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Miller Aides
Follow Him
To OMB

Former Federal Trade Commis-
sion Chairman James C. Miller 1II
was sworn in yesterday as the new
director of the Office of Manage-
ment and Budget, where he'll bhe
working with three former FTC
bureau directors and its general
counsel,

The day before, President Rea-
gan named FTC Commissioner Ter-
ry Calvani as acting FTC chairman
until a successor to Miller is nom-
inated and confirmed. Calvani, 38, a
former law professor at Vanderbilt
University and a2 member of the
commission for almost two years,
maved quickly to fill some of the
vacant slots:

w Timothy J. Murts, who hkad direc-
ted the FTC's Bureau of Competi-
tion, hecomes executive associate

. director of OMB, while Walter T.

Winslow, the bureau’s deputy direc-

tor, becomes acting director. Muris.

worked at OMB as’an assistant to
Millerr when Miller was head of
OMB's Office of Informatzon and
Regulatory Affairs,

wm Carol T. Crawford, who headed
the FTC's Bureau of Consumer
Profection, becomes associate di

rector of OMB for econemics and.

government. Amanda Pedersen,

“the bureaw’s deputy director, be-
.comies acting director. -

n Wendy Lee Gramm, who directed
the Bureau of Economics, takes
over Miller's. old job as administra-

“tor-of the regalatory affairs office,
David T. Scheffman, deputy.direc-

tor of the bureau, will serve as act-
ing-director, .
® Farmer FTC. general counsel

John H. Carley becomes counselor -

to the OMB director. Mary: Tiffany,
‘executive assistant to-the chairman,
becomes acting general counsel.”

= Jeffrey . A,  Eisenach, formerly

special adviser' to  the FTC chair-
manfor economic policy and oper-
ations, bécomes executive asslstant
to the OMB director.

. Karen Johnston, the. FTC‘s di-
rector of congressional relatmns, is
alqo leavmg the FTC but not join-

i

AMES A. PAHCELL-—THE WASHINGTON POS'I'

As wll’e Dem is holds Bible, Mnller is sworn in as OMB chief by Vice Presldent Bush, President Reagan !ooks on,

ing. the exed s 10 OMB Johnston
plang to leave Washington at the

. end of the month to work on the

campaign of Rep. James T, Broyhill
(R-N.C.) for the North Carolina

Jenate seat of Republican John P.
East, She:will be-working alongside

her husband, former. Rep. Eugene
Johhster (R-N.C.), who will serve
as-BroyhilFs-finance: chairman.. . -

Johnston previously had said she

would stay on until Congress passed

. a .bill reauthorizing the FTC, ‘but

she said yesterday that the bill is
not expected to-pass before her de-

" parture Now: T. But a House-Senate
conference is expected before the .

end of the month; she said, and a fi-

nal bill is -expectéd to pass by the -

end of the congressional session.
Calvani -has named one of his at-
torney advisers, Randolf W, Tritell,
to serve as his executive assistant,
Calvani:also named three specjal as-

sistants: Neil W Averitt, former at-

torney adviser to former Cominis-
sioner George W, Douglas and for-
mer special assistant to -Miller;
Donald 8. Clark; a former attorney

- adviser to Douglas; and Cynthig E.

Smith, an attorney from the agen-
cy's Aﬂanta_regional office.

Calvani's appomtment may he a
sign that the White House will not.
move quickly to nominate replace-

.ments for Miller and Douglas; a
consergvatwe Democrat who left the

: comm:ssnon last month to return to

Texas.

The president is . expected to

nominate Agriculture Departinent

general counsel Daniel Oliver and -

Kenneth Elzinga, a University of
Virginia economics professor, to fill

- the seats of Mitler and Douglas, re-
spectively,

- Qiiver, a Repubhcan, aiqo served
as general counsel of the Education
Department and is a former exec-
utive editor of National Review, as
well as a former director of the
American Conservative Union Inc.
Elzinga, an independent, is an. an-
titrust expert who writes mystery
novels on the side. From 1970-71,

he served as special economic ad-

“viser to'the assistant attorney gen-
eral for antitrust and from 1971- 79
as’a member of the Nuclear Regu-

latory Commission’s Atomic Safety -

‘and Licensing Board Panel,

" Although agency and congres-
sional sources say the administra-
tionis close toa decision, Crawford,

/-

Murls and Gramm have also heen
mentioned as possible nominees.

WAITING GAME ... Rep.
James J, Florio (D-N.I.), chairman
-of the' House Energy and Com-
imerce subcommittee on commerce,
transportation and tourism, is still
waiting for answers from the FTC
to his questions about Gulf Corp.'s
divestiture of certain assets in the
Southeast. .

In a Sept. 4 letter, Florio asked
- the agency to respond to complaints
from gasoline retailers about the
FTC's review of its consent agree-
ment- approving Chevron Corp’s
$13.2 billion takeover of Gulf. The
agreement required the divestiture

- of 4,000 gas-stations, including “the

Gulf brand hame. and trademark.”
The retatlers-have complained that
~despite that, the: FTC later ap-
proved the sale of Gulf stations that
had only_a.temporary license to the .
Gulf trademarks. Florio requested a
reply by Oct. 4; but his staff said
yesterday that he has not yet re-

ceived one,
~=Nell Henderbon_




RESEARCH ARTICLE

A central problem: in -elucidating the

- genetic control of segment -morphogen-

Spatially Regulated Expression of
Homeotlc Genes in Drosophzl’a

Katherine Hardmg, Cathy Wedeen

William Mchn_ls, Mlchael Levine :

A fundamental -problem ‘of develop-

ment is how embryonic cells acquire

their particular developmental fates as a
result of their location within-a develop-

ing embryo. A model system for analyz-

~ ing the elaboration of this positional in-
formation " during Drosophila develop-
ment involves the morp_hogenems of
body segments. The adult fruit fly is
composed of eight abdominal, three tho-

dermal tissues of the affected segment as
well {2, 3, 7). For example, embryos that
lack the Antennapedia (Antp} gene func-
tion display -a transformation of the

meso- and metathorax (T2 + T3) irto-

homologous tissues of the prothorax (T1)
@) :

Many homeotic genes appear w1thm
one of two clusters in the Drosophila

genome, the bithorax complex (BX-C)

- Antennapedia and bithorax gene complexes (ANT-C and BX-C) were tdennﬁed

within embryo tissue sections*by in situ hybridization. These six loci belong to the

Antennapedia class of the homeo box gene family. Transcripts encoded by each
locus are detected primarily in discrete, nonoverlapping regions of the embryonic
central nervous system (CNS). The regions of the CNS that contain transcripts
encoded by each of these loci correspond to the embryonic segments that are
disrupted in mutants for these genes. The maintenance of spatially restricted
expression of each ANT-C and BX-C locus could involve hierarchical, cross-
regulatory interactions that are mediated by the homeo box protein domams

encoded by these genes.

racic, and four to six head segments (J).

Several of the constituent-tissues of a
given segment have morphologlcal prop-
erties specific for that segment. For ex-
ample, the epidermis elaborates: cuticu-
lar structures, such as legs and antennae,
* that are distinct for a particular segment.

In addition, the morphology of some of

the mesodermal (2) and neural tissues (3,
4) may be specific for a given segment.
Homeotic genes are those that-estab-
lish the diverse pathways by which each
embryonic segment primordium devel-
ops a distinct adult phenotype (5, 6).
Mutations of homeotic loci result in par-

tial or complete transformations of the

epidermal tissues of one segment into
those of another. Homeotic transforma-
tions may include the neural and meso-

K. Harding, C. Wedeen, and M. Levine are in the
Department of Biological Sciences, Fairchild Cen—
ter, Columbia University, New York 10027.
McGinnis is in the Department of Molecuiar BIU—
ﬂws:cs and Biochemistry, Yale University, New

aven, Connecticut 06520. _
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G, 9 .or the Anférinapedia :compiex

(ANT-C) (10, 11). Genes of the BX-C are
required for the specification of seg-
ments in the posterior regions of the fly

(5,12, 13) LGW1S has identified a number
'“of homeotic loci within the BX-C on the

basis  of embryomc and adult mutant
phenotypes (5). Recently, a minimum of

three essential domains “of -homeotic
function within the BX-C have been
“identified by means of lethal complemen-
‘tation analyses:

_ Ultrabithorax (Ubx),
Abdominal-A (abd-A), and Abdominal-

" B(Abd-B) (9). The ANT-C is required for

the specification of anterior body seg-

ments (8, /4). Several homeotic lethal

complementation groups have been iden-
tified for the ANT-C (8, 11, 14, 15).
These include the Anrp, Sex combs re-
duced (Scr), and Deformed (Dfd) loci.
Each ANT-C and BX-C homeotic lethal
complementation group controls the de-
velopment of a different subset of the
embryonic segment primordia (Fig. 1a).

esis is how the different ANT-C and BX- - o
C loci come to.function in-primarily -

nonoverlapping domains along the body

. -axis of the fly. The molecular cloning of

ANT-C and BX-C loci has permitted a

- direct assessmerit of the spatial and tem-
poral limits of homeotic gene expression. -

The previous demonstration that Ubx

and Amp share direct nucleotide se- -

quence homology (16-19) facilitated the

_ isolation of ANT-C and BX-C loci. This ..
. ;homology .occurs : within a conserved

protein coding region designated the ho-
meo box. A-total of seven genomic DNA
fragments cross-hybridizes strongly with
the Anzp and Ubx homebd boxes (20).
These seven regions correspond to the

-Antennapedia class of the homeo box

gene family, all of which are located
within either the ANT-C or the BX-C

-(20). 1t appears that each.of the six lethal

complementation groups of the ANT-C
and BX-C (Fig. 1) contains an Antenna-
pedia class homeo box. However, there

-are -additional homeotic loci within the
' - BX-C that do not contam the: homeo box
Abstract The sites of transcript accumulatwn for six dgﬁ‘erent homeot!c Iocz of the . '

(Fig. 1a) (21).

- We show that each of the ANT C cmd' .

