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1. INTRODUCTION

7-e -~'~nGvrmn as idenîîfied biotechnoiogy as one of the fields in
~ c' :~eappDear .,o be opportunitýes for Canadian maniutacturers to form

ztae alliances with companies in the United States. The term
-D;e--'noiogy' s relatîve!y new and, therefore. flot strictly defined, Il: generallyrefers to processes that apply man-made technology to living systems.

Accordng !o the federal government's U.S. Industrial Outlook 1993.-biotecrnology refers to biological processes and techniques that useorganisms or their cellular, subcellular. or molecular components to make
products or modify plants and animais to carry desired traits,"

Biotechnology firms are classified primarily under SIC 2835: ln vitro and in vivodiagnostic substances, and SIC 2836: Biological products, except diagnosticsubstances. Both are part of SIC Major Group 28ý Chemnicals and aIIiedproducts. Because the fiîeld is so new and so broadly defined, bits, and pieces
of the biotechnology industry are also classitied in some other SIC Groups by
the U S, Department of Commerce:

TYPICAL BIOTECHNOLOGY PRODUCTS AND SERVICES
SIC Group Name ProductServiçe Examples
0279 Animai speciafties. n ec.
2834
2835

Pharmnaceutical preparations
in vitro & in vivo diagnostic substances

2836 Biological produCtS, except
diagnostic substances

2869 Industni organic chemicals. n.e c.

2879 Pesticides &agricultural chemnicals
2899 Chemacs &chemicai preparations, n.e.
4953 Refuse systemrs
4859 Sanitary servics. n.e.c.
8731 Commerviai phyca & biological researc
8734 Testirg laorato-res

Transgenic laboratory animais
Recombinant DNA-derived (rONA) druqs
MAID & rONA-derived test kits
rONA-denived vaccines, blood denivatives,

micro-organisms
rDNA-derived enzymes
except diagnosti substances
1Insecticides, cattle dips
Food contamination test kits
Bioremediaton
Oil spill dearnup

h ContractRt& D
Forensçc laboratoirie usinNA prof ilng

Of course, many firms classified in the SIC groups outside of the biological
classifications are in businesses beyond thie scope of biotechnology.

In order te assist in defining the mlarket in New York State for Canadian
~botechnology firms, the Canadian Consulate General in Buffalo engaged John
Gartner & Co., Technical Marketing Consultants, (JOCO) te conduct a marketing
research study durlng the winter of 1993.



2. PROJECT METHODOOGY

JOCO- onu this Study in three phases First we conducted a literature
searc-' After review;ng the files on biotechnology and data sheets orn New YrkState cootechnology companies available at office of the General Consul, werevýeweJ mraterials at the Lockwooa Library at the State University of New YOrKat Buffalo <SUNYAB> This permitted us to determine the scope and breadth of,nie m-arket in, he U S. as a whole, and in New York State in parlicular Becauseof the extensive written materials available on biotechnoîogy from a financiaistandpoint. and because of the limitation of our study interest in New York Statecompanies, we dîd flot undertake a computerized literature search We feit thatsuch a search might inundate us with data that would be meaningless from astrategic-alliance-development standpo tnt.

The second phase of the project consisted of contact wmth experts in the f ield inorder to betler determine the importance of New York State in the nationalbiotech marketpîace. The list of project contacts appears as Appendîx A.
The third phase of the project involved two mail surveys, One was done to

le



2.1 Accuracy of the Data

T>ie data pDresented 'n this report was obtained in a professîonal manner by a
quatified technical marketing research consultant based in New York State,
The information was gathered from sources thought to be reliable. Neither nhe
Canadian Government noir its contractor, John Gartner & Co., can beresponsible for any errors or omissions in the data, or, in the veracity of dataconcerning respondents' readiness 10, engage in any sort of business
arrangement wuth any Canadian or other companies.



3. THE U. S. 8IOTECHNOLOGY MARKETPLACE

8 y gove-r ent definition and Count, there are about 1.300 companies applying
biotechrclogy in the U.S. About 673 of them, mostly new and rather small,
were 'ouflded to exploit scientific duscoveries comuing fromn academic research
labs. About 440 comparues supply materials, equipment and ser-vices used in
biotechnoIogy R & D. Nearly 200 estabhished pharmaceutucal, medical supply
and chemical firms are aiso involved in biotechnology. These fîrms are
sometumres linked together as the 'biotech industry" because they share
business alihances and concerns wutti regard to regulation, patent protection
and R & D needs. About 57,000 people are employed in 572 mainly small
biotechnotogy firms and an additionai 13,000 people are employed in 147
supply f irms. Because of the haziness of definition, total undustry employment
figures are unavailable.

The U.S. biotechnology ma~rket is thought to be very f ast-growing. A lot of firms
have entered the marketplace during the past few years with a great deal of
fanfare, particularly from the financial cçmmunity. However, many more
produçts have been promised than delivered to date, tJnofflcial estimates
indicate thatshipments by U.S$. biotechnology firms may have reached $4



3.1 The Urge to Merge

Becase-f h-eavy reuato y the U.S. Food and Drug Administration i(FDA>araz e agencies. getting human and even animnal health-related products tom-arKet:ý s an extremely costly and time-consumîing undertaking. To oes~cessu~.smail companies require extremely heavy public financing and/oral'eg arces with larger. weI-established firms Because of this, mergers andacQui s,' ons between bioitechnology firmrs are on the increase. Manybiotechlcogy companies are pursuing partnerships to further their goals ofbecoming big, independient drug companies. According to the Journal article.the secret to successful collaborations is 'to make sure you have a champion atthe larger company who believes in your product. And if the partnership doesn'twork out, consider buying back the technology from the larger company beforethe project dies on the vine " In 1991, collaborations between biotechnologycompanies accounted for about haîf of ail US. pharmaceutîcal researchalliances, accordîng to Ernst & Young. a major U.S. accounting andmanagement consultîng firm.

As a resuit of ail the hype, stock prices of publicly-held U.S. biotechnologycompanies soared through 1991 and 1992. A year later, the bloom was off thebitechnology rose. According to an article in the February 26, 1993 BuffaloNews, Wall Street analysts were warning investors to stay away from more thana dozen biotechnology stocks after industry leader Amgen, Inc. camne eut with apoor earnings forecast and had its shares plunge $9.25 to $37 in trading of 22'million shares. The shares have since dropped more. Five coimp aniesindefinitely postponed plans for their initial public offerings (IPOs) as a result ofthe debacle. Financial data received from some of the public cempanies forthis study indicate some very unfavorable financial situations. This industry is farfrom stable!

