated, in
both aquarium culture and seabed cages. The
kelp, Laminaria digitata, was found to be the
most effective feed, while L. longicruris gave
lower, but still good results. Ration size trials
showed that feeding rates of 0.2% gave opti-
mum results with no better growth at higher
ration rates. Seasonal experiments showed
greater growth in the summer and autumn, with
slow growth rates in the winter and spring.
Feeding rates were also lowest during the cold
seasons, so assimilation was still high. Spawn-
ing, which terminates the wild fishing season,
was suppressed in cold water aquaria, thus ex-
tending the harvestable season to any time of the
year. Seabed trials gave less consistent results
than tank culture.

Tom McKeever is the Coordinator of the Aquacul-
ture Unit, Marine Institute of Memorial University,
PO Box 4920, St. John's, NF Canada AIC 5R3.
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The Canadian Institute of Biotechnology

Aquaculture Initiatives

The Canadian Institute of Biotechnology (CIB) is a not-for profit organization dedicated to
assisting in the human resource development, technology diffusion, networking, communication
and promotion of biotechnology across Canada. CIB has three main activities: promoting
partnerships and linkages between Canadian biotechnology companies and their intemational
counterparts; supporting member-proposed biotechnology projects; and offering contracting
services to the public and private biotechnology community. Membership in CIB is open to all
not-for-profit professional and industrial associations, universities, research centres and regional
groups with and involvement in biotechnology.

In the wake of dwindling fish stocks and a growing world population, aquaculture is becoming an
increasingly important industrial sector. Applications of biotechnology are now being widely applied
to improve the quality and health of many aquaculture species. Canada is a world leader in the
research and development of biotechnology applications, products and processes that can serve
the global aquaculture industry.

Canadian biotechnology companies and research organizations are developing leading edge
aquaculture technologies in four main areas:

« Health Management disease diagnosis, vaccine development, health strategies

o Broodstock Development spawning induction, genetic analysis, monosex technologies
o Environmental Management microbial pond treatments, bioremediation, waste solutions
« Quality Control pathogen detection, processing to HCCAP, ISO and GMP standards

Canadian biotechnology organizations are in an excellent position to provide needed technical
expertise and know-how in these areas to the global aquaculture community.
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The CIB recognizes the impact that biotechnology can have on the aquaculture industry, and
has begun concentrating on the intemational promotion of the Canadian aquaculture technology
sector. Some selected activities include:

Aquaculture Technology in Canada Package

In conjunction with Industry Canada, the CIB has developed a unique Aquaculture Technology
in Canada marketing package. This package consists of a full colour brochure summarizing
and illustrating Canadian biotechnologies in the aquaculture health management, broodstock
development, environmental management and quality control areas. The package also
contains brief descriptions of over seventy Canadian companies and research organizations
offering biotechnology research, products and services to the aquaculture industry. This
package is intended to showcase and highlight Canada's expertise in the aquaculture
biotechnology sector, and is receiving wide international distribution at important aquaculture
events.

Aquaculture Technology Round Table

In October 1996, the CIB brings together the Canadian groups identified in the Aquacufture
Technology in Canada package, at an inaugural aquaculture round table meeting in Fredericton,
New Brunswick. The meeting has three goals:

1) To allow the Canadian aquaculture technology community to meet and speak
together;

2) To present the Canadian aquaculture technology community with potential
aquaculture business projects and market opportunities in Korea and Chile; and

3) To encourage the formation of strategic business alliances or “networks” between
Canadian aquaculture technology organizations as a means of accessing these
projects and markets.

The CIB feels that the formation of one or more strategic business networks between Canadian
aquaculture technology companies and research organizations will enable them to pursue
intemational aquaculture opportunities that they would be unable to approach on their own.

For more information about CIB’s aquaculture related activities please contact us at:

130 Albert Street, Suite 420
Ottawa, Ontario
Canada K1P 5G4
Tel: (613) 563-8849 Fax: (613) 563-8850
E-mail: cib@biotech.ca Web Site: http:/iwww.biotech.ca/
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Aquatic environment and
bioremediation technologies

Algal production in BIO-COIL
for aquaculture:
a business perspective

Lawrence C. Sherman

Continuous production of algal species in the
BIOCOIL was developed via a cooperative
agreement between Biotechna Environmental
Ltd. and Dr. Michael Borowitzka. Certain spe-
cies of algae yielded production quantity results
in an internally-funded development program.
These algae are currently utilized in the
aquaculture field in large quantities and by
many users. The commercialization of the BIO-
COIL for continuous algal production has been
accomplished. Economies of scale result in
cost—effective production at the end—user level.
Service and maintenance requirements are
minimal as are nutrient and carbon dioxide us-
age. Installation and operational procedures are
easily followed to yield consistent results with
regard to specific densities for individual spe-
cies.

Lawrence C. Sherman is Executive Vice—President
of Biotechna Environmental Ltd., 3014 Ashland
Terrace, Clearwater, Florida USA 34621.

Recirculation systems for cold
water aquaculture

Ted White

Aquaculture in British Columbia has tradi-
tionally required large supplies of high quality
water. The quality of water is often degraded
considerably after passing through an aquacul-
ture facility and sometimes creates problems in

the receiving body of water. Additionally,
many producers heat water to gain significant
improvements in production levels throughout
the year. Although heat recovery technology is
used, much energy goes to waste in the effluent.
Energy costs typically represent half of the pro-
duction costs for Atlantic salmon smolts or ap-
proximately 3 to 4 million dollars per year in
Canada on an industry-wide basis. Many sites
are now water and heating capacity limited.

Recirculation or re-use of water is amethod of
reducing the amount of heated effluent pro-
duced and consequent energy wastage. A
cost/benefit analysis indicates that potential
savings with water re-use could be as high as
78% per day if a strategy of 80% re-use is
adopted. This represents an industry-wide cost
reduction of approximately 2 million dollars per
year or 24% of estimated production costs. Nova-
Culture Inc. has developed a water re-use tech-
nology (US Patent #5,273,665, Canada Patent
Pending), which has the potential to achieve the
estimated cost benefits.

This technology is now in the early stages of
commercialization after prototype trials at
Malaspina University College. Two sizes of
filter have been developed: 76 cm diameter and
122 ¢m diameter models, respectively, in re-
sponse to identified industry needs. The main
unit consists of a swirl separation chamber for
primary solids removal and a packed media
canister. The media pack provides a substrate
for nitrifying bacteria colonization and aids in
solids removal. A modified air-lift pump re-
oxygenates the system water and returns it to the
rearing unit. Operational data from four proto-
type systems and four commercial systems in-
dicate that water usage may be reduced by as
much as 95%. In addition, solids and ammonia
removal have exceeded 95% efficiency and
greater than 90% oxygen re-saturation has been
achieved in a single pass. Advantages of this
new system include minimum maintenance, no
back-flushing and minimal cleaning, and sim-
plicity of installation and operation. Both capi-
tal and maintenance costs are low with an esti-
mated payback of less than two years.

Ted White is President of NovaCulture Inc., 3307
Decourcey Drive, RR#3, Ladysmith, BC Canada
VOR 2E0.
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Infotechnology integration
with biotechnology

Feeding, production and
effluent waste in aquaculture:
use of computer prediction
models (BEPFEQ System)
based on bioenergetics and
MS-Excel

C. Y. Cho

Feeding guides for salmonid fishes have been
available from various sources for many years.
These feeding guides originated, in one way or
another, from earlier feeding charts in the 1950-
60s. Few of the feeding guides available today
are based on actual bioenergetics data collected
at different water temperatures using high en-
ergy diets. A new feeding standard has been
developed (Cho 1976-92) and this is based on
the principle of nutritional energetics in which
the digestible energy (DE) content of the diet
and the amount of DE required to produce a unit
of gain expressed as retained energy (RE) plus
maintenance energy at different water tempera-
tures are the main criteria. Series of models were
developed using MS-Excel (ver. 5.0) on a PC
computer to predict energy/N-P (nitrogen and
phosphorus) gains, requirements and excretions
to determine feeding standards, growth and ef-
fluent quality. Computer programs require in-
itial body weight, water temperature, and appar-
ent digestibility and retention coefficients (ADC
and NRC) to estimate input and output. Accurate
determinations of thermal-unit growth coeffi-
cients (TGC), ADC and NRC are essential and
ADC and NRC are determined by biological
experiments in the laboratory.

The software is available from the Ontario
Ministry of Natural Resources (fax: 905-832-
7177).

C. Y. Cho is a research scientist with the Ontario
Ministry of Natural Resources, Fish Nutrition
Laboratory, c/o University of Guelph, Guelph, On-
tario, Canada NIG 2W1.

Quantifying the health
of a benthic habitat
using new acoustical
techniques and
fractal geometry methods

Jacques Guigné

Information on the degree of activity or health
of benthic organisms and how these activities
are affected by environmental changes such as
caused by aquaculture practices can be deter-
mined through close examination of the physi-
cal structure of marine sub-bottom sediments.
New advances in very high resolution acoustic
reconnaissance techniques allows, for the first
time, the quantification of the spatial variations
and heterogeneity pattern associated with bio-
activity within the near surface zones of a sea-
bed. The use of very broadband acoustics for
benthic health estimations offers several advan-
tages over current physical sampling tech-
niques. Traditional grab and core sampling ap-
proaches disturb the structural integrity of the
habitat and, therefore, key ecological informa-
tion is lost in the process of retrieving and
processing of the sediments. However, the non-
destructive response from temporally and spa-
tially precise coherent acoustics can reveal
unique sediment characteristics. Images of bio-
genic structures and physical features of taxo-
nomic groups of fauna can be acquired. Spatial
variations found in the acoustical reflections are
then handled by applying an extension of clas-
sical Euclidean geometry called fractal geome-
try. The physics for precise acoustic charac-
terization of a marine habitat were presented
whereby acoustical snapshots with millimetre
scale resolution are generated. Actual data were
used to illustrate how broad bandwidth signals
are necessary for the development of unique
acoustic fractal geometry classifiers which rec-
ognize the subtleties found in benthic fauna
activity.

Jacques Guigné is President and senior research
scientist with Guigné International Ltd., 685 St.
Thomas Line, Site 21, Box 13, RR#I, Paradise, NF
Canada AIL 1C1 Canada AIL IC].
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Genomics and bioinformatics:
new paradigms for
biotechnology

Mark A. Ragan

The international initiative to sequence the
entire human genome (and genomes of other
animals, plants, fungi, protists and bacteria) has
hastened the development of automated tech-
nologies for chromosome mapping, gene local-
ization, screening for mutations, library genera-
tion and high-throughput DNA sequencing. In
combination with sophisticated analytical soft-
ware and nightly updated on-line molecular-se-
quence databases, these technologies are nurtur-
ing genomics, the emerging science of whole-
genome biology. Genomics promises to enable
the understanding of entire high-level biologi-
cal processes (development, disease resistance,
evolution, immunogenesis, pathology, repro-
duction) by building on the complete inventory
of genes present or active within a cell, tissue or
organism.

The genomics revolution is already affecting
many areas of biotechnology, from plant breed-
ing to biomedicine. Virtually all major pharma-
ceutical companies, and growing numbers of
companies in, e.g., agricultural biotechnology,
now have active genomics programs. Two fish
are proving valuable as animal models of the
human genome — pufferfish (with one of the
smallest known vertebrate genomes) and ze-

brafish (with well-established developmental
genetics). In some cases, synteny and linkage
are conserved between fish and human. For
example, pufferfish homologs of human genes
involved in familial Alzheimer and Huntington
diseases have been characterized.

Pufferfish and zebrafish (or others yet to be
identified) should be even better models for
other fish. Indeed, a comprehensive under-
standing of the genome of any one fish species
is likely to be broadly and immediately applica-
ble to salmonids, flatfish, halibut, cod, bass,
tilapia, etc., in the same way that genomic data
from Arabidopsis are used in breeding pro-
grams for maize, wheat, canola and rice. The
National Research Council of Canada is build-
ing expertise in key areas of genomics. Two
collaborative genome-sequencing projects are
underway at the Institute for Marine Bios-
ciences (NRC-IMB) in Halifax. These projects
are supported by a bioinformatics capability
that includes computing infrastructure, an inte-
grated Unix-based genomics environment, in-
ternet connectivity to remote facilities, and arti-
ficial intelligence-based tools. A distributed fa-
cility for leading-edge bioinformatics is under
intensive development with substantial involve-
ment of NRC-IMB. NRC is actively soliciting the
involvement of companies and research groups
in these initiatives.

Mark A. Ragan is a senior research officer with
the Institute for Marine Biosciences, NRC, 1411
Oxford St., Halifax, NS Canada B3H 3Z1.