BX-C homeotic loci that contains a ho-

meo box. specifies transcripts that accu -
-mulate in discrete regions of the embry-

onic central nervous system (CNS). Toa

close approximation, the regions of the.-

CNS that contain transcripts encoded by
each of these loci correspond to the

embryonic segments that are disrupted -
~-in mutants for these genes. We propose
-.thét spatially restricted -expression of
“each ANT-C and BX-C locus. involves -
_hierarchical,
‘tions that are mediated by the homeo

-cross-regulatory - interac-

box protein domains. encoded by these
genes. Support for this modelis based on
analysis of the distribution patterns of

Antp transcripts in mutant cmbryos that
~lack BX-C loci. - '

Isolation of a new ANT-C homeo box

‘locus. Molecular’ clones for the Dfd,

Antp, Ubx, iab-2, and iab-7 loci have
been previously isolated (16, 20, 22-25).
In order to determine the spatial limits of

- expression for each homeotic lethal com-
. plementation group within the ANT-C

and BX-C by in situ hybridization, it was
necessary to obtain a molecular. probe
for the Scr locus. A genomic DNA frag-
ment that appears to derive from Scr was
isolated on the basis of homeo box se-
quence homology as described below.
A total of 6 X 10* recombinants from a
Drosophila—Charon 4 DNA library (ap-
proximately six genome " equivalents)
were screened with the homeo box se-
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differ is in the type and amount of gov-
ernment support for the development of
biotechnology. In Japan there is a clear
effort by government to enhance the
future commercial success of the phar-
maceutical industry by assisting in. the
development of biotechnology. Although
~this support is administered by a few
-different agencies and is small in size (by
U.S. standards), it is viewed both exter-
nally (2, 25) and internally (/6) as a single

cohesive effort with a high potential for -

success. The companies involved must

create their own basic research and de- -

velopment programs; government assist-
ance is at the next level, helping to foster
commercialization of . products, manu-
facturing, and generic_support, such as
gene banks (/8). In the United States,
federal support for biotechnology is ten
times greater in magnitude and is aimed
at basic research. Although support of
basic research programs in biotechnolo-
gy should be continuted and expanded to
ensure maintained leadership in basic
research, support for more applled areas
is also needed (2, 16)..

_ Another contrast. between the two
‘countries is in the avallabihty of ‘basic
feszaréhers in biotechnology and’ biopro-
cess engineering. There was. a reported
shortage in the United States of basic
researchers trained in genetic engineer-
ing, but this problem appears to-have

abated (2, 30). Due to strong academic
programs_in this and related areas _the
availability of basic researchers should
continue to be sufficient (2). However, a
paucity of acadermic programs in biopro-
CEW@ (2). As more
companies genetate products of biotech-
nology for scale-up, it is expected that
there will be a severe shortage of person-
nel trained in production technologies,
which may hamper commercial success
(2).. Japan has the opposite problem-—an
adequate -supply of fermentation engi-
neers but too few basic researchers with
training in molecular genetics (/6). . This
is_another reason why Japanese compa-
ni¢s_have been borrowing U.S. basic
research, but are predicted to outpace

ment. In assessing the competitive posi-
tion for the United States, the OTA
report stated the following (2, p. 7).

Japan is likely to be the leading competitor of
the United States for two reasons. First,

- Japanese companies in a broad range of indus-
- tral  sectors have extensive experience ‘in

bioprocess technology. Japan does not have
superior bioprocess technology, but it does
have relatively more industrial experience us-

*.ing old biotechnology, more established bio-

processing plants, and more bioprocess engi-
neers than the United States. Second, the
Japanese Government has targeted biotech-
nology as a key technology of the future, is

funding its commercial development, and is |

. coordinating interactions among representa-
- tives from industry, umvers:tles, and govcm-
ment,

When the focus of anmalysis is nar-
rowed to the pharmaceutical industry, it
can also be concluded that the Japanese
have the potential to be a leading com-
petitor. An important factor in their suc-

funds specific academic and other pro-
grams leading to that goal (2). As stated
in the OTA report (2): ‘‘“The United
States may compete very favorably with

Japan if it can direct more attention to

research problems associated with the ~
scalmg—up of blopmcesses for produc-
tion.’
I

T
ddition, government activities that
ance *cooperation between compa-
ies, decrease regulation, or provide
centers to assist in biotechnology would
help meet this goal (2, 6, 31). However,
in the period since the OTA report was’
made public, no broad program of sup-
port to strengthen the U.S. gosmon I

federal government.

Steps in ¢

A few recent developments should

?ﬁﬂm\ ' evi
iotechnological research by Japanese = prove useful to the future development

companies from U.S. biotechnology

of biotechnology in the United States.

firms, Although biotechnology licensed The first is the opening of bptgg:m_gy

- by by U.S. firms to Japanese companies

centers to assist in the transfer of bio-

_generaily involves marketing rights in

Japﬁfi_oTIa {2, thé Japanese market

forphmna'céﬂt‘ cals Is the second largest
in the world. When added to other Asian

technology expertise from academia to =
industry. Two of thes¢ Centers are at
Pennsylvania State University and in Re-
search lriangle -Park, North Carolina.

-:nErEets, it bécomes two-thirds the size
of the North Amencan or European mar-
kets (9). U.S. pharmaceutical companies
have gained ed 40 percent of their revenues

from forelgn sales, and the loss of a

@lgn markét may represent lost in-
come (1.~

In aaaition to basic biotechnology bor-
rowed from the United States, Japan has
been simuitaneously building its own
strength in this field. There are more and
more frequent reports of new develop-
ments in basic biotechnology and discov-

eries of new drugs from Japanese indus-

The Penn State Biotechnology Institute
has planned research and-educational
facilities and will allow member ¢ompa-
nies access to **application-oriented re-
search’ and to a pilot production facility
for assistance in scale-up (32).

The North Carolina Biotechnology
Center currently receives $2.5 million in
annual funding from state, federal, and
industrial sources. The center funds spe-
cific programs, such as its Monoclonal
Lymphocyte Technology Center, which
involves academic research at the Uni-

versity of North Carolina and Duke Uni-

trial laboratories (Table 3) (/2). It is thus  versity, the participation of industry, and

possible that Japan's predicted future

strength in pharmaceutical biotechnolo-

gy will come both from internal develop-

ments and strategic government pro-

grams (16).
This is not to imply that with Japanese

the United States in commercna!lzation
2, 35—

—‘—«——-—-—-u_._

Outlook

In Jahuary 1984 the U.S. Congress
Office-of Technology Assessment (OTA)

published a 612-page analysis on com-

mercial biotechnology (2). The-report
noted_the importance of biotechnology

both for_ifs _basic scientific benefit and

—————— —

1234

strength in biotechnology will come 1.8,
weakness in this area. As stated earlier,
pharmaceutical and other companies in

the United States are expanding their
efforts in biotechnology and are nearing

their goals of bringing new therapeutics

and diagnostics to market. However, an

funding by the National Science Founda-
tion. The five industrial members agree
on priorities for directed reseatch to be
funded by specific grants to participating
laboratories. Although still in its infaricy,
the: Monoctonal Lymphocyte Technolo-
gy Center is fostering cooperation be-.
“tween companies in a university environ-
ment that probably would not have oth-
erwise occurred (37).

The Center for Advanced Reséarch in -
Biotechnology (CARB), to be built in
Gaithersburg, Maryland, will combine

analysis of Japanese strategies may help federal, state, county, and university ef-

to understand how U.S. industry can
optimize this process. In addition, U.S.
industry will be strengthened if the U.S.
government makes the commercializa-
tion of bictechnology a high priority and

forts (34). With' CARB, the . National
Bureau of Standards will add its-analyti-
cal expertise to molecular biology exper-
tise from the University of Maryland A
CARB research facility to be completed
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Table 2. Equity purchased in ﬁrms W1th a major focus on biotechnology. Equity purchases the Ministry of Agriculture, Forestry and
selected from database (12). : : _ . Fisheries (MAFF) (2, 18). The total gov-

. . B . : 0 T te . 50
Large company _ ] _ . ernment Support fo_r blpteclﬁfblogy,ﬁ
(purchaser) - _ _ _ B“"“h“o'“gy firm -Year - piflion to $60 million in 1984, is only
- - ' ) -tenth S,
Purchased by U.S. pharmaceutical compames about one-ten of that spent by .the US .
Abbott : Amgen ) . 1980  government (Table 3) (2, 18), but Japa-~
Baxter Travenol ' ‘ Genetics Institute B 982 nese_furiding is much more focused on:
~ Becton Dickenson | : : Applied Biosystems =~ 1984 specific projects. For example, MITI, in
* Johnson & Johnson - - Enzo Biochem ' : - 1982 . 5 r0Tyear strategic programT beginming in
Lederle . . Molecular Genetics 1981 8T hias Targeted neXt-gencral ‘
Lederle S Cytogen ‘ S 1983 .19 as targeted next-generation tech-
Lilly L “Synergen S = < jo84 - -nologi€s 10 foster scale-up techaiques, -
Schering-Plough _ . Biogen : R ’ 1982 . ai the commercializa- -~ =
Schering-Plough = - - DNAX 'Lid-* ' : , ‘1982 tion of biotechnology (2). The STA is .
SmithKline 3 : Beckman e 1982 .also funding applied research, such as
Syntex . Genetlc Systems I : E - 1982
_ _ _ : o - the development of bioreactors (2}. The .
e Purchased by other U.S. mmpames . : : S _'Eatest announced budgets of STA,
Dow : ' Collaborative Research : ‘ 1981 - - MAFF, and MITI are emphasizing na-
Du Pont ST : New England Nuclear* . 1981 tional centers related to biotechnology
Fluor B : Genentech : Lo 198l - vecearch, including the development of
W. R. Grace Amicon* ) o 1983
Martin Marictta * Molecular Genetics : : 1982 \cell line ‘and gene banks (/8). Very little
Monsanto - o ' Biogen ' : 1980 ;'Qﬁ—the—lapanesc__go_vemment s _support
Monsanto : : Collagen Corporatlon : ST 1980 - :for biotechnology is for basic.re
e P nased by Jo "~ {2)..In contrast;"the 1J.S. sovernment's
: e urchased by apanese companies : . ; s .
Green Cross. : : Collaborative Research 1981 support of biotechnology is almost t

Mitsubishi = -~ 'BioVee jog4 times more, but support of applied re-
— . : . - search makes up only 1 to'2 percent of

this total, with far less specificity than mn

S - - R “Japan (Tabte 3) (2).- '

*Acquxsmon Each nonacqulsmon purchase involved an average of $8 million.

oo o L T S S I Anol;heremphasns in. Japan is to foster : .
_Table 3. Comparison of U.S. and Japanese pharmaceutical industries and involvement in  ‘cooperafion Befween'_ompgn_es and be- " S -
biotechnology. All 1983 data, except as noted. [Sources: (1,2, 9, IS “~tween industry and academia. There are -

Data category United States T Japan — - more tl:lan a'dozen Joint ventures on
: : : : record involving two or more Japanese '
Population (millions) . " 2345 o : 192 .. - companies that are aimed at developing

* Gross national product " $3.3 triflion ' $1.2 triltion - therapeutics through research in biotech-

: : : : : ' -~ nology (2, 19). Similar cooperation be-.