3.2 U.S. Leadership / International Development



Iner, Wr a' :'-Nrt Crn Biotechnology Center, in 1991 Schiwartz and
Dibner condlucree a survey of 750 U S biotechnology firms in order to measure
internationai relationships in the biotechnology field They received replies
frorr t-anagers at more than 200 of these firms, identifyîng more than 1 ,000
past anda current strategic alliances (an average of 8 per firm fsicfl that involved
biotechnroîogy products or technology Iransfer The breakdowni was as follows

STRATEGIC ALLIANCES REPORTED
TO SCHWARTZ &i DBNER - 1991

Reported Ailiances %of Respondent~
Wîth larger US. partnier 38%
With European part ner 29
With other US. bioteoh tîrms 21
With Japaneso partner 13



3.3 Who's Who in the Business

A !at e -the February 24, 1992 Wall Street Journal isted the top 20 pubi'cly-
hc-id c rotec-,noiogy firms in order of their stock market capitatzation. Price
!Iuclta-,- the paSt year has. no doubt,
composition. but 't stuli gives an idea of
in du $ ry«

charuged the order of the list and its
the major independent factors in the

MAJOR PUBLICLY HELD U.S. BIOTECH COMPANIES

Generntc
Chvron
Centocor

G"~
&ogen
Gensia

US Bioscience

Genetics lfl$titute

Çytogen

* *As of2/23/92.

Sto" Maricet In PredIInCaI In Clincai
Captaltzabon TriàsTal5

$8,3097 MM* 2 8
3,0802 N A 10
1.5096 7 14
1,296.8 0 5
1 ý25.4 6
9359 1I
879.8 3 3
8K01 8 1
7918 4 4
W440 7 2
570.8 4 4
489.5 7 6
448,8 6 1
409.8 0 0
395,211
379.6 3 3

ris 373.8 O 0
352.3 0 1
3371 1 2
334. 2.- -3

Awaiting FOA
AQQova

2
0
0
3
n

1
2
0

2
1
0
0

Procretary
Orugs for HurTans

2
3
3
0
1
2
o
2

1
0

i
0

01

1



4. THE NEW YORK< STATE BIOTECHNOLOGY MARKET

New YQrý,k Stare is an imrportant, centier for thýe growing biotechnology industry in
tne Unîreal States. ranking thîrdJ behind California (particularly thie San Diego
ar'd Sa- Francisco areas) and Massachuset!s (esPecîally the Boston area>Accoreirng b .Jack Huttner executtve dîrector 0f ihe New York Buotechnology
Ass'cat on. Inc (NYBA) the biotecr i ndustry employs about 6.000 people in
trie Empire State. accounting for 10 per cent of the national total

Although New York is important to bictechnology, the field*s manufacturing and
R & D aspects are not very important factors in New York State's overail
economy in terms of employment, payroll, or product shipments. On the other
hand, biotechnology corporate finance is important: t the state, because trading
in b'otech company stocks and bonds takes place on Wall Street exchanges
and New York City-based stockbrolcêrs make a lot of money on the turnover.



4.1 NYS Bîotechnology Manufacturers

As -ev'xsy mnentioned. tifere is a considerable definitionai question with
rega~z : Dctec hnologIca, mranufacturing, Strictly speaking, biotechnoiogy

mra,.fac,-r ,g would appear Io be limtted to SIC 2835 and 2836 (covering the
man-ufacturing of biological matenials>. However, there are several fîrms in the
biotechniology manufacturing field that manufacture other chemicals (eg., in
SIC 2899) or that produce equipment or instrumentation for handlin g
biotechnologicai materials (e.g-. in SIC 3821) with or wîthout manufacturing the
biologicals themselves. The number of biotech manufacturers in New York
State then, depends on whose definîtion or enumeration you use (and, of
course, on the date of your survey).

Based on the data supplied by the computerized Corporate Technotogy
Database and several published industrial directories. there are 58 firmrs
involved in the biotechnoIogy industry in New York State. About three dozen of
these are irwolved in manufacturing biotogicals. The remainder of the firms are
involved in biotechnology instrumentation manufacture or biotechnology
services. A list of all fsrms by ownership and ZIP Code appears as Appendix B.

TYPES 0F BIOTECH FIRMS IN NYS

Listed under SIC 2835,2836 andl/or 2899 onlly 18
Lisied under abve SIC classes plus othercasses 20
Subtotal: lisied in biologca manufacturing 38
Listed in other SI Cs but flot in above classes 16
SIC not soecified 4

TOTAL NYS BiotechnoIgyFirMS

As fair as the U.S. Bureau of the
State's biotech industry appears
categorlos. Accordlntg to the reci
Business Patternîs 1990 -New Y
primary classifications for this busin

icerned, much of New York
away under other ndustry
and usually relial Counity
,e 18 establishments ini the
Sstate in 1990.



5. POTENTIAL PARTNERS

5.1 U.S. Firms with Existing Canadian Operations

The computerizeci data bank and published information avaîiable on the 58
biotechnology firms in NYS indicated whether or flot the firme engage in
exporting. However, specific reference to involvement in the Canadian
econorry, via importiflg, axporting or direct operations, generally was flot found,
The following information was obtained from the annual reports receîved from
pul1icly-held biotech firms regarding any foreign operations, joint ventures,
and/or subsidiaries, including any in Canada. Those responding to the JGCQ
survey are indicated by an asterisk. Specific information regarding
respondents' interest in a Canadian strategic affiliation is noted in dletail in the
next section.



ComDnIes~ tre:gn operalions. continued.,

Oricogene Science. InC. Unbondal Canada', Austria. ïBenielux, England.
France, ltaly, Japan, Korea. Portugal.
Scandinavia. Spain, Taiwan, Germany

Pail Corporation East His Puerto Rico, England. Germany, Japan

5.2 Potential New York State Strategic Partners

Following is information from JGCO's survey respondents about their specific
interests in potential strategmc alliances with Canadian partners. The fîrms are
listed alphabetically. The information is synopsîzed from the returned
questionnaires wthich are on file for future reference at the Canadian Consulate
General in Buffalo, NY. Additîonal information f rom published and computer
data base sources on these and the non-responding companies can also be
found there.