Upcoming Proceedings from

the Aguaculture Assocaition of Canada

Sea urchin roe enhancement (worshop at Aquaculture Canada '96)
Cold water aquaculture to the year 2000 ( Huntsman Marine Science Centre Symposium)

Critical issues in feed management (special session at World Aquaculture '97)
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Fish health and nutrition

Vaccines and diagnostics for aquaculture:
new approaches to old problems

Julian C. Thornton

The first step in the effective management of disease in fish is rapid
diagnosis. The diagnosis of any disease usually follows a step by step
procedure that should include visual observation of moribund fish for
any obvious signs of specific diseases, and a necropsy of fresh mortalities
for both gross- and microscopic pathological changes. In the case of
infectious disease, the infectious agent(s) must be rapidly isolated and
identified so that treatment can commence in a timely fashion. In many
cases, vaccines are available for use in disease prevention programs. In
aquaculture these vaccines range from simple monovalent bacterins
delivered to fish by immersion, to polyvalent mixtures of vaccines in
complex adjuvant emulsions. Recent advances in the way we examine
disease causing agents have changed our understanding of many “old”
fish diseases. These advances in vaccine development are discussed with
respect to how highly technological scientific principles can be adapted

to simple applications.

Diagnosis of Infectious Diseases

The diagnostic process for infectious diseases
in aquaculture has been well reviewed else-
where,? so all that will be presented here are
the general techniques used in diagnostic tool
development,

For infectious diseases, the diagnostic process
begins with the initial identification of a dis-
eased state in an individual or population, and
proceeds through a logical set of steps to the
eventual isolation and/or identification of the
infectious agent(s) that is (are) responsible for
that disease. In aquaculture, important informa-
tion that may aid the diagnostician typically
includes farm location, water temperature,
water salinity/hardness, affected species, age of
the affected population, recent husbandry his-
tory (i.e., handling, grading, transport, etc.), and
the symptoms and behavior of the affected
population (i.e., changes in feeding, swimming,
obvious gross pathology, etc.). Although these
do not, in any way, result in a final diagnosis,
they can influence the next steps in the diagnos-
tic process.

The next steps in diagnosis are a complete
histological examination of suspected target tis-
sues, and the isolation of the pathogens from
gross lesions and suspected target tissues.
Either step on its own can lead to erroneous
results, as fish succumbing to one infection are
quite often at risk of developing severe secon-
dary infections, and several types of his-
topathology are common to many of the infec-
tious diseases.

The identity of infectious agents can be deter-
mined by a multi-stepped process involving the
culture of suspected bacterial pathogens in dif-
ferential media followed by specific biochemi-
cal tests. Some of the variables that affect the
accuracy of the identity by culture include incu-
bation time, (e.g., Renibacterium salmoni-
narum and Vibrio salmonicida are slow grow-
ing, and are therefore easily outgrown on media
by co-cultured opportunistic bacteria and/or
fungus) temperature (at 24°C, Aeromonas sal-
monicida loses the A-layer, thus the autoaggre-
gating phenotype associated with virulence),
and nutritional fastidiousness (e.g., R. salmoni-
narum , V. salmonicida , and many Flexibacter
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$Pp. require specialized, rich media to support
growth).

Typically, the identity of infectious agents is
made by observing some special distinguishing
characteristic, such as pigment production by
Aeromonas salmonicida. But, as is seen with
mereasing frequency, many isolates of 4. sal-
monicida are non-pigment producing strains
{empubl. obs. and Popoff®), and conversely,
many non-aeromonads are capable of similar
pigment production (unpubl. obs.). In these
types of situations, secondary tests are required
for accurate identification. These typically in-
volve differential analysis of the biochemical
profiles of the isolates such as those incorpo-
rated into the API20E system (bio Merieux).
This level of diagnostic sophistication repre-
sents the first generation of diagnostic methods
that were, and in some cases still are, used for
disease diagnosis in aquaculture. In the case of
viral pathogens, growth in tissue culture using
different fish cell lines is the first step to identi-
fication. Isolation and characterization by these
culture methods still represents the ““gold stand-
ard” by which the specificity of all other meth-
ods are compared.

The second generation of diagnostic tools in-
volves the use of specific polyclonal (pcAb) or
monoclonal (mAb) antibodies, for identifying
infectious agents by several different methods
such as simple agglutination, direct or indirect
fluorescent antibody tagging (DFAT and IFAT),
enzyme linked immunosorbant assays (ELISA),
or by Western and/or immuno-dot blots. Anti-
body based tests can be limited by the specific-
ity and sensitivity of the antibodies used (mAb
vs. pcAb), the choice of antigen used for the
generation of said antibodies, accuracy in com-
parison to identity by culture, and the stability
of the target epitope(s) during tissue processing.
Of course, the ultimate utility of any test is
limited by the required equipment, for example
a sensitive test may fail in the field if ELISA
plate readers are required. Despite these limita-
tions, semiquantitative, antibody-based tests are
now available for the detection of many fish
pathogens that do not require costly plate read-
ers. These tests have proven themselves as use-
ful tools for the presumptive segregation of fish
stocks into infected and ‘““non-infected” groups,
or for the rapid identification of the causes of
mortalities.

The third generation of emerging diagnostic
methods involves the detection of specific DNA

or RNA sequences in the infectious agent.
These tests are typically based on either polym-
erase chain reaction (PCR) tests or nucleic acid
hybridizations (typically in the form of dot
blots), or a combination of both of these. These
tests are extremely sensitive, with a detection
limit approaching one cell or virus particle per
sample. The availability of this type of sensitiv-
ity will no doubt impact on current regulations
regarding notifiable diseases. For example,
does the existence of one cell per gram of kidney
tissue in a small percentage of a fish population
mean that the entire population is at risk of
contracting the disease in question, or are our
tools becoming too sensitive to be of value for
simple diagnostics? Due to their extreme sensi-
tivity, these nucleic acid based tests are at risk
of false positives due to contamination, unless
stringent operating procedures are followed by
highly trained laboratory personnel. Vaccina-
tion of the population can result in a false posi-
tive diagnosis if nucleic acids are present in
vaccine preparations and are picked up by the
test. Tests such as these are of no obvious use in
a field situation, but they do open the door for
extremely accurate screening of populations for
the determination of carrier fish for certain dis-
eases (e.g., furunculosis, BKD, and all viral
pathogens) if they are used properly.

The difficulties in taking any diagnostic kit for
aquaculture from the laboratory bench to full
use in the field are numerous. All diagnostic
methods, from the first generation to the fourth,
require some degree of user expertise. All test-
ing methods require sample stability, whether it
is retaining viability and/or phenotype of infec-
tious agents, retaining intact nucleic acids, or
retaining the integrity of specific epitopes to
which the specific detection antibodies bind.
Also, the role of alternative diagnostic systems
with respect to government regulations involv-
ing “‘notifiable” diseases is unclear. As sensi-
tive diagnostic methods begin to rely less on the
ability to culture a specific pathogen, the vacci-
nation history of a population may obscure
some of the new tests. Finally, the cost of a
diagnostic test is of primary importance. It is a
relatively simple task to develop a rapid and
sensitive test for any infectious agent, but doing
so in a way that results in a functional, yet
affordable, test is a challenging project.
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Prevention of Infectious Diseases
through Vaccination

Vaccination is the active process of inducing
protective immunological responses against
specific foreign substances. Thus, if the correct
antigen (foreign target molecule) is presented in
the correct manner, to the appropriate part of the
immune system (either cell mediated, humoral,
or both) an immune response may be elicited
that will display a memory component. Unfor-
tunately, it is not always evident which of the
bacterial antigens are required for protective
immunity, nor is the correct method of presen-
tation of the antigens to the cells of the immune
system always clear.

A factor that may contribute to the usefulness
of an aquaculture vaccine is the method with
which it may be administered. Some vaccines
for aquacultural use must be injected, while
others can be administered orally, or by direct
contact (immersion, spraying, etc.).“

Effective immersion and injectable vaccines
have been developed for most of the major
bacterial diseases that affect cultured sal-
monids, such as vibriosis caused by Vibrio an-
guillarum or V. ordalii, cold water vibriosis
(Hitra’s disease) caused by V. salmonicida, fu-
runculosis caused by Aeromonas salmonicida,
and enteric redmouth disease caused by
Yersinia ruckeri’® However, adjuvanted, in-
jectable vaccines still remain as the only type of
vaccine that have repeatedly been demonstrated
to confer high levels of long lasting immunity.
Due to the potential for vaccines as inexpensive
prophylactic medicine, a substantial amount of
research is being done on the development of
increasingly effective vaccines for all finfish
diseases.®”

There are problems associated with the use of
injection vaccines, these include physiological
and psychological stress for the fish, a costly
requirement for specialized equipment, and a
need for skilled technicians to administer the
vaccine. Problems also exist for immersion and
orally delivered vaccines, these include poor
duration of immunity for some diseases, and in
the case of oral vaccines, they are too costly for
larger fish. Bearing these factors in mind, vac-
cines designed for use in aquaculture must be at
least as inexpensive and more effective than
antibiotic therapy or pure economics will pro-
hibit their use (for review see Ellis™). Many
commercial vaccines are available for use in

disease prevention programs in aquaculture.
These vaccines range from simple monovalent
bacterins delivered by immersion, to polyvalent
mixtures of vaccines in complex adjuvant emul-
sions for injection delivery.

During the past 50 years, furunculosis vac-
cines have probably received more attention
than all other salmonid disease vaccines com-
bined. The reasons for this are due, in part, to
the economic importance of furunculosis in the
farming of salmonid fish, and because safe,
efficacious furunculosis vaccines are difficult to
develop. Successes and failures of furunculosis
vaccines have been reported using any or all
routes of administration.®® Thus, furunculosis
vaccine development serves as a good model for
demonstrating how improved scientific meth-
ods are changing the accepted dogmas sur-
rounding a seemingly well characterized, spe-
cific disease.

Numerous studies have been carried out to
elucidate which of the virulence associated fac-
tors of A. salmonicida (the causative agent of
furunculosis) are important in inducing protec-
tive immunity to furunculosis. These studies
have revealed that A. salmonicida possesses an
extensive array of virulence factors including: a
regular surface array (A-layer), lipopolysaccha-
ride (LPS), high affinity iron sequestering sys-
tems and an overabundance of extracellular tox-
ins and enzymes that are apparently associated
with virulence.® Of these virulence factors, the
A-layer has received the most attention by far,
and although the reference list for research into
the A-layer is very extensive, only a few will be
given here.(*'?

It has been proposed by several authors that in
order to resist infection by 4. salmonicida, the
fish immune system needs to recognize and
respond to A-protein (the subunit of the A-
layer). Comparisons of the immunogenicity of
various strains of A. salmonicida, demonstrated
that A-layer negative strains were inferior as
immunogens in both fish and rabbits.? In sup-
port of these observations, in comparisons of the
vaccine potential of various strains of A. sal-
monicida by different methods, Olivier et al. ¢ 3
and McCarthy et al."¥ also found that A-layer
negative strains were inferior as immunogens in
both fish and rabbits. It was reported by these
authors that of all bacterins tested, the only ones
that conferred any significant level of immunity
to fish were those bacterins made from a sus-
pension of A-layer possessing 4. salmonicida
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cells. Assessments of the antigens recognized
by immune sera from bacterin vaccinated sal-
monids revealed that the majority of antibodies
produced by immunized fish are directed at
A-protein and the repeating O-antigen of the
LPS."® As far as antibodies to the extracellular
components (ECP) produced by A. salmonicida,
it has been demonstrated that both rabbits and
fish produced antibodies to several distinct pro-
teins in the ECP.('9

Ellis et al.'” developed a subunit vaccine
based on two purified antigens that only weakly
react with immune fish sera. Despite the fact
that protection from other vaccines does not
correlate well with antibody titre, these authors
found a strong correlation between protection
and mean antibody titre to these antigens in
vaccinated fish. However, the mean antibody
titre appeared to steadily decline throughout the
trial (40 weeks) and subsequent boost appar-
ently depressed the serum titre dramatically;
coincidentally, the protection levels also fell.
The authors suggested that possible explana-
tions for this phenomenon may involve the de-
velopment of tolerance to the antigens, or anti-
genic competition with other strong antigens in
the vaccine preparation.!” The actual antigens
and precise formulation of the vaccine prepara-
tion were not disclosed by the authors. During
all of this research, the ability of research groups
to assess the importance of various antigens in
a vaccine preparation has been limited to the
identification and study of 4. salmonicida anti-
gens that are expressed under in vitro growth
conditions (i.e., growth in synthetic media).

Our work on furunculosis vaccines has re-
cently been focused on the development of live
attenuated vaccines for furunculosis."® Live
vaccine strains have been used in experiments
to examine whether live attenuated strains of A.
salmonicida could confer immunity to fish after
administration by immersion. The vaccines are
indeed effective as an immersion vaccines and
are capable of providing a 35—fold increase in
resistance with a single dose, to an approximate
1000-fold increase in resistance when adminis-
tered with boosting doses.'” These levels of
protection can only be approached by bacterin
mediated immunity when an adjuvanted bac-
terin is administered by injection (unpub. obs.).