Domestic pharmaceutical - $2L3billion(1) . $13.4 billion (2) -

market (world rank) tween large U.S. compame.s does not (or

-~ ‘cannot) exist (2).
" In order to further foster cooperatlon
between Japanese: companies, a trade
_ : ' association, tentatively called the: Socie-
Total pharmaceutical L ~ $16.7 billion . $6 billion .ty for ‘Advanced Pharmaceuticali Re- -

:ﬁ:ﬂf:cfﬁi:;a:lgzit@panm + . search, was formed in 1985 with 31 mem-

Number of pharmaceuiica] _ L .. - . T 1 .'
companies with sales
over $1 billion*

" ber companies and the support of Ja--

Pharmaceutical sales as percent ' 50.1 T4 . pan’s Ministry of Health and Welfare -
(oftotal salest - . ©(I9. A trade group, the Industrial Bio- * -
Number of new pharmaceutical _ : " technology Association; exists in' the
products introduced: -~ -~ . ' : o o . United States with 46 member compa--
1361-1980 o S /3 155 “'nies, but is not supported by the federal
19811983 : 24 Ve ) 41 - :
B RN : government (20);
R&D expendituresas =~ - . 6.8 . R 9.2

- . Because govemment fundmg in Japan
percent of saless is focused on applied research, Japanese

Scientists and engineers ' ' : - companies are also in the process of

in industrial R&D§: S e expanding -in-house ‘ expertise in" basic
Total number . R 573,900 . 272,000 i

Percent of work force. 58 0.50 - research and 'develo_pment in biotechnol-
o - e _ .- ogy.-Many companies have announced -
Government-funded research - ‘ o ) - the expansion of research facilities, such - -

in biotechnology: as Sankyo's new $53-million biotechnol-

Total . $soomilion . $60milion | . W 32 o-imii
Percent of basic research T o8 o <50 © - 'ogy laboratory to bg_complet_ed- by 1986
o - - S . © +-..(21). The availability of per'son'nel to staff
Targets of funding Basic research Basic research, scale-up, -basic research laboratories in Japan has

in biotechnology Co ; © industrial projects, govern- -
_ . ment laboratory facilities, - been a- -problem, pnmarlly owing to a v

manufac{uring technology pauc:ty of unlvefslty programs. in molec-

*Pharmaceutical sales only. tTotal world pharmaceutical sales in 1983 were approxlmately $60 billion. .- - u,lar genetlcs @, 16). To fill the need for
- $Average of top ten companies. §All industries, 1977 data. research_ers,_ some Japanesc compames
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Spatlally Regulated Expressnon of."' :
Homeotlc Genes in Drosophzla

Katherme Hardmg, _Cathy Wedeen o
Wllham Mchms Michael Levine

A fundamental problem of develop-

ment is how embryonic cells acquire
their particular developmental fates as a
result of their location within a develop-

ing embryo. A model system for analyz-

ing the elaboration of this positional in-
formation. during Drosophila develop-
ment involves the morphogenesis of

body segments. The ‘adult fruit fly is -

composed of eight abdominal, three tho-

dermal tissues of the affected segment as
well (2, 3, 7). For exaniple, embryos that

lack the Antennapedia (Antp) gene func- -

tion display a transformation of the

meso- and metathorax (T2 + T3) into -

homologous tissues of the prothorax (T l)
@).

Many homeotic genes appear Within
one of two clusters in the Drosophila

genome, the bithorax complex (BX-C)

Abstract The .mes of i transcnpt accumulanon forsxx d:ﬁ"erent homeotic: Iocr of the

© Antennapedia and bithorax gene complexes (ANT-C and BX-C) were !a'ennﬁed'

within embryo tissie Sections by in situ hybridization. These six loci belong to the
Antennapedia class of the homeo ‘box gene family. Transcripts encoded by each
locus are deétected primarily in discrete, nonoverlapping regions of the embryonic

central nervous system (CNS). The regions of the CNS that contain transcripts’

encoded by each of these loci carrespond to the embryonic segments that are

d:srupted_ in mutants for these genes. The maintenance of spatially restricted

expression of each ANT-C and BX-C locus could involve hierarchical, cross-
regulatory mreracnons that are mediated by the homeo box prorem domams

encoded by these genes..

racic, and four to six head segments (I).
Several of the constituent tissues of a
given segment have morphological prop-
erties specific for that segment. For ex-
ample, the epidermis elaborates cuticu-

lar structures, such as legs and antennae,
that are distinct for a particular segment.
In addition, the morphology of some of =

the mesodermal (2) and neural tissués (3,
4) may be specific for a given segment.

Homeotic genes are those that estab-

lish the diverse pathways by which each

embryonic segment primordium devel- -

ops a distinct ‘adult phenotype (5, 6).

Mutations of homeotic loci result in par-

tial or complete transformations of the
epidermal tissues of one segment into
those of another, Homeotic transforma-
tions may include the neural and meso-

K. Hardinig, C. Wedeen, and M. Levine are in the
. Department of Biclogical Sciences, Fairchild Cen-
ter, Columbia University, New York 10027, W.
Mchms is in the Department of Molecular Bio-
glhysms and Blochemistry, Yale University, New
avcn.ConnechcutOGSZO
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‘tation analyses:

(5, 9) or the Antennapedia compiex -

(ANT-C) (10, 11). Genes of the BX-C are

required for the specification of seg-

ments in the posterior regions of the fly
(5,12, 13). Lewis has identified a number
of homeotic loci within the BX-C on the

‘basis of embryonic anid adult mutant

phenotypes (5). Recently, a minimum of
three essential domains of homeotic
function within the BX-C have been
identified by means of lethal complémen-
_ Ultrabithorax (Ubx),
Abdominal-A (abd-A), and Abdominal-

B(Abd-B) (9). The ANT-C is required for -
_ the specification of anterior body seg-
- ments (8, I4). Several homeotic lethal

complementation groups have been iden-
tified for the ANT-C (8, 11, 14, I5).
These include the Antp, Sex combs re-
duced (Scr), and Deformed (Dfd) loci.
Each ANT-C and BX-C homeotic lethal
complementation group controls the de-
velopment of a different subset of the
embryonic segment primordia (Fig. 1a).

- A central problem in ‘elucidating the

genetic control of segment .morphogen-
. esis is how the différent ANT-C and BX-~
"~ C loci- come - to ‘function in - primarily
‘nonoverlapping domains along the body

axis of the fly. The molecular cloning of
ANT-C and BX-C loci has permitted a -
direct assessment of the spatial and tem-

. poral limits of homeotic gene expression.

The previous demonstration - that Ubx -

‘and Antp share “direct nucleotide se-

quence homology (16-19) facilitated the
isolation of ANT-C and BX-C loci. This

“homology -6ccurs within a conserved
_protein coding region des;gnated the ho-

meo box. A total of seven genomic DNA
fragments Cross- hybndlzes strongly with

“the Antp and Ubx homeo boxes (20).

These seven regions cortespond to the -
Antennapedia class of the homeo box
gene family, all of which are located
within either the ANT-C or the BX-C~

" (20). It appears that each of the six lethal

complementation groups of the ANT-C
and BX-C (Fig. 1) contains an Antenna-
pedia class homeo box. However, there

“are additional homeotic loci within the
" BX-C that do not contain the homeo box

(F]g day@2H. .-

We show that each of the ANT-C and
BX-C homeotic loci that contains a ho-
meo box specifies transcripts that accu-
mulate in discrete regions of the embry-
onic central nervous system (CNS). Toa
close approximation, the regions of the
CNS that contain transcripts encoded by
each of these loci correspond to the
embryonic segments that are dlsrupted
in mutants for these genes. We propose
that spatially restricted expression of

" each ANT-C and BX-C locus involves

hierarchical, cross- ;ﬁ;gulal_o_ry‘ interac-
tions that are mediated by the homeo
box protein domains encoded by these

- genes, Support for this model is based on

analysis of the distribution patterns of
Antp transcripts m mutant embryos that

“lack BX-C loci.

" TIsolation of a new ANT-C homeo box

locus. Molecular clones for the Dfd, -
Antp, Ubx, iab-2; and iab-7 loci have '
been previously isolated (16,20, 22-25).
In order to determine the spatial limits of
‘expression for each homeotic lethal com-
plementation group within the ANT-C
and BX-C by in situ hybridization, it was
necessary to obtain a molecular probe
for the Scr locus, A genomic DNA frag-
ment that appears to derive from Scr was
isolated on the basis of homeo box se-

- guence homology as described below.