ACCURATE CHEMICAL & SCIENTIFIC CORP.
300 Shames Drive
Westbury, NY 11590

Contact:. Mr. Rudy Rosenberg, Sr., President
51 6-333-2221

Accurate manufactures primary biotech products includlng monoclonal
ABs, polyclonal ABs, antigens and comptements at various plants outside
of the U.S. They export produci to Canada and import product as raw
materil from Canada. They also manufacture secondary biotech
products abroad, export some to, Canada and import somne product
components from Canada. They do flot provide biotech services. They
have existing Canadian strategie alliances for complements. They would
bu interested in addltlonal strategio alliances in Canada "if it makes
money and does not pollute."

.. ... . . . .... P . . . . .. . . . . .b. . . . . . .. «-b-- - - - - - - - - -



Bionique provîdes mycoplasmnal testing services in New York State but
rfot in Canada or any other country. They have no strategic alliances
Th-ey are seeking: 1) a marketing arrangement for increasing services to
Canadian clients on a sales commission basis;« and 2) a possible strategic
alliance for providing testing services at a Canadian based facility.

BOYCE TuiQmpsoN INSTITuTE FOR PLANT RESEARCH
Tower Road
Ithaca, NY 14853

Contact: Ralph W. F. Hardy, Presîdent anîd CEO
607-254-1 300

ctslir



Gerencor manufactures primary biotech products including proteases,
ce,"wases, amylases. lipases, SnomaxM4 tee nucleator (through a
separate compary at the samne address>, and oxygenases, They have
plants in Rochester, NY, Cedar Rapids, lA anid Finland andci mport some
urispecifieci supplies from Cariadian manufacturers. R & D is performed
in the listeci plants andi at a facility in South Sani Francisco, CA where they
also do some contract R & 0, scale-up andi manufacturing,

Genencor manufactures a biotech product under a multi-year agreemerit
with a Canadian agricultural bmotech frm. They have numerous R & O,ý
manufacturung and marketing alliances worldwide, They are interested in
licensing technology to improve their enzyme business and are very openi
to R & D / scale-up / manufacturing contracts with Canadîan comparues.

Note: Genencor's questionnaire was compteted by Ed Robinson, V.P,,
Business Development.

------------------------------- --------------

INTERGEN COMPANY

2 Manhattanville Road

Purchase, NY 10577

Contact: Mr. Robert J. Beckman, C.E.O.

914-694-1700

Intergen manufactures GI cytokines and reagents ait plants in Cambridge,

MA, Illinois and Toronto. In addition, they export pnimary biotech products

to Canada and import products as raw materials from Canada. They also

manufacture aibumin and sera, exportlng these secondary produots to

Canada. They provide separator and purification services at their Toronto

facility and at facilities in the LLK., France, Benelux and Japan. Ttiey have

some licenslng and marketing agreements abroad and are interested in

discussing additional possibilfties with Canadlan flrms.

.. .«.. ... .. . . .. « . . . . .«..........- -. fes n n eff....ee e e e e e

LESCARDIEN INC.

790 Madison Avenue

New York, NY 10021



MEDICAL SV$TEMS CORP.
Ore Plaza Road gGreenvale, NY 11548

Çontac,, Mr Stuart Havel, Vice President
61 5-621-9190

Medical Systemns mranufactures micro injectors, micro incubators and
temperature controllers in New York State. They also manufacture data
storage systems, oxygen measurementS, and electrochemical systems.
They export products of several types to Canada. They are interested in a
joint venture with a Canadian company.

------........... . - - - - - - - - - - - - - - - - - --.......................--- -

NY GENE CORP.
One Oidell Plaza
Yonkers, NY 10701

Contact: Mr. Frank Bruntta1 President
914-964-8300

NY Gene manufactures membrane based separatton devices and
instrumentation. They do not export to Canada and are interested in a
potential Camadian oLutlet.



THE VIRTIS COMPANY
815 Route 208
Gardiner, NY 12525

Contact: Mr. S.G, Bart, President
914-255-5000

Virtis manufactures secondary bmotech products inciuding lyophilizers,
homogenizers, aerosot photometers, fermenters and ceil disrupters. it
exports products to Canada but does flot import components from
Canada. It has a strategic alliance to distrîbute its produots in Canada, ht
is interested in a strategic alliance to assemble, manufacture or distribute
Canadiani botech products in the U.S.

5.3 NYS University Blotechnology Centers

Two of New York State's numerous institutions of hlgher learning have
important centers of biotochnological research. Both are interested in
working with Canadian companies.

CENTER FOR BioTECKNOLOGY
State University of New York at Stony Brook
130 Life Sciences Building
Stony Brook, NY il1794

Contact: Ms. Diane C. Fabel, Asisat rctor
516-632-8521

The Center is a State of New York agency that provides oontract research,
accens to research facilities and technology trarisfer. They seve as a
company "incubator." They can assist in joint ventures, provide incubator
ipace for tart-up blotech companies, assist in licensing technologies etc.
All of the Centersecs are avallable to Canadian firms.

UNI VERSITY BIO11TECHNOLOGY PROGRAM
ýhnalogy Building
1 48-532703



e g., pest management and improved breeding techniques; food science
and nutrition; and healthcare. Ali of the program's capabilities are
available to Canadian1 companies.

5.4 Other Resondents

Following is survey information received from a company indicating that they
are not interested in pursuing Canadian strategic alliances:

DELTOWN SPECIALITIES
1712 Deltown Plaza
Fraser, NY 13753

Contact: Mr. William J. Lali, V.P.
607-746-6049

Deltown manufactures peptones for diagnostic microbiology and exports
to Canada. DMV Holland is their parent company. They are not looking
for any new arrangements in Canada at this time.

.. .. .... ... ... .. ... ... .. ... ... .. ... .. ....- -.. ... ... .. ... .

e9



6. CONCLUSIONS

Thie foilowîng conclusions regarding opportunities for Canadian
biotechnoiogy firms in thie New York State biotechnology marketplace may
be drawn from the data presented in this study:

1) New York State currently plays an important role in the developinig
biotechnology industry in thie United States, ranking third behind
California and Massachusetts.

2) Approximately fîve dozen biotechnology firms are located in New York
State employing approximately 6,000 people. About a third of themn
manufacture primary biotechnology products (engineered biologicals).
The remainder manufactura sacondary biotechnology products (related
chemicals, instrumentation, or aquipment), or provide biotechnology
services including contract research and development.

3) Soma of trie major playars in thea state's biotechnology industry are
subsidiaries of New York-haadquartered Fortune 500 firms such as
Kodak, Corning, Pafi, and Pfizer, whose primary business is something
othar than biotechnology. None of thie top 20 publicly-held bio-
technology-specific firms is headquartared in New York.

4) Blotechnology appears to ba most important at two of New York Stata's
numarous collages and univarsities -- Thie State University of New York
at Stony Brook and Cornait University.

5) Typical of the niationwide trend, New York biotechnology flrms today are
more likaly to hava existing stratagie alliances with European flrms than
witl> Canadian firms.

6) A reasonabla number of New York biotechnology firms wll consider soma
sort of stratagio allance with a Canadian company as a supplier,
distributor, and/or joint vanturar.



7. CONSULTANT RECOMMENDATIONS

Based on the foregoing conclusionIs supported by the dotaited findings in this
report we off er the following recommandations for Canadian compan es
interested in forming a strategic alliance with a New York State biotechnoiogy
company:

1) Peruse the Jist of firrns listed in Section 5.2. and make appropriate contact
with the indlcated executives.

2) Make contact on a m1ssionary" basis with one or more of the other firms
listed in ApedxB.

3) Obtain more information about the programs of the New York
Biotechniology Assocton. Contact:

Mr Jack Hutiner



Appendix A

Namne

Kevîn Gray
Audrey Smith

Douglas McComak
Susai Hassler

Emly Arakakl
WUlam ft

Jack Huttner

Mark Dner

Dewey Rhu

Din Fae

Ricard Hoismn

STUDY CONTACTS

Organization / Location

Association for Biolechniology Companies
Washington, OC

Bio/Technology Magazie
New York, NY

U.S. Depariment of Commerce
Washington, DC

New York Biotechnology Association, Inc.
New York, NY

Institute for Biotechnology Information
Research Triangle Park, NC

State Univ of NY at Buffalo
Amherst, NY

State Univ of NY at Siony Brook
Stony Brook, NY

Cornel University Wiotechnology Prograni
WItacaNY
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I» govreet isralien reccmult le avantags 64ooemiqmu que pourrait lui

apore l'exsrwmi e a seceurc de biotechnologies et a en orâ,ueinc

inscit celui-ci au rang de s pincipales priorités. lms ministres des

Scene et de la Technologie et de l'Ix&wtrie et du Ocmmera ont adopté les

r P1-rranatins xpr par deuxcoités d'envergur natioal. chargés

d'étiier la rekid et le dv.loRpmet ena généal et le biotechnologies

en pariculier.

ta Preie dece deux comités, qui était dirigé par le profssur S. Yifta*',

s'es attach aux politiqus natictiales de rciech et de dévelppeent.

DM moS rapport publié en 1984, il reoeui.Mait qu las biotechnologies et le
géie géntique soient cosdéés comm étant de domaine pouvant procwer de

CUrid6rabls, avantae à laraâl et dRvmd-nt vw-on nw
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applioetiot.u industrielles et agricoles pour la croissance de l'60crX=ie

dua pays;

2. que v'on fixe uni objectif d'uçoe±taticns annuelles de 200 millions de

dollars a*àicis à atteindre en dix an au mxituu;

a. que l'on auWmit. l'aide financière acordée pa le minist& de

l'nwiï et du Ccre à la RnD à 9 millions de dollars amricaine

pou l'exercie financier de 1989 et que l'on ac=is cett envelope

de 20 p. 100 dan chacu des années suivane; on s'attend d'ailleurs&

b. qu l'on amène les étbiseet d'negStàpre leur

aide à larchrh et au d6lppÀn à 4 milosdedolr

améicans u lustar l'xecic fiancer1989 et à&otne

d'accoitre lem sutie uiel au besoin. lm fonsnoesie

devaint tr prlv à lesdnir publics, en fasn pel au



b.tehnquset prcéé nouveau pu la fertation et la

c. techiques d0 culture de celluls animles et vééals

d. nuelstcnqederéalisato et d'utilisato de la

catalyseboogqe

e. nouveaux biodétecteurs pu le diagnotic et lesalcain

f. inéirepoéqeuiiatla muaeepooueet date

maiUain génétiques;JD



que l. 'on imaine des incitatifs effiae à 1,'vsismn dans le

scerdes biotechnologies, par la création~ de fonds de capitaux de

risqu et d'aus istumnt financiesinnovateurs.

Ces - rect u*ata- sont actuellement en voie d'èt réaliuss par le

resonable de la rehrh du ministère de l'Indutrie et du C=nero, quzi

etle picipal bailleuir de fond de la R- inààstrielle, et par le Coneil

de la rehrh et du dvlMmet du ministère des Scincs et de la

Technologie, chz qui le établismets denseignmn trovent l'eseniel

de l'aide à la rechrch apliquée. Toutes les parties font de sincères

efforts pxw suvre le eomnatosqiot.tatàlacrisnn du

OB sont les étisseent d'eneimet 4.3*urqisacuten el

puatdes travaux de rechrch pir et qui joun le rôle le plusipatn

damu le dcumin de la rehrh bitd lge plqé et de la formationi

des -hrwus Pam ce tablisets, cnoe pecnquierié

(Université hébaïqu de Jérual, univeruité de Tel-Aviv, unierité Ben



ministère desSincse du Déeopmn soit 500 00 dollars proennt du

gouvernenien iré ien le ret tant founi par la CE), 1,3 muillion de

PlAadéie sralienne desucincs (soit~ 800 000 dolars au titr de la

recerce preet 500 000 au titre de 1V6ipet) et 2 millions de qatr

univrsités.

il exstc gaemn de ntre biaioax à savoir le Fond bina.tional.



et de cordoe le activités scintifiqs et teclogique

iner-uenemntles

2. Le Bureau du resonable de la recherche du ministère de lInchustrie et

du Core, qui dirige et suetient le travaux privés et favorise la

concluion d'ene binticnal.s diverss visant une action conemtêe

pou ledévlopemnt e a rcheche lavacemntde l'irdastrie

1 len et la mie en mrch de -m prduits;

3. Le Bureau du repnal de la rehrh n eqicultue, qui doit

veiller sur touts les iniitiative de rehrh en agriculture laméies

en Israë.

Afin d'uifier la Politique tehnlogiqu nat.ionale et de survei.ller son

aPPictinle Minisre inéesé ont r6 un comit d'oinao, lc

sa, l'égide du Cosil national de la rcerh et du dvlpeet

Is -. oeM U BT



On acod ausi beaucu dlimortance aux travaux qui on trait à lasaté

recherche ~~4 e maetl epit.on s'intérsse de plus en plu

à raqicultre taxage e er éivs is uautatmn e

sur pied un comité dirigé



autorisation à tout fiitiative de ce gmrw. JUmqu'ici, auoxie autorisation

n'a été acor"

5. La IRO C me la Im k*r i

Isal a sin la convntion de Paris srla protection de la prffi6

intellectuelle et s'est dotée d'une loi su le brwats qui saparente à

cell. de plusiur py d'Euroe de l'Ouet. A 1î'ieue actulle, la

fabrqués Cemont les droits du #Wtgk-ticin qui prévaloent damw le cas

des plnts La loi est actuellewi en voie de révision et on se'atn qiu,

un fois l'eercice termin, le pate et les animaux fabriqués par

On a cré en 1978 un bwf de gne pu fins agicole, qui est chré de



spéial. Il n'existe auun ollecton mirbenentionae.

Ileit atuelmete Israël p de 20 enrpie spéialisée dan le

doneds bitdnoois dotl esnnlttlaosiel ile



privés et d'entreprises existante. (Orgenics et Savion). Deux établisent

ont reçu un f inancement considérable du public (CYI de New York) ou., came la

Eldarmfe, ont agi par l'intermédiaire de la Bourse de Tl-Aviv.

certaine de ce entepises ont vu le jouir sous la forme de sociétés de

gestion étagrsexploitant des filiales locales afin de disposer d&une plus

-rnd flexibilité fizr-îlkèe.

La plupart ont cncu e n tnts de coeepise avec des interlocuteurs

étaxeu princpalement pcur les fins de la mise en marché de lus

Prdie mis aussi dans le but de perf.ctine ceux-ci et de réaliser de

LO gwenmn joue un rôle important dans le firaemn à lSi terme de la

rehech e d dvecmmet t offr des bore par l'nrmise du

resonable de la re&mch au sein du minisèr de. 1'Lxhstxie et du
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LMPORTANCE OF TH1E SECTOR

A new indusir'y made up of a mosaic of companies specializing in many arezs wîrn a wîde
variety of products.

The concept of biotechnology appeared in France in the eariy 1980s. In the past fewyears this concept has been bascd on thc specitlc skills of biotechnologies such as genetic
engineering, ccli culture and enzymology.

It is difficuit to describo thc mnain cbaractcristiks of the biotechnologies sector inFrance or in other countries for that matter. They cannot bc considcrcd as one industrialsector since several industries are likely to use biotechnologies. They inctude techniques thatare spreadipg to mny industrial sectors and that are bringing about changes inl them. Thus,discoverica in gcnetic engineering could bene&i sectors as dissimilar as agriculture, agri-food,
?harmaceutkcs or cosmetios. Companies that intervene in biotechnologies arc relativeiy variedin size.

of the companies employ fewcr than 100 people and only 8% have
oyees. This is due to the newnoss o! biotechnologics which appcared
i.d to the nwnber of susii riscatcd by the oldest companies.



biotechnological know-how, the latter being in the form of licences, biotechnological research
material or Research and Development contracts.

Large companies, given that their initial activity was not biotechnologies, essentiaily
sell products whether thcy are of biotechnological oiin or not. Smnall companies gcnerally
focus on one or severai applications of biotechrnologies and cazi be divided into two groups:

- recent compunies which have flot yet marketed any products but which partially
finance their activity by selling somne of their research;

- Research and DeveIopment compaii0 which sell their know-how. Typical
examples of this type of company are Traxisgène and Bioeurope.

PRODUCTION AND MARKETING

Mns: rnmnanies wiSh t0 Drod*ace and market thefr Droduci in an increasingly international

4W



the market is big enough to attract leaders ini that partcular secor, investment would be
consistent with this and perhaps too high for the smaII company to assume it alone.

Moreover, companies must acquire the expertise needed for production and marketing
as they are différent from those required for research. Companies. that ernbark on the
production process must overcomne obstacles in 78% of all cases. There are several types of
problems:

- the problem of' flnancing, the cost of materials and the cost of expertise it must
acquire as production is différent from research,

- the probiemn of entering a different fIeId, finding a decisive size, the standstill
point, the scale of the economies and the respect of certain regulations, the problem
of tinding an adapted tooi and adopting new regulations.

Production problems encountered by companies are mainly those of Finding the
adapted tool (20%) and t'inding flnancial resources (18%).

ADDITIONAL SOURCES 0F INFORMATION

Useful address:

BIOFUTUR
15, rue Buffon
75005 Paris
Tel: (33-1) 47.07.11.22

This magazine is in contact wlth companies invoivcd ini this sector and publishes a
nionthly report of ail new bohi ooia developments.
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Biotechnologies'

INIPORTANCE DU SECTEUR

Une industrie jeune, composée d'une mosaïque d'entreprises aux domaines d 'activités
multiples. aux produits hétérogènes.

Le concept de biotechnologies est apparu en France dans le début des années 80, etest devenu un sujet très médiatique depuis quelques années. Les entreprises créées après1980 se sont basées sur des compétences particulières des biotechnologies nouvelles commele génie génétique, la culture de cellules ou l'enzymologie.

Il est difficile de caractériser le secteur industriel des biotechnologies, en Francecomme ailleurs. On ne peut parler d'un secteur industriel unique car plusieurs secteursindustriels sont susceptibles d'utiliser les biotechnologies. Les biotechnologies sont unensemble de techniques diffusantes qui peuvent induire des changements dans de nombreuxsecteurs industriels. Ainsi, les découvertes du génie génétique pourront profiter à des secteursaussi dissemblables que l'agriculture, l'agro-alimentaire, la pharmacie ou la cosmétique.Aussi, les entreprises intervenant dans les biotechnologies sont-elles de tailles relativement
variées.

Plus de la moitié des entreprises emploient moins de 100 personnes, et seulement8% comptent plus de 10,000 personnes. Ce phénomène est dû à la nouveauté de la disciplinedes biotechnologies, qui n'est apparue comme telle qu'au début des années 80 et au nombre
de filiales créées par des entreprises plus anciennes.



de maténel pour la recherche biotechnologique ou de contrats de Recherche et
Développement.

Les grandes entreprises vendent en priorité des produits, issus ou non de la recherche
biotechnologique, leur activité d'origine n'étant pas les biotechnologies. Les petites
entreprises sont en général focalisées sur une ou plusieurs applications des biotechnologies.
Elles se divisent en deux catégories:

- les entreprises récentes qui n'ont pas encore de produits sur le marché, mais qui
financent une partie de leur activité en vendant une partie de leur recherche:

- les entreprises de Recherche et Développement qui ont pour vocation de vendre
leur savoir-faire, Transgène ou Bioeurope en étant des exemples typiques.

PRODUCTION ET CONMERCIALISATION

Une majorité d'entreprises souhaite produire et commercialiser leurs produits dans un
contexte de plus en plus international, au risque de fragiliser leur équilibre.

Les petites structures de recherche pluridomaines, qui vendent plutôt un savoir-faire,
semblent s'orienter vers des formes de collaboration avec des entreprises déjà dotées de-



Dans la mesure où la 'ente directe pour la pénétration des marchés étrangers est
rarement adoptée, la commercialisation des produits ne demande pas d'investissement
prohibitif. Cependant, ce coût dépend de la taille du marché considéré. Ainsi, si une petite
entreprise découvre un produit dont le marché est suffisamment important pour intéresser les
majors du secteur, l'investissement à faire sera conséquent, peut-être trop pour qu'elle puisseI assumer seule.

Par ailleurs, le métier de production-commercialisation demande des compétencesdifférentes de celui de la recherche, que les entreprises doivent acquérir. Les entreprises quis'engagent dans le processus de production doivent affronter des obstacles dans 78% des cas.Ces difficultés sont de plusieurs ordres:

• difficulté de financement, avec le coût du matériel, mais aussi le coût descompétences dont elles doivent se doter, la production étant un autre métier que larecherche;

-difficulté pour aborder un nouveau métier, avec la recherche d'une taille critique,d'un point mort, d'économies d'échelle et le respect d'un certain nombre deréglementations, difficulté à trouver un outil adapté, problème pour intégrer denouvelles réglementations.

Les problèmes de production rencontrés par les entreprises consistent essentiellementdans la difficulté de trbuver l'outil adapté (20%), suivi de près par la recherche de ressourcesfinancières (18%).

MIEUX CONNArrRE LE SECTEUR

Adresse utile:
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BICnT-'HNOLOGY IN THE NIEERANDS

Biotechnology in the Netberlands is rapidly expanding. Before 1985 somne 20)
major comparues were involved in biotechnologY, this number increased to more
than 120 in 1990 (sec table 1). Since 1981, the Netherlands bas adopted a
government policy aimed at creating a climate favorable to investments. The
biotechnology stimulation programme comprises various activities, ranging fromn
education through information dissemiatlon, commercial incentives,
cooperation and support for newly formed companies.

Biotechnoogyin the Netherlands is strongly related to main Dutch industries
lik ago-éod cemical and environmena idustries.

The main application areas are:

1. Agriculture
2. Foodi and Feeds
3. Cherical
4. Envlronment
5. Health care
6. Equipmnent

1.Agricultur

World wlde, the Netherlands ranks second as exporter of agricultural products;
Dutch dairy products, meat, eggs, vegetabIes, fruits and flowers are
f articularly well-known.

in he ast15 years biotechmology techniques, for example vitro cell culture
techniques used in plant breediing and propagation, developed rapildly.
4lso the itouction of somatlc ceil hybnidization and genetlc engineering
offers excting potential to improve breeding prograrrs. WVitb genetic
en&ineering techniques, important agricilturaI traits such as stress tolerance,
resistance agalnst pathogens and herbicides, and higher protein yields are
introduced ta plants.
MOGEN carried out the flrst field test wlth transformed potato plants.
Plant breeding and seed companies such as VAN DER HAVE and ZAADUNIE
have by now adoptcd micropropagation techniques as a standard tool ta
facilitate their operations

is the oldest and largest industry



TIle development of biotechnology i the. ctemical industry also ha strong
relations with the. agricultural sector. Companies such as AVEBE, potato Starch
GLUCANA, gluconates use fermentation and enzymatlc techniques. CCA
BIOCHEM uses fermentation techniques to produce lactic acid, whereas DSM
uses enzymatic production techniques to produce D-amino acids. DSM is also
planning Io use biotechnological methods to produce aspartame.

Biotchnlogcaltecniqes avelong been used to reduce pollution. At
BIoett ehno eoltsi eshaed as a fore runner in titis area.
Seveal years ago, DSM instaliid the. industrial aeroic/anaerobic waste-water
purification plant, specially designed to handie nitrogen omp unds. 'he new
trend in bioo 'cl waste-water purification is in the. anaerc field: the.

biothne Uz reactor wUpflow Anacroble Sludge Blanket' was, jointlydeveloped by several universities and sugar manufacturers. Well kown in
Canada is PAQUES, a company which markets waste-water treatment systems.
GIST-BROCADES developed an anaerobic reactor using the fluidized-bed
princip.

An excess of manure causes an enormous contamination of soil wlth respect to
copper phosphate and ammonia. Since 1978, over 30 manure converters have
been mnstalled.
Other companies like the VAM, RUTI' and ACEC are specialized in the. area
of anaeroblc digestion of domestic refuse.

Varius eserchgroups and companles are tiyig te dlean polluted soil withmicrobiological methods i laboratory or pilot scale experiments. Whereas DERUITER MILIEU TECHNOLOGY, MOURIK and BIOCLAIR are uslng on-site
landfarniing techniques.

lie most important area of research in the. pharmaccutical mnd medical field isthe developznent of novel monoclonal antibodies for therapeutic and diagnostic
purposes.
Amont the. major Dutch companles AJCZO developed ncw peptide hormones byreplacng the costlj chernical synthesis with recombinat DNA techniques te
some exet RANON develops digotc for hwnan viral discases. GIST-
BROCADES and DUPHAR, an affiliate of SOLVAY are active in vaccine

mallr cmpaiesare aiso active in medical biotechnology.

contract base. DE ROVER 8 MEpoue iormqatte ffn



In ail fields of biotechnology the companies are cooperatin wth the
Universities and the research institutes such as TNO (the gtelands
Organization for Applied R*sear<b), the RIM(h Ntoa Insuitute for Public
HIalth and Environznental Hygiene) and ATO (h gotechnical research
Institute).

This project aims to jwromote ollaboration in R&D bctween Dutch and
Canadian biotechnology comie ad is supported by the Netherlands Ministry
of Economlc Affairs, and the CaainNational Research Council.
A number of Canadian and Nqtherlands companics have started new
partnersblps due to titis project.

For more information about biotechnoog in the Netb.rlands please contact
Prisca Rasmers Technology Development Officer in the. Netherlands.

Canadian Embassy
P.O. Box 30820
2500 GV Th Hague
nei Netherlands
fax 070 356 1111

November 1990
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Th NVetherlands
A $,1 Billon Sporting Goods Market

Canadian exporters looking foi
opportunities in sporting zoo<is
iales should take aim at the
Netherlands market.

That advice cornes from the
Commercial Division of the Ca.
nadian Embassy in the Hague -j:
has identified a sporting goods
market worth $1-1 billion,
The Marke.t

The breakdown of that market
scoreboard < for 1989> is as follows:
e sports clothing and sports-type
casual wear. $365 million:
* sporting articles and accesso-
nes, S314 million;
a sports féoowear, $225 million;
and
a camping gooda. $211 million.
Of interest Wo Canadian exporters,
the followîng scores ( figures in $
millions> of the leading sporting
goodsîimported by the Netherlands
in 1989 reveil that sports shoes
topped the lis:, with ice skates
comig in last:
*sports sho.,, 72;
*camping equipmen,. 35;
*eqwipmen: for gyannastics, ath-

ltucsand bodybuildlng, 19;
,* ski equipment. including boots,
19,
*boards for windsurfing, 10;
*tennis racquets, 8,5,
*golf equipnient, 8;
*roller skates. 3: and
* ce skates (figure. speed, hockey),

1.8.
For 1990, the Dutch importe of

sporting goods. includlng sports-
wtir, sports footwear and camping
equipment. is estimated Wo have
reached close Wo $4,50 million.

Tht fiollowing were thetoWp ten
sports. in order of importance. in
tht Netherlazids (population of 15
million> in 1989: boccer, tennis,
gymnaatics, volteybaji, swlmming
and water polo, skiing, speed
skating ad figure skating, fieldl
hockey. badminton andl koriball.
Foreign SUPPUiers

Major Foreign suppliera to tht
Dutch miarket are countries of the

Far Eat -both through direci
contractingwith major Dutch buy,
ers and indirectly through importi
from European counitries of branc
goods and equipmen: made or
specification in the Paciflc Rima.

These Liaropean sources include
Germany, France. ltaly, Austria
and Switzerland. while Czecho.
siovakia and Romania are thechiel
suppliera of low-prlced skates.

It is expecteil that the Far East
will continue Wo dominate the lo-cal
Dutch supply scene as long as
wages there remain substantiilly
below those piid in developeil
countries.

But the overridlng factor that
determines purchase declalons
with Dutch buyers cmn b. sum-
marazed as follows:, tht bet quaI-
ity a: the lowet price -lthough
there is a willingntss to psy more
for prestiglous world-class brmnd
ames, tspecially ln the case of

sportswear such as Nike, Lacoste,
and LA Geir.
Distribution Channela

The bet wîy to cover the Ntth-
erlanda, accordingto theCanadimn
Embassy, is through an importer/
diàtributor buying for his own ic-
courit ad working on an exclusive
biais -i number of local import-
ers have inroadsin neary mares
such as Belglum, and parts of
Germany,

An agent shoulil provide a suit-
able representational base for
sports clothing and sports4look
apparel. Direct sales are a recom-
mendeil option only if the number
of reail outiesis limted deto
the nature of tht product. Other.
we, drect sales ud nopi
full market coverage and would b.
ofinterest only if major orders are
involved.
71rae Shows

As local shows SPOVAK Spring
(Jaiiuary) and SPOVAK Fai Sp.
tember) are j ust that -very much
local li natuare, hell i Utrecht-
maaiy Dutch agents, importers andl

tretailers visi: such large interna-
tional exhibitions as ISPO Spring

iand Faîl in Munich, Gerrnany.
I Canadian companies are encour-
t aged t make themnstlves and their

products known a: such interna-
tional trade shows.
Standards

Safety and legal standards ap-
plicable in North America gener-
ally are acceptable in tht Nether-
lands. For sptciic information on
European Community (EC)
standards, contact tht Standards
Council of Canada, 350 Sparks St
Suite 1200, Ottawa, Ont.K1P6N7.
Tel.: (613) 238-3222. Fax: (613)
995-4564.

ImotDutio
Treare no restrction on im-

porte ofsportmnggoodasprtswear
and sports footwear Into tht
Notherlandu. Duties range froni
14 per cent on sportswear and 20
per cent on sports shoes to 8 per
cent on maet sports articles and
accessories.

Tht duties are payable id
valorernon the CanadienFOB oet
plaua the cost of beightmand nsr-
ance. Tht loca vau.-added tx
(comparable to Canada's OS?>
currently stands at 18.5 per cent.

The Duch wdely u»sEnglish as
a second language, so there should
be no prlemi ommuniating

French in not commonly spoken
except by ffrme doing business
with French-speaklng markets.
Cu*[&*

For more information on the
sporting goods market la the

tend&. Tel.:(0) 305211. Fax. (0
30-562626.
Or contact F.W. Zechntr, Com-
mercial Officer, Commercial Divi-
sion, Canadian Embassy, P.O. Box

f~ong~na~ on pqe 10- Netherimade
Etena1 Affair an Innatial Trade Canada (EAITC)

Apîil 15. 1991



Netherlands -c.nw-4-mes

30820. 2500 GV The Hague, Netherlands. Tel.: (0) 70-
361-4111. Fax: ù0 70 356-2823.

For more information on trade onnortunities in the
Netherlands.contact LMc .At4rf64 ,Western Europe
Trade. Investment and Technology Division (RWT),
External Affairs and International Trade Canada
(EAITC). Tel.: '613) 995-6440. Fax: (613) 995-6319.
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Enclosed is a complete report on Biotechnology in lIrael.

&imid"

Canadian Biotech conipanies and matcbing Israeli companles who can join
forces in varjous forms of industrial cooperation.

Lst of Canadian sciefltists who are working or have worked in the past on jointR & D) projcts with laracli scientists. These scientists serve in advisory capacity
£0 îndustiy ini Canada and cari give credence to planned outgoing mission.

Nùâ:~ Bearing ini mind the. current uituation in the Middle East it might bc more
logicai to plan an Incoming Mission froni Israel. Mission cari b. recruited
fanadran cin AppendAmmoidn technoblogies aie of interest to

iro/x



BIOTECHNOLOGY - ISRÀEL

1. NATIONAL POLICY

The <3overmnent of Israel recognizes the potential of biotechno1ogy for econorn*

growth, and accordingly gives high priority to its support and encouragement. 'lhe

Minister of Science and Tccbnology and the Minister of Industry and Ttade have

adopted the recommendations made by two national comittees in coneto wfth

R & D ini general and biotechnology in particuisr.

The first committee, chaired l>y prof. S. Yiftach, deait with niation~al policies of R&D. In

lus report, submnltted in 1984, it was recommended that blotechnotogy and genetic

enpgineering ke regarded as areas having important advnae for Israel, and therefore

be accorded high priority in governmenta funding plans.
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for fiscal '89, and raise this amnount by 20 % each year. It is expected that funding of
at least a simnilar order wiil bc invested by lndustry ini biotechnological R&D directed
towards industuy and agriculture;

b. Increase support for R&D ini academkc institutes to a level of US$ 4 millon by
fiscal '89, and continue to increase the animal amount according to need. Ibis support
should corne fromn bovcrnmentaj funds tbrough the Council for Recarch and
Development (NCRD) administered by the Mlnistry of Science and Development.

4. Establish a public steerlng co"nmlee Io supervise implementatlon of the policy and
to updat and coordiate ail programs atnd policlés of Uic Governiment in R&D-
related biotechnology.

5. Encourage and dcvelop the following fields:

a. Novel and efficient methods for gene implantation and expression;
b. New tehiusand proçesses of feretto and production;



3 ,

manpowcr suitably trained' in techbnkal as wcil as in managerial skills.

8. Establish oenters of excellence specializing ina plant genctie engineering.

9. Establish an information venter for biotechnology within the NCRD.

10. Set up a fwid for fcllowsbips and for visiting experts i biotechnoIogy.

Il., Find elfêctive ways toecourage investment in thé biotecbnoIogy industry by

estabUishlng venture Iunds mnd other innovative financiai instruments.

These recommendain are currently belng implemented by the Chief Sclentist of the

Ministry of Indiusty and Trade, whlch is the main funding source for industriel R&D,
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of Industry and Trade (USS 6.5 million) and the Ministry of Science and Development
(US$ 2.2 million). The funding figures for fiscal '89 are not yet known.

2. ADMINISTRATION

National polcy in science and technology is determlined by the Ministerial Committee
for Science and Technology, which is appointed by the Cabinet and includes the
Ministers of Science and Development, Industry and Trade, Education, and Energy and
Infrastructure.

The main governmental executive bodies involved in R&D are the following:
1.'Ibe National Council for R&d (NCRD), which is part of the Ministry of Science and

Technology. It advises the Government on the formulation of national science and
technology policies, supports research on selected scientific topics, fosters international
scientific relations and coordinates intergovernmental acfivities relating to science and
technology.

2.The Office of the Chief Scientist of thÉ Minkei 1t lnAi.,i, .- A Tfa. .. A * ,:
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3. SECTORI4L INTEREST

Israel does not bave any significant, fermentation industry, nor particular strength ini

pbarmaceuticals. It bas, bowcver, a dynamic agriculture andi agro-industzy andi a strong

research community. There is a generai feeling tbat the developmnent andi funding of

biotechno1ogy relate4 to agricultureê(plants and soit mi rogaisn) shoulti enjoy a bigh

priority. AJwo consieed wortb proin is medicai diagnostics, siflce oiy modest

funding is requafred to comecaz i4 sie, tbere are aêeady several opie

involvei In this fieldi. Activities re1ated to bealth cure are also accordedt bigb prioity,
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Issues relating to human experÎmernation with recombinant L)NA are supervised by a
g enerail cOmmnittee Of cliniCal experimernation, which is an advisosy arm of the Ministzy
of Health. Any experiment involving lwman beings and using recombinant DNA
technologymust be appt!ve in advance. so far no applications for approval have been
grantet!.

S. INTELLECrUAL PROI>ERTY RJGHTS

laraci is a signâtor 0ftePasTay hich deals with pate-nst. In addition. larael has
a pate:nt laqw similar In that in ma y Western leoea ou~is. As it stands, the Iaw

hy breeder riphts. nfe Iaw is curTcntly being reviewed a d onoe revisedis eMeted to
allo als forthe rptction of genctically engnered plants and animas.
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7. COMMERCIAL DEVELOPMENT

About 20 biotechnological copanics arc in operation, employing close to one thousand

people. l. aggegated production is of the order of US$ 50 million (1989).

lb. largest group of companles is involvcd in medical diagnostics (Orgenics, Savion,

BioHyTech, Hylabs, Virolum, Diatech, EldanTéch). Two companles are involved ini



Most companies have joint venture relationships with overseas fitms, mainly for

marketing of products but also for product developmnent and clinicat studies.

Tii. Govcrnmcnt ptays an important role i subsidizing Iong-termn R&D and provlding

research grants through the Chief Scicntist of the. MiIIistIy of Industiy ami Trade.
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IBEX
Dr. Robert Heft
(Montreal)

HEBREW UNIVERSITY
JerusaIcm-Hematology Dept.

KAMAPHARM

VIROLUME (TECHNION-
HEBREW UNIVERSITY-
KAPLAN HOSPITAL

Heparinase

Bio-molecule separations
for pharmaceutical industry

Essay for detection of
HIV particals

ADI DIAGNOSTICS
Mr. Jcif Greonberg
(Toronto)

DIATECH

SAVYON

BIOHYTECH

Medical diagnostic kits for
bacterial antibiotc sensitivity

Medical diagnostic kits for
sexually trmitted diseases

Medical diagnostic kits for
autoimmune diseases and
kidney diseases
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MICROUIO RHIZOGEN COR?.
(AGRICULTURE WEST BIOTECH)
Mr. J.H. Stephens
(Saskcatoon)

TEL AVIV UNI VERSITY/
BIOTECH INSITIUTE

WEIZMANN INSrIITUTE

HEBREW UNIVERSITY

Biofertilizers

to work with herbicides

Use of Azospirilknm sp. as
a biofertilizer

LABORATORIES AROMOR
TEL AVIV UNIVERSITY
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