Surprisingly, sera from fish immersion vacci-
nated live vaccines revealed that the majority of
the humoral immunity generated by these vac-
cines is not directed at either A-layer or LPS. It

appears that the major immunogens on live fu-
runculosis vaccines are a high, heterologous
molecular weight, proteinase resistant fraction
(possibly a carbohydrate), and a series of pro-
teins with the major protein antigen being low
molecular weight (~ 15 kDa).?) This marked
difference from the humoral response generated
by standard bacterin vaccination is most likely
indicative of the difference in antigens pre-
sented to the fish immune system by live vac-
cines. These antigenic differences are currently
being addressed by us, and through this work it
has become clear that there are several antigens
expressed by 4. salmonicida only during in vivo
growth.

The growth of 4. salmonicida in in vivo con-
ditions using a surgically implanted growth
chamber, has had some surprising results. Un-
der these conditions A. salmonicida expressed a
glycocalix-like structure (possibly a capsule),
that appears as a loosely associated coat external
to, and apparently masking, the A-layer.?!2 [t
is not yet known if the glycocalix observed by
TEM is the same as the putative carbohydrate
antigen seen by Western immunoblotting, or if
these structures are indeed the same as the cap-
sular like material that has been reported for A.
salmonicida.®

Further vaccination experiments using cells
deficient in the A-layer and in the O-antigen of
LPS have indicated that when using a live vac-
cine for furunculosis, the protective antigens are
likely something other than these two cell wall
components.®” Interestingly, this protection
may indicate that although A-protein and LPS
appear to be strongly antigenic, they may not be
the important protective immunogens.

These in vivo antigen studies are now being
incorporated into full vaccine research for all of
the major fish diseases. The results from this
furunculosis work have reinforced the impor-
tance of keeping a clear view that what occurs
in the laboratory and what happens during the
real infection may have clear differences that
directly impact vaccine and diagnostic kit de-
velopment. Clearly, the development of the next
generation of aquaculture vaccines in general
should rely on the identification of important
immunogens expressed by the pathogen in vivo,
and the selection of in vitro conditions that
maximize their expression. This strategy of re-
search will undoubtedly result in the develop-
ment of more effective vaccines for all diseases
of finfish.
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Efficacy and action of CME-134 used as an oral
treatment for the control of sea lice,
Lepeophtheirus salmonis

Gordon Ritchie

The efficacy of CME-134 (an acyl urea) used
as an oral medicine for the treatment of sea lice
(Lepeophtheirus salmonis) infestations on
farmed Atlantic salmon (Salmo salar) under
commercial farming conditions is reported. Re-
sults from two commercial sites showed that
CME-134 was 95% efficacious toward certain
stages of L. salmonis, when administered to fish
at a dosage of 10 mg/kg body weight/day, for a
period of 7 days. Attached chalimus and pre-
adult stages were most susceptible. Reduced
efficacy was observed toward adult L. salmonis.

Morphological examination of exposed lice
showed the damage caused to the cuticle, which
subsequently resulted in death. Egg strings of
adult females were also damaged, suggesting
CME-134 can influence egg production and
viability in L. salmonis.

Gordon Ritchie is project manager and re-
searcher for Nutreco Aquaculture Research
Centre, Forusbeen 35, PO Box 353, N4033,
Forus, Norway.
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Investment and biotechnology

Role of big banks
in financing biotechnology

William Crawford

The role the big six Canadian chartered banks are playing in financing
Canada’s biotechnology companies is evolving as banks attempt to
provide non-traditional debt financing to knowledge-based businesses.
Recognizing the important role of “patient equity capital” for the
biotechnology industry, the equity investing activities of the chartered
banks, with particular focus on the Bank of Montreal’s commitment to
equity investing in small businesses in Canada, is highlighted in this

report.

Introduction

In this paper, the role of the chartered banks in
financing biotechnology companies is re-
viewed. Not long ago this would have been a
very short report, for chartered banks weren’t
financing biotechnology companies, because
according to traditional “tried and true” bank
lending standards, there was nothing to finance
— no plant or equipment, no inventory or re-
ceivables, and absolutely no assets as collateral
that traditional bank lenders could liquidate if
they had to. But over the last several years,
given the changes occurring in Canada and the
world, banks have come to recognize that a new
way had to be found to finance the knowledge-
based industries that were becoming the “en-
gines of growth” in Canada.

How Have the Banks Responded?

e  Some of the banks have responded by
creating new organizational structures
to service so-called knowledge-based
industry (KBI) customers;

e  Some have specialized training pro-
grams for KBI account managers to
help them better assess opportunities;

e A few have created new, more flexible
lending products based on anticipated
cash—flows;

e  Most have rethought credit assess-
ment, particularly as it relates to collat-
eral security;

e Several are committing large amounts
to equity and quasi-equity financing
through specialized subsidiaries.

Most of the banks have responded in some of
the ways mentioned in an attempt to provide
non-traditional bank debt financing to knowl-
edge-based companies.

In 1990, the Bank of Montreal made a strategic
decision to target the small-and medium-sized
enterprises market as a high priority. Two of the
early successful initiatives were the prime rate
strategy and the small-business lending rate. In
1993, the Bank of Montreal opened its first
innovation and technology banking centre in
Kitchener/Waterloo, which subsequently
served as the prototype for the ten other innova-
tion and technology banking centres presently
operating. The account managers assigned to
these centres have undergone specialized train-
ing to help them better forecast a company’s
potential future cash—-flow based on an assess-
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ment of management, product capability, mar-
ketability and competitive advantage.

After talking to knowledge-based companies
to determine their requirements, the Bank of
Montreal developed and standardized three new
flexible lending products, namely:

1. Interim financing for R&D tax refund

receivables;

2. Foreign accounts receivable financ-

ing; and

3. Contract financing.

These forms of lending are now possible due
to our bank’s assessment of the degree of cer-
tainty of specific future cashflows reviewed
against a background of stable historical cash-
flows for the company. All of these Bank of
Montreal initiatives and those of the other banks
have been significant steps in the ongoing evo-
lution of bank lending practices to adapt to the
new business reality in Canada and the world.
However, as commercial bankers, we remain
challenged to find creative lending solutions for
high—technology, knowledge-based companies
when future prospects and cash—flows are nebu-
lous and alternative sources of repayment are
unavailable.

Bank lending by itself is not the entire answer
to the funding problems of knowledge-based
industries in general and biotechnology compa-
nies in particular. Most Canadian biotechnol-
ogy companies have few revenues of any kind
for many years, while they continue to “burn”
cash for basic R&D, product development and
the lengthy regulatory approval process. These
characteristics do not suit debt financing but
require ‘‘patient equity capital’’. It goes without
saying that most Canadian biotechnology com-
panies have a difficult time raising this patient
equity capital, which is key to the most crucial
stage in a company’s development—the growth
of the company through commercialization of
its product. In these cases, again as commercial
bankers, it is debatable to what extent, if at all,
we should be placing depositor’s funds at risk
investing in companies with these charac-
teristics. Our depositors, shareholders and regu-
lators all share this concern, and for many years
banks were not permitted to make equity-like
investments. But over time, the Bank Act has
been amended to permit banks to undertake a
certain amount of equity and quasi-equity fi-
nancing with limitations on:

1. The size of any individual equity in-

vestment;

2. The size of the overall portfolio of eq-
uity and quasi-equity investments in
relation to a bank’s regulatory capital
(5% maximum);

3. The total amount of depositor’s funds
and bank equity capital which can be
placed at risk in these types of invest-
ments.

While some banks (Royal, Toronto~-Domin-
ion and Canadian Imperial Bank of Commerce)
have had subsidiaries making equity invest-
ments for several years, historically most of
these equity funds have been directed towards
“merchant banking’’ or venture capital invest-
ments in companies at later stages of develop-
ment. The Bank of Montreal did not made eg-
uity investments until just this year. Some of the
reasons Bank of Montreal launched the new
equity financing initiative was because in recent
years there has been a proliferation of labour-
sponsored venture capital funds but these too
have been directed towards larger-sized invest-
ments in companies at later stages of develop-
ment. Based on feedback from our small- and
medium-sized customers in all industry sectors
from across Canada, the Bank of Montreal iden-
tified two specific opportunities for equity fi-
nancing where there appeared to be a large
“gap” in the supply of equity funds and the
investment risk/reward relationship appeared
reasonably attractive. First, equity investments
of less than $1 million in knowledge-based high
growth businesses at all stages of development.
And second, expansion equity capital in
amounts of less than $1 million for companies
experiencing medium to high growth in a broad
range of business sectors,

Bank of Montreal has responded to these gaps
in availability of equity financing through our
recently announced $200 million commitment
to equity investment in small and medium-sized
enterprises, a large portion of which is dedicated
to providing expansion equity financing for
companies in amounts of less than $1 million.
Equity investments will be made across Canada
by Bank of Montreal Capital Corporation under
three separate programs.

First, a $120 million small business capital
program focused on providing expansion equity
in the form of venture loans in amounts of less
than $1 million to finance growth opportunities
for companies operating in all business sectors.
These investments will be managed as ““passive
investments”” by a small group of investment
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managers in a wholly-owned subsidiary of the
bank (Bank of Montreal Capital Corporation)
based on opportunities referred to them by Bank
of Montreal account managers, initially in our
technology banking centres. We will invest in
well-managed companies with demonstrated
profitability that require a “‘passive equity in-
vestment” of up to $1 million, on a temporary
basis, to finance a significant growth opportu-
nity. Our investment will be in the form of
subordinated debt with a premium interest rate
and a royalty on sales and equity participation.
This structure will provide an overall equity-
like return on our investment similar to that of
the majority owner of the business. Specific
terms will be tailored to suit each individual
opportunity but we would expect to be quasi-eq-
uity investors for up to seven years if required,
and would not be seeking to own a majority of
the company but rather be a passive minority
partner.

Our second major program is a $60 million
National Technology Investment Program fo-
cused on providing venture capital to high-
growth knowledge-based companies at all
stages of development in amounts from
$500,000 to $5,000,000. This program will be
managed by Ventures West a highly regarded
experienced venture capital fund manager lo-
cated in Vancouver and Toronto in conjunction
with our technology banking centres. This pro-
gram will definitely be involved in reviewing
equity investments in biotechnology companies
although they will probably tend to be at later
stages of development. Our focus, first and fore-
most, will be on companies that are well man-
aged and have excellent growth opportunities.

Our third program will be a portfolio of invest-
ments aggregating $20 million invested in ven-
ture capital funds managed by others where the
bank has a special interest, such as the intellec-
tual property development funds being created
and sponsored by various universities such as
Queen’s University and the University of
Guelph (which include some biotechnology in-
vestments), and the Neuroscience Partners Fund
backed by a consortium led by the Royal Bank.
Altogether $200 million (or 2% of regulatory
capital) has been committed by Bank of Mont-
real to fund these three programs.

In addition, the Atlantic Investment Fund has
recently been formed as a cooperative venture

between the four Atlantic Provinces, ACOA,
and the private sector represented primarily by
the chartered banks, and has created a $30 mil-
lion venture capital fund.

Together with the Bank of Montreal’s recently
announced merchant bank, which will operate
in both Canada and the United States through
our Nesbitt Burns investment banking subsidi-
ary, these programs will utilize most of our
present capacity under the Bank Act for equity
and quasi-equity investments.

Several of the other banks have also made
commitments over the past year or so to in-
creased levels of merchant banking and venture
capital equity investments. As a result, the
amount of money committed by the banks to
equity investing in general is at an all time high.
In the near term this has not necessarily trans-
lated into increased equity investments in
biotechnology companies given the difficulty of
risk/reward assessment involved in these oppor-
tunities. However, as more positive investor
experiences are realized from biotechnology
equity investments, and banks become more
comfortable with their ability to properly ana-
lyze these investments, either directly or
through hired experts, the amount of bank eq-
uity investment in biotechnology companies
should increase.

There is no denying that equity financing,
which essentially means taking an ownership
stake in a growing business, involves taking
higher risks and, to compensate for those higher
risks, owners expect and realize higher returns
compared to bank lending. All of the banks
involved with equity investments are confident
that, with careful expert selection of opportuni-
ties and proper assessment of risks and rewards,
the banks can provide this market with “patient
equity capital” while realizing an appropriate
return over time. And as we all learn from our
individual equity investment experiences, I am
sure that we will continue to evolve our financ-
ing capabilities to better serve the needs of the
biotechnology industry over time.

William Crawford is a Senior Manager with
the Bank of Montreal’s Innovation and Tech-
nology Centre, 15th Floor, 5151 George St.,
Halifax, N.S. Canada B3J 2M3.
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MARINE INSTITUTE

AQUACULTURE

The Fisheries and Marine Institute of Memorial University offers a Master of Science,
Advanced Diploma and Technical Certificate in Aquaculture. Faculty and staff provide
industrial assistance, technology transfer, research and extension services to the Canadian and

international aquaculture industry.

Master of Science (Aquaculture)

The only thesis-based M.Sc. in aquaculture in
Canada. Aquaculture research on:

* biology
* ecology
* biochemistry

e production
® engineering
® business

Advanced Diploma

This post graduate one-year program is
practical-oriented and designed to provide
students from a wide range of academic
disciplines with the education, training and
management level skills required to participate
in aquaculture development. The main goals
are to provide:

* training for employment in a variety of
aquaculture vocations

* management level training for aquaculture
industries.

Technical Certificate

Program developed in response to requests for
salmonid, shellfish, and marine finfish
aquaculture training from existing and
prospective farmers and government agencies.
Designed to provide skills:

® to establish a farm site

¢ to obtain employment at farm sites
® to communicate in business

® to develop a business plan

Industrial Assistance and Research

Highly skilled faculty and staff provide
assistance to industry in: fish nutrition, fish
health, shellfish production, equipment
development, site selection and monitoring,
and dataanalysis. Researchersare alsoactively
involved in the development of new species for
aquaculture including: charr, wolffish, sea
urchin, giant scallop and cod.

Training programs and industrial assistance services offered by the Marine Institute have access
to state-of-the-art teaching and research facilities available throughout Memorial University
and St. John's. Both teaching and research activities in aquaculture are strengthened by strong
working links with industry and the Ocean Sciences Centre.
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Investment and biotechnology

Financing biotechnology companies —
changing myths and realities

Tony Going

By the year 2004, the biotechnology industry has the potential to expand
by over 130%. However, financing requirements will increase propor-
tionately with growth and Canadian companies have to improve their
ability to secure funding if they are to participate in this growth. There
are fundamental issues that have to be addressed for companies seeking
financing and a number of sources and strategies that can be used.

Financing: the Number One Issue
in the Biotechnology Industry

For many years, the major factor constraining
the growth of Canadian biotechnology compa-
nies has been the inability to secure financing.
The industry’s perception of the causes of the
difficulties include:

1. Banks do not understand biotechnology
and usually invest in more traditional
industries;

2. There is no interest in, or proponents of,
the industry in the brokerage commu-
nity;

3. There is little venture capital in Canada;

4. Other sources of funds are limited;

5. The public does not understand biotech-
nology.

In contrast, the financial industry’s response
to the problems faced by the biotechnology
industry is often that there are few good compa-
nies in which to invest. The financial industry
believes that the specific issues behind the fi-
nancing problem include:

1. Executives of biotechnology companies
have unrealistic expectations when ne-
gotiating financing;

2. Many biotechnology companies seek-
ing financing lack good management
expertise;

3. Biotechnology managers lack compre-

hensive plans.

There is little question that all of the above
problems existed at the inception of the Cana-
dian biotechnology industry in the early 1980s.
However, the industry has matured significantly
since then and presumably so has its ability to
attract financing. One would also expect that the
financial industry’s knowledge and interest in
this sector have also improved significantly.
This is what I will explore in this presentation
— What are the myths and realities of financing
biotechnology companies in Canada?

A Complex Phenomenon

The financing of biotechnology companies is
a complex phenomenon. It is complicated by
general investment patterns and regulatory con-
siderations and by the different segments of the
biotechnology industry and sizes of companies
involved in the industry. Larger, more estab-
lished, public companies in the biopharmaceu-
tical sector, for example, face different financ-
ing challenges than smaller, start-up companies
in aquaculture.

This report deals with simple financing issues
that are more applicable to smaller and newly
established companies and is not intended to
minimize the effort required in the pursuit of

32

Bull. Aquacul. Assoc. Canada 96-4




financing or to minimize the vagaries of the
financing market that affect ability to secure
funds. However, I believe the issues—while
simple—are fundamental and not always ade-
quately addressed by companies when they are
seeking financing.

Perspective from the
Biotechnology Industry

Too many companies
chasing too few dollars

There has been the long—standing criticism
that Canadian chartered banks are far too con-
servative and adverse to risk. This, according to
small business in general, and knowledge-based
companies in particular, results in the concen-
tration of bank financing in relatively large
companies in traditional sectors.

The knowledge-based industries (sometimes
referred to as high technology industries) have
historically complained that the banks do not
understand their technologies or how to value
them. In addition, traditional criteria for secur-
ing financing such as the pledging of assets is
often not possible since much of the value of
knowledge-based companies is in the ideas,
skills and knowledge of scientific and technical
personnel.

There is evidence, however, that banks are
changing their attitudes. Most of the chartered
banks have now established banking services
for knowledge-based industries. Further, some
banks have established joint ventures with gov-
emment organizations specifically for the pur-
pose of directing funds to small businesses and
the knowledge-based sector. Examples of such
arrangements include:

1. Royal Bank and the Business Develop-

ment Bank of Canada provide financ-
ing to small— and medium-sized ‘‘new
economy’’ businesses in southern
Ontario, specifically including those
involved in biotechnology.

2. ACF Equity Atlantic Inc. provides fi-
nancing to business ventures in Atlantic
Canada with capital provided by ACOA
(33.3%), the four Atlantic provinces
(33.3%) and private financial institu-
tions, primarily the chartered banks
(33.3%).

An uninterested brokerage industry

Unlike many traditional industries, the
biotechnology industry has for years not had
brokers interested in their sector. The impor-
tance of this should not be overlooked. Brokers
issue reports to the public and to institutional
investors that encourage them to examine vari-
ous growth industries and companies. These
reports, and recommendations made through
other channels, help educate the investment
community and encourage investment flow into
companies and industries. (Of course, they can
also encourage outflows of investment.)

In this instance, the evidence suggests signifi-
cant changes have taken place. Yorktown Secu-
rities, for example, has developed its own
biotechnology index and publishes a biotech-
nology investment newsletter.

Scarce venture capital market

The same phenomenon witnessed in the bro-
kerage industry has happened in the venture
capital industry. While few if any venture capi-
talists supported the biotechnology industry in
its early days, the same can not be said today. A
review of the 33 venture capital firms (about
half of the industry) listed in the Annual Statis-
tical Review and Directory of the Association of
Canadian Venture Capital Companies shows
that more than 50 percent invest in the biotech-
nology industry.

According to the MacDonald & Associates’
survey of the venture capital industry, 9 percent
of the $669 million dollars (or $58 million)
invested in Canada by venture capitalists in
1995 went to biotechnology companies. This
was more than double the amount of the pre-
vious year.

Nor does the venture capital market in Canada
look disproportionately small when compared
to that of the United States. The venture capital
market in Canada is roughly one-tenth the size
of the American venture capital market, similar
in proportion to the size of the Canadian econ-
omy relative to the US economy. In fact, in
Canada, there is five times more venture capital
invested in the biotechnology industry on a
proportional basis than in the United States.

An exciting recent development in the Cana-
dian market is the introduction of new labour
sponsored venture capital funds; one being the
Medical Discoveries Fund that has just closed
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its subscription for this year, raising $185 mil-
lion.

Susan Smith, Vice—President of the Royal
Bank’s Knowledge-based Industries Division
suggests there is $4 billion of venture capital
that has not yet been invested.

Other sources of financing are limited

Thanks to Dr. Denys Cooper at NRC’s Indus-
trial Research Assistance Program (IRAP), we
also have an indication of some of the other
sources of financing accessed by biotechnology
companies in Canada. As shown in Table 1, the
Canadian biotechnology industry over the last
five years has secured over $1 billion in financ-
ing. As of the end of February 1996, the figures
for 1996 are ahead of other years at the same
time, even before the placement of $251 million
raised by Biochem Pharma on March 1*.

Private placements and public offers are only
a few of the many other sources of funds that
the biotechnology industry in Canada can ac-

mercializing university research. For in-
formation telephone (613) 996-4993.

5. Investment Prospect Project is an initia-

tive sponsored by the Department of
Foreign Affairs and International Trade
(DFAIT). It focuses on attracting invest-
ment to Canadian biotechnology. For
information telephone (613) 992-5339.

3. Industrial Assistance Program (IRAP)

consists of a national network of tech-
nology advisors. IRAP offers financial
support for promising research projects.

4. Business Development Program (BDP)

is run by the Atlantic Canada Opportu-
nities Agency (ACOA) to assist business
set-up, expansion, or modernization.
For information telephone (506) 452-
3184.

Another source of financing is from compa-

nies in related traditional industries. While these
companies have
tential source of

been touted for years as a po-
financing, it now appears that

they are beginning to invest significantly in

cess. There are, for example, many government biotechnology. This trend is being led by the
programs that support the industry. One newly ~ giant pharmaceutical companies facing dwin-
created program established by the federal gov- dling product pipelines and the adverse effects
ernment and focused on strategic enablingtech-  of managed health care. They had been frantic-

nologies, including biotechnology, is Technol-
ogy Partnership Canada. By 1998-99, this pro-
gram will invest $250 million annually. The
programs that provide assistance to biotechnol-
ogy companies in Canada are:
1. Technology Partnership Program (TPP)
emphasizes the business aspects of com-

ally acquiring,
biotechnology comp
activity seems unaba
companies are also a

aligning and merging with
anies and the pace of such
ted. Larger biotechnology
ligning with their smaller

counterparts in technology exchanges.

Major agricul
ways to gain ac
tions. One of th

tural companies are also seeking
cess to biotechnology’s innova-
e biggest deals occurred in late

“Table 1. Investments in biotechnology in Canada (millions of dollars)

Private . )
Capital
T 1991 64.4 131.3 663 0.0 262.0 40
1992 519 196 29 0.0 94.4 18
1993 80.9 87.8 535 19.5 241.6 34
1994 532 19.2 963 0.0 168.7 26
1995 140.9 125 74.1 6.7 2342 13
Total 3913 2704 313.1 262 10009 161
:‘;L“ebnf;‘l’ti 109 23 2 7 161
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June of 1995 with Monsanto acquiring 49.9%
of Calgene in an agreement that will be worth
up to $200 million to Calgene. In total, in the
United States last year, the number of biotech-
nology alliances grew from 152 to 246, a 62%
increase. The Canadian scene was also active
and witnessed numerous strategic alliances and
acquisitions.

I predict that this trend will continue and that,
just as agricultural companies are beginning to
see the benefits of investing in biotechnology,
companies in other traditional sectors (forestry,
food, chemicals) will be seeking alliances in the
not too distant future.

The public doesn’t understand
biotechnology

The biotechnology industry has many “pub-
lics” that it needs to inform and influence,
However, it appears that the general public does
not know much about biotechnology. In a 1993
survey of public attitudes on biotechnology, the
Canadian Institute of Biotechnology found that
attitudes were at an early stage of development,
characterized by surprisingly little demographic
differentiation of views regarding the risks and
benefits associated with the technology.

The survey found that two-thirds of the public
believes that biotechnology poses “some” or
“a lot” of danger. Conversely, and in response
to a different question, two-thirds also said that
they believed biotechnology offers either
“some” or “a lot” of benefit to society.
Biotechnology was preferred over conventional
technologies and the public was generally sup-
portive of gene transfer involving plants. How-
ever, in terms of ““trust of information sources’’,
the industry scored relatively low.

As Rick Walter the Executive Director of the
Canadian Institute of Biotechnology says, the
position of the biotechnology industry is an
enviable one when compared to other industries
that have evolved in the past. Due to the paucity
of vocal opposition and the early stage of market
impact, the industry has the opportunity to attain
a significant level of public acceptance by gain-
ing consumer confidence and trust before vast
numbers of products enter the market.

The public’s perception of biotechnology is
important because it is the public, as ultimate
consumer, that has to be convinced of the merits
of the products that the industry is selling. How-
ever, others such as the financial community are

no less important to the industry and it needs to
build the trust and understanding of this com-
munity in much the same way as the Canadian
Institute of Biotechnology is tackling the gen-
eral public. In the case of the financial commu-
nity, however, individual firms can be more
active and affect the outcome more directly,

The Financial Industry
Perspective

Not enough good companies
in which to invest

Attempting to validate the issues raised by the
financial community concerning the problems
faced by biotechnology companies in raising
funds is difficult. In the first instance, the finan-
cial sector’s attitude towards investing in
knowledge-based industries will determine to a
large degree the number of companies in which
they are prepared to invest.

So, for example, to the extent that the financial
community is still looking for companies with
significant assets and revenues, and returns in a
relatively short period of time, they will not find
an overabundance of investment opportunities
in biotechnology. There are indications, as
shown above, that attitudes in the financial com-
munity are changing and more money is being
invested in knowledge-based industries includ-
ing biotechnology. But, the financial commu-
nity is not yet backing the industry to the extent
that it should.

Having said this, however, I believe that the
biotechnology industry has in the past over—
sold itself. The 1980s and 1990s were supposed
to be the decades of the biotechnology revolu-
tion. Now we are told (and I am one ofthose that
support this notion) that the next decade will see
biotechnology in full bloom. The “over—sell-
ing” of the industry has had an effect on the
financial markets. In general, biotechnology
companies have underestimated the time and
money it takes to conduct and commercialize
their research and have made some investors
leery of investing more funds after the promised
returns did not materialize,

In general, therefore, I believe that there have
been unrealistic expectations on the part of own-
ers and managers of biotechnology companies.
The development of biotechnology products
and services is a relatively high-risk business.
Accordingly, investors expect to receive a high

Bull. Aquacul. Assoc. Canada 96-4

35



level of ownership and/or high returns from
their investments to compensate for the risk.
have seen a number of financing deals fall
through because executives of biotechnology
companies failed to appreciate the risks in-
volved in their businesses and were not prepared
to adequately compensate the investor for them.

Are there a lack of good managers?

To borrow a quote from Wayne Schnarr of
Yorktown Securities:“While good manage-
ment cannot turn poor technology into a suc-
cessful company, there are numerous examples
of poor management ruining the potential of
good technologies.”

Many biotechnologies companies, as is the
case with knowledge-based companies gener-
ally, are started by scientists and technicians
who are experts in their field but sometimes lack
the in-depth management skills and experience
to secure financing and commercialize the re-
sults of their research and development efforts.

Recognizing that a gap might exist in manage-
ment capabilities is the first important step to-
wards resolving the problem. Once recognized,
there are many ways that the gap can be over-
come. For example, having experienced corpo-
rate executives on the Board of Directors is one
means. Also, many communities offer men-
toring programs where seasoned managers vol-
unteer their time to coach managers of new
companies. Many universities have support pro-
grams; venture capital companies will lend
management support to companies in which
they invest; and there are numerous “incuba-
tor” facilities that can be accessed.

Some places where managers of biotechnol-
ogy companies can go fo obtain management
advice and support include: BCIT En-
trepreneurial Centre (Burnaby, British Colum-
bia); Advanced Technology Centre (Edmonton,
Alberta); Inno-Centre (Montreal, Quebec);
Canada Business Service Centres (sites across
Canada, internet site http://info.ic.gc.ca/ cbsc).

The fact is that if investors do not see a strong
management capability in a biotechnology
company, they are unlikely to make an invest-
ment even if the technology is attractive. So,
how pervasive a problem is this in the industry?
Suffice it to say that in many of the financing
deals in which I have been involved (mainly
start-up and early stage ventures), a major pre-
occupation has been the identification of a sea-

soned executive who can be recruited to manage
the company while the existing owners concen-
trate on managing the research and development
programs.

Where are the comprehensive
business plans?

The amount of thought, time and energy that
goes into planning a business usually reflects
the degree to which investors can readily be
convinced that investing in the business is an
appropriate use of their funds. I have not found
a better vehicle to ensure that such thought,
time, etc., has been expended in planning than
the process required to prepare a comprehensive
business plan. Nor has the investment commu-
nity found a better means of doing an initial
assessment of an investment opportunity than
reviewing such a plan. It is akey tool to securing
financing.

A principal of a leading Canadian venture
capital company has a favorite saying: ““Show
me an entrepreneur with a good marketing plan,
and I’ll show that entrepreneur some venture
capital”. The marketing section is usually the
most important part of a business plan. All too
often, though, it’s the section given the least
attention. Potential investors know that success-
ful companies understand their customers’
needs and use that knowledge to draft an appro-
priate strategy for the marketplace.

A good business plan should convincingly
answer the following questions:

1. What is the specific need and market
that the product is intended to target?

2. Who are the major competitors or poten-
tial competitors?

3, What are the competitors’ strengths and
weaknesses and how do your strengths
and weaknesses compare?

4. What is the market position of your
competitors, i.e. market share, pricing,
distribution, financial resources, produc-
tion capability, sales, marketing, and
management strategy?

5. What does your distribution or potential
distribution chain look like?

6. Who are the major players in the distri-
bution chain and what strategies can be
used to influence them?

7. What are the major barriers to your en-
tering the market and how do you in-
tend to overcome them?
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8. What is the profitability, size, growth
rate and rationale for each market seg-
ment that you intend to target?

9. What are your marketing objectives in
terms of customer accounts, units of
sales, market share, profitability, contri-
bution margins, return on investments?

10. Does your marketing strategy deal
with why a customer would buy your
product instead of the competitors’prod-
uct; what are you offering the cus-
tomer; what will your customer pay for
your product; how will the customer
learn about your product; how will
your product arrive at its target market?

11. Does your action plan contain a list of
what activities are required, by what
time, by whom, and at what cost; de-
tailed revenue projections by product
and target market segment; a summary
of the annual marketing programs; and
the anticipated cost of sales activities?

In general, it has been my experience that the
industry tends to think more in terms of technol-
ogy than markets. This imbalance needs to be
addressed if Canadian biotechnology compa-
nies are to be successful in securing the financ-
ing they need for the future growth that we all
believe will materialize.

How important will financing be in the future?

So where is the industry heading and what will

its financial needs be over the next five to ten
years? I believe the industry has the opportunity
to expand by over 130% by the year 2004. My
forecast for the North American biotechnology
industry, contained in Emst & Young’s third
report on the Canadian biotechnology industry,
Canadian Biotech '94: Capitalizing On Poten-
tial, is shown in Table 2. My review of the most
recent data suggests that the industry is on tar-
get.

The financing requirements of the industry are
going to increase proportionately with growth
and Canadian biotechnology companies have to
improve their ability to secure needed funding
or they will not be able to participate in this
growth,

Companies have to overcome the weaknesses
discussed above that the financial community
believes contribute to the financing problems
faced by the industry. In particular, Canadian
biotechnology companies need to elevate the
importance they place on financing as a key
business function and must devote more time,
thought and energy to it. Finally, in the words
of Wayne Schnarr, “Canadian biotechnology
companies must never stop financing activities.
The day after the last financing is complete is
the day the next round should start.”

Tony Going is a partner with Ernst and
Young, Suite 1600, 55 Metcalfe St., Ottawa,
Ontario, Canada KIP 6L5.

Table 2. Forecast growth in North American biotechnology markets.

Sales (CDN$000,000)
1994-2004
Key Sector Base Year Forecast Year Average Annual
Growth Rate

Human Therapeutics $6,106 $23,595 26%
Human Diagnostics $1,880 $5,105 16%
Agriculture $300 $2,131 55%
Others $299 $2,002 70%
Suppliers $785 $1,695 11%
Total $9,300 $34,528 25%

Source: Canadian Biotech *94: Capitalizing on Potential, 3rd Report on the Canadian Biotechnology Industry, Ernst &Young,

Ottawa.
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Investment and biotechnology

Financing marine biotechnology:
the Martek experience

Richard Radmer

Since its inception in 1985, Martek has been
engaged in the research and development, and
manufacturing and sales of products derived
from microalgae. In 1989, commercial produc-
tion and sale of its products for drug design
began. In 1992, Martek began to realize reve-
nues from license fees related to Formulaid (an
infant formula ingredient) and sales of sample
quantities of Formulaid. The company received
its first royalty revenue from sales of infant
formula containing Formulaid in 1995.

Martek has financed its activities through a
combination of research and development con-
tracts [primarily Small Business Innovation Re-
search contracts from US Government agen-
cies], product sales, and equity investment. The
company was able to attract equity investment
in its formative years because it 1) had the
ability, from its inception, to finance its R&D
from external sources; 2) had unique premises
and technologies; and 3) addressed large mar-
kets. As a result, early-stage investors could
anticipate high payoff in the event of success.
(Historically, a majority of these high-risk
early-stage investments fail, and thus the occa-
sional successes need to be very substantial.)

Since its inception, Martek has raised approxi-
mately US$19.5 million from private sales of its
equity securities. The company raised an addi-
tional US$53.7 million in the public market as a
result of its initial public offering in 1993 and
its 1995 follow-on offering. Its current market
capitalization is approximately US$400 million.
As Martek has grown, its character and skill
base have changed substantially. In 1985 it had
8 scientist-employees and its financial and busi-
ness matters were handled by its president, a
scientist with little prior business experience.
As the primary challenges evolved from the
technological to the business and financial ar-
eas, the company hired a full-time chief execu-
tive officer in 1990 and a chief financial officer
in 1992, and now also employs a controller,
investor relations specialist, and sales and mar-

keting specialists. The ability of the company to
attract highly-qualified individuals whose skills
and interests matched the company’s needs at
critical times has been a major factor in Martek’s
continued growth and success.

Richard Radmer is Founder and President of Ma-
rine Biosciences Corporation, 6480 Dobbin Road,
Columbia Maryland USA 21043.

Keynote address

The potential of shark cartilage

William Lane

Shark cartilage and its use with non-respon-
sive solid cancerous tumors, generally stage IV
cases, has become widely known in alternative
medicine. The FDA has given phase 2 approval
to a study on advanced, metastasized, and non-
responsive prostate cancer and Karposi’s sar-
coma for a unique specially processed shark
cartilage product called Benefin. The clinical
trial on prostate cancer began in Detroit at the
Baumont Hospital in January 1996. The FDA
approved protocol, including tumor reduction,
pSA tumor marker response, quality of life
measurements including Karnofsky Index,
blood work and other criteria, is being used.
Early results were discussed as well as results
from other countries (Chile, China and Japan)
where advanced non-responsive liver, ovarian,
uterine/cervical, breast, and brain tumors are
being studied. The US trials and all clinical trials
on all tumors mentioned have followed similar
FDA-type protocols. The mechanism of action,
believed to be angiogenisis inhibition, was dis-
cussed as was the Cuban study on 29 terminal
patients representing 10 tumors. That study,
though not peer reviewed, was well documented
and is now in its 44th month with half the
starting patients, all who had not responded to
conventional therapy, alive and well with shark
cartilage as the only therapy.

William Lane is with Cartilage Consultants, 80
Woodland Rd., Suite 4, Short Hills, New Jersey
USA 07078.
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New medical products

Agricultural and medical applications of
| N,O-carboxymethylchitosan, a derivative of
shrimp processing wastes

Clive M. Elson

The polymer, N,0-Carboxymethylchitosan (NOCC) is synthesized from
the natural polysaccharide, chitin, which is found in the exoskeletons of
crustacea and insects, and in algae and the cell walls of certain fungi.
NOCC consists of repeating monomer units of the amino-sugar, D-glu-
cosamine, substituted with acetate groups on both nitrogen and oxygen
| centres within the polymer. NOCC is water soluble, biodegradable,
biocompatible, viscoelastic and of high molecular weight. Because
NOCC’s chemical and physical properties mimic those of hyaluronic
acid, NOCC has been evaluated as a drug delivery device, a device to
prevent post-surgical adhesions and as an ophthalmic surgical aid. In
| addition, the efficacy of NOCC as a preservative coating for certain fruit

and vegetables, and as a sustained delivery system for pheromones has

been established.

Introduction to Chitin and Chitosan

The protective shell of crustaceans such as
crab, lobster and shrimp consists of 10 to 15
percent chitin, a polysaccharide. The other con-
stituents of crustacean shells are inorganic salts,
lipids, protein and pigment. Chitin is the second
most plentiful natural polymer in the world, the
first being cellulose (Fig. la). Chitin is also
present in the cuticular or exoskeletal structure
of most invertebrates, and is found in zooplank-
ton and the the cell walls of most fungi, molds
and yeasts. As such it is small part of our normal
diet.

Chitin is water insoluble and soluble only in
very special solvents, all of which are toxic.
When chitin is treated with hot sodium hydrox-
ide, it is deacetylated and yields ‘‘chitosan”
which is soluble in dilute organic acids and in
dilute hydrochloric acid (Fig. 1b). Lysozyme

enzyme systems found in intracellular
lysosomes of mammalian tissues will degrade
the polymer chain to the monomeric glu-
cosamine sugars. Chitinases, widely distributed
in bacteria, fungi and digestive glands of ani-
mals whose diets include chitin, will do the
same.

Chitosan was first produced industrially in
Japan in 1971 by Kyowa Yushi, Inc. By 1986,
there were 15 Japanese companies manufactur-
ing chitin, chitosan and chitosan derivatives.
Today, about 4,000 tons of chitin and chitosan
are produced yearly in Japan, primarily as a
dewatering agent of sewage sludge as mandated
by the Japanese government. Other manufactur-
ing plants, with limited production, exist in
Greenland, Poland, Ireland, Norway, Malaysia,
China, Thailand, Canada and the United States.

Today, the primary commercial use of chi-
tosan is as a flocculent in the clarification of
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Figure 1. Structure of A) chitin, B) chitosan, C) N, O-Carboxymethylchitosan, and D)
hyaluronic acid.
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Wwaste water. The positively charged amino
groups of chitosan bind to the negatively
charged proteins and other anionic contami-
nants. Since chitosan is a non-toxic, natural
polymer, it is preferred in this type of applica-
tion over synthetic polymers, which may con-
tain leachable monomers or other toxic chemi-
cals. The U.S. Food and Drug Administration
(FDA) recently granted approval for the experi-
mental use of chitosan to treat potable water,
Chitosan is used to clarify beverages such as
wine or fruit juice and is used in food processing
plants to recover proteins. A limited amount of
chitin and chitosan is allowed in animal feed and
foodstuffs. Chitosan will also chelate toxic
heavy and radioactive metals and is used to
remove or recover uranium. Chitosan is a good
moisturizer, adheres to skin or hair, and is cur-
rently being employed as an ingredient in skin
creams and in hair sprays.

N,O-carboxymethylchitosan

In the autumn of 1986, Nova Chem was
awarded a composition of matter patent for a
new polymeric compound, N, O-carboxy-
methylchitosan (NOCC) (Fig. 1c). The addition
of negatively charged carboxymethyl or acetate
groups to chitosan renders the biopolymer water
soluble. However, the degree of carboxymethy-
lation was limited leaving the structure of the
new polymer basically the same as that of chi-
tosan but with only half of the nitrogen centers
unsubstituted. NOCC absorbs water to approxi-
mately 50% its own weight and this hydrophilic
property, coupled with a long unbranched chain
structure, accounts for the polymer’s lubricity
and viscoelasticity. The molecular weight of
NOCC approaches three million Daltons. The
material is benign.

The structure of NOCC has several features in
common with the known viscoelastic substance,
hyaluronic acid or sodium hyaluronate (HA)
(Fig. 1d). HA is a co-polymer of N-acetylglu-
cosamine (the monomer of chitin) and sodium
D-glucuronate and is found in nearly all inter-
cellular ground substances of vertebrae. It is the
natural lubricating and shock-absorbing mole-
cule of the musculoskeletal system and of the
eye. HA is used to protect sensitive tissues dur-
ing ophthalmic surgery and as a replacement for
synovial fluid in joints such as knees. It is also

used in preventing post-operative adhesions and
as a method to treat urinary incontinence. The
medical applications of NOCC should parallel
those of HA. Moreover, as a result of the pres-
ence of unsubstituted nitrogen centers, NOCC
can be readily modified by simple chemical
means, something that cannot be done to HA.
One modification involves cross-linking NOCC
to obtain higher molecular weight polymers that
persist in vivo for longer periods of time,

Biocompatibility
of NOCC

A prerequisite for any new biomaterial is high
purity. Purity is often defined in terms of the
presence of zero or minimal adventitious pro-
tein since protein can be allergenic. We collabo-
rated in the development of an amino acid—high
performance liquid chromatographic method to
assay the protein level of NOCC preparations
and found levels close to the detection limit of
the method at or near 0.1%. Furthermore, the
fate of a biomaterial introduced into the blood-
stream must be established. By labelling Nocc
with the y-emitter, technetium - 99m, it was
found that NOCC that had been injected into the
ear vein of rabbits was eliminated within 2-3
hours via the kidneys, bladder and urine. More-
over, there was no accumulation of NOCCinany
organ or tissue other than the liver. It was as-
sumed that the Kupffer cells of the liver were
responsible for the degradation of NOCC.

The biocompatibility of NOCC (i.e., inability
to elicit inflammatory or foreign-body reac-
tions) has been established by in vitro and in
vivo studies. Standard cell proliferation assays
were performed on human peripheral blood
lymphocytes; the proliferation of cells in re-
Sponse to a stimulus such as the addition of
NOCC was treated as a direct measure of inflam-
matory response. The extent of cell proliferation
was measured indirectly by estimating new
DNA production via the incorporation of the
radioactive nucleoside, tritiated-thymidine,
(H)-thymidine, into cellular DNA. A stimula-
tion index (S.L.) was calculated by dividing the
radioactivity (counts per minute) of stimulated
cells by the counts per minute of the unstimu-
lated, control cells. The error associated with
stimulation index values was of the order of
15-20%.
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In experiments with human peripheral blood
lymphocytes (PBLs) two different donors were
studied. The PBLs from one donor were more
active than the other and reflected the variability
of this cell type. The concentration of NOCC
was varied over three orders of magnitude from
1 pg/mL to 1 mg/ml and in addition positive and
negative controls were included. The known
PBL mitogen, phytohemaglutinin, demon-
strated a stimulation index of 45, whereas con-
canavalin A which does not cause extensive
proliferation of PBLs had a stimulation index of
11. The stimulation indices for all the NOCC
treatments were less than 8 indicating that
NOCC was non-inflammatory as well as non-in-
hibitory of normal cell growth.

In the in vivo study, samples of four different
polymers were implanted or injected sub-cu-
taneously into pockets created in the ventral
surface of the skin of rats. Two rats received
three samples of each implant material. The
materials studied were NOCC, carboxymethyl-
cellulose, methyl cellulose, and fibrin sealant
containing human fibrinogen (the control). The
American Red Cross has documented that the
fibrin sealant is non-inflammatory. After 7, 14
and 21 days, the rats were sacrificed and tissues
were harvested for histological evaluation using
haematoxylin and eosin stains. Staining enables
leukocyte cells, particularly neutrophils, to be
identified and their number estimated. The ap-
pearance of such cells in muscle tissue is a
measure of inflammation. The results of the
histological examination are presented in Table
1. Both of the cellulose derivatives were more
inflammatory than the control whereas NOCC
was comparable, if not better than, the fibrino-

gen control. Since the fibrin sealant was classed
as a non-inflammatory material, these results
placed NOCC in the same category.

Sustained Release
Device for Drugs

Nova Chem has developed an analgesic, slow
release system initially designed for veterinary
use but also applicable to humans. Morphine is
the “gold standard” of analgesics and is readily
available and inexpensive. However, it suffers
from being highly controlled and, in the case of
dogs, of being rapidly metabolized. Since many
animal hospitals/clinics do not have staff certi-
fied to administer restricted drugs after hours
there is a requirement for a sustained morphine
release system which would be effective for
12-24 hours. A group of veterinarians headed
by Dr. Andy Tasker at the Atlantic Veterinary
School, University of Prince Edward Island,
have been evaluating morphine-containing
NOCC gels for sustained release. Preliminary
results showed that with certain gel formula-
tions the analgesic effect lasted for 12-16 hours
(compared to 2-3 hours for a bolus, intramuscu-
lar injection). In addition, the rise in the blood
morphine level immediately after injection with
the NOCC gel was slower than that for straight
morphine injections which reduced the side ef-
fects associated with morphine shock. This
work was significant not only because it in-
volved larger animals but because it confirmed
the biocompatibility of NOCC.

Table 1. Evaluation of tissues harvested from 7-day implants

Response Minimum Mild Moderate Marked
Fibrin Sealant (Control)* 3 1
NOCC 6
Carboxymethylcellulose 3 3
Methylcellulose* 2 3

* Slides on which only muscle tissue was present
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Prevention of Post-Surgical
Adhesions

Adhesion formation, appearing as fibrous tis-
sue joining normally separated surfaces, is a
characteristic result of surgical intervention.
This complication can lead to obstruction of the
intestine following abdominal surgery, infertil-
ity following pelvic surgery, cardiac adhesions
after heart surgery, and mortality. The forma-
tion of adhesions is essentially an inflammatory
reaction with factors released from inflamma-
tory cells increasing vascular permeability and
creating a protein-rich exudate. Fibrinogen in
the exudate is rapidly converted to fibrin and
forms a thin, friable coating on local organs.
Fibrin becomes organized into permanent fi-
brous adhesions as the ingrowth of fibroblasts
and, subsequently, capillaries occurs.

For the past two years, two groups of surgeons
have been studying the anti-adhesion properties
of NOCC. In an initial study, Drs. T. Lee and V.
McAlister of Dalhousie University’s Medical
School found that when NOCC was appliedasa
pre-operative lavage, followed by the applica-
tion of a gel and a post-operative lavage, the
incidence of fibrous tissue formation was re-
duced by 60-80% in kidney transplants in
syngeneic and allogeneic rats. In all cases, the
anastomosis healed properly and the renal artery
and vein were patent. There was no evidence of
inflammation caused by NOCC nor was there
any evidence of NOCC 10 days following sur-
gery.

These same workers have recently reported on
an aortic anastomosis model in rats. This model
was developed as a clinically relevant model for
testing both the ability of NOCC to prevent
abdominal adhesions and to determine its effect
on the healing process in a high pressure anas-
tomosis of the vasculature. During surgery, the
aorta was exposed, separated from the vena
cave, sectioned, and sutured back together.
Fifty-six animals were involved in the study
which was completed 7 days after the surgery.
It was confirmed that the post-operative appli-
cation of a NOCC-based hydrogel and a NOCC
lavage to the anastomosis and surrounding area
reduced the mean level of retroperitoneal adhe-
sions by 66% and liver adhesions by 85%. The
surgeons noted that, in all of the treated animals,
the aortic anastomosis was in excellent shape

and that there was no evidence of either degra-
dation of the suture site nor of any aneurysms
or pseudo-aneurysms.

Ophthalmic Surgical Aid

Currently, hyaluronic acid’s main use is in
ophthalmic surgery. In the implantation of in-
traocular lenses, viscoelastic agents are used to
maintain the shape of the anterior chamber, to
protect the corneal endothelium, to lubricate the
eye as well as the intraocular lens and the surgi-
cal instruments, allowing all to move freely and
to allow for manipulation of the iris.

T.J. Liesegang, MD, in a recent article, wrote
the specific “‘chemical requirements are that the
viscoelastic substance be inert, electrolyte bal-
anced, at the same osmolality and colloid os-
motic pressure as the cornea or aqueous fluid,
pH buffered, soluble in water, highly purified,
free of particles and transparent for use within
the anterior chamber. It should be easy to instill
and to remove, and should be removable from
the eye biologically.” As far as is known, NOCC
and its derivatives meet all these requirements,
In fact, NOCC (2% solution) and NOCC Acetate
(1% solution) were evaluated as viscoelastic
agents in rabbit eyes in comparison with
hyaluronic acid (Healon, Pharmacia) at the
Lindstrom Eye Research Laboratory in Minnea-
polis. The properties considered were ocular
irritation and inflammation when injected into
the anterior chamber, corneal thickness, in-
traocular pressure and inflammatory response
when injected into the vitreous. The results were
most promising, with NOCC solutions behaving
comparably to the hyaluronic acid controls.

Fruit Preservation

Another application of NOCC technology is as
a food coating, designed to prevent senescence
(aging) during storage of climacteric fruit (ie.,
fruit that responds to controlled atmosphere
storage). This product, trade-marked Nutri-
Save, is a combination of NOCC solution plus a
surfactant which is applied to freshly picked
fruit prior to storage. The Nutri-Save coating
forms a semi-permeable film several microns
thick over the surface of the fruit. This film
retains carbon dioxide within the fruit and acts
as a barrier to the entry of oxygen; thus the

Bull. Aquacul. Assoc. Canada 96-4

43



metabolic processes within the fruit are slowed
which extends the fruit’s storage or shelf life.
The film will not support either bacterial or
fungal growth and can be removed by washing.

The fruit preservative coating has been exten-
sively tested in Canada, Chile, the United States
and Australia. In collaboration with Agriculture
Canada, a series of trials on apples were con-
ducted with the results that coated fruit dis-
played improved retention of texture and
titrable acids, showed reduced damage due to
storage, and maintained post-storage fruit qual-
ity during shipping. These studies found that in
some cases the application of Nutri-Save coat-
ing extended storage time by 67%. The Nutri-
Save coating has been approved by Health and
Welfare Canada as a “‘coating on apples to be
washed, peeled and then further processed...the
opinion is based on the premise of no human
exposure.”

Toxicological studies conducted at the Hazel-
ton Laboratories America found that ““50,000
ppm Nutri-Save polymer in the diet for 14 days
had no observable effect on female rats and no
observable adverse effect on male rats”. These
feeding levels were more that 200,000 times the
levels expected to be ingested by the 90th per-
centile of “apple eaters”. It has been demon-
strated that washing and light brushing removes
over 95% of the polymer with the remainder
located at the calyx and stem ends.

Pheromone Release System

For over a century it has been known that
chemical communication is a part of insect
mate-finding behaviour. The volatile chemicals
that mediate mating are called pheromones (sex
attractants). Pheromones are species-specific
and over the past decade some 700 pheromones
have been identified and synthesized. Sex
pheromones are being used in the management
of cropland pests in two different products. The
first is a lure-based trap used to monitor the
presence and number of insects. The second is
a mating disruption device that blankets an area
with pheromone reducing the probability of
males finding and mating with females, thereby

controlling the population. The constant bom-
bardment of the males’ receptors with phero-
mones causes them to follow false trails or
scramble messages to the brain resulting in tem-
porary lack of response to any attractant.

Nova Chem has developed anovel, easy to use
and inexpensive pheromone delivery system.
This new system is based on NOCC hydrogels
containing an amount of hydrophilic agent to
maintain gel structure and moisture content.
The pheromone, which is water insoluble, is
dispersed in a lipid before incorporation into the
gel. The product has a number of significant
advantages over current commercial products.
For example, the release rate and duration of
release can be controlled by adjusting the level
of lipid in the gel. In addition, the gel is easier
to apply than the current plastic strips; a caulk-
ing gun device can apply the NOCC gel directly
to a tree branch eliminating the tedious and
expensive manual methods presently em-
ployed. Finally, the concentration of the phero-
mone in any particular tree’s canopy can be
easily controlled by altering the amount of gel
applied. Field trials conducted in 1995 by Agri-
culture Canada were positive with injury to
Macintosh apples being reduced by 60% com-
pared to controls and Isomate C Twist Ties, a
commercial product.

Summary

The biopolymer, chitin, can be derivatized to
N,0-carboxymethylchitosan which is a benign,
bioerodible, biocompatible polysaccharide
similar in structure and properties to hyaluronic
acid. The polymer can be formulated as beads,
sponges, films, hydrogels, foams and viscoelas-
tic solutions. A wide range of applications have
been identified extending from agricultural to
cosmetic to medical.

Clive M. Elson, Ph.D, is Vice—President of
Operations and Research for Nova Chem
Limited (a subsidiary of Chitogenics Inc.),
[ Research Drive, Dartmouth, Nova Scotia,
Canada B2Y 4M9.
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New medical products

New strategies for drug discovery
using marine organisms

Norman R. Wainwright U

There is an increased need for isolation and characterization of new
pharmaceutical compounds, particularly ones having antimicrobial ac-
tivity. Reports of pathogenic microbes showing resistance to conven-
tional drug therapy are increasing in both the popular press and in the
scientific literature. Terrestrial sources of compounds with antimicrobial
activity have been thoroughly exploited over the past several decades
and the marine environment is now under intense scrutiny to provide
new compounds. While past efforts have been made to extract novel
compounds from marine organisms, new approaches are being taken to
discover compounds. The interaction between marine microbes and
marine invertebrates is one area of research that may yield promising
new compounds for research and development.

Marine Diversity

It is a well known biological phenomenon that
species reach their greatest degree of diversity
where competition between species or some
physical stress is maximized. Such conditions
often occur at boundaries between opposing
forces. In the marine environment, some dra-
matic boundaries are clearly evident. For exam-
ple, at hydrothermal vent sites extremes in tem-
perature and pressure combined with competi-
tion for nutrients create powerful evolutionary
forces for diversity. Also, the boundaries of air,
land and water converging at intertidal zones
and coral reefs yield visible evidence of diver-
gence. Apart from these few exceptions, the
marine environment does not appear outwardly
to possess much variety. Compared to terrestrial
examples of temperate and tropical species that
are comparatively more accessible, the marine
counterpart is mostly hidden beneath water far
from shore. However, the number of genera
found in the ocean is actually greater than in the
terrestrial environment.®

It is not surprising that renewed attention is

focusing on the marine environment as a source
of new molecules to be developed into products
to raise human living standards. The depletion
of the world’s battery of effective antibiotics
due to the spread of resistant bacterial strains
alone merits extending the exploration of ma-
rine ecosystems. However, bioactive com-
pounds with antiviral, antitumor and anti-
helminthic activity are also being actively pur-
sued.

Marine Microbes

Early work by Burkholder et al.,®) demonstrat-
ing the production of pyrole antibiotics by ma-
rine bacteria, is being expanded to include the
demonstration of novel, highly active molecules
from marine bacteria,” dinoflagellates® and
bryozoans, sponges, tunicates, crustaceans, fish
and algae. " Most interesting is the realization
that interaction between species, especially be-
tween marine invertebrates and microbes can be
remarkably intimate. Symbiotic or commensal
associations are common and, in fact, many
bioactive compounds initially extracted from
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invertebrates have been found to be synthesized
by a parasitic microbe.®

Lobster embryos were recently shown to pos-
sess some innate protective mechanism against
pathogenic marine fungi. It has been shown that
the eggs possess marine bacteria colonizing
their surfaces, producing an antifungal com-
pound.® Our laboratory has shown similar an-
tifungal protective activity by bacteria on the
surface of shrimp eggs and we are investigating
the role of bacteria in the defense of a number
of marine invertebrate eggs. We must empha-
size the need to study the biology of marine
organisms in order to discern the metabolic
pathways responsible for synthesis of the active
compounds.

The Horseshoe Crab

Marine animals have evolved unique mecha-
nisms to deal with microbial infections. Due to

the more primitive nature of their defense sys-
tems, these simple mechanisms may lend them-
selves to more convenient study. Horseshoe
crabs also have been a valuable marine resource
in medical research and pharmaceutical devel-
opment. The discovery that horseshoe crabs,
Limulus polyphemus, evolved unique mecha-
nisms to cope with microbes present in their
environment, was made at the Marine Biologi-
cal Laboratory in Woods Hole during the
1950s.%' The cells of the horseshoe crab work
by attacking the outer cell wall of bacteria. An
integral part of the outer cell wall of gram nega-
tive bacteria is comprised of lipopolysaccharide
(LPS), also called endotoxin. Beta glucans serve
asimilar function in fungi. Lipopolysaccharides
are ubiquitous and are known to be present in
normal laboratory environments. LPS is also a
potent activator of the immune system, stimu-
lating cytokine release at very low concentra-
tions; however, surprisingly small amounts can

Limulus Coagulation Cascade

Endotoxin (LPS)

L

Factor C — Active FactorC

Beta Glucan

S

Active FactorG +4— FactorG

S L

Factor B — Active FactorB ¢— FactorB

S T

Proclotting Enzyme ? Active Proclotting Enzyme

S T

Coagulogen — Coagulin
[Clot]

Figure 1. Clotting reaction of horseshoe crab blood showing the cascade amplifying the detection
of very low concentrations of endotoxin (LPS) from gram negative bacteria or beta glucan from
fungi.
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cause fever in humans and other mammalian
systems, and in high doses, septic shock may
result in death.

LSP has been shown to cause horseshoe crab
blood to clot, acting as a primitive defense sys-
tem.*'? Their blood cells, or amebocytes, initi-
ate coagulation when exposed to endotoxin.
The clotting cascade is composed of a series of
serine proteases triggered by extremely small
quantities of endotoxin. The result is entrap-
ment of the invading bacteria or closure of the
causative wound. This clotting reaction is now
used as an assay for LPS (Fig. 1). Blood is
collected into sterile, endotoxin-free glass con-
tainers by venepuncture. Cells are separated
from the serum, or hemolyph, by centrifugation
at low speed. The hemolyph can be stored or
processed for extraction of other useful protein
products. The amebocytes are lysed by addition
of sterile water and mixed for several hours to
cause the cells to osmoticly lyse, releasing their
contents. Broken cell debris is removed by an-
other centrifugation and the final clarified lysate
is stored under refrigeration or freeze-dried for
long-term storage and shipment. The animals
are not harmed by this process and are returned
to the waters from which they were collected.
Studies of the American horseshoe crab indus-
try have shown greater than 95% of the animals
recover fully when bled once per season. About
one third of the available blood volume is col-
lectable, so there is little impact on the animals’
health.

All medical devices manufactured for human
use and all injectable drugs and fluids must be
tested for LPS prior to sale. Before the use of the
horseshoe crab assay, it was necessary to sacri-
fice rabbits in order to perform the biological
endotoxin assay. Today, sales of horseshoe crab
blood products represent a US$50 million mar-
ket as a medical diagnostic. It is sold directly to
manufacturers of medical products for quality
control during manufacturing and release of
injectable products. There is also a significant
research market for the product. Since LPS has
potent cell activation activity, cell culturists
must be aware of the presence of LPS in the
laboratory.

Horseshoe Crab
Antimicrobial Defense

Bacteria are abundant in seawater. Even
seawater from non-polluted areas will typically

contain 10° to 10° bacteria/mL, and many of
these are gram negative. It is not surprising then
that high concentrations of bacterial LPS exist
in seawater. An injury to the horseshoe crab,
where there is contact of the blood with seawa-
ter, rapidly results in clot formation. This serves
both as a physical barrier to blood loss and to
influx of microbial pathogens, which are en-
trapped. Several lectins are present in the circu-
lating hemolymph, including ones binding to
specific microbial cell surface polysaccharides,
such as N-aceyl-glucosamine. C Reactive Pro-
tein (CRP) is also present in high concentrations.
Although there is no induction of specific im-
munity in horseshoe crabs, these lectins serve
the general purpose of primitive “immuno-
globulins” in which bacteria can be aggluti-
nated.

In addition to releasing enzymes involved in
the coagulation cascade, the blood cells, or ame-
bocytes, also release antibacterial proteins and
peptides. Tachyplesins and polyphemusins rep-
resent a family of low molecular weight pep-
tides, originally isolated from the Japanese
horseshoe crab, Tachypleus tridentatus and
Limulus polyphemus, respectively.'V These
typically contain 13 amino acids held in a planar
ring-like structure by two disulfide bonds. They
have broad antimicrobial activity against gram
negative bacteria, gram positive bacteria, and
fungi.

Limulus anti-lipopolysaccharide factor
(LALF) is another low molecular weight protein
isolated from the amebocytes of horseshoe
crabs."" LALF has 103 amino acids that are
arranged with a rich clustering of hydrophobic
residues at the amino terminus and an array of
basic amino acids in the central disulfide-
bonded loop region. Its mode of action is
thought to result in a very high affinity binding
between the hydrophobic and cationic areas of
the protein with the fatty acid and phosphate
groups, respectively, of the core of LPS. This
tight coupling results in a neutralization of the
toxic effects of LPS in vitro and in vivo. Its
antibiotic activity is hypothesized to be a result
of the intercalation of the protein into the struc-
ture of the outer cell wall, disrupting its integ-
rity. Other practical applications of the protein
include eliminating LPS from cell culture me-
dium or to fight bacterial sepsis in hu-
mans_{?,lz,ﬂ)

Horseshoe crabs represent an example of a
species that fit well into a program to develop
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new products for the biotechnology industry
and fill an important gap in a worldwide effort
to discover novel sources of biodiversity.

Synergism Between
Antibiotics and LALF

We examined whether LALF would interact
with conventional cell wall reactive antibiotics
such as ampicillin in either a positive or nega-
tive way like the ability of LALF to bind to the
surface of the bacterial cell wall. E. coli was
grown in standard growth medium with dilu-
tions of ampicillin, LALF or combinations of the
two. As shown in Figure 6, concentrations of
less than 2.5 g of ampicillin had no effect by
itself on the normal growth curve of control
cultures. Likewise, low concentrations of LALF
had little effect. However, when mixed, LALF
plus ampicillin had substantially more activity
than the additive effect of the two.

Summary

One of the most unique group interactions in
the marine environment is the association of
bacteria with invertebrates. In some cases, para-
sitic relationships exist where the microbe
clearly adds to the defense of the host, as in the
example of the lobster egg. What is yet to be
understood is what advantage is gained by the
microbe? Are there unique metabolites on the
colonized surface essential to their growth? Are
there specific receptors that capture the appro-
priate species? Is it possible that there is a mu-
tual induction of specific metabolites in either
the microbe or host that gives each an advan-
tage? Symbiotic bacteria and fungi will con-
tinue to be isolated and explored as sources of
novel chemicals that could have pharmaceutical
potential.

The role of the invertebrate “‘immune’ system
in reacting to marine microbes demonstrates the
power of simple mechanisms. The example of
the horseshoe crab is representative of the pres-
ence of very successful strategies that have al-

lowed these ancient species to survive. By cou-
pling the effects of agglutinating lectins, gel
clotting and combining the antibiotic activities
of small bioactive peptides, pathogenic bacteria
can be effectively eliminated. We can benefit
from understanding the mechanisms used to
successfully compete with potentially patho-
genic bacteria and potentially apply these
mechanisms when dealing with human patho-
gens that are resistant to conventional drugs.
The diversity of both the marine microbes and
the marine invertebrates represents arich source
of possible future pharmaceutical compounds.
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New medical products

Marine microbes:
A novel source for new drug discovery

David Manyak

Small organic molecules called ““natural prod-
ucts,” derived from terrestrial plants and from
microorganisms found principally in the soil,
have been responsible for nearly one-third of all
drugs ever brought to market. For example, the
antibiotics penicillin and streptomycin were
isolated, respectively, from Penicillium, a ter-
restrial fungus, and Strepromyces, a soil bacte-
rium, and the analgesic aspirin was derived
from the bark of the willow tree, Salix. The
marine environment, however, has remained
relatively unexplored as a source of new drugs.
With the pharmaceutical industry’s ever-grow-
ing need for novel chemical structures, there has
been a renewed interest in accessing unique
sources of natural products. Marine organisms,
given their enormous diversity and well-docu-
mented use of bioactive agents as a means of
defense, communication and competition, rep-
resent a highly promising and underexploited
source of novel compounds for drug discovery.

Oceanix Biosciences has established a drug
discovery program based on three core compo-
nents: 1) a library of marine microbes (currently
exceeding 7500 isolates) selected for geo-
graphic, environmental, substrate, and species
diversity — representing source material for
drug discovery; 2) methods to grow culturable
marine microbes based on fermentation tech-
nology and to derive otherwise unavailable
compounds through selection/induction meth-
ods or by combining portions of the genomes of
non-culturable microbes with those of cultur-
able organisms (Combinatorial Genomics tech-
nology), representing the means to obtain a
renewal supply of unique natural products for

drug development; and 3) a breadth of molecu-
lar-mechanism-of-disease screening assays
(currently exceeding 100 different targets)
based on in vitro receptor-binding or enzyme-
inhibition assays or whole cell assays available
through the Company’s NOVASCREEN Divi-
sion, representing the tools to perform high
throughput screening of marine microbial ex-
tracts for potential pharmaceutical activities.

Therapeutic areas targeted by Oceanix include
infectious diseases, central nervous system
(CNS) disorders, and cancers. These targets
were selected on the basis of market needs and
commercial potential but also on a rationale
related to the biochemical ecology of marine
organisms. For example, marine organisms are
known to produce growth-inhibitory substances
as ameans to ward off predators or as protection
against being overgrown by sessile, colonizing
organisms. Such growth-inhibiting compounds
may hold promise as anti-infectives or anti-can-
cer drugs. In addition, marine organisms are
known to communicate via small molecules that
are synthesized and released, diffuse through
the media (sea water), and are received by a
receptor-mediated mechanism, thereby causing
a functional or behavioural response. Such sys-
tems may yield new drugs for CNS disorders,
many of which are modulated by receptor inter-
actions. These premises appear to be supported
by the company’s screening results to date.

David Manyak is President and CEO of
Oceanix Biosciences Corp., 7170 Standard
Drive, Hanover, Maryland USA4 21076-1334.
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Contributed posters

Gene mapping in Atlantic
salmon (Salmo salar) and
brown trout (Salmo trutta)

C. McGowan and W. S. Davidson

Many economically important animals are
presently having their genomes mapped. The
possibility of finding genetic markers that are
linked to genes which contribute to quantitative
characteristics can significantly improve the ef-
ficiency of breeding programs. For fish species
such as Atlantic salmon or brown trout, a
genomic map could be used to enhance the
selection of health and population related traits
as well as provide many new genetic markers
for monitoring wild populations. We are cur-
rently using microsatellites, randomly ampli-
fied polymorphic DNAs (RAPDs) and expressed
sequence tags (ESTs) as markers to construct a
linkage map for brown trout and Atlantic
salmon. Hybrid families, where the genetic con-
tribution of each parent can be easily distin-
guished, are being screened for polymorphic
loci and used to identify linkage disequilibrium.
Microsatellites and RAPDs will provide many
polymorphic markers that can be used to create
a basic genetic map. ESTs are non-arbitrary
markers that can be used in comparative gene
mapping and supply reference points to the cur-
rent composite gene map for salmonids.

Department of Biochemistry, Memorial University,
St. John's, NF Canada A1B 3X9.

Flow dynamics in and around
pearl nets of various mesh sizes

Floyd Cole, Jay Parsons and
Cyr Couturier

In this experiment, the effect of external cur-
rent velocity (12.4 to 45.3 cm/s) on the internal
current velocity in pearl nets was examined. The
pearl nets had mesh sizes of 1x3, 4.5, 9, and 12

mm. The pearl nets significantly reduced the
velocity of the incoming currents, but the reduc-
tion was inversely correlated with mesh size,
and the percent reduction decreased with in-
creasing external velocity. The inverse relation-
ship between mesh size and percent reduction is
due to the nature of the mesh. With small mesh
nets, more of the face of the net is enclosed with
the netting material, thereby limiting the
amount of water passing through the net. How-
ever, as the mesh size increases, less of the net
is enclosed, allowing more water to pass
through. The phenomenon of decreased percent
reduction at increased velocity is due to the
increased momentum of the water. These results
have implications for choice of grow-out meth-
ods for scallops.

Aquaculture Unit, Marine Institute of Memorial
University, PO Box 4920, St. John's, NF Canada
AIC 5R3.

Effects of sperm longevity and
gamete concentrations on
fertilization success in the

blue mussel

Lorelei A. Levy and Cyr Couturier

Longevity of sperm after spawning and fertili-
zation success as a function of sperm and egg
concentration of the blue mussel, Mytilus edulis,
were studied. Within four hours of spawning (at
18°C and a density of 10° sperm per mL), sur-
vival of sperm decreased by 24%. According to
a regression model, the optimal sperm concen-
tration was 10-100 sperm per egg at the optimal
egg concentration of 60 eggs per millilitre. The
optimal sperm density may be that at which
sperm remain inactive until just prior to contact
with the egg. Sperm concentration contributes
more to the variability in fertilization success
than either sperm age or egg concentration,
unless these two factors are increased in fertili-
zation practices. These factors are important
considerations in practicing artificial fertiliza-
tion where high rates of fertilization are desired.

Aguaculture Unit, Marine Institute of Memorial
University, PO Box 4920, St. John's, NF Canada
AIC 3R3.
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Toxicity of un-ionized ammonia
in juvenile giant scallops,
Placopecten magellanicus

Allison Abraham, Cyr Couturier
and Jay Parsons

The toxicity of un-ionized ammonia is a major
concern to the operators of finfish hatcheries.
Its importance to shellfish hatcheries and hold-
ing facilities is not as well documented, but
could be a concern due to high stocking densi-
ties. Epifanio and Srna” found that un-ionized
ammonia became toxic to the hard clam, Mer-
cenaria mercenaria, at 3.3 mg/L and to the
American oyster, Crassostrea virginica, at 6.0
mg/L. From these findings, they felt that 3.0-6.0
mg NH3/L was the lethal limits for all marine
bivalves. To test this assumption, 30-40 mm
juvenile giant scallops, Placopecten magellani-
cus, were exposed to four concentrations (plus
control) of un-ionized ammonia (1, 2, 3, and 4
mg NH3/L) at two different temperatures. Juve-
nile giant scallops were found to be more sensi-
tive to un-ionized ammonia than other bivalves
and the sensitivity varied with temperature. The
96-hour LC50s were 1.8 mg NH3/L at 4°C and
1.0 mg NH3/L at 10°C.

Aquaculture Unit, Marine Institute of Memorial
University, P.O. Box 4920, St. John's, NF Canada
AIC 5R3.

[1. Epifanio CE, Srna RF. 1975. Mar. Biol.
33:241-246.]

Tolerance of the giant sea
scallop to low salinity exposure

Craig Bergman, Jay Parsons and
Cyr Couturier

Giant sea scallop (Placopecten magellanicus)
culture has been hindered in Newfoundland by
several episodes of mass mortality caused by
low salinity. More data is needed to accurately
determine the salinity tolerance of giant sea
scallops. Salinity tests on juvenile scallops from
Nova Scotia were done at Memorial University
of Newfoundland. The first of two experiments
consisted of two short term exposures to salini-

ties of 10, 13.5, 16.5, 20, and 31 ppt at an
ambient winter seawater temperature of 1°C.
The first part was a 2-hour exposure to low
salinity before recovery in ambient flow-
through seawater. This treatment resulted in
nearly 100% survival in all test groups, although
severe catatonic shock was exhibited by all
groups except those at 31 ppt. The second part
of the experiment was a 6-hour exposure in
which similar results were obtained, except that
all scallops in the 10 ppt group died. The second
experiment involved long term exposure to sa-
linities of 10, 13, 16, 18, 21, 24, 27, and 31 ppt.
Salinities of 16 ppt and below were lethal; how-
ever catatonic shock was severe in all groups
held at 21 ppt or less. These experiments were
designed to mimic extreme environmental con-
ditions on farms when a layer or lens of fresh
water covers the site or the salinity of the entire
site declines. Culturists and site selection advi-
sors should be aware that long term exposures
to approximately 18 ppt (and lower) and short
exposures to 13.5 ppt or less can cause mortali-
ties and that sites that tend to retain freshwater
should not be chosen.

Aquaculture Unit, Marine Institute of Memorial
University, PO Box 4920, St. John's, NF Canada
AIC 5R3.

Kelp resource of
Newfoundland and Labrador

Mohan Lal

In the most easterly Canadian province, New-
foundland and Labrador, there is a tremendous
potential for the harvesting and processing of
seaweeds. The most common species indige-
nous to the region are the brown seaweeds,
collectively called “kelp”. This includes Fucus
vesiculosus, Alaria esculenta, Laminaria longi-
cruris, L. digitata, L. saccharina, and Sac-
corhiza dermatodea. A. esculenta has a midrib
running down the middle of the main blade,
whereas L. digitata has a robust blade divided
into ten strips. L. longicruris has a long ribbon
blade with frills on both sides. At present, kelp
stands are of no commercial value except that
they provide grazing fields for sea urchins and
sea cucumbers. Traditionally, kelp has been
used as fertilizer, food and medicine. The con-
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stituents of kelp are a gelatinous substance
called algin, mannitol, iodine, a volatile oil,
beta-carotene, photosynthetic pigments, and
various inorganic substances. L. digitata is a
rich source of dietary iodine, an alternative to
the iodized salt, and a fraction of a gram is
sufficient to meet the daily recommended in-
take. Lipids are known to be hypolipidemic. As
kelp is loaded with trace minerals, as such, it
provides an excellent micronutrient source for

both humans and plants. Whole dried plants can
be eaten as food and it has been found to be
antiobesic and antihypothyroid. This multi-pur-
pose health food can be used in soups, vegeta-
bles, pickles, and especially as a tickening
agent.

Department of Mathematics and Statistics,
Memorial University of Newfoundland, St. John’s,
NF Canada A1C 5S57.

Special sessions

. marine finfish culture

. Arctic charr culture

. walleye culture

. economics of rainbow trout culture

. nutrition of larval freshwater finfish
« marketing
. bivalve hatchery developments

recycling technology

Aquaculture Canada ’97

10-13 June 1997, Radisson Hotel, Quebec City
14th Annual Meeting of the
Aquaculture Association of Canada
Theme: From Research to Market

. genetics in aquaculture and the public’s perception of genetically manipulated species

. management of aquaculture sites in relation to biotoxins

. progress in technology: open-ocean farming, genetic markers and water

There are few locations in North America as charming as Quebec City — it has been designated
a World Heritage Site by UNESCO. It will seduce you with its warm atmosphere, museums,
cafés, terraces and its renowned haute cuisine. Outstanding night life, casual strolls or carriage
rides through the quaint streets of ““Vieux Quebec”, artists’ quarters and many other attractions
will make your stay unforgettable!

Registration information available from AAC (fax 506 529-4609; tel 506 529-4766; e-mail
aac@wolves.sta.dfo.ca)
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THE AQUACULTURE IN DUSTRY’S
PARTNER IN
RESEARCH AND DEVELOPMENT

FISHERIES
INNOVATION

SINCE 1989, 90 R&D PROJECTS IN
AQUACULTURE & BIOTECHNOLOGY

" Development of Potential Culture Species
“Biotechnology for Aquaculture
*Challenges in Commercial Species Culture

For more information on the Centre’s services in aquaculture,

biotechnology, or harvesting and processing,
Please contact CCF, P.O. Box 4920, st. John's, NF, A1C 5R3
Telephone: 709-778-0517 ; Fax: 709-778-0516; e-mail:
ccfi@gill.ifmt.nf.ca

SPONSOR OF AQUATECH ‘96




Seabright
Corporation
Limited

Seabright Corporation Limited, one of the
sponsors and organizers of Aquatech ‘96, would
like to thank all the participants, speakers,
sponsors and volunteers who contributed to the
lively atmosphere and made Aquatech ‘96 in St.
John's “one of the best ever”.

Seabright Corporation Limited, the industry liason arm of Memorial
University provides a point of access to the University’s physical and
human resources and has developed expertise in the field of marine and
medical biotechnology development and commercialization.

For further information contact:

Seabright Corporation Limited
Spencer Hall
Memorial University of Newfoundland
St. John’s, Newfoundland AIB 3X5

Tel: 709 737 4527
Fax: 709 737 4029
Web:http://www.mun.ca/seabright