. Atotal of 6 X 10* recombinants from a
Drosophila—Charon 4 DNA library (ap-
proximately siX genome equivalents)
were screened with the homeo box se-
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differ is in the type and amount of gov-

ernment support for the development of
biotechnology. In Japan there is a clear
effort by government to enhance the
future commercial success of the phar-

. maceutical industry by assisting in the

- development of biotechnology. Although
this support is administered by a few
different agencies and is small in size (by
U.S. standards), it is viewed both exter-
nally (2, 25) and internally (I6) as a single
cohesive effort with a high potential for
success. The companies involved must
create their own basic research and de-
velopment programs; government assist-

- ance is at the next level, helping to foster
commercialization of products, manu-
facturing, and generic support, such as
gene banks (/8). In the United States,
federal support for biotechnelogy is ten
times greater in. magnitude and is aimed
at basic research. Although support of
basic research programs in biotechnolo-
gy should be continued and expanded to
ensure maintained leadership in basic
research, support for more applied areas
is also needed (2, /6).

Another contrast- between the two
::countries is in.the availability- of basic
researchers in blotechnology and biopro-
cess engineering. There was a reported
shortage in the United States of basic
researchers trained in genetic engineer-
ing, but this problem appears to have

abated (2, 30). Due to strong academic
programs in_this and related areas, the
availability of basic researchers_should
cohtinue to be sufficient (2), However, a

paucity of academic programs in biopro-
ceiscf—}___\ﬁfﬁé?l?_wgmﬁ;% (2). As more
companies generate products of biotech-
nology for scale-up, it is expected that

there will be a severe shortage of person- -

nel trained in production technologies,
which may hamper commercial success
(2). Japan has the opposite problem—an
adequate -supply of fermentation engi-
neers but too few basic researchers with
training in molecular genetics (76). .This
is another reason why'Japanese compa-
nigs_have been borrowing U.S. basic
research, but are predicted to outpace

ment. In assessing the competitive posi-

“tion for the -United States, the OTA

report stated the following (2, p. 7):

Japan is Iikely to be the leading compeutor of
the United Stdtes for two reasons. First,
Japanese companies in a broad range of indus-
trial sectors:have.extensive experience: in
bioprocess technology.. .Japan does not have
superior bioprocess technology, but it does
have relatively more industrial experience us-

* ing old biotechnology, more established bio-

processing plants; and more bioprocess engi-
neers than the United States. Second, the
Japanese Government has targeted biotech-
nology as a key technology of the future, is
funding its commercial development, and is
coordinating interactions amo’ng representa-
tives from industry, umversmes, and govem-
ment.

When the focus of . analysls is nar-
rowed to the pharmaceuticai industry, it

can also be concluded that the Japanese:

have the potential to be a leading com-
-petitor. An important factor in thelr suc-

-~ in the OTA report (2): (
States may compete very favorably with -

port to strengtﬁen the U. S. position i

funds specific écademic’ and other pro-

grams leading to that goal (2). As stated
“The United

Japan if it can direct more attention to
research problems associated with the
scalmg up of bloprocesses for pmduc-
tlon
I

ies, decrease regulation, or provide

help meet this goal (2, 6, 3I). However,
in the period since the OTA report was
made public, no broad program of Sup-

Steps in Ih

A few recent developments should

_biotechnological research by Japanese prove useful to the future development

companies from U.S.. bioctechnology

firms. Although biotechnology licensed - The first is the opening of bjpgechriology

by U.S. firms to Japanese companies

of biotechnology in the United States.

centers to assist in the transfer of bio-

generally involves marketing rights in

" Japafior ASia (2), the Japanese market

fcrrpharnﬁcenf‘é’iﬁ s the second largest -
in the world. When added to other Asian

markets it becomes Two-thirds the size
of the North American or European mar-
kets (9). U.S. pharmaceutical companies
have gamm_pércent of their revenues
from foretgn sales, and the loss of a
wlgn markel may represent lost in-

come (91—

—In addition to basic biotechnology bor- -
rowed from the United States, Japan has .

been simultaneocusly building its own
strength in this field. There are more and
more frequent reports of new develop-

' ments in basic biotéchnology and discov-

‘eries of new drugs from Japanese indus- -
trial laboratories (Table 3) (12). It is thus
possible that Japan's predicted future
strength in pharmaceutical biotechnolo-
gy will come both from internal develop-
ments and strategic government pro-
grams (I16).

the United States in commercialization
(2, Fr— T —— .
Outlook

In January 1984 the U .S. Cc’mgﬁ ess
Office-of Technology Assessment (OTA)

published a 612-page analysis on com-

mercial biotechnology (2). The.-report
noted _the importance of biotechnology
both for_its_basic scientific benefit and
for its potential commercna.l develop-

1234 -

strength in biotechnology will come U.S,
weakness in this area. As stated earlier,
pharmaceutical and other companies in
the United States are expanding their

efforts in biotechnology and are nearing:

their goals of bringing new therapeutics

This is not to imply that with Japanese

technology expertise from academia to

T,
ddltht‘I. government activities that
ance cooperation between compa--

centers to assist in biotechnology would

e

industry. . Two of these centers are. at.

Pennsylvama State University and in Re-
search Triangle Park, North Carolina.

- The Penn State Biotechnology Institute
has' planned ‘research and educational
facilities and will allow member compa-
" nies access to “‘application-oriented re-
search’" and to a pilot production facility

for assistance in scale-up (32). _
: ~The North Carolina Biotechnology

Center currently receives $2.5 million in
annual funding from state, federal, and
industrial sources. The center funds spe-
cific programs, such as its Monoclonal
Lymphocyte Technology Center, which

involves academic research at the Um- _

versny of North olina and_lgum_m-
versity, the participation.of industry, and

funding by the National Science Founda-

tion. The five industrial mémbers agree’

on priorities for directed research to be
funded by specific grants to participating

taboratories. Although still in its infancy,

the Monoclonal Lymphocyte Technolo-

gy Center is fostering cooperation be-

tween companies in a university environ-

ment that probably would not have oth-

erwise ‘occurred (33). o o
The Center for Advanced Research in
Biotechnology (CARB), to be built in

and diagnostics to market. However, an  Gaithersburg, Maryland, will combine

analysis of Japanese strategies may help federal, state, county, and university ef-
to understand how U.S. industry can forts (3¢). With CARB, the National

optimize this process. In addition, U.S.
industry will be strengthened if the U.S.
government makes the commercializa-

Burean of Standards will add its analyti-
cal expertise to molecular biology exper-
tise from the University of Maryland A

tion of biotechnology a high pnonty and CARB research facility to be completed '
* SCIENCE, VOL. 229’




. _Table 2. Eqmty purchased in ﬁrms wuh a major focus on blotechnology Equlty purchases ‘the Ministry of Ag'riculture. Foresiry and
selected from database (/2). . . Fisheries (MAFF) (2, /8). The total gov-
- ' ' - érnment support for biotechfiology."$50

Large company -

{purchaser) Biotechnology firm _ Year' ' million to $60 million in 1984, is only
— ' - about one-tenth of that spent by the U.S.
Abbott Purc‘hased by U. SApn!:zgzg:taceuucal compames | ) oi - ‘-governmept ('Fable 3 (2, 18)_,%@-
Baxter Travenol " Genetics Institute : ' 1982 - nese funding is much more focused on
Becton Dickenson _ gpplieg_ Bitc:systems O S I :gg; - specific projects. For example, MITI, in
Johnson & Johnson ‘Enzo Biochem - '. . - - a I0-year siralegic prograim begifning in
Coderie " | ey Genetics I8l gy T Targeted heXTgeneration tech-
Lilly 5 o ‘Synergen ' : "~ {984 - -nologies to foster scale-up techniques,
Schering-Plough RS Biogen ' CoLo T yee2 -amwmmm Y
Schering-Plough . : DNAX Ld* - 1982 - -tion of biotechnology {2). The STA is '
g“":::fl'“e- - g:';t?i}:?stems o }gg% also funding applied research, such as
¥ a _ L y - AR : . the development of bioreactors (2). The .
. Purchased by other U.S. companies ¢+ latest announced budgets of STA,
Dow Collaborative Research Co 1981 MAFF, and MITI are emphasizing na-
Du Pont : ERR. New England Nuclear* . . 1981  tional centers related to biotechnology
&“‘g Graca - _ Genentech - . .. 1%L esearch, including the development of
. R. Grace : Amicon* . .. 1983
Martin Marietta . ' " Molecular Genetics “19g2 - cell line and gene banks (/8). Very little
Monsanto - . ... .. . Biogen T 1980 Qf—the—«!apwﬂse._g_vemment -] S“PD%

Monsanto ' EEEE Collagen Corporatlon R 1980  for. chnology is for basic T
- . b R (2)..In contrast, the U.S. government’s

Purchased by .Iapanese companies

Green Cros§ . : Collaborative Research . 1981 s.u pport pf meGChnOloﬂm—mm‘?ﬁ“‘m
Mitsubishi - L ~. " BioVec 1984  times more, but support of applied re-

search makes up only | to 2 percent of -

this total, with far less spec1ﬁc1ty than in
. : : o - Japan (Table 3) (2).: . o

Y e “ e el Anothercmphasnsm.lapan isto foster \/ o

‘Acqulsmon Each nonacqu:smon purchase involved an average of $8 million.

-

Table 3. Companson of U.S. and’ Japanese pharmaceuucai industris and involvement in *-cooperation betweer}_g_o_EL__WS and be-"
biotechnology. All 1983 data, ‘except as noted. [Sources: (1, 2, 9, I5)] : . tween industry and academia. There are

more than a dozen joint ventures on

Data category United States Japan . 5 )
: _ . C record involving two or more Japanese
Population (millions) - 2345 . 119.2° - companies that are aimed at developing
Gross national product $3.3 trillion . $1.2trillion - therapeutics through research in biotech- "
- : : - nology (2, 19)..Similar. cooperation be-

Domestic pharmaceutical $21.3 billion (1) . _-$13.4 billion (2)

market (world rank) - tween large U S, compames does not (or

S S S - cannot) exist (2). _
Number of pharmaceutical - R | S S * " In-order to further foster cooperatmn
gg::_pg“gism‘;ﬁlj sales o : “between Japanesé :companies, a ‘trade . -
o . ) ' association, tentatively called the Socie-
Total pharmageutical ) $16.7 billion $6-billion . . ty. for Advanced ' Pharmaceutical - Re-
5";""5 of t;:nt_larlgest_ saniest : S --gearch, was formedin 1985 with 31 mem-
pharmaceutical companies ' ber companies and -the support of Ja-

Pharmaceutical sales as percent 50.1 _ 74.1 ~ . pan’s Ministry of Health and Welfare~

of total sales} Coe L ... .(19). A trade group, the Industrial Bio- .
Number of new pharmaceutical * o ' - technology Association,” exists in the
products introduced:; - : ' _ United States with 46 member -compa-
1961-1980 ' L 353 0 Lo 155 ' nies, but is not supported by the federai -

19811983 24 41
T : L ~ government -(20).

‘ R&D expenditures as _ . 68 o - 92 -, . Because government funding in Iapan
percent of Sﬂ_l.e.Si__ co R -lS focused on applied research, Japanese
Scientists and engineers . .- - ' : companies ‘are ‘also+in the process: of.
in industrial R&D§: - E R expanding in“house expertise in basic
Total number : : 573.500 272,000 - research-and-development in biotechnol- -

Percent of work force . . 0.58 . _ 0.50 . ogy. Many companies: have announced

Government-funded research ' S the expansion of research facilities, such

in biotechnology: T N S -
Totar $520 million $60 million as Sankyo's new- $5_3.-mxlhon biotechnol- -

Percent of basic research o 08 . T <50 .. .. opy laboratory 16 be completed by:1986
: R o L T B o (2D The. avallablhty of: personnel to staff
Targets of funding Basic research Basic research, scale-up, basic research laboratories in Japan has

in biotechnotogy : : : -industrial projects, govern-
. . ment laboratory facilities, . _.been- a problem, pnmanly owing to a

manufacturing technology paucity of university programs in molec-

. . - . .. - ee
*Pharmaceutical sales only. ?‘Tota! world pharmaceutical sales in 1983 were approximately 560 billion. . u_lar genetics {2, 16). To fill the need fOl'
$Average of top ten companies.  §All-industries, 1977 data. researchers, some Japanese companies : .. .- -
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A central problem in elucidating the

“genetic control of segment morphogen-

- esis is-how the different ANT-C and BX-

Spatially Regulated Expression of
Homeotlc Genes in Drosophzla |

Katherme Hardmg, Cathy Wedeen_ '_ N

Wllllam McGlnms, Michael Levine

A fundamental problem .of develop-
ment is how embryonic cells acquire -

their particular developmental fates as a
result of their location within 4 develop-
ing embryo. A model system for analyz-
ing the eldboration of this positional in-

formation during Drosophila develop- -
ment involves the morphogenesis of

body segments. The adult fruit fly is
composed of eight'abdominal, three tho-

dermal tissues of the affected segment as

well (2, 3, 7). For example, embryos that
lack the Antennapedia (Artp) gene func-
tion display a transformation of the

- meso- and metathorax (T2 + T3) into-

homologous tissues of the prothorax (T

- (8).

~ Many homeotic genes appear w1thm'
one of two clusters in the Drosophila
genome, the bithorax complex '(BX-C)

) Abstract The sites of transcnpr arcumulanon for six different , homeanc lacz of the
- Xntennapedia and b:tiiarax gene compiexes (ANT-C and BX-C) were identified
within embryo tissue Sections by in situ hybridization. These six loci belong to ihe

Antennapedia c_Igss of the homeo box gene family. Transcripts encoded by each’
locus are detected primarily in discrete, nonoverlapping regions of the embryonic -

central nervous system (CNS). The regions of the CNS that contain transcripts

encoded by each of these loci correspond to the embryonic segments that are’

disrupted in mutants for these genes. The . maintenance of spatially restricted

expression of each  ANT-C and BX-C locus could involve hierarchical,” cross-

regulatory interactions that are mediated by the homeo box protein domains

_ encoded by these genes.

racic, and four to six head segments (/).

Several of the constituent tissues of a -

given segment have morpliological prop-

erties specific for that segment. For ex-’

ample, the epidermis elaborates cuticu-
lar structures, such as legs and antennae,
that are distinct for a particular segment.
in addition, the morphology of some of
the mesodermal (2} and neural tissues (3,
4) may be specific for a given segment.
Homeotic genes are those that estab-
lish the diverse pathways by which each
embryonic - segment primordium devel-

ops a distinct adult phenotype (5, 6)..

Mutations of homeotic loci result in pas-
tial or complete transformations of the
epidermal tissues of one segment into
_ those of another. Homeotic transforma-
tions may include the neural and meso-

K. Harding, C. Wedeen, and M. Levine are in the
Department of Biological Sciences, Fairchild Cen-
ter, Columbia University, New York 10027. W.
. McGinnis is in the Department of Molecuiar Bio-

1lflhysu::s and Biochemistry, Yale University, New

aven, Connecticut 06520.
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(5, 9 or the Antennapedia complex

(ANT-C) (10, 11). Genes of the BX-C are -

required for the specification of seg-
ments in the posterior regions of the fly
(3,12, 13). Lewis has identified a number

phenotypes (5}. Recently, a minimum of
three essential domains of homeotic
function within the BX-C have been
identified by means of lethal complemen-
tation analyses: -Ultrabithorax (Ubx),

" Abdominal-A (abd-A), and Abdominal-
‘Bf{Abd-B) (9). The ANT-C is required for

the specification of anterior body seg-

~ments (8, I4). Several homeotic lethal"

complementation groups have been iden-

" tified for the ANT-C (8, 11, 14, 15).

These include the Antp, Sex combs re-
duced (Scr), and Deformed (Dfd) loci.
Each ANT-C and BX-C homeotic lethal
complementation group controls the de-
velopment of a different subset of the
embryonic segment primordia (Fig. 1a).

-~C"loci come to function in primarily
" ‘nonoverlapping domains along the body
~-axis of the fly. The molecular cloning of

ANT-C and BX-C loci has permitted a

"~ direct assessment of the spatial and tem-

poral limits of horneot_ic gene expression,
The previous demonstration that Ubx

“-and Antp-share direct nucleotide se-
* “quence homology (16-19) facilitated the
. isolation of ANT-C and BX-C loci. This
- homology - occurs” within a conserved

protein coding region désignated the ho- -
meo box. A total of seven genomic DNA

fragments cross-hybridizes strongly with

the Antp and Ubx homeo boxes (20).
These seven regions correspond to the
Antennapedia class of the homeo box
gene family, all of which are located
within either the ANT-C or the BX-C
(20). It appears that each of the six lethal

‘complementation groups of the ANT-C
-and BX-C (Fig. 1) contains an Antenna-

pedia class homeo box. However, there
are additional homeotic loci within the

; BX-C that do not-contain the homeo box
(Fig. lay 2D).- :
 We show that each of the ANT c d.ﬂd _
' BX-C homeotic loci that contains a ho-

meo box specifies transcripts that accu-
mulate in discrete regions of the embry- -
onic central nervous system (CNS) Toa
close approximation, the regions of the
CNS that contairi transcripts encoded by
each of these loci correspond 1o the
embryonic segments that are disrupted
in mutants for these genes. We propose

that spatially -restricted expression of -

each ANT-C and BX-C locus involves
hierarchical, ¢ross-régulatory interac-
tionis that are mediated by the homeo
box protein domains encoded by these
genes. Support for this model is based on

- analysis of the distribution patterns of
of homeotic loci within the BX-C on the -~
basis of embryonic and adult mutant’

Anip transcripts in mutant embryos that

“lack BX-C loci.

Isolation of a new ANT-C homeo box
locus. Molecular clones for the Dfd,
Antp, Ubx, iab-2, and iab-7 toci have
been previously isolated (16, 20, 22-25).
In order to determine the spatial limits of
expression for each homeotic lethal com-
plementation group within the ANT-C

“and BX-C by in situ hybridization, it was
“necessary to obtain a molecular probe

for the Scr locus. A genomic DNA frag-
ment that appears to derive from Scr was

_isolated on the basis of homeo box se-

gquence homology as described below.
Atotal of 6 X 10* recombinants from a
Drosophila-Charon 4 DNA library (ap-
proximately six genome equivalents)
were screened with the homeo box se-
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differ is in the type and amount of gov-
ernment support for the development of
biotechnology. In Japan there is a clear
effort by government to enhance the
future commercial success of the phar-
maceutical industry by assisting in the
- development of biotechnology. Although
this support is administered by a few
different agencies and is small in size (by
U.S. standards), it is viewed both exter-
nally (2, 25) and internally (/6) as a single
cohesive effort with a high potential for
success. The companies involved must
create their own basic research and de-
velopment programs; government assist-

- ance is at the next level, helping to foster

commercialization .of products, manu-
facturing, and generic support, such as
gene banks (/8). In the United States,
federal support for biotechnology is ten
times greater in magnitude and is aimed
at basic research. Although support of
basic research programs in biotechnolo-
gy should be continued and expanded to
ensure maintained leadership in basic
research, support for more applied areas
is aiso needed (2, /6).

~ Another contrast -between the two
rcountries is in the avarlablhty of basic
Teszarchers in btotechnoiogy and biopro-
cess engineering. There was a reported
shortage in the United States of basic
researchers trained in genetic engineer-
ing, but this problem appears to have

abated {2, 30). Due to strong academic
programs in this and.related areas, the

availability of basic researchers should
continue to be sufficient (2). However, a
paucity of aCadeffiic programs in biopro-
cew (2). As more
companies generate products of biotech-
nology for scale-up, it is expected that
there will be a severe shortage of person-
nei trained in production technologies,
which may hamper commercial success
(2).. Japan has the opposite problem-—an
adequate -supply of fermentation engi-

neers but too few basic researchers with

training in molecular genetics (/6). This'
is_another reason why Japanese compa-
* nigs_haVe been borrowmg U.S. basic

ment. In assessing the compétitive posi-
tion for the United States, the OTA
report sta_ted the following (2, p.-7):

Japan is likely to be the leading competitor of

the United States for two reasons. First,
Japanese companies in a broad range of indus-
trial sectors . have extensive experience in
blOprOCCSS technology. Japan does not have
superior- bioprocess technology, but it does
have relatively more industrial expérience us-

* ing old biotechnology, more established bio-

processing plants, and more bioprocess engi-
neers than the United States. Second, the
Japanese Government has targeted biotech-
nology as a key technology of the future, is
funding its commerciali development, and is
coordinating interactions among representa-
tives from mdustry. universities, a.nd govern-
ment.

-.When .the focus of analysis is nar-
rowed to the pharmaceutical industry, it

can also be concéluded that the Japanese:

have the potential to be a leading com-

. petitor. An important factor in their suc-

.Steps in

funds specific academic and other pro- .

grams leading to that goal (2). As stated
in the OTA report (2): “‘The United
States may compeéte very favorably with
Japan if it can direct -more attention to

‘research problems associated with the
-scaling-up of bioprocesses for produc-

tion.””
I

ance cooperation between compa-
ies, decrease regulation, or provide

centers 1o assist in biotechnology would

help meet this goal (2, 6, 31). However,
in the period since the OTA report was
made public, no broad program of sup-
port to strengthen the U.S. position i

-w ‘A few recent developments should
iotechnological  research by Japanese prove useful to the future development

compantes from  U.S.  biotechnology -

firms, Although biotechnology licensed
by U.S. firms to- Japanese companies

of biotechnology in the United States.
The first is the opening of bjotechnology
centers to assist in the transfer of bio-

_.generally involves marketing rights

.Iapan_oﬂria {7), the Japanese market

forplarmacenticals is the Second largest
in the world. When added to other Asian
marEets it becomes two-thirds the size
of the Northi American or European mar-

have gamed 40 percent of their revenues

_from foreign sales, and the loss of a
mlgn market may reépresent lost in-

“come (),

in addition to basic biotechnology bor-

rowed from the United States, Japan has
been simuitaneously building its own
strength in this field. There are more and
more frequent reports of new develop-

ments in basic biotechnology and discov-.

eries of new drugs from Japanese indus-
trial laboratories (Table 3) (12). It is thus
possible that Fapan's predicted future
strength in pharmaceutical biotechnolo-
gy will come both from internal develop-
ments and strategic government pro-
grams (/6). )

This is not to imply that with Japanese

the Umted States in commerc::ahzatmn
2, 3w

e ———

Outlook

In January 1984 the U.S. Congress
Office-of Technology Assessment (OTA)
published a 612-page analysis on com-_
mercial biotechnology (2). The-report

noted _the importance of biotechnolo
both-for_its_basic scientific benefit and

for its potential commercial develop-
1234, -

strength in biotechnology will come U.S.,
weakness in this area. As stated earlier,
pharmaceutical and other companies in
the United States are expanding  their
efforts in biotechnology and are nearing
their goals of bringing new therapeutics
and diagnostics to market. However, an
apalysis of Japanese strategies may heip
to understand how U.S. industry can
optimize this process. In addition, U.S.
industry will be strengthened if the U.S.
government makes the commercializa-
tion of blotechnology a high priority and

technology expertise from academia to
industry. Two of these ‘denters are at

Pennsylvania State University and in Re-
search Trangle Park, North Carolina.
The Penn State Biotechnology Institute
has planned research and' educational
facilities and will allow member compa-
nies access to ‘‘application-oriented re-
search’ and to a pilot production facility
for assistance in scale~up (32).

- The North Carolina Biotechnology
Center currently receives $2.5 million in
annual funding from state, federal, and
industrial sources. The center funds spe-
cific programs, such as its Monocional

Lymphocyte Technology Center, which '

involves academic research at the_Uni-
versity of North Carolina and Duke Uni-

versity, the participation ofindustry, and

funding by the National Science Founda-
tion. The five industrial members agree
on priorities for directed research to be
funded by specific grants to participating

laboratories. Although still inits infancy,
" the Monoclonal Lymphocyte Technolo-

gy Center is fostering cooperation be-
tween companies in a university environ-
ment that probably would not have oth-

" erwise occurred (33). S
The Center for Advanced Research in o

Biotechnology (CARB), to be built in
Gaithersburg, Maryland, will combine
federal, state, county, and university ef-

forts (34). With CARB, the National -

Bureau of Standards will add its analyti-
cal expertise to molecular biology exper-
tise from the University of Maryland. A
CARB research facility to be completed
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Table 2. Equity purchased in firms ‘with a major focus on blotechnology Equlty purchases
selected from database (/2).

Large company

(purchaser) I%;etec\hnology firm Year
Purchased by U.S. pharmaceutical companies .
Abbott. Amgen 1980
Baxter Travenol- Geneétics Institute 1982
Becton Dickenson Applied Biosystems - 1984
Johnson & Johnson Enzo Biochem L1982
Lederle Molecular Genstics . 1981
Lederle Cytogen 1983
Lilly - Synergen 1984
Schering-Plough Biogen 1982
Schéring-Plough "DNAX Ltd.* {982
SmithKline Beckman* 1982
Syntex Genetic Systems 1982
Purchased by other U.S. companies L
Dow Collaborative Research 1981
Du Pont - New England Nuclear* 1981
Fluor Genentech 1981
W. R. Grace Amicon* 1983
Martin Marietta Molecular Genetics 1982
Monsanto Biogen 1980
Monsanto Collagen Corporation © 1980
i Purchased by .Iapanese companies .
Green Cross Collaborative Research 1981
Mitsubishi "~ BioVec 1984

*Acquisition. Each nonacquisition purchase involved an average of $8 million.

Lt

i Table 3. Companson of U.S. and Japanese pharmaceut:cal industries and mvolvement in-

- - e
T

-

blotechnology All 1983 data, except as noted. {Sources: (1, 2, 9, 15)]

_ Data category

United States

Tapan

Population {millions)
Gross national product

Domestic pharmaceutical
market (world rank)

- 234.5
$3 3 trillion
$21.3 !:ull:on H

Number of pharmaceutical . 11

companies with sales

over $1 billion*

Total pharmaceutical

$16.7 billion

sales of teén largest
phannaceutical comipaniest

Pharmaceutical sales as percent

of total sales:l:

50.1

Number of new pharmaceutical’

products introduced:

1961-1980
1981-1983

R&D expenditures as

353
24

6.8

percent of salesi . | .

Scientists and engineers

in industrial R&D§:

Total number

Percent of work force

573,500
-0.58

Government-funded research

in biotechnology:
Total

Percent of basic research °

Targets of funding
in biotechnology

$520 million
=>98

Basic research

9.2
$1.2 trillion
$13.4 billion (2)

$6 billion

74.1

153
4]

9.2

272,000
0.50

- $60 million

<50

Basic research, scale-up,

" industrial projects, govern-
. ment laboratory facilities,

manufacturing technology

*Pharmaceutical sales only. -
tAverage of top ten companies.

1232 °

§All industries, 1977 data.

+Total world pharmaceutical sales in 1983 were approximately $60-billion.

the Ministry of Agriculture, Forestry and
Fisheries (MAFF) (2, 18). The total gov-

" ernment support for biotechficlogy,-$50

million to $60 million in 1984; is only
about one-tenth of that spent by the U.S.
government (Table 3) (2, 18),'%23-

nese_funding is much more focused on

sp;E_iﬁc projects. For example, MITI, in
a‘T0-year siraiegic program pegifming in
1987, has targeted next-generation tech-

* nologi€s to foster scale-up_techniques,
am@mmm

tion_of biotechnology (2). The STA is

also funding applied research, such as

-the development of bioreactors (2).- The

latest announced budgets of STA,
MAFF, and MITI are emphasizing na-
tional centers related to biotechnology
reséarch, including the development of

cell line and gene banks (/8). Very little

of-the-Japanese government's- supm%

for_bigtechnology is for basic re

()., In contrast, the U:S, government’s

support of biotechnology is_almost ten -

times more,” but-support of applied re-

- search makes up only | to 2 percent of

this total, with far less specnﬁcnty thanin "
Japan (Table 3} (2).
Another emphasis'in’J apan is to foster

' ‘cooperation between companies and be-"
‘tween industry and academia. There are

more than a dozen joint ventures on

‘record involving two or more Japanese
_companies that are aimed at developing

therapeutics through research in biotech-

—notogy (2, [9). Similar cooperation be-
" -tween large U.S. companies does uot {or:

cannot) exist (2).

“In order to further foster cooperauon .

‘between Japanese  companies, a’trade - -
-association; tentatively calied the Socie-

‘ty for Advanced Pharmaceuticai Re-

- search, was formed in 1985 with 31 mem-

" ber companies and the support of Ja-
" pan's Ministry of Health-and Welfare ™
“(19). A trade group, the Industrial Bio-

technology ' Association, "existsin* the

United States with 46 member compa- -

nies, but is not supported by the federal
government (20). ‘
.- Because government funding in Japan

is focused on applied research; Japanese -

companies are also-in the process of -
expanding in-house expertise in ‘basic

research and'development in biotechnol- - -

the expansion of research facilities, such -
as Sankyo's new’ '$53-million blotechnol-
ogy laboratory to be: completed by 1986

- (21). The availability of personnel to staff -

: ogy. 'Many companies have:a'nnounced

basic reséarch laboratories in Japan has -

- been .a problem, :primarily owing to a -

paucity of university: programs in molec-
ular genetics (2,-16). To fill the need for -

. researchers, some Japanese compahies
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RESEARCH ARTICLE

Spatlally Regulated Expressmn of |

Homeotlc Genes in Drosophzla

Kathérine Hardmg, Cathy Wedeen

William McGinnis, Mlchae_l Levine

A fundamental problem of develop-
ment is' how émbryonic cells acquire
their particular developmental fates as a
result of their location within a develop-
ing embryo. A model system for analyz-
ing the elaboration of this positional in-
formation . during Drosophila develop-

ment ‘involves’ the morphogenesis of

body segménts. The adult fruit fly is

composed of eight abdormnal three tho-

dermal tissues of the affected segment as
well (2, 3, 7). For example, embryos that
lack the Antennapedia (Antp) gene func-
tion display a transformation of the
meso- and metathorax (T2 + T3) into
homologous tissues of the prothorax (T1)
.

Many homeotic genes appear: within
one of two clusters in. the -Drosophila

.genome, the bithorax complex (BX-C)

Abstract The sites of transcnpt accumulanon for six d:ﬁ'erem homeouc loci of rhe N
" Antennapedia and bnﬁarax ‘gene complexes (ANT-C and. BX-C) were 1dennﬁed :

within émbryo tissue sections by in situ hybridization. These six loci belong to the
Anrennapedza ‘class of the homeo box .gene family. Transcripts encoded by each

locus are detected primarily in discrete, nonoverlapping regions of the embryonic.

central nervous system {CNS). Thg regions of the CNS that contain transcripts
encoded by each of ‘these loci correspond to the embryonic segments that are

disrupted in mutants for these genes. The maintenance of spatially restricted .

expression of each ANT-C and BX-C locus could involve hierarchical, cross-
regulatory . inferactions that are medmted by the homeo box prarem domains

encoded by these genes

racic, and four to six head segments (7).
Several of the constituent tissues of a
given segment have morphotogical prop-

erties specific for that segment. For ex-

ample, the epidermis elaborates- cuticu-
lar structures, such as legs and antennae,
that are distinct for & particular segment.
In addition, the morphology of some of
the mesodermal (2) and neural tissues (3,
4) may be specifi¢ for a given segment.
Homeotic genes are those that estab-
lish the diverse pathways by which each
embryonic segment primordium devel-
ops a distinct adult phenotype: (5, 6).
Mutations of homeotic loci result in par-
tial or complete transformations of the
epidermal tissues of one segment into
these of another. Homeotic transforma-
tions may include the neural and meso-

K. Harding, C. Wedeen, and M. Levine are in the
Department of Biological Sciences, Fairchild Cen-
ter, Columbia University, New York 10027. W.
McGinnis is in the Department of Molecuiar Bio-
g{wsms and Bicchemistry, Yale Umversuty, New

aven, Connecticut 06520,
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(5, 9 or. the ‘Antennapedia complex.
(ANT-C) (18, 11). Genes of the BX-C are-
"required for the specification of seg- .
ments in the posterior regions of the fly :
(5, 12, 13). Lewis has identified a number -
of homeotic loci within the BX-C on the’
-basis of embryocnic and adult mutant
phenotypes (5). Recently, 2 minimum of

three “essential domains of homeotic

*function within the BX-C have been
-identified by means of lethal complemen-
Ultrabithorax - (Ubx),”
* Abdominal-A (abd-A), and Abdominal-

tation analyses:

B(Abd-B) (9). The ANT-C is required for
the specification of anterior body seg-

"ments (8, 14). Several homeotic lethal

complementation groups have been iden-
tified for the ANT-C (8. I1, 14, 15).
These include the Antp, Sex combs re-
duced (Scr), and Deéformed (Dfd) loci.
Each ANT-C and BX-C homeotic lethal

- complementation group controls the de-

velopment of a different subset of the
embryonic segment primordia (Fig. 1a).

A central problem in-elucidating the -
genetic control of segment morphogen- -

. esis is'how the different ANT-C and BX-
..C loci come to function in -primarily

nonoverlapping domains along the body

_-axis of the fly. The molecular cloning of

ANT-C and BX-C loci has permitted a
direct assessment of the spatial and tem-

' " poral limits of homeotic gene expression.

The previous demonstration that Ubx

-..and Antp -share. direct nucieotide se-

quence homology (/6-19) facilitated the .

. isolation of ANT-C and BX-C loci. This
--..homology. .occurs . within a conserved
protein coding region designated the ho-
-meo box. A total of seven genomic DNA

. fragments cross-hybridizes strongly with
-.the Antp.and Ubx homeo boxes (20).

These seven regions correspond to the -

~Antennapedia class of the homeo box

gene family, all of which are located
within either the ANT-C or the BX-C

. (20). It appears that each of the six lethal

complementation groups of the ANT-C
and BX-C (Fig. 1) contains an Antenna-
pedia class homeo box. However, there ..

... are additional homeotic loci within the
‘BX-C that donot contain the homeo box o

(Fig. la} (21). Y _
" We show that each of the ANT C aﬁd
BX-C homeotic loci that contains a ho-
meo box specifies transcripts that accu-
mulate in discrete regions of the embry-

onic central nervous system (CNS). Toa

close approximation, the regions of the
CNS that contain transcripts encoded by
each of these loci correspond to the

embryonic segments that are disrupted
... - in ' mutants for these genes. We propose
- that spatially restricted expression of

each ANT-C-and BX-C locus involves
hierarchical, . cross-regulatory interac- -
tions that are mediated by the homeo
box -protein domains encoded by these
genes. Support for this model is based on
analysis of the distribution patterns of
Antp transcripts in mutant embryos that

“lack BX-C loci.

Isolation of a new ANT-C homeo box
Tocus. Molecular clones for the Dfd,
Antp, Ubx, iab-2, and iab-7 loci have
been previously isolated {/6, 20, 22-25).
In order to determine the spatial limits of :
expression for each homeotic lethal com- -
plementation group within the ANT-C
-and BX-C by in situ hybridization, it was

-necessary to-obtain a molecutar probe -

for the Scr locus. A genomic DNA frag-
ment that appears to derive from Scr was
isolated on the basis of homeo box se-
quence homology as described below.
Atotal of 6 X 10* recombinants froma
Drosophila~Charon 4 DNA library (ap-
proximately six genome equivalents)
were screened with the homeo box se-
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differ is in the type and amount of gov-
ernment support for the devélopment of
biotechnology. In Japan there is a clear
effort by government to enhance the
future commercial success of the phar-
- maceutical industry by assisting in the
development of biotechnology. Although
- this support is administered by a few
different agencies and is small in size (by
U.S. standards), it is viewed both exter-
“nally {2, 25) and internally (/6) as a single
cohesive effort with a high potential for
success. The companies involved must
create their own basic research and de-
velopment programs; government assist-

.ance is at the next level, helping to foster

commercialization of products, manu-
facturing, and generic support, such as
gene banks {/8). In the United States,
federal support for biotechnelogy is ten
times greater in magnitude and is aimed
at basic research. Although support of
basic research programs in biotechnolo-
gy should be continued and expanded to
ensure maintained leadership in basic
research, support for more applied areas
is also needed {2, /6). :
Another contrast- between the . two
:countries s in’the avallablllty of basic
“researchers in biotechnology and’ biopro-
cess engineering. There was a reported
shortage in the United States of basic
-researchers trained in genetic engineer-
ing, but this problem appears to have
abated (2, 30). Que to strong academic
programs in this and related areas, the

availability of basic researchers should
continue to be sufficient (ZLJiOLV_ﬂeI‘ a
paucity of academic programs in biopro-
cew Tigificerin. (2). As more
companies generate products of biotech-
nology for scale-up, it is expected that
there will be a severe shortage of person-
nel trained in production technologies,
which may hamper commercial success
(2). Japan has the opposite problem—an
adequate -supply of fermentation engi-
neers but too few basic researchers with
training in molecular genetics (/6). This
-is_another reason why Japanese compa-
nicT'lﬁve been borrowm .8, basﬁ

ment. In'assessing the competitive posi-
tion for the United States, the OTA
report stated the following (2, p. 7):

Japan is likely to be the leading competitor of
the United States for two reasons. First.
Japanese companies in a broad range of indus-
trial sectors have extenmsive experience in~
bloprocess technology. Japan does not have

superior bxoprocess technology, . bul it. does .

have relatively more indlstrial experience us-

" ing old b:otechnology, more established bio-
- processing plants, and more bioprocess engi-

neers than the United States. Second, :the
Japanese Government has targeted biotech-
nology as a key technology of the future, is
funding its commercial development, and is
coordinating interactions among representa-

tives from industry, universities, and govern~

ment,

-When - the focus of analysns is nar-
-rowed to the pharmaceutical industry, it
can also be concluded that the Japanese
have the potential to be a leading com-
petitor. An important factor in their suc-

fun.d_s specific acadeniic and other pro-
grams leading to that goal (2}. As stated
in the OTA report (2): '“The United

‘States may compete very favorably with

Japan if it can direct more attention to
research problems associated with the
scalmg-up of b:oprocesses for produc-
tion.’
I

ance cooperation between compa-
ies, decrease regulation, or provide

in the period sirice the OTA report was
made public, no broad program of sup-
port to strengthen the U S Qosmon i

Steps in ¢

?ﬂm A few recent developments should
iotechnoiogical research by Japanese prove useful to the future development

“companies - from U.S. biotechnology

firms, Although biotechnology licensed
by U.S. firms to Japanese companies

" of biotechnology in the United States.

The first is the opening of bjgt'echnblogy
centers to assist in the transfer of bio-

generally involves markeling rights ‘in

. Japen o oT"TZT the Japanese market

forphmacéuncals IS The Second largest
in the world, When added to other Asian

technology expertise from acaderma to

indiistry. Two of these ‘centefs are ats N

Pennsylvania State University and i in Re-
search Trangle Park, North Carolina.

markets, it becomes two-thirds the size
of the North American or European mar-
kets (9). U.S. pharmaceutical comge_zgiﬁ
‘have gammrcem of their revenues
from forelgn sales, and the loss of a
mrgn market may represent lost n-

come (9F.———

In addition to basic biotechnology bor- -

rowed from the United States, Japan has
been simultanecusly building its own
strength in this field. There are more and
more frequent reports of new develop-
ments in basic biotechnology and discov-
eries of new drugs from Japanese indus-
trial laboratories (Table 3) ({2). It is thus
possible that Japan’s predicted future
strength in pharmaceutical biotechnolo-
gy will come both from internal develop-
ments and strategic government pro-
grams (16).

This is not to imply that with Japanese

the Umted States in commercialization
2, 3y—

e e

Outlook

In January 1984 the Mss
Office-of Technology Assessment (OTA)

published a 612-page analysis on com-

mercial biotechnology (2). The-report
noted_the importance of biotechnology

both. for_its_basic scientific benefit and

for its Qotentlal commercial develop-
1234 T

strength in biotechnology will come U.S.
weakness in this area. As stated earlier,
pharmaceutical and other companies in
the United States are expanding their

efforts in biotechnology and are nearing .

their goals of bringing new therapeutics
and diagnostics to market. However, an
.analysis of Japanese strategies may help
to understand how U.S. industry can
optimize this process. In addition, U.S.
industry will be strengthened if the U.S.
government makes the commercializa-
tion of b:otechnology a high priority and

The Penn’State Biotechnology Institute

~has planned research and educational

facilities and will allow member compa-
nies access to ‘‘application-oriented re-
search” and to a pilot production facility
for assistance in scale-up (32). _
The North Carolina Biotechnology
Center currently receivés $2.5 million in
annual funding from state, federal, ;'md
industrial sources. The center funds spe-

cific programs, such as its Monocional

Lymphocyte Technology Center, which
‘involves academic research at the “Uni-

versity of North Carolina and,JikQ__.ﬂl-
versity, the pamapaxmof.mdustry, and

funding by the National Science Founda-
tion. The five industrial members agree

on priorities for directed research to be

funded by specific grants to participating
laboratories. Although still in its infancy,
the Monoclonal Lymphocyte Technolo-
gy Center is fostering cooperation be-
tween companies in a university environ-
ment that probably would not have oth-
erwise occurred (33).

The Center for Advanced | Research m_

Biotechnology (CARB), to be built_in
Gaithersburg, Maryland, will combine

federal, state, county, and university ef-

forts (34). With CARB, the National
Bureau of Standards will add its analyti-
cal expertise to molecular biclogy exper-
tise from the University of Maryland, A

CARB research facility to be completed 7
' SCIENCE, VOL, 229
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ddition, government activities that

centers to assist in biotechnology would
help meet this goal (2, 6, 31). However,
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Table 2. Equny purchased in firms with a major focus on biotechnology. Equny purchases
“selected from database (12). -

- Large company

(purchaser) Biotechnology ﬁl"m Year-
Purchased by U.S: pharmaceutrca! companies )
Abbott - Amgen 1980
Baxter Travenol Genetics Institute = 1982
Becton Dickenson Applied Biosystems - 1984
Tohnson & Johnson Enzo Biochem 1982
Lederle . = Molecular Genetlcs 1981
Lederle Cytogen ’ 1983
Liily Synergen 1984
Schering-Plough Biogen ; © 1982
Schering-Plough - DNAX Ltd.* .. 1982 .
SmithKline Beckman* . 1982
Syntex Ge:_ietic Systems 1982
Purchased by other U.S. compames .
Dow Collaborative Research 1981
Du Pont New England Nuclear* 1981
Fluor Genentech 1981
W. R. Grace _ Amicon* 1983
Martin Marietta “ ‘Molecular Genetics 1982
Monsanto * Biogen 1980
Monsanto Collagen Corporatmn 1980 -
_ Purchased by Japanese companies
Green Cross’ Coliaborative Research 1981
Mitsubishi - BioVec 1984

*Acquisition. Each nonac:quisitibn purchase involved an average of $8 million.

-

’
a0

Table 3. Comparison of u.s. and'Japa'nese pha’rmaceutilcél industries a;ld irivblv_ernent in
biotechnology. Ali 1983 data, except as noted. [Sources: (I, 2, 9, 15)]

United States
234.5
$3.3 trillion
© $21.3 billion (1)

FE TR . Ty X

Data category Japan
119.2
$1.2 trillion
" §13.4 billion (2)

Popuiation (millions)
Gross national product =

Domestic pharmaceutical
market (world rank)

Number of pharmaceutical = R I - 1.
companies with sales ' :
over $1 billion*

Total pharmaceutical $16.7 billion $6 billion
sales of ten largest '
pharmaceutical companiesT .

Pharmaceutical sales as percent 50.1 74.1
of total salest :

Number of new pharmaceutical
products introduced:

1961980 : 353 _ 55
19811983 : R g 4]

R&D expenditures as ' ' 6.8 9.2
percent of salest . _

Scientists and engineers -+’
in industrial R&D§: .

Total number _ 573,900 272,000
Percent. of work force 0.58 0.50
" Government-funded research
in biotechnology:
Total . $520 million $60 million
. Percent of basic research =98 <50

Basic research, scale-up,
industrial projects, govern-
ment laboratory facilities,
manufacturing technology

TFargets of funding Basic research’

in bictechnology

tTotal world pharmaceuucal sales in 1983 were approximately $60 billion.

*Pharmaceutical sales only.
§AH industries, 1977 data

$Average of top ten companies.
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the M‘inistr.y.df ‘Agriculture Forestry and

Fisheries (MAFF) {2, 18). The total gov-
ernment support for biotechfiology, $50 -
million to $60 million in 1984, is only
about one-tenth of that spent by the U.S.
government {Table 3) (2, I8), but Japa-
nese' funding is much more focused on.
specific projects. For example, MITI, in
a:I0-year strategic program begiffing in
198T, has targeted next-generation tech- -

nologiés to foster- scale-up techniques, -
--a@WMza- :
- tion_of biotechnology (2). The STA is
- also funding applied research, such as’

- the development of bioreactors (2). The -

latest announced budgets of STA,

- MAFF, and MIT{ are emphasizing na-
tional centers related to biotechnology

research, inc'luding the development of
cell line and gene banks (/8). Very httle

qﬁ..the-‘lapamvernment $_SUppo
for_bjotechnology is for basic ‘resear

.(2)..In contrast, the U.S. government's
- support of biotechnology is almost ten
times more, but support of applied re-.

‘search makes up only 1t0°2 percent of

this total, with far less specificity than in
Japan (Table 3) (7). e
‘Another emphasns inJ apan is to foster

- cooperation Between companies:and be- ’
tween industry and academia. There are

more than a dozen joint veniures on

record involving two or: more Japanese -
* companies that are aimed at developing -

therapeutics through research in biotech-

¥

nology (2, 19). Similar ‘cooperation:be- -.*:

tween large U.S. companies' does not (or

-.cannot) exist (2).

~’In order to further foster 'cooperauon

between Japanese .companies; a trade:

association, tentatively called the Socie-

ty for Advanced Pharmaceutical -Re-

" search, was formed in 1985 with 31 mem-
- ber- companies and :the. support of Ja-
" pan's Ministry of Heaith and Welfare -
_(I9). A trade:group; the Industrial- Bio- - -
- technology:” Association, -exists in the
United States with 46 -member compa- -

nies, but is not supported by the federal
government (20).
Because govemment funding in Japan

'is focused on. applied research, Japanese

companies -are also ‘in ‘the process:of v

expanding - in-house: expertise - in ‘basic

the expansion of research facilities, such-

* as Sankyo's néw $53-million biotechnol- - -
~ ogy laboratory to be completed by 1986 -

(20). The availability of personnel .to staff. -
basic research laboratories in Japan has
been a problem, pnmanly owmg to a

.paucity of university programs in molec-
‘ular genetics (2, 16). To fill the need for
- researchers, some Japanese companies

SCIENCE, VOL. 229 -

‘research and development in biotechnol- -
. :ogy. Many companies have an_nounced c
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Space Arms Smentlsts in U. S
Selhng nghts to D1scover1es.

By WILLIAM I BROAD

A bandful of Federal scientists qui-
‘ etly at work in their laboratories have
. touched off a héated national debate.
These inventors are seling their re-
: search on President’ Reagan’s pro-
"posed system of ‘missile defense for -’

F:rst of two articles.

. their private gain. They are bemg en-

. couraged to. do;so by the Administra--
_tion and hundreds of their scientific col-:
-Jeagues are expected to-follow suit:;
White House officials strongly defendf T

" the practice, Which is permitted under: [0, Said in an interview:.‘"Yow'se
- “the law and has grown rapidly since’
. Mr. Reagan took office in 1981. The offi-.
_.cials say the public interest is best®
-served when Federal scientists can:
commercialize aspects of their work. - *
. This is parti cuIarly true, they say, of! _leermore physicist who has sold:
; research on the Strategic Defense Initj-
: ative, known popularly as *“Star-
{ Wars.,” _
3+ These officials say the pollcy spfurs".
 seientific incentive, mdustnal produc--

WY Times I

11\&

tivity and the reahzatmn of Govam-
ment goals. Under previous Federsl

- practice, Government inventions ofisn

went unused and undeveioped theyqav

sert. ’ )

But critics, increasingly angrv abou} )
the new approach say conflicts of in-

- térests can arise when Federal scien™
- tists seek private: gain from publicly i

nanced research, resulting in dxstorte&- :
judgments and skewed aims. - .

Dr. Hugh DeWitt, a physicist at tﬁe

- Lawrence Livermore National Labotar

being asked to serve two masters
temptatioh is to conduct your r&sea‘td} ]
in such a way that it satisfies monetary
goals.” ..°

In response, Dr. Jack B. Marlmg,%‘

Continved on Page A12, Column l - 3' :

.LIMO, 8 AM-12 NOON, M-F; $24 PER Ho.m'

Hp mc[uded TV and phong. Looking to fill the hoyrs
with steady customer. 315-0803. Othier an'angemema
also poss1ble‘—AD\"1'

Hj.c




* " Continued From Page |

* rights of his laser invention to a private
concern, said *‘serving two masters”
wag not the right way to ook at Federal
sc:entlsts who are engaged in commer-

: ventures

ey’re really serving one master,

i the ‘human race,” he said. ““It doesn’t,

matter whether they re working for the
Government, the private- sector, or
both. The ultimate beneficiary will be
‘the people one way or another.”

Patents and Industry

Tﬁe debate is aggravated by two
trends, ‘acco: to both defenders!
and, detractors of the comimercializa-
tion of the missile defense research.

e first is the widening search for,

all’kinds of spinolfs at the nation’s Fed.

era{ labs — a network of 755 facilities

tha;spemdaboutﬂsbxllionayear In-;
stead of re all rights to inven-|
twgs, as-it did in the past, the Govern-

‘ment’ today i§ éncouraