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FOREWORD

The P.J. Hoenmans Program on Economic Policy Issues in Germany,
Europe, and Transatlantic Rel ationsof the American I ngtitutefor Contemporary
German Studies hosted a workshop on July 10, 1998 entitled, “Reversal of
Fortune?A Comparative Discuss on of Biotechnology in Germany: TheRolesof
Regulation, Expertiseand Regional Economic AssistanceinthePromotion of a
Leading EdgeSector.” Theearliest versionsof thepapersincludedinthisvolume
werefirst presented then.

The German biotechnol ogy sector isin many waysatest case of theimpact
of government regulation on economic success. In 1990, the German
government enacted astrict set of regul ationsfor the biotechnol ogy sector. The
Kohl government’ smotiveswerestraightforward and understandable. 1t wanted
to protect the German peoplefromthe potential risksof genetic manipulation. In
practice, however, the 1990 Gene Technol ogy Act (Gentechnikgesetz) stunted
the fledgling German biotech sector. Several chemical manufacturers
transferredtheir biotechnol ogical research abroad, thousandsof biotechnol ogical
entrepreneursleft Germany, and investment in this sector remained relatively
small. Once the deleterious economic impact of this law became clear, the
German government responded by enacting acomprehensivederegul ation of the
biotechnological industry. Thisworkshopinvestigated theimpact of thisradical
regulatory reversal on the flow of capita and talent within the German
biotechnol ogical sector.

Deregulation produced aradical reversal of fortunein the German biotech
sector. Duringthesecond half of the 1990s, businessdailiesand specidty journas
onbothsdesof theAtlanticincreasingly sported headlinesproclaiming, “ German
Biotech Sees Flood of Capital and Ideas,” “Startup Boom in German
Biotechnology” and “Germany Leads Challenge to U.S. Biotechnology
Stronghold.” Fiveyearsago, sucharticleswould havebeenunimaginable. Strict
regulations, littleventure capital and ashortage of academic entrepreneurshad
seemed to doom biotechnol ogy inthe Federal Republicto perpetual stagnation.
Y et, the bi otech sector hasnow taken root in Germany and expanded inwaysthat
many other cutting-edge sectorshavenot (e.g., microel ectronics). Why hasthe
biotechindustry been ableto make such great stridesinthe Federal Republic so
quickly? What arethe strengthsand weaknesses of the German biotechnol ogy
sector in comparison to the United States and other leading biotechnology
countries? Will biotechnol ogy continueto flourishin Germany?



Theworkshop brought together agroup of leading German and American
expertsto discusstheforcesbehind theriseof the German biotechnol ogy sector
anditsfuture prospectsin comparative perspective. Thisreport containsrevised
versions of three of the papers presented at the workshop. Horst Domdey,
managing director and CEO, Bio" AG, CEO of Munich BioTech Devel opment,
cofounder of MediGene AG and Switch Biotech AG, and former professor of
Biochemistry at the Ludwig-Maximilians-Universitét, Munich, opened the
workshop with a report on “Germany as a Location for Biotechnological
Entrepreneurship.” Domdey stressesthat German biotechnol ogy entrepreneurs
worked closely with government officials to clear away most of the formal
barriersimpeding expansioninthissector. Thislargely accountsfor theGerman
biotech boom of the latter half of the 1990s. The short and medium-term
prospectsfor thesector ook excellent. Intractablebottlenecksremain, however,
that threaten to dampen long-term growth in the biotechnology sector. A
shortage of skilled managers and weaknesses in Germany’ s entrepreneurial
tradition may restrict the growth of the sector inthelong run.

Maryann P. Feldman, CynthiaR. Ronzio and Oliver Pfirrmann comparethe
biotechindustriesof greater Berlin and Montgomery County, Maryland. They
asofindthat Germany’ shiotechindustry isexpanding despite someremaining
ingtitutional challenges, particularly intheareasof academicinfrastructure, the
protection of intellectual property and managerial skills.

Arthur Daemmrich, in contrast, finds that despite recent German and
European dtrides in the field of biotechnology, the United States and its
biotechnol ogy enterprisesstill enjoy an overwhel ming lead asthe*first mover.”
It will remain exceedingly difficult to overtakethe U.S. and itsfirmsfor many
yearsto come.

AICGSisgrateful toMohil Qil for itssupport of the P.J. HoenmansProgram
on Economic Policy 1ssuesin Germany, Europeand TransatlanticRelations. The
Ingtitute al sothanksMs. Dagmar Cassan, representativefor North Americaof
theBavarian Ministry for Economic Affairs, Trangport and Technology’ sOffice
for Economic Development for her inval uableassi stance, aswell asthe German
Marshall Fund of the United Statesand the German Program for Transatlantic
Relationsfor their support of thisworkshop.

StephenJ. Silvia Carl Lankowski
Director, Regulatory Policy Studies Research Director
P.J. Hoenmans Economic StudiesProgram AICGS

June 1999
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GERMANY ASALOCATIONFOR
BIOTECHNOLOGICAL ENTREPRENEURSHIP:
ACHIEVEMENTSAND CHALLENGES!
Horst Domdey

Beforebeginning | wouldliketotell youalittleabout my background. | am
aformer professor of biochemistry at the Ludwig Maximilian University in
Munich. Thisiswherel beganmy researchin 1984, after | returned froma
happy stay inthe United Statesat the University of California, San Diegoand
Cdifornialngtituteof Technology inPasadena. Sincethen| havebeenworking
inthefield of molecular biology, researching RNA processing andlately the
genome.

Wedtarted acompany—the second biotechfirmintheMunicharea—some
four yearsagowhenthemoney for biology researchtemporarily driedupalittle
bit. Thisperiodwasal so perhapsoneof thefirst timesin Germany that there
wasan opportunity toreplicate somethingsthat haveaready beendoneinthe
United States. | amthefirst professor ever toresignfromthe University of
Munichinorder toswitchtotheprivatesector. Theuniversity administration
had noformsfor thistypeof resignation and it took them sometimeto devel op
a procedure. The university finally decided that | could keep the title
“Professor,” but | could nolonger call myself aprofessor of biochemistry.

This presentation provides an overview of recent developmentsin the
German biotechnology sector. Many, including myself, have named it a
“dawn.” A recent Ernst and'Y oung European Life SciencesReport declared,
“Indeed, thenew dawnin Germany hasa so giventherest of Europe, including
theUK, awake-upcall.” SleepingBeauty hasclearly avokennow; thingsare
becominginteresting.

Hereare somequantitative dataabout the German biotechnol ogy sector.
Ernst and Young and Prognose reports show a huge increase in start-up
companiessince 1997. Thedatafrom mid-1998 show that wenow have 465
biotech companiesin Germany if you definethe sector broadly, 442 of which
aresmall and medium-sized enterprises. Y ou haveamost adoubling of the
number of firmseachyear. A comparison of European countries—Germany,
Great Britain, France, and Sweden—revedl sthat, of course, Britainisstill the
|eader especialy whenyoulook at mid-sizeand large companieswith more
than 100 employees. Whenyoulook at the start-up companies, thesituation
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Reversal of Fortune?

hasredly improved alot and Germany istakingthelead. Thatistrueinterms
of bothemployeesand sales.

L et uscompare Germany to the United States. Using the more narrow
EL1SCO definition of biotech enterprises that only counts firms actively
engaged in research and devel opment, the United Stateshassomething like
1,270 biotech companies. In Germany, wehave173. Sowehavereacheda
level inGermany of around 10 percent. Now, if Germany weretoreachavaue
of, let ussay, 20to 25 percent when compared to the United States, wewould
beonaredly goodtrack, athoughwith alag-timeof twenty yearsor so, which
issomethingtypica for Germany, especidly inthebiotechnology field. Onthe
other hand, onehasto dividethe current number of German firmsby around
sevento makethe comparison moreaccurate becauseamuch larger share of
these companiesarerecent start-upswhen compared to the United States, so
they havelesscapita and fewer employees. Inother words, you cannot really
say that theva ue of these German biotech companieshasalready reached 15
percent of that found inthe United Stateseven though the number of German
firmshasreached that mark. So, wearestill lagging behind the United States
alot. Ontheother hand, weareontheright track.

Itisnot yet clear, however, if thepositivetrendsinthisindustry represent a
lasting change. How others will perceive and receive the wakeup call of
German biotechnol ogy, especially inthe United Kingdom, isanother question
altogether. Consultancies, entrepreneursand financing agencies, including
somefromtheUK, arelookingat Germany. U.S. venturecapitalistsinterested
inthebiotech sector, who used to stay inthegreater London areawhenthey
cameover fromthe United States, now increasingly use Heathrow Airport
simply to changeto planesgoing to Frankfurt, Munich, Berlinand soon. Of
course, UK managersand government officia sdo not likethisshift too much,
but foreigninvestorsontheother handinitialy went to Germany smply tosee
if therewereany worthwhileinvestmentsthere. Of course, our biggoa inthe
German biotechnol ogy sector isstill toreachthelevel of devel opment of the
biotechnology industry inthe United States. Thefifty billion dollar market
valuation of U.S. biotechnology is very impressive. Whether this really
representsthetrueva ueof thesector isanother question. Itisinterestingto see
that thereisgtill afour billiondollar deficit between expendituresand revenues.
Of course, theU.S. biotechindustry doesnot want that to persist.



Horst Domdey

Today wearetalking about aprocesscalled innovation. Thedifference
between scienceandinnovationisthat scienceturnsmoney into knowledge,
and innovation turns knowledge into money! Actualy, the German
biotechnol ogical sector hashad alot of experienceinscience; and | think we
havesomequitegood science. Thequality of German scienceisthereasonwhy
German postdocs loveit herein the United States. They can have agood
worldwideexchange. Their education opensup good opportunitieswhenthey
comeover here. Then, of course, they go back to Germany oncethey have
gained experience. Thereasonwhy | cametotheUnited Statestodoresearch
to beginwith, for example, wasbecausetherewasno opportunity in Germany
at thetimetolearn something about molecul ar biology.

Theprocessof innovation, however, wasnot happeningin Germany, at least
not in biotechnology. Now, to have an innovation process, you need an
innovation culture. For innovation culture, weneed someimportant e ements.
| will list themost important ones. First of all, theremust beacritical massof
excdlent science. Asl stated earlier, | amfairly surethat wehavethiscritica
mass, because alot of money and effort has been put in over the past ten,
twenty, thirty yearsinto science. That hasnot beentheproblemat all.

Second, excellent scienceal sorequiresqualified personnel. Germany has
good personnel, but just likeinany other country, studentsreact to changesin
policy andtheavailability of jobs. Thenumber of studentsstudying chemistry
hasreally dropped sincethedownturnin the pharmaceuticalsand chemical
industriesover thepast few years. For example, therearehardly any students
inchemigtry anymore. AttheUniversity of Munichwherel worked, thenumber
of students fell from 248 to 61. Asaresult of the recent growth of the
biotechnology sector in Germany, we hope that high school students will
increasingly realizethat it might onceagain beworthwhileto get auniversity
degreein chemistry and thentowork inthefield for oneof thesmall or big
companiesin Germany, which may becomemoreimportant inthefuture.

A thirdand equaly important e ement of aninnovation cultureistechnology
transfer. | will not say too much about the acceptance of technol ogy, but this
has been a big problem. This psychological complex had to be changed
dramatically in Germany. In Germany, everybody at first thought that inthe
United Stateseverythingwasworking automatically. Wethought that youdid
not havetowork to attai n acceptanceof biotechnology from politiciansandthe
genera public. We hadto find out that that is not the case. Thingstend to
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Reversal of Fortune?

improveonly if youwork for acceptance, asyou have seen perhapsinthe past
weeksin Switzerland.

Fourth, ambience matters, too. Whenyoulook at themap, innovationis
happeningininteresting places. It occursin placeswhereyou haveambience,
likethe Hei del berg region, the Rhineregionaround Diissel dorf and Cologne,
Berlinand, last but not least, theMunich area

Fifth, good examplesared sovery important. Itiscrucid that youhavesome
prototypes, for example, biotech start-upsshow that you can managethefirst
threetofour yearsand that youwill not drown. Evenif youdonot makemoney,
thevalueof thecompany hasincreased during that period of time.

Sixth and most important, something that | think isthe most difficult to
change—becauseitisa so probably themost difficult toteach—isthisspirit of
entrepreneurism, which meansthat youtakerisks. | ampersonally oneof the
very few examplesof someonewhowent fromauniversity toindustry. Asyou
may know, aprofessor in Germany isacivil servant. | hadjust nineteenyears
togotoreceiveanexcellent pensionfromafundintowhich | did not haveto
pay anything. Itwasstupid of metoask my tax lawyer about theimplications
of movingtotheprivatesector only after | hadleft theuniversity. Actualy, |
left theuniversity becausel could not beonmy own. | hadtoask theBavarian
Minister of Cultural Affairstodismissme, whichhedid. Ittook sometimefor
himtowritetheletter, but thedirect deposit of my salary soppedimmediately,
so | knew hewould agreetodoit.

Anyway, betweentheperfect pension planand all the other opportunities
that you have asaprofessor whoisalsoacivil servant; you are supposed to
work, but you arenot forced towork. Itisdifficult for most peopletoleave
thesepositions. | hopethat | might beagood example, aswell. | hopethat |
will not go under inthecomingyears. Ontheother hand, | realizemaybesome
of you have read the recent issue of Nature Biotechnology. | was harshly
attacked in oneof thearticles, since somepeopledo not likestepslikethis.

Let me return to some of the points | have mentioned before, such as
technol ogy transfer fromuniversity tobusiness. | think al of youknow thepoint
of technology transfer. Every partner getssomething. Theindustria partners
get thetechnology and the scientistsget alittle bit of money sothat they can
continueto createknowledge. | think thisisaniceexchangethat istaking place.
It hasnot been very popular in Germany until very recently, however. Now,
things have changed. There are now transfer offices at universities. For
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example, four years ago, we had one person in such atransfer officeat the
University of Munich. Now thereareeight people. Sotherehasbeenaneight-
foldincreaseinfour years.

Now universities are even thinking of further expanding these kinds of
offices, doubling them within ayear, because they have realized it isvery
important for theuniversitiesthemselves. They aso haveakind of duty to
providethemeansfor jobsor possibilitiesfor jobsfor thestudents. 1t haseven
devel oped tothepoint whereuniversitiesareoffering officeand lab space. At
least for alimited amount of time—six monthsor ayear—you canrent offices
or alab. Of course, you haveto pay morethan you haveto pay onthe open
market. Ontheother hand, you havemorepossibilitiesat theuniversity. You
canuseacentrifuge. Y ou can perhapsget easy accesstothelnternet. That
iswhy universtiescharge, let ussay, aroundfifty percent morethanyouwould
haveto pay ontheopen market. They givethesestart-up companiesavery
good opportunity.

WEéll, youredlizethat | amfocusing on Munich, becausethat istheplace
wherel liveandwork. There, for example, wehavetwo universitiesandthey
competewith each other. So, if oneuniversity takesastep thentheother one
hastomatchit. Thatiswhatispromoting the processthere. Therearealso
gmilar mechanismsat thenationd level. Wehavebus ness-plan competitions.
Not only the peoplewho havewon these busi ness-plan competitions, but also
thosewho havenot, havelearned how towriteabusinessplan and have started
companies. Land (state) governmentsarea so providing “incubators,” thatis
“smdll science’ technology parkswhereyou can get officeand lab spacefor a
reasonableprice. Well, itisnot actually alower price. Itisthemarket price,
but, onthe other hand, you get other kindsof support.

Theacquisition of capital had beenaproblem, aswell, but theclimatehas
greatly improved. Four yearsago when we started one of thefirst biotech
companiesin Munich. Therewereonly two venturecapital companies; each
made one deal per year in biotechnology. So, the oddsof start-upsgetting
money werevery small. Thingshave changed. For example, in Munich—
which has become a hot spot for venture capital—we now have sixteen
venture-capital companies. Sevenout of thesesixteeninvestinbiotechnology.
They make not just one deal, but up to ten deals per year. So things have
changed dramatically. Money isnolonger area problem.
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In the meantime, we have excellent opportunities for the acquisition of
additional capital. For example, if afirmgetsonedollar, onemark, onemillion
deutschmarksfromaventure-capital company, you can get doublethat amount
intheform of loansfrom federal economic-development banks, suchasthe
Deutsche Ausglei chsbank (German Burden Equalization Bank, ed.), which
was founded after the Second World War, or the Kreditanstalt fur
Wiederaufbau (Credit Authority for Reconstruction, ed.), or something
similar. Itisnot anautomatic process, however. Y ou haveto apply for such
funds, of course, and thegrantor will check everything.

ThereisadsoadattheLandlevel. InBavaria, for example, thereisastate
bank called BayernKredit. 1t wascreated because Bavariahad no other means
to support thesecompanies. Thisstandsin contrast tothenew Lander (states)
ineastern Germany or theold northernindustrial Lander, suchasNorth Rhine-
Westphalia. TheseLander receiveofficial restructuring assistanceto move
away from reliance on coa mining and heavy industry, and toward high
technology. Start-up companiesget money fromtheLand governments. The
Land governmentsget money from Brussals, fromthe European Union. That
isnot possiblein Bavaria, becausethe Bavarian economy is* perfect.” Since
theeconomy issostrong and thestandard of livingissohighinBavaria, itisnot
permittedto useeconomicdevel opment subsidies. Sotheonly possibility open
touswasto createabank. Fromthisbank, afirm can get aloan.

Okay, you haveleveraged onemillionintothreemilliondeutschmarks. You
did not giveaway any shares, soyoudid notloseany equity. Withthismoney,
let ussay threemillion deutschmarks, you canwriteagrant application. If you
apply, for exampl e, tothe Federal Ministry of Education, Science, Research,
and Technology (Bundesministerium fir Bildung, Wissenschaft,
Forschung und Entwicklung, BMBF, ed.) or to somelocal programs, let us
say the Bavarian Research Foundation, you haveagood chanceof receiving
matching capital from them, for example, two million deutschmarks. Y ou
cannot used | thesefundsasventurecapitd , but you canusethemtocover basic
expenses, which freesup therest of your money.

Some venture capital is coming from venture capital companies, for
example, TechnoventureManagement, locatedin Bostonandin Munich; MPF
inBoston; or Atlas, locatedinHolland, Bostonand Munich. Alsoin Germany
and Switzerland, for example, some new venture capital concerns have
increasingly includedlifescienceventuresintheir portfolios. Not al German
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money staysin Germany. For example, theBMW money of the Quandt family
went to the United States biotech sector. There is money from (the
pharmaceuticd firm, ed.) Boehringer Mannheimand morefrom BayernKredit.
Another portion comes from ING Bank in Holland. Deutsche Bank has
created aventurecapital fund. InSwitzerland, similar thingsare happening.
Whatisnot possibleyet or at |eastisnot donein Germany isthekind of pension
fund you haveintheUnited States(i.e., 401k plans, ed.). Thelaw, I think,
forbidsthat. Theinsurancecompaniesarea sonotinvolvedyet, but thereare
different sources.

If theventurefails, thenthebiotechnol ogical firm doesnot haveto pay back
theloan. Actually, itisalsoagood dedl for theventure-capital company. If a
venturecapitalistinvested onemillion deutschmarksinabiotech firmthat has
failed, the venture capitalist is likely to get back at least half a million
deutschmarksfrom theeconomic development banks. So, theriskislowered
thisway, if everythinggoesunder. Thereareingtitutional and project fundsas
well, towhichl will comeinamoment. Tosumup, venturecapita isnoproblem
any more. Getting seed capital still can be, though.

In Munich we have created a small seed-capital fund to help start-up
companiesfind start-up capital. Therearealsolocal banksthat investinthe
rangeof four or five hundred thousand dollars. Wecreated afifteen million
deutschmark fund, whichisabout eight milliondollars. Itisnotalot, butitshould
beenough, for example, for financing thirty start-upsat theoutset. Therewas
money fromthebig pharmaceutica firms, money fromthebanksandadsoalittle,
or let ussay acomparable, part of money fromthegovernment. Sothisisarea
breakthrough. Thebanksnow takeinto considerationthat itispossibleand
interestingto put money there.

We think the research and development funding of biotechnology in
Germany isimpressive, at least for our standards. Of course, thingscould be
improved, but you can see that biotechnology received one billion
deutschmarksin publicfunding over the past year. Most of that money goes
to foundations, such as the Deutsche Forschungsgemeinschaft (DFG,
German Research Society, the Germanfederal government’ sgenerd research
foundation, ed.) and the Fraunhofer Ingtitute.

In 1996, the Bundesministeriumfir Bildung, Wissenschaft, Forschung
und Entwicklung sponsored a now famous bio-research initiative called
BioRegio, whichredly gaveapushtothebiotech sector in Germany. Thiswas
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one of the brightest ideas that anyone has ever had at that ministry. The
competitionwasmeant to support and to showcasethekindsof biotechnol ogy
practicedin Germany. Any Germanregion could apply for thegrant; seventeen
regionsaltogether applied. Eachapplicationlaid out the assetsavailablefor
biotechnol ogical entrepreneurship and aproposal for further developing and
commerciaizingbiotechnology intheregion. Theobjectivewasto producea
consensusamong industry, science, palitics, and government officids. Without
spending virtually any money at all, BioRegio pushed German biotechnol ogy
intoapositionthat had never been seenbefore. It waseven successful instates
likeHessewhereit usedto bedifficult to utter thewords* geneticengineering.”

Thepoliticiansstepped forwardand said, “Wewon' t cal it geneticengineering;

we' |l call it biotechnology.” Therewasacompetitionfor funds.

In his BioRegio award speech, (former BMBF, ed.) Minister Jirgen
Rittgerssaidtherewerenolosers; actually al of theregionshad won because
al had put together outstanding proposas. Intheend, however, dthoughthere
werenolosers, therewerethreewinners: theRhineland, including thecitiesof
Dussdldorf, Cologneand Aachen; the Heidelberg area; and greater Munich.
Although | must admit, it wasavery close shave between Munichand Berlin.
Theonly reasonthat Berlindid not winwasdl theupheava sgoing ontherenot
solongafter unification.

Now, what werethe consequencesof the BioRegio competitiontwoyears
after theawardsweregiven? There hasbeen adramatic changein political
awarenessof thepositive aspectsof biotechnology withinall political parties.
Thispolitical avarenesscan befound not only at thenational level, but also at
theregional andlocal levels. Evenwiththe Greens, achangehastaken place,
at least concerning biotechnol ogy, biomedicineand soon. Thereis, of course,
no uncritical acceptance by the Green Party; the Greens still complicate
bi otechnol ogica research. BioRegio created successful networking. All of the
different institutionsand playersnow work together; sciencewithindustry,
clinics,investors, theadminigtration and paliticians. Actudly that wasasoone
of my reasonsfor leaving my secureplaceat theuniversity. | foundoutitisa
lot of fun to create such a network; to talk with politicians and bring the
politicianstogether with the scientists, and scientistswith the CEOs of the
companies, and soforth. Thenext stepistotransfer research fromknow-how
to new products, to havethisinnovation processturn scienceinto money and,
last but not least, to create new jobs, whichisamajor concernin Germany.
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Horst Domdey

| would also like to say a few words regarding public perception of
biotechnology in Germany. Public acceptanceisno longer adisadvantage.
Seventy percent approve of genetic engineering or, let us say, modern
biotechnology inthemedica fidd. Itisdifferent sill intheGreenParty, buton
theother hand, itisal so getting moreand more acceptancethere. Wehada
referendumin Bavariasometwo monthsago, whichthe Green Party initiated,
to create alabel, “Not genetically engineered from Bavaria.” Lessthan5
percent of the population voted for that. Sothiswassoundly defeated.

Regardingthelega framework, wecannot complainany more. Wehadthis
“genetech” law in Germany in 1990, whichwasasourceof dl of theproblems
that wehad before. Thislaw did not changeanything about thesecurity level.
Itjust put ahugebureaucraticburdenonscientists. So, after afew years—due
tothenumerouscomplaintscoming from scientists—aprocessof deregulation
began. After deregulation, therehavebeenno morecomplaints. For example,
if you start abiotech company in Germany, you still need to complete some
administrative procedures, but it takeslessthanamonthto get everything. In
Munich someweeksago, therewasactualy acasethat took threedays. The
advantage now is that it is al sef-contained within this revised
Gentechnikgesetz (1993 Gene Technology Act, ed.). Youonly havetogoto
oneofficeand everythingishandled there. Y ou do not havetothink, “well,
wheredo| havetogonext?’ and gototendifferent placestoask for apermit.
Y ou get your permitwithinavery, very shorttime.

Wearevery muchinterestedin attracting American biotech companiesto
investin Germany, becausewewould liketolearnfromthem. Weneedtheir
Spirit, their examplesof best practice. Incontrast, alot of German biotech start-
ups still work in the spirit of Hoechst, BASF and the other large German
companies because most people establishing them come from these big
pharmaceutical companies. Theatmosphereiscompletely different thanwhen
you have achanceto attract the scientistswho worked here, for example, at
Genentech or Biogen, coming over to Germany. Sothat isthefirstthing. We
would especidly liketo have American companiesin Germany. Until recently,
U.S. firmshavegonee sewherein Europe, but they never cameto Germany
becauseof theregulations. Now | realizethat U.S. biotech companiesstill do
not really accept German biotech firmsasgood partners. For example, if a
product isdevelopedin Germany, itisaso devel opedintheUnited States. If
the patent isalready owned by the German side, the Americansdo not care.
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They say, “Why should we care about those Germanfirms? They don’t have
enoughmoney. Sowewill proceedwithour research.” Fromthat experience,
| redlizethat German biotech companies, dthoughthey might bethree, four, five
yearsold, arenot yet fully accepted by Americansasequivaent partners.

The growth of the German biotech start-up ismuch slower. Y ou start
perhapswithfivepeople. After ayear, if youaresuccessful, youwill havefifteen
or twenty. Maybeafter four years, youwill haveforty or fifty. That doesnot
compareto American art-ups, however. So American entrepreneursthink,
how canthe German firmscompetewith us? They do not haveenough money,
andsoon. Sower growthisalsoasignthat in Germany thesecompaniestake
fewer risks. It aso comes, onthe other hand, from labor-market rigidities.
Whenyou havehired uptoten people, itisno problemdismissingone. If you
hiremorethanten people, however, youhavetokeepthisperson. Y ou cannot
fireaperson. Thiscausesproblems. For example, let ussay youat first need
amolecular biologist, but then you need an expert in chromatography. Y ou
cannot firethemol ecular biol ogist without paying abig severance package, so
you teach him chromatography instead. Sothatiswhy | think the American
companiesdo not fully accept the Germanfirmsasequasyet, althoughwetry
hard.

Ontheother hand, somegoodjoint venturesalready exist. Itisactualy
ead er for German biotech start-upsto makejoint ventureswith large American
pharmaceutica companiesthanwithlarge German pharmaceuticals. A typica
exampleisMorphosis, whichislocatedin Munich. It choseto partner with
Upjohnover Bayer or BASF. Thisshowsthat Germansstart-upsdo not trust
thebig German pharmaceuti cal sand that big German pharmaceuti cal sdo not
trustthesmall Germanbiotech start-ups. A prophetiswithout honorinhisown
country.

Therisk of personal failureisalso abig problem with us, whereasinthe
United Statesthingsareseeninadifferentway. Whenyoufail onceintheU.S,
you arereadily hired again becausetheinvestor figuresyou havelearned from
your earlier mistakes. Whereasin Germany, you do not get asecond chance.
Thisisredly abig problem. Andthatiswhy weneedthisAmerican spiritin
Germany, to show that therearedifferent ways.

Now, generally it hasbecomevery easy to start abiotech company, but
shortagesin management and administrative skillspose aserious problem.

10
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Communi cation between businessscienceandthenatural sciencesisnot very
goodinour country, becausethey arevery much separated from each other.

Stock optionsarea so fill avery big problemin Germany becausewehave
abig contrast between normal shares, which aretax-free, and stock options,
which aretreated astaxableincomewhenyou recelveyour options. So, many
have to exercise their options immediately smply to pay the taxes, but
exercisngastock optiontriggersasecondtax. Thetota tax bill canconsume
uptosixty percent of thestock option.

Thisistheemerging situation for biotechnology in Germany. Thelega
standards comply with European standards. There is enhanced public
recognition. Thereisan excellent scientific base, growing attention from
industry and sufficient venture capital. Therewasthefederally sponsored
BioRegio competition among the Lander tofacilitate the establishment of a
biotech industry. Y ou have awell-devel oped public infrastructure and a
commerciaizing strategy through the BioRegio competition.

ENDNOTES

! Thisisan edited version of remarks presented on July 10, 1998.

11



Reversal of Fortune?

12



HOW SCIENCECOMESTOLIFE:
A COMPARATIVESTUDY OF BIO-ENTREPRENEURSHIP
INTHE U.S. AND GERMANY
Maryann P. Feldman, CynthiaR. Ronzioand Oliver Pfirrmann

ABSTRACT

Biotechnology is a science-based industry on the verge of
worldwidecommercidization. Inthispaper wedescribe, compareand
contrast the German and American biotech industrieswith specific
attentiontothechallengesof therestructuring of thescienceresources
of theformer GDR. Wedescribetheacademicinfrastructure, public
and privatefinancing options, regul atory and persond liability concerns
andtheprotection of intellectual property. Wefindthat Germany’s
biotechindustry isemerging despiteinstitutional challenges. While
biotech entrepreneursintheU.S. havebenefited fromtax laws, patent
regulations, diversefunding sources, and atradition of cooperation
between academiaand industry, Germany isworkingtoleverageits
substantial technical and scientificresources. Inthelast fiveyears,
Germany has made substantial progress in building a developing
biotech sector.

INTRODUCTION

Biotechnology isapromising new science-based activity that providesan
opportunity to study thecommercialization of scienceand thetrand ation of
economically valuable scientific knowledge into business enterprises.
Biotechnology refersto aset of molecular biology techniques, such ascell
fusion, genetic recombination and polymerase chain reaction (PCR), which
employ living organisms, or partsof organisms, to manipul ateand modify the
genesof dl living organismsinatargeted fashion. Beginningwiththediscovery
of DNA by Crick and Watsoninthelate 1950s, theideathat genetic material
could be manipulated opened new avenues of inquiry for scientists. As
scientistsperfected themeanstoidentify, to transfer and to expressspecific
genesover thecourseof the 1970sand 1980s, it becamepossibleto* engineer”
geneticaly theentirespectrum of organisms—microbes, plantsor animas—to
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express particularly useful traits. Rather than being a specific industry,
biotechnol ogy providesaknowledgebasethat isrevolutionizingindustriessuch
as pharmaceuticals, medical diagnostic testing, agriculture, and other
commercia activitiesbased on chemical processing. Thisknowledge base
provides the possibility for a set of products that are more efficacious,
environmentally neutral and powerful than existing ones. Thesetechniques
create the potential for enormous profits. The constraints and incentives
provided by nationa and sub-national innovation systemshaveasignificant
impact onanentrepreneur’ sability toturnknowledgethat islargely academic
intocommercidly profitableproducts. Locd history and customaswell aslaws
and regul ationsshapeinnovation systems. Inaworld whereinformationand
scientific discovery easily flow across bordersit is these institutions and
innovation systemsthat determinehow and where sciencecomestolife.

Thisstudy describes, comparesand contraststhe German and American
biotechindustriesand analyzesinstitutional differences. Wefirst detail the
devel opment of theindustry inboth countries, using dataon scientificresources,
patentsand new biotech entity start-upinformation. Second, weprovidea
context for the diverging development of the industry by describing the
ingtitutiona differencesintheU.S. and Germany. Wedescribetheacademic
infrastructure, industrial policies, regulatory processes, public and private
financing mechanisms, product liability issues, and intellectua property
protectiondifferences. Weconcludethat, despitesomeinstitutiona chalenges,
Germany’ shiotechindustry isemerging. Whereashbiotech entrepreneursinthe
U.S. havebenefited fromtax laws, patent regul ations, diversefunding sources,
and atradition of cooperation between academiaand industry, Germany is
workingtoleverageitssubstantial technical and scientificresourcesto produce
commercial success. Integrating the scientific resources from the former
German Democratic Republic (GDR) providessomeuniquechallengesbut
also offers opportunities as displaced scientists move over to commercial
activity.
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THEINDUSTRIAL ORGANIZATIONOFBIOTECHNOLOGY:
COMPARISONOF THE SCIENCE BASE
AND COMMERCIAL ACTIVITY

Commercia biotechnology is heavily dependent on new scientific
knowledge. Universitiesand laboratoriesinthe United Stateshaveforged a
clear scientificleadinthelifesciences. Onemeansto assessthe production of
new scientificknowledgeisthepublication of academicarticles. Senker (1998)
reportsthat U.S. researcherspublished nearly 60 percent of all gene-therapy
articlesfoundinthe Science Citation I ndex between 1981 and 1993. TheUK
and Francefollowed with 8 percent each and German researcherscontributed
3percent. Anadditiona measureof theproduction of scientificknowledgeis
therate at which scientists cite an academic publication. TheInstitutefor
ScientificInformation (1998) providesinformation onthenumber of citations
fortopbioscientists. Of thetopten, sevenarefromthe United States, withone
eachfrom Germany, Franceand Japan. Thecitationratefor articleswrittenby
U.S. lifesciencesresearchersis39.2 percent higher than theworld average.

A measurethat capturesthecommercial potentid of biotechnology isthe
patent award rates. Patents are aless than perfect measure of innovative
activity but provideametricfor comparison.! Ingenera, theproductivity in
scienceand technol ogy between Germany andtheU.S. isabout equal : total
scienceand technol ogy patent applicationsper 100,000 popul ation was 286
for Germany and 283 for theU.S. (OECD, 1997).

American companieshavesuccessfully trand ated anationa excellencein
basi c scienceinto commercia claimsfor new bio-productsand processes. The
most prolific biotechnol ogy patent generator isthe United States. American
institutions and individualshold two thirds of all U.S. and two fifths of the
world’ sbiotech patent awards(Callan, 1995, p. 95).

Tablel comparesthenumber of German patent applicationswiththeU.S.
patent applicationscategorized by theresidenceof theinventor. Thenumber
of German biotech patent applicationshasincreased from 479to 821 from
199210 1996. Y et these numbers pal ein comparison to the magnitudeand
growthinthenumber of biotech patentsintheU.S. IntheU.S,, thenumber has
amogttripled duringthesametimeperiod. Thismay reflect thedifferent stages
of thedevelopment of biotechinthetwo countries.
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Table 1. Biotechnology* Resident Patent Applicationsin Germany and the U.S.

Year  No.of German Patent Applications No. of U.S. Patent Applications
(% change from previous year) (% change from previous year)

1992 479 1358

1993 505 (+5.4 percent) 1778(+30.9 percent)

194 555 (+9.9 percent) 1711 (-3.8 percent)

1995 618 (+11.4 percent) 1905 (+11.3 percent)

1996 821 (+32.8 percent) 2154 (+13.1 percent)

1997 649 (-21 percent) 3014 (+39.9 percent)

* |ncludes Genetic Engineering.
Source: European Patent Office, Munich, Germany.

A mgor difference between thebiotechnol ogy sector intheUnited States
and European countriesliesintheszeand number of firmswillingtogambleon
commercid biotechnology. Althoughitisdifficulttofinddirectly comparable
data, Table2 providesestimatesof thenumber of biotechfirmsineach country.
It should be noted that biotechnology isavery heterogeneous sector ranging
from large diversified pharmaceutical firms that have some interest in
biotechnology to small firmsorganized around asinglescientist. Different
researchershaveused different definitions. Table2 providesestimatesof the
number of dedicated biotech firms for the U.S. and Germany based on a
comprehens vedefinitionthat includesnew biotech start-ups, pharmaceutical
firmsthat engagein biotech R& D and firmsthat supply intermediate-level
biotech servicesand products. For comparison, datafor theother European
countriesareprovidedfromMuller et al. (1993). Thesedataareprovided as
apoint of reference: thedataarenot directly comparableasMuller et al. use
morelimited criteriawhich do notincludethe earliest tagecompanies. Asa
point of reference, Muller etal. report 104 German biotech firms, whichis40
percent lessthanthoselistedinthe Erster Deutscher Biotechnologie Report
(1998). However, other sourcesused for investigation liketheLife Science
Report (1998) also count 716 specialized companiesin Europefor 1997.
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Table2: Number of Specialized Biotechnology Firms

Country/Region Biotech Firms
us 1384

Germany 173

Europe 716

Gresat Britain 182

France 102

Sources: Data for the U.S. are taken from the Institute for Biotechnology Information database,
1997. Datafor Germany are from Erster Deutscher Biotechnologie Report (1998). Datafor the
European countries are from Muller et al. (1993), and have been compared in European Life
Sciences 98, Ernst and Young International’s fifth annual report on the sector, for ranking,
although no more recent comparative numbers are available.

Typicaly, starting a biotech firm requires venture capital financing; a
substantial investment is required in advance of stock offerings. The U.S.
system of venturecapita financingisthemost advancedintheworld (Bygrave
and Timmons, 1993). By contrast, the German venturecapita sector isyounger
and haslesscapital toinvest. For example, thetota U.S. venturecapital sector
invested $2.74trillionin 1994 whilethe Germanindustry invested $811 million
(Pfirrmannetal., 1997, pp. 35and 51). Thetablebelow liststhelargest private
placementsand venture capital financing for the U.S. and Germany. Of the
thirty-threecompaniesin Europewithfinancing of onemillion ECU and above,
thereareonly four German companies. Greet Britain, incontrast, hasthelargest
share of companieswith substantial financing: fourteen of the thirty-three
companies. Thereareninety-eight American companieswithover onemillion
ECU inventurefinancinginthe1995-1996fiscd year. Tofurther highlight the
differencesinfinancing, thetopfour U.S. firmsinfinancingfor July 1995through
June1996 arelisted below (Table3). ThetopU.S. companiesarecapitalized
at morethan twicethe Germanrate.
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Table3: PrivatePlacementsand VentureCapital FinancinginLargeU.S.and Ger marl

Firms(in ECU millions)
Firms—Germany Financing
New Lab Diagnostics 103
MediGene 56
Analyticon 28
Micromet 27
Firms-U.S. Financing
Darwin Molecular 240
Spiros Devel opment 24
Coulter Pharmaceuticals 178
Aviron 174

Source: Ernst and Y oung International, Eur opean Biotech 97: A New Economy (London: Ernst and
Young International, 1997); and Ernst and Y oung, Biotech 97: Alignment (Palo Alto, Caifornia
Ernst and Y oung LLP, 1996).

While the venture capital investment volume in Germany has recently
doubled, it till appearsthat German venturecapitalistspursuemoretraditiona
investment strategies, focusing onindustriesthat arenot necessarily risky new
technol ogies. Table4 providesabreakdown of the sectorsof venture capital
investment for each country. Whereas biotechnology ranksin thetop five
industriesfor investment by venturecapitalistsintheU.S,, it ranked tenthin
termsof dollarsinvested by German venturecapitalists.

Americanfirmsaredsolarger, and, onaverage, moreprofitable, andinvest
moreheavily inresearch and development (R& D). Qiagen, whichisthemost
profitable German biotech, hasamarket capitalization of 472 million ECU
compared to America s Genzyme (the least profitable of thetop five U.S.
biotechfirms) with 1.37 billion ECU. Thisdiscrepancy doesnot appear merely
to reflect the age of the industry and stage of maturity in both countries,
however. The most profitable pharmaceutical companiesin Germany are
smaller thantheir U.S. counterparts. Thisissomewhat surprising sincethe
German pharmaceutical industry predates the American industry, and its
chemists, discoveries and products were instrumental in the growth of
American pharmaceutical manufacturing (Feldman and Schreuder, 1996).
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[Table4: VentureCapital Industry Distribution by Dollar sl nvested, 1994

Industry (U.S.) Total Invested Percent Number of Companies  Percent
(in$millions)

General Products/

Services 663 2418 110 1088

Medical/Hedth 473 17.26 167 1652

Software and Services378 1379 225 226

Biotechnology 303 1105 101 10.00

Telephone and Data

(Communications 2 10.73 115 11.38

Industry (Germany) Total Invested Percent Number of Companies  Percent
(in$millions)

M echanical

Engineering 204 2515 76 1096

Trade 115 14.18 9% 14.16

Other Products

and Services &4 10.36 124 1791

| ron/Steel 45 555 51 743

Biotechnology* 28 345 25 364

*Venture capital invested in biotech in Germany actually ranked tenth, after food, wood/paper,

chemistry, construction, and leather/textiles.
Source: Pfirrmann et al., (1997), pp. 35 and 51.

Table5: German and U.S. CompaniesVaryin Worth and R& D Spending (in ECU

millions)
GERMAN Market Turnover  No.of R& D Spending/
Cap Employess Employee
Qiagen (biotech) 472 440 500 104
Bayer (chem./pharm.) 23,077 24,927 1,850 130
AMERICAN
Amgen (biotech) 133674 15519 5610 64.5
Genentech (biotech) 5,104.3 635.5 2,840 1023
Chiron (biotech) 25779 816.2 6,890 399
Biogen (biotech) 21766 1078 500 1390
Genzyme(biotech)  1,372.8 285.6 2,286 291
Merck & Co. (pharm.) 68,058.3 133448 45,200 236

Source: Ernst and Y oung International, European Biotech 97: A New Economy (London: Ernst

and Young International, 1997).
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American and German biotech firms aso pursue different research
applications. In the U.S., biotechnology is almost synonymous with
pharmaceuticals: two thirds of al U.S. biotech companies are pursuing
therapeutic or diagnostic applications. National research dollars via the
National Institutesof Health (NIH) and other federal research grantsinthe
basi ¢ scienceshaveencouraged themedical focusof biotechnology. TheNIH
had atotal appropriation budget of $12.7 billionfor 1997 (PhRMA Industry
Profile, 1997). Anexampleof theheathfocusof Americanresearchisthenew
field of genetictherapy. Therewere 161 genetictherapy clinical trialsunder
reviewin1996intheU.S.andonly sxinGermany (Mulleretal., 1997, p. 47).
Therapeuticsisthedominant applicationfor U.S. firmswhiletheGermanfirms
appear to haveamorediversedistribution of applications, with companies
pursuing technologies in the chemicals and environmenta and agro-food
sectors (See Table 6). Whileit isalways difficult to compare data across
different studies, these datasuggest that German firmshaveamorediverse
portfolioof products. Thismay indicatethat they arediversfied or that they lack
focus. Only acons stent datacollection effort acrossthetwo countriescould
begin to addressthese concerns.

Table6: National Comparison of R& D Specialization by M arket Segment (in %)

Sector u.S* EC Germany
Therapeutic 41 19 25
Diagnostic 28 15 36
Suppliers 28 17 A
Agro-Bio 17 12 21
Chemica

& Environment. 22 percent 15 percent 48 percent

*Note: Numbers do not add up to 100 percent because multiple references are possible.
Sources: U.S. data, Indtitute for Biotechnology database (1997); EC data, Ernst and Young
International (1997); German data, Schitag, Ernst and Y oung (1998).

Inconclusion, theU.S. system of bioentrepreneurshipismoredevel oped
than the German system. Toinvestigatethereasonsbehindthissituationwe
now cong der theinnovation system andingtitutionsineach country separately.
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THEU.S.SYSTEM OF INNOVATION

AlthoughtheUnited Stateshasnever had acoordinatedindustria policy for
biotechnol ogy, itscommitment to basic researchinthehealth sciencesand a
strong structureof innovati on hasencouraged the devel opment of thebiotech
field. Bioentrepreneurship exemplifies America s competitive system of
innovation: strong basic science, mobile researchers who work both in
academiaandindustry, theready availability of funding for new venturesand
the financia rewards as well as intellectual property protection for
entrepreneurs. Indeed, Persdia(1998) concludesthat the United Statesoffers
themost supportiveenvironment for bioentrepreneurshipintheworld. The
purpose of this section isto provide abrief review the of attributes of the
Americansystem.

Public Resour cesand I nfrastructureof the Basic Health Sciences

In contrast to other advanced technol ogy-intensiveindustries, such as
computersor software, commercia advanceinbiotechrdiesontheinteraction
between the public and private sectors due to the early maturity stage of
development of thetechnology. Typicdly, different levelsof government fund
basi c research because of financia disincentivesfor privatefirmstoinvestin
R& D. Academic scientissswhomadecommercidly va uablediscoverieswhile
working at auniversity or researchingtitute have started themgjority of biotech
firms A variety of incentivesandfinancia resourceshavemoativatedtheprocess
of taking adiscovery outsideof thelab. Therearemany legal and regulatory
hurdlesthat temper thefinancia incentivesof bioentrepreneurship. Financing
anew biotech company can beprohibitively expensive; financing strategies
proceedfromearly “angel,” or privatefinancing, to venturecapital financing,
and finally to public equity markets. Each of these components will be
discussed briefly here.

Thediscovery of commercidly useful entitiescontinuestobetiedtobasic
research in biotechnology to amuch greater extent thanin many other high-
technol ogy sectors. In 1994 the United Statesspent approximately $4.3billion
on biotechnology, 75 percent of whichwasmoney from the Department of
Health and Human Services (Callan, 1995, p.174). No other country has
dedi cated asmuch funding to bi otechnol ogy research nor hasfunding whose
biastowardshealth and medicineisso pronounced. InadditiontotheNIH
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presencein biotechnology, the Department of Defense (DoD) also supports
basic research for chemical and environmental applications. Whereasthe
dollar amount of DoD supportislarger than the Department of Health and
Human Services, DoD’ shiotech applicationsarelimited and theexact amount
isnot available. Other publicagenciesthat contributeto basic biotech research
aretheEnvironmental Protection Agency (EPA) andtheU.S. Department of
Agriculture(USDA), however theamountsaresubstantialy smdler. Thismay
partidly explaintheunderperformanceof thebiotechindustry intheagro-bio
and environment sectors.

Themagority of government fundingisprovidedtotheuniversity sysemin
the United States. Under this mechanism, scientists write grants that are
eva uated under competitivepeer review. ScientistsintheU.S. arealsofree
toact asconsultantsonapart-timebasis, andindustry can hel pfund laboratory
expenses, thus creating tight linksbetween the public and private sector. In
addition, American researchersare much more mobilethan their European
colleagues. During their careersthey move frequently from university to
university and, toamorelimited extent, between the public and the private
sectors. Theriskinvolvedininterrupting an academic career to pursueanidea
for anew bus nessislessdaunting for an Americanthanfor aEuropean because
the Americanislikely to find another job if theventurefails. Infact, inthe
bus nessworld moving from company to company isasign of experienceand
isaproven way to advanceacareer.

Theadvantage of thisflexible systemisprecisely that it allows science-
based firmsto flourish. A biotech firm and an academic |aboratory sharea
common culture, and to acertain degree, acommon set of objectives. This
makesthetransference of knowledgevery fluid and almost seamless.

Financial Market Support for VentureFirms

In addition, American biotechnology companieshave benefited froma
variety of funding sources. IntheUnited States, companiescan string together
sourcesof capita tofund research and devel opment work over severa years
fromamixtureof venturecapitd, privateequity, public offerings, and strategic
aliances. Thisfinancia security encourageshbiotech start-upsand adso allows
someflexibility for entrepreneurswhoseinitial company fails. Financingis
crucid tothesurviva of biotechnology firms. Morethan any other element of
theU.S. systemof innovation, thefinancid systlem, whichmadeavailablecapitd
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for idea-based companieswith no revenues, wascritical to theexplosion of
biotechnology firmsintheUnited States.

In order to attract investment in the form of ajoint venture or public
offerings, new biotechentitiesmust provether competitiveness. Progressinthe
regul atory approval processindicatesvaluetothe market. Thenext section
explores the U.S. regulatory system and new product development
procedures.

New Product Development and Protection

Information onthestatusof aproduct approva yieldsfar moredetail about
thequality and safety of aproduct—and thereforeabout thefuturevalueof a
company—than apatent can. Investorsand stockhol dersfollow regul atory
approvalsof theFood and Drug Administration (FDA), the Environmental
Protection Agency and theU.S. Department of Agriculturevery closely.

The Food and Drug Administration regulates the development,
manufacturing and saleof drugs. If aproduct ssemstobesafe(i.e., havingfew
sdeeffects) and effectiveintreating adiseasein anima studies, acompany will
filean Investigational New Drug Application (IND) with the FDA to start
testingonhumans. Thecompany hasto completethreephasesof testsbefore
it can ask the FDA to review its product. Phase | trials are small-scale
experimentsto establish that thedrugissafein healthy human subjectsandto
determineitsappropriatedosage. Phasel | trid sassessthedrug’ sefficacy in
actually treating or curing the target disease in sick patients and Phase 11
extendsthe saf ety and efficacy teststoamuch larger population (onetothree
thousand patients) for better statistical analyses. Theassembled datafromthe
threetestsissubmittedtothe FDA asaProduct LicenseApplication. TheFDA
then reviews the data and judges whether the product is effective. The
regulatory approval system can makeor break aproduct, sothedisclosureof
tria resultsarecritica tothestock valueof public companiesand to potential
srategicdliancepartners. Approvasaffect not only theindividual company,
but occas ondly pull va uationsfor theentirebiotechnology “industry.” In1993
and 1994, disappointing results for antisepsis drugs (which combat acute
infections)—the core activity of companies like Synergen, Centocor, and
Xoma—madeingtitutiond investorsbearish about thebiotechnol ogy industry
asawhole. Wall Street concerns about the future of biopharmaceuticals
approvalscaused many initia public offeringsto bewithdrawn or delayed.
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Theinvestment community followsanew biotech company’ sprogressvia
twosignals: thestatusof regulatory approval for new productsand patent
applicationsand awards. Theimportance of patentsasinformation sources
about biotechnology companiesisapparent fromthefact that “ duediligence”
reviewsof patent portfoliosareroutinegly requested by venturecapital firms,
corporations, and bi otechnol ogy companiesevery timethey areconsidering
investing inor collaborating with another group of researchers. Though by no
meansguaranteeing theability to exclude othersfrom amarket, patentscall
attention to useful products or processes a company has devel oped, and
thereby indicate the commercia value of the company’s research. Itis
important to notethat in the pharmaceutical and biotechnology industries, a
product and its patent createamarket. Patentsareissued for new chemical
entitiesor processesfor making thoseentities. Courtsruling on biotech patent
issues have tended not to enable the product beyond the very specific
delinegtionof theinitid patent. Unlikeinmany other industries, few patentsare
issued for minor improvements, sothereislittleincentiveto cross-license.

TheCultural Context of Biotechnology

Consumer advocates, environmentalists, religiousleaders, and evensome
scientists are critical of the potential dangers of and the ethical questions
surrounding genetic engineering. Initialy, the sheer novelty of transgenic
organisms made it difficult to determine what effects they would have on
ecological stability and public hedth. TheNationa Institutesof Healththus
created a regulatory framework for research and development as a
precautionary measure to alay public fears. The guidelines for rDNA
(recombinant DNA) progressively have relaxed as confidence in safety
mounted. Nevertheless, regulations have contributed to the uncertainty
surrounding recombinant productsand slowed their development. A public
distaste for bioengineering also engendered a certain distrust of
biotechnologically-derived products, especidly in areas in which non-
recombinant products are easily available and considered “more natural .”
Commercial progress for biotechnology in many fields has, for the above
reasons, beendower thaninitialy expected.
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THE GERMAN SYSTEM OF INNOVATION

German biotech start-ups have a completely different institutional
environment, andfacedifferentincentives. It hasbeen argued that whileother
countries were creating the biotechnology revolution, German firms and
academi cswere hampered by government regulationsthat limited genetic
engineering (See Gassen, 1993). Althoughthisexplanationiscommonly used,
it doesnot stand up against empirica scrutiny. Germany wasaninitial leader
inthebiotech revolution. 1n 1980, Germany held 20 percent of theworld’s
biotech patents, comparedto 30 percentin U.S. hands(Miller and Hamilton,
1995). Germany now ranksonly behind Greet Britaininal | European countries
for number of productsonthemarket and number of productsin development.

Nonethel ess, threebasi cingtitutional factorsdifferentiatethe Germanand
American systemsof commercidization andinnovation. Technology transfer
between the publicand private sectorsislessestablished in Germany. German
universitiesencouragelonger tenureof faculty and researchers; therewasand
dtill isarguably lessmobility of researchersandideasbetween publicand private
sectors in Germany. Second, despite several public programs for the
development and generation of small high-tech firms, shortcomingsin the
financial system—including tax codesand theventure capital market—have
madetheemergenceof new technol ogy-based firmsin Germany moredifficult
than for their American counterparts. Finally, there have been profound
ingtitutional and economic challenges due to the structural changes of
reunification. Many academics from the former GDR have become
unemployed and view entrepreneurship as a means to viable professional
activity. Theclosureof many East German researchinstitutions, such asthe
prestigiousNationa Academy of Scienceandthe State Research Centers, left
many unemployed, yet highly-skilled researchersand academicianslooking for
work intheprivate sector.

Public Resour cesand I nfrastructureof the Basic Health Sciences
Biotechnology’ scommercial potentid isvery attractiveto Germanfirms.
Germany’ suniversity systemtrainshighly-skilled scientistsand technicians.
Their history as leaders in the pharmaceutical field has clearly created a
foundation for sophisticated chemical and biochemical research and
engineering. Intermsof theavailability of ahighly trained scientificworkforce,
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the U.S. and Germany are comparable. In 1991, Germany had atotal of
240,802 scientistsand engineers(3.016 per million popul ation), compared to
about 962,700 scientists and engineers in the U.S. (3.732 per million
population) (OECD, 1995).

Almost 90 percent of all new biotechenterprises(NBES, i.e., 204/232) are
producersof biotechnol ogy intermediary chemicalsor processes(Coombs,
1997). Providingroutinebiotech servicesisaway that small firmscanfinance
theirinternal R& D. Thisasosuggeststhat theestablished pharmaceutica firms
areconsumersof intermediate suppliesfor biotech research, devel opment and
production.

Theleve of government funding for researchwasmodest and targeted at
the private sector. 1n 1995, the German government spent DM 873 millon
(about $510 million) for biotechnology, compared to nearly $6 billion by the
United States(BMBWF, 1996; and Miller and Hamilton, 1995). Whereasin
theUnited Statesthegovernment fundsapproximately 50 percent of thegross
expenditureson R& D (and thisisapproaching 60 percent sincethelate 1980s
accordingtothe OECD), the private sector in Germany hasadightly greater
financial burdenfor R&D. Industry fundsmorethan 60 percent of al R&D
(BMBWEF, 1996, p. 120). However, even in biotechnology industry
involvement isconsiderably bel ow average: the private sector accounted for
only 27 percent of al biotech project fundingin 1995 (i.e., except funding of
R& D ingtitutions, see BMBWF, 1996, p.99).

The research and education system, and in particular the universities,
contributed tothed ower and moreglacial nature of German biotechnol ogy.
Theuniversity systemrestrainsthecommercia activitiesof itsprofessorsand
researchers. Civil servant status, strict regulations, aswell asacceptability
problemslimit theamount of contract research or consultingwork that faculty
canpursue. Asaconsequence, thetransfer of know-how and technol ogiesto
the privatesector in biotechnology neither takesplaceonalarger scalenor has
provedtobeefficient. Inaddition, therigidemployment structureraisestherisk
associated with joining or creating new ventures to levels most German
academicsareunwillingtoaccept. If astart-upfails, itsscientistswill havegreet
difficulty finding employment el sewhereat mid-career.
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Financial Market Support for VentureFirms

Thereisprobably aneedfor venturecapitd in Germany, dthoughthisisnot
undisputed (see Pfirrmannet al ., 1997, pp. 133ff). It canbeargued, however,
that sincebiotechnol ogy hasonly really begun to be competitivein Germany
over thelast fiveyears, thefinancid infrastructurelackstheexpertisetoinvest
inpromising biotech start-ups. Althoughventurecapital exists, thereappears
to beabiasagainst investing in early stage ventures. Established German
pharmeceuticasaremorelikey toinvestinforeign biotech firms, whichareseen
as more stable or profitable, than domestic ones (Unterhuber, 1995).
Ironically, it is foreign firms, those with more experience in biotech
entrepreneurism, that have beeninvesting in German biotechseither through
venturecapital or injoint ventures(Miller and Hamilton, 1995; and Stadler,
1997).

Likemost European countries, Germany doesnot allow companiesthat
havenot had fiveyearsof profitto post aninitial public offering (IPO) onthe
traditional stock exchange. Thusinreactiontothegrowing needfor start-up
capital for new technol ogy-based firmsand exit optionsfor venturecapitaists,
anew equity market wasestablished at the Frankfurt stock exchangein 1997
caledthe®Neuer Markt.” Inaddition, traditionally stock optionswereheavily
taxed. However, tax laws have been amended recently to favor the
reinvestment of profit from shares(Stadler, 1997). Without theability totake
thecompany public quickly, venturecapitalistsarewary of investingin start-
ups. Inaddition, thelack of bankruptcy protectionin Germany createsastrong
disincentivefor individua stotaketherisksnecessary to Sart anew company.
Nor hasthe banking sector been aconduit for loansto new biotechnology
ventures. Inaddition, very few tax creditsareextended to makeinvestmentin
hightechnology lessonerousfor small companies, asisthecaseintheUnited
States.

New Product Development and Protection

A comprehensivelegidativeframework heavily influenced thelaunch of
biotech productsintothemarket. All areasof application likeagricultureor
food or even pharmaceuticalswere* protected” by law against genetically
manipulated materials. The revision of the Gentechnikgesetz (Gene
Technology Act) in1993 hasmadeit easier to carry out testsand therange of
thelower security levelshasopened theway for theinclusonof avariety of new
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biotechnologicd products. Inaddition, thereview timefor regulatory approval
wasreduced for security levelsoneandtwo. Thesedevel opmentshavemade
innovationinbiotechlesstime-consuming. Y et duetothelaw’ snarrow patent
scopeand weak enforcement of patent rights, theintellectual property system
doesnot often grant strong protectionfor innovations. Also, somescientists
havefoundtheresourcesrequiredfor filing for patent protection prohibitive.
However, dueto European integration many lawsand regul ationshave been
changed, and national framework conditionswill becomelessimportant. Thus
onecannot only rely onthe German framework conditions, but, alsotakeinto
account the EU regulatory system that, up to now, has been a product of
unharmonized nationa lawsand norms.2

TheCultural Context of Biotechnology

Germany entered into apublic debate about the moral acceptability and
health risksof genetic engineering. Giventhecountry’ shistory andthestrong
impact of ecological thinking fostered by the Green party, the public debate
wasarguably necessary before scientistsand citizenscould fully committo
pursuing biotechnology. A survey of Europeansfoundthat risk isasalient
concept and that it entails a concept of morality, which cannot always be
controlled or regulated by national political institutions (Gaskell, 1997).
Germany and Austriaproved to betheleast supportiveof biotech gpplications.
Ingenerd “highlevelsof contact, highknowledge, amatter-of-factimageand
low-to-moderate expectations’ characterize non-supportive countries
(Gaskell, 1997). Thisdemongtratesthat moreinformation doesnot trandate,
necessarily, intogreater support.

Another factor that slowed the growth of theindustry, and apotentially
motivatingfactor for thepharmaceuticd firmswhichdid not aggressively pursue
biotech, wastheenormoustradesurpluses(US$112billionto 134 billioninthe
1980sand early 1990s) that Germany enjoyed at thetime (Hodgson, 1997).
Therewaslessof afinancia demandto explorelucrativeindustriesgiventhe
generd health of theGerman economy.

CONCLUSIONS

Webdievethat itisamisnomer toidentify Germany as“lagging” inthe
biotechnology sector. Government initiatives, private industry and an
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infrastructureof sophi sticated scienceand technol ogy education havecreated
avibrant, and growing, leader in European biotechnology. Germany hadthe
agreater rateof growthindrugsunder devel opment than any other European
country between 1994 and 1995. Thefedera and state (Land) governments
havebeen aggressiveininitiating projectsthat foster biotechnology.

Beyond the German nationd initiative, Biotechnol ogie 2000, thefedera
government started acompetition, named BioRegio, in which the German
statescompeted for investmentinlocal biotechnology firms. Regionswere
asked to develop a plan for research and its commercialization, building
cooperation between academia and private industry. Without doubt the
BioRegio competitionfostered biotechnol ogy activitiesnot only intheso-called
“winner” regions(Aachen, Heidelbergand Munich), but dsoinother aresslike
Berlin/Brandenburg that have received no public support. The federa
government isa sofunding ahuman genomeprogram. Thisprogramrequires
afifty/fifty solit of federa andindustry financing. Bigpharmaceutical producers
have been dow to commit to investing in the domestic research centers,
however. Nonetheless, two centers aready have been funded by the
government, and the rest of the funds are allocated to support individual
research projectsonthehuman genome. Privateindustry will beresponsible
for applying theresearch towardsthe devel opment of drugsand diagnostic
techniques(Unterhuber, 1995).

Theseprogramsandincentiveshave strengthened the native bi otech sector
and in so doing will probably make Germany an important partner in
international biotech R&D. The international joint ventures and foreign
patenting practicesexemplify theglobal nature of biotechnology. Regiond
factors in terms of taxes and regulatory boards may be of diminishing
importanceinattractinginvestment. Nevertheless, aslong asbiotechnology is
an emerging technology its scientific origins (e.g., universities and their
environment) will still play amajor rolein influencing Germany’ sposition
comparedtotheU.S. and other European countries.
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ENDNOTES

1. Patent applications are used as a measure of new inventive activity and provide a
snapshot of new innovations which merit patent protection.

2, It would be misleading to regard the EU commission as an obstacle for the diffusion
of biotechnology. The*Biotechnology 1994-1998” program, including financial means
of ECU 552 million ($615 million), isoneelement of alarger support framework that is,
however, mainly devoted to basic research and product development, which is less

applied.
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BIOTECHNOLOGY,COMPETITIVENESS
ANDTHEREGULATORY STATE
Arthur Daemmrich

Biotechnology’ sstrikinginternational growth over the past two decades
has paralleled economic and political polarization common to Europe and
North America. Themost striking of theseisthe opposition regularly cast
between government regul ation andindustrial competitiveness. Despitethe
global apped of freemarket competitionto multinationa corporationsandthe
political power wielded by anti-regulatory groupsduring the 1980sand 1990s
in Europeand North America, individua countrieshavefollowed different
pathsin deciding ontheextent of regulatory oversight needed inthebiotech
arena. The United States and Germany, for example, arrived at distinctly
different assessments of risks to public health from genetically modified
organismsin the 1980s. As a consequence, Germany instituted stricter
research guidelinesand greater product regulationsthandidtheU.S. By the
mid-1990s, however, both Germany’ sfederd government and mostindividud
states(Lander) had revised regul atory policiesinan effort to promoteresearch
andinvestmentinthebiotech sector. By consderinginterconnectionsbetween
scientificexpertise, public protest and regul ationin Germany over thepast two
decades, thiswork provides an additional perspective on the creation of a
dichotomy between regul ation and competitiveness.

Articles appearing in widely-read newspapers and magazines such as
Forbes and Business Week in the U.S., and Spiegel and Frankfurter
Rundschauin Germany, depi cted the competitivefailureof Germany inthe
bi otech sector during thelate 1980sand early 1990sintermsof regulatory style
and national culture.!’ Analysts blamed an anti-business culture found in
European social democraciesfor inhibitinginnovation, stifling market growth
and inducing pharmaceutical and chemical companiesto shift their research
personnel totheU.S. Accordingtothesereports, national identity isbasedon
theregulatory stylesandinvestment choicesof multinational corporations.
More recently, the same newspapers and journals have lauded the
biotechnology “boom” in Germany. Thedominant narrativeof theseaccounts
caststhisgrowth astheproduct of decreased regul atory oversight, brought on
by changesin public opinion and European harmonization.? WWhen Swissvoters
rejected aban onresearchinvolving transgeni c animal sand the patenting of
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genetically modified organismsin May 1998, the so-called culture of naive
oppositionto biotechnol ogy wasseemingly overcomeby forcesof rationaity
and progress.® Smilarly, anindustry-sponsored poll conductedin Germany in
1996 indicated that 59 percent of the public believed their country shouldgain
aleading positionin biotechnology.*

As scientific and technical experts become increasingly important to
information-based economies, states come under pressure to modify
regulatory and investment policiesin order to attract skilled personnel and
researchinvestmentsfrom multinational companies. By doing so, they can
achieve the elusive status of being judged as “ competitive.” This paper
illustratesthat the biotech sector isagood casefor expl oring competitiveness
and nationa identity inthe 1990s. Governmentssuch asthe Federal Republic
of Germany are increasingly trapped into choosing between two defined
identities: regulator (thereforeinhibitor of innovation) or der egulator (thus
promoter of competitiveness). Thisstrict dichotomy leaveslittieroomfor more
nuanced risk assessments whereby, for example, the German public may
welcomeimprovementsin medicine, but staunchly opposethe production of
drugsor food by genetically modified organisms.

Thefirst section of thiswork reviewsthesecondary literatureonresearch
strategiesof multinational corporations(MNCs) and describeshow MNCs
havebeen dternately cast asthreatsto stateauthority or asprovidingthebasis
for measuring anation’ scompetitive performance. Next, datafrom recent
cross-nationa trendsinforeigndirect investment (FDI) show that investments
among European countriesand the U.S. increased steadily during the past
decade, independent of changesin exchangerates, shiftsinregulation or other
economic or political fluctuations. Finally, amore narrowly focused case
description of the pharmaceutical company Hoechst’ sexperiencewiththe
bi otech sector in Germany providesan exampleof thepolitical weight carried
by the dichotomy between regulation and competitiveness. This work
concludeswith somethoughtson corporate and national identity associated
withregulation and competitivenessin the 1990s.

MULTINATIONAL CORPORATIONS

Beginninginthe1960s, economistsdebated theroleof MNCsinshaping
notions of national identity on the one hand, and defining the competitive
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gandingandinnovativestanceof their homestatesontheother. By introducing
theterminology of product cycles, Raymond V ernon connected these two
conceptsinto asingletheory asearly as1962. Accordingtohismodel, new
products originate in high-income nations—e.g., the U.S. or European
countries—whereaninitial demandfor “innovative’ productsor processes
already exists, and research and production skills are readily available.®
Subsequent overseasdemand for thenew innovationisinitially met through
exports. Asproduction becomesmore standardized, manufacturing movesto
other high-income countries. InVernon'sanalysis, expanding worldwide
demand dsoincreasestheleve of competition, asother firmsbegin producing
similar itemsor offer smilar services. Inorder tolower unit costsand keep up
with competitors, production is subsequently shifted to less-developed
countries. Vernonfollowedthisstudy with abroader review of sovereign states
in1971.°Cadtingthe" nation-state” asahigtorica anachronism, Vernonargued
that increasing economic interdependence between corporations and
technol ogical advancesincommunicationsand transportationwouldlead the
way toanew global corporatist state.

Concerns about the ability of states to maintain their authority over
economicand social policy cametoahead duringtheoil crisesand economic
turmoil of themid-1970s. Richard Barnet and Ronald M Uller provided avivid
depiction of theviewsheld by MNC managersat thetime. “ Themenwhorun
theglobal corporationsarethefirstin history withtheorganization, technology,
money, and ideology to make a credible try at managing the world as an
integrated unit.”” Pronouncementsby corporate managersthat they would
profit most fromtranscending and thereby destroying thestateemerged asa
revolutionary, andfor some, afrightening aspect of discuss onsabout thefuture
in the 1970s. Contributing to uncertainty for state administrators, Dow
Chairman Carl Gerstacker described hisresponseto national tiesintermsof
an absolutefreedom from structure, history and culture: “ | havelong dreamed
of buying an idand owned by no nation and of establishing the World
Headquartersof the Dow company onthetruly neutral ground of suchanidand,
beholdento no nationor society.”® Inhis* dream,” Gerstacker envisioneda
world operated by corporationsrather than sates. Thiswould presumably free
thecorporateentity from shacklesimposed by theinstitutiona arrangements,
tax structuresand regulatory politicsof different statesaround theworld. At
thesametime, it would eliminateemployees diversenational identitiesand
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culturd heritageinorder toredefineall aspectsof lifetoward the production of
corporatecitizenship.

Debatesabout threatsposed to national sovereignty by MNCsdeclinedin
prominenceasU.S. policy discussionsshiftedinthe1980sto criticizetheover-
regulation and stifling of business practices. Companiesand conservative
politica aliessought to dismantleonerousenvironmenta and consumer safety
regulations, whilea so seeking to promote homogeneousbus nessconduct and
uniformintellectua property rightsworldwide.

Today, MNCsare sometimesunableto achievetheir owninternal
strategic objectivesinthefaceof government regulation. They are
often constrained by conflicting demandsplaced onthem by host and
home governments and multilateral regulatory bodies. Codes of
conduct, regulations, and public scrutiny restrict the ability of the
MNCsto operateefficiently.®

According to thisquotation from amanagement textbook, MNCsand
federal governmentsinherently occupy opposing positionsinstrugglesover
regulation and economic progperity. Many prominent economistsand business
andystshavethusshiftedfromcriticizingtheMNCsfor their threststo nationa
sovereignty to chastising governmentsfor overextending their regulatory
authority. Inaddition, the heterogeneity of regulationsin different statescame
under firein proposalsto create uniform state structuresthat would s mplify
MNC technol ogy transfersranging from productsto personne.

Effortstoweakenregul ation and forgeamore homogeneousinternational
environment for MNC operationsboth semfromand haveimplicationsfor the
|ocation of research and development (R& D) divisions. R& D groupswere
traditionally centralized and located close to corporate headquarters for
reasonsranging from ease of communication to thebelief that scientistswork
better inlargegroups. Inaddition, someeconomistshavelevied arguments
against conducting devel opment and market-testing abroad, snceproductsare
theninadequatdly prepared for thehomecountry market. For example, Bartlett
and Ghoshal’ sdepiction of a“center for global” R& D policy advissd MNC
managers to maintain a close association with corporate headquarters,
primarily because of theadministrativeneed to protect corecompetenciesand
financid pressureto achieveeconomiesof speciadizationand scaleinR&D.°
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Despiteclamsthat R& D hasbecomeamultinational phenomenon, studies
of large companies indicate that most prefer to keep research divisions
physicaly closetotheir headquarters. For example, 1992 survey showedthat
44 percent of theMNCssampl ed spent nothing on R& D overseasand another
13 percent committed less than 5 percent of their R& D budget to other
countries.! Only 24 percent of thecompaniessurveyed spent over 20 percent
of their R& D budget outsideof central researchfacilitiesinthehomecountry.
Inthiscase, evenastudy explicitly writtento demonstratethe globali zation of
R& D indicated areversetendency whereby companiesthat investedinmultiple
research sites during the 1970s found it more efficient to centralize their
researchinthe 1980s."2

Connectionsamong companieswithagloba presenceandtheregulatory,
economicandresearch policiesof individua countriesarenecessarily complex.
A shift canbefoundineconomicand bus nessliteraturebetweenthe 1970sand
1990sfrominterpreting MNCsasthreatening national sovereignty toseeingthe
regulatory state as a threat to competitive standing. Despite increasing
globalizationinmany areas, research activity remainsclosaly linked—both
geographically and structurally—to the headquartersof most MNCs. Asa
result, corporationsare deeply concerned with restrictionson researchand
vigoroudy opposepoaliciesthat might inhibit thedevel opment of new products
and expansioninto new markets. Duringthe1980sand early 1990s, theU.S.
and European countries faced similar pressures to promote national
competitiveness, frequently measured intermsof theability tobring foreign
capita intothecountry.

FOREIGN DIRECT INVESTMENT

Oneclassic measureof thetechnol ogical position and competitivestance
of a given country is based on Foreign Direct Investment (FDI) flows.
Calculated onthebasisof internationa investmentsby largecorporations, FDI
figures can be used to study the response to “nationa” measures of
competitiveness such as employment, gross national product and skill and
productivity of theworkforce. FDI providesarough measureof boththeextent
of technol ogy transfer between countriesandtheintertwining or codependency
of economies. It canasofunctionasanindicator of corporate responseto
regulatory or other pressureswithin aparticular country. If regulationson
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bi otechnol ogi cal research and devel opment werestrongly affecting corporate
performance in Germany, FDI to the U.S. should increase, sincethe U.S.
offered fewer regulations and an equivalent or even better workforce for
research in the life sciences in the 1980s and 1990s. Reports decrying
Germany’ sloss of competitive standing during this period indicated that
precisaly suchashiftinresearch dollarsandingtitutiond investment wastaking
place.

FDI inflowstotheU.S. fromall countriesinthechemical ssector—abroad
category that includes pharmaceuti cal sand biotechnology—and FDI inflows
totheU.S. from Germany are depicted in the graph below. Since German
investmentsintheU.S. areconcentrated inthechemica and drugindustries,
their patternscorrelatewel | with the broader chemical scategory.

Throughout the 1980s, investmentsremai ned steady at approximately two
billiondollarsper year. Despitethe supposedly adverseregulatory climatein
Germany during the 1980s, significant growthin German FDI intheU.S. has
comelargely since 1992, at apoint when strict regulationson research and
production by meansof genetically modified organismswerebeing relaxed.
Thesedatado not strongly support argumentsthat Germany waslosingits
competitivestanding because companieswereshiftinginvestmentstotheU.S.

A secondindicator of responsesto regulation by companiesinvolvedin
biotechnology isthepurchaseand | ocation of affiliates. Companiesresponding
toaharshregulatory climatein Germany would seek both to purchase U.S.
biotechfirmsand to movetheir research operationsacrossthe Atlantic.

Table1l: Employment at U.S. Affiliates

Yex Geman-Owned  R&D Employees
1988 3,916,000

1989 4,456,000

1990 5,162,000

1991 5,172,000

1992 5,414,000

1993 5,657,000 192,000

194 5,841,000 208,000

1995 5,806,000 197,000

Source:  United States Department of Commerce, Operations of U.S. Affiliates of Foreign
Companies. (Washington, D.C.: U.S. Government Printing Office, various years).
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Even though U.S. employment at German-owned affiliatesincreased
steadily during thelate 1980s and early 1990s, thereislittleindication that
MNCsweremakingasgnificant shifttoNorth America. Whileonly available
for threeyears, thestability of R& D employeefiguresgivesfurther supportto
the claim that German companies have not been responding to a strict
regulatory climate by moving operationstotheU.S.

BIOTECHNOLOGY AND REGULATIONIN GERMANY

Datafrom FDI and employment figuresfrom German-owned affiliates
indicate that European MNCsregularly invest inthe U.S., independent of
specific changes in the regulatory climate. FDI and employment figures,
however, lack specificity about thebehavior of individua companiesandfail to
provide details on a more microeconomic scale where the influence of
regulatory environments can be seen. These issues are better addressed
through ahistorical review of eventsinthebiotech arenaduring the 1980sand
early 1990s. The opposition between competitiveness and regulation was
constructed as a political tool based on specific responses by German
companiesto public protest and restrictionson research and productioninthe
health careand food sectors.

Biotechnology’ scorporatefoundationswerelaidin 1980 whentheU.S.
Supreme Court ruled that micro-organi smscan be patented, and Genentech set
aWall Street record for thefastest price per shareincrease—from $35t0 $89
intwenty minutes—inaninitia public offering.® Venturecapitd andwildly
successful stock offeringsthushel ped forgenew rel ations between academic
scientistsand sourcesof research funding. European countriesfollowed a
different routeduring the 1980sasmgor chemica and pharmaceutica firmsset
up new in-houseresearch labsandinvested in North American start-up firms.
Collaborative research agreements and outright purchasesof U.S. biotech
firmswereoften based on concernsthat European MNCs, and morebroadly,
their homecountries, werelagging behindtheU.S. inanareathat had suddenly
become a measure of national competitiveness and economic progress.
Market analystsrepeatedly pointed to stricter environmental regulationson
biotechnology asamajor factor stifling European firmsand weakening the
competitive position of statessuch asGermany. For example, thebusiness
magazine Forbesreportedin 1989 that uncertainty about federal and local
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approval for performing gene splicing experiments and producing
pharmaceutica preparationsthroughtheuseof genetically modified organisms
had“virtualy paralyzed Germany’ sfledgling biotechindustry.” 4

Oneprominent exampleof aGermanfirmshiftingresearchtotheU.S. was
a1981 agreement between Hoechst and M assachusettsGeneral Hospital. The
contract stipul ated that Hoechst woul d establish aDepartment of Molecular
Biology at the hospital, headed by Howard Goodman. Hoechst agreed to
provideseventy milliondollarsover aten-year period, inreturnfor trainingits
scientistsunder Goodman and getting first choiceof patentsandlicenses.™ This
relationship madeit possiblefor Hoechst to train research scientistsin new
geneticengineeringtechniquesintheU.S. Rather thantryingto hirerenowned
scientists such as Howard Goodman, Hoechst instead sought to train a
generation of workerswho would use hisapproachesback in Germany. This
sort of agreement between amajor foreign MNC and alarge U.S. research
organi zationwasrepeated throughout the 1980s.

Collaborative agreements and contract research between German
multinational pharmaceutical companiesand U.S. biotech venturesexpanded
rapidly duringthemid-1980s. For example, Genex, locatedin Gaithersburg,
Maryland, announced two genetic engineering contracts and supply
agreementsin 1986. Although they only brought in $650,000, they were
representativeof forelgninvestment and collaboration during the 1980s. Under
the agreement, Genex began performing research for Schering on plasma
proteinsintended to treat cardiovascul ar diseases. Recombinant microbial
processeswould beused to producetheproteins. Althoughfewer detailsare
publicly availableon the second agreement, the company continued research
ontherapeutic serum proteinsfor Hoechst.* Other agreementsof thistype
indicatethat largefirmsfrom Germany wereimportant actorsinthegrowth of
small biotech venturesintheU.S.
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Table2: Selected CollaborativeVenturesinitiated Duringthe1980s

German Multinationa U.S.-based Biotechnologica Firm

BASHKnoll Biogen, Integrated Genetics

Bayer Genentech, Genetic Systems

Boehringer Ingelheim Genentech, Molecular Genetics

Boehringer Mannheim Genetic Ingtitute, Xoma

Grinenthal Chiron, Genentech

Hoechst Biogen, Chiron, Genentech, Genex, Immunex,
Integrated Genetics, Massachusetts General
Hospital, Salk

E.Merck Sak

Schering Biogen, Cetus, Genex

Sources: M. Wortmann, “Multinationals and the internationalization of R&D: New
developmentsin German companies,” Research Policy 19 (1990): 175-183; Office of Technology
Assessment, Commercial Biotechnology: An International Analysis (New Y ork: Pergamon Press,
1984).

Regulationsimpaosed on geneti c engineering and biotech-based researchin
Europe did provide an impetus for the proliferation of such agreements.
Germany and other European countries such as Switzerland adopted
significantly different approachesthan the U.S. in regulating research and
productionviageneticaly modified organisms.'” For example, a1988 change
in the German “Federal Nuisance Act” increased regulation of industria
productionfacilitiesby requiring effluent to befreeof any microorganisms. This
act formed thelegal basisfor blocking productionfacilitiessuchasBASF' s
Tumor-Neurosis-Factor plant, Behringwerke' sErythropoietinfactory, anda
Hoechst facility for insulinproduction. Similar regulationsand loca opposition
prevented Ciba-Geigy from building a$150 million manufacturing facility in
Basel duringthelate 1980s. After twoyearsof debates, thefirm decided to
moveittonearby France. Theserulescontrast vividly withtheU.S., which
dismantled strict NIH controls over research in 1979 and never instituted
significant regulations on the production of pharmaceuticals using
biotechnology.*®

Biotech production processeswere halted in Germany on November 15,
1989, whentheadministrativecourt for the state of Hessen prevented Hoechst
from completing aplant intended to manufacturegenetically engineered human
insulin. Hoechst had initially assumed the plant woul d be approved, based on
the L2 security level assigned inaconfidential deliberation by the Zentrale
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Kommissionfir diebiologischeScherheit (ZKBS, Centra Commissionfor
Biologica Safety) in1984. Construction planswereinitialy approvedin June
1985, under the Bundesimmissionsschutzgesetz (BimSchG, Federd
Emissions Control Act), the standard law for factories and other plants
producing emissions.’® Inthiscase, aRegierungsprasidium(governmental
committee) classified Hoechst’ sfacility inthesameway asother biological
fermentati on processes, such asthoseusedintheproduction of wineor cheese.
Thismeant that no publichearingwasrequiredfor thelicensangand congtruction
of Hoechdt’ sfacility.®

At thispoint, agroup of residentsliving inthesuburb of Hochst, called
Hochster Schniiffler und Maagucker? (HSM), began active oppositionto
the plant based on fears of water and air pollution. The Green party’s
opposition to genetic engineering and apolicy report commissioned by the
nearby Darmstadt Oko-I nstitut, which emphasi zed thehazards of |arge-scale
productionwith genetically engineered organisms, aided them.?? HSM also
began holding public meetingstoraly support for their positionandtoarticulate
their position to the public by gaining the attention of themassmedia. After
electionsin April 1987 brought in Karl Heinz Weimar (CDU) asthe new
Minister of Environment, he overturned hispredecessor’ sorder for public
hearingsand approved Hoechst’ strial plant design. HSM’ snext movewasto
go to court to obtain a third-party veto (Widerspruch) based on German
citizens' right to object to state decisions on the groundsthat the decision
personally affectsthemadversaly. A court agreedin1989, rulingthat “ because
the law at present does not expressly permit the application of genetic
engineering, such facilities may not be built and operated.”? The
Regi erungspr&sidiumrespected the veto and ordered asuspension of plant
congtruction. Atthetime, Hoechst had dready invested roughly $35millionin
thefacility. Theplantwasnot allowed to openuntil 1994, sometenyearsafter
construction had begun. Addingtothefrustration of company managers, the
U.S. pharmaceutica firm Eli Lilly wasableto sell recombinant humaninsulin
manufacturedin Americato the German market throughout thisperiod.

Restrictionson both research and productionin Germany contributedtoan
environmentinwhichsomeanalystsfeared that skilled biomedica researchers
wouldemigratetotheU.S. Lawspassed to control biotechnol ogy shaped not
only thefunding availablefor research, but soinfluenced curriculumdecisons
at educational institutes for scientists interested in recombinant DNA
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technologies. Atthesametime, regulationschanneledtheflow of res stanceand
oppositiontothelaws.?* Inthiscase, thetens on betweenfunding researchand
protecting citizensfrom adverserisksdragged onfor roughly adecadeand
centered on debates between MNCs invoking issues of national
competitivenessand biotechnol ogy opponents, who crafted adiscourse of
danger andriskin Germany.»

Oncepharmaceutical firmsand policy anaystsin Germany continuedto
decry theregulationsand their supposed link to German scientisssmigratingto
theU.S,, effortsweremadeto easeresearchrestrictions. Inearly 1994, the
German federal government enacted changes to the “gene law” that had
requiredall research utilizing recombinant DNA tofirst gothrough extensive
review. Written statements required from researchers were significantly
shortened, and theformal approval processrequired for level one (norisk)
experiments, such asthose on escherichia coli (e. coli), were abandoned.
Previously such research had required the compl etion of nearly onehundred
forms.®

Further changesinthebeginning of 1995 |ed BusinessWeek to report that
biotechnology was*blooming” in Germany. Inaddition to concernsabout
losing elite scientists, Germany’ sdeclinefrom 20 percent of world biotech
patentsin 1980, to 12 percent in 1995, compared to the U.S. rise from 30
percent in 1980, to nearly 50 percent in 1995, contributed to changesin
regulatory policy.?” High unemployment rates in the wake of German
unificationgaveadditiona impetustotheeasing of regulationsinthemid-1990s,
since biotech programs modeled on start-up firmsin the U.S. held out the
promise of creating new firms and new jobs. “Many German scientists,
returning from postdoctora studiesinU.S. biotechlabsarmedwithknowledge,
areeager towork in startups.” 2 For example, Biopharm’ sresearch director,
Jens Pohl, conducted postdoctoral work in San Diego before returning to
Germany. Hefirst had to hack “pigbonesat alocal butcher to get enough
marrow to manipulate proteins,” but has since moved on to help found an
important new firm. Asheputit, “| want to show theworld that Germany can
doimportant research.” Recently established firmssuch asBiopharmand
Medigenehavegottenupwardsof $4millioninfundingfromlargecorporations
and the federal government, which is now disbursing some $840 million
annually for biotechresearch.
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German multinational pharmaceutical companiesare pursuingavariety of
strategiesfor investing in biotechnol ogy ranging from cooperativeagreements
totheoutright purchaseof smdl ventures. Atthesametime, they arestructuring
R& D groupsinavariety of waysranging fromglobally dispersed stestosingle
largeresearchdivisons. Onefeaturecommontothesedisparatestrategiesis
an effort totrain expertswho can providelong-termresearchresults. Asthe
premier training ground for biotech researchers, the U.S. is gaining in
importance for investment and expansion of MNC research, despite
deregulatory effortsin Germany. Effortsto decreaseregulatory oversight of
research and productioninthebiotech fieldin themid-1990swere based on
apowerful lobby arguing for improved competitiveness. Therhetoricaly and
politically tight connectionsbetween competitiveness—both of Germany asa
wholeand of individua multinationa companies—and regulation, wereableto
supersedethediscourseof environmenta safety and publicrisk articulated by
groupsopposed to generesearch and bi otech-based manufacturing.

CONCLUSION

European polities have responded to the tight link drawn between
competitiveness and deregulation by de-emphasizing the politics of
precautionary risk assessment and preventiveregulation. Theresult hasbeen
encouraging for industry promoters, asthenumber of new biotechventuresin
Europe hasincreased from 716 in 1996 to over 1,000in 1997.% Personnel
employed by thesefirmsa sogrew, illustrating further that growthinboth small
biotech ventures and in investments by MNCs are important to national
economies. Nevertheless,incompetitionwiththeU.S., Germany still appears
tobelosingresearchdollarsand skilledworkers. AsshiftsinMNC capita and
personnel increase, assessments of winners and losers in global
competitivenessarebecomingincreasingly difficult tomake.

Thispaper findsno congruencewith either of two conflicting perceptions
of MNCsassubservient to state structuresor assupra-national, thusableto
shapeand control nationa policies. Instead, | proposethat even multinational
firmshavedistinctiveidentitiesthat can be seeninacomparativeframework.
By competing for market shares within any given country, however, al
MNCs—regardlessof their “home’ country—try to take on thetrappingsof
agivenplace. Rather than operating only totransfer valuesfromtheir hometo
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thehost nation, acomplex set of interactionstakes placethat influencesboth
nationsthroughthe bridge of theMNC.

European MNC managers and business analysts created a narrative
claiming that research and investment shifted to the U.S. in order to avoid
restrictiveregulatory climatesinthe1980sand early 1990s. Tofurther bolster
thisclaim, they arguethat biotechinvestment isshifting back to Europeinthe
late1990s, duetolessstringent regul atory oversight. Onefeaturerapidly lost
inthisnarrativeisaccountingfor nationd identity of thefirmanditsemployees.
Since barriers ingtituted as part of establishing national identity and
independenceareso easily circumvented, scholarsmay betemptedtoagain
warn of thethreat posed to statesby MNCs. Thisisunlikely to carry much
resonance, because national identity is increasingly predicated on the
performanceof MNCs. “Weareinvited to experiencevicarioudy asense of
national pridewhen exportsriseand dejectionwhenthey fail todoso.”* In
other words, MNCscarry little threat to states because they have become
increasingly state-likeintheir size, structureand responsivenessto disparate
publicsand stakeholders.
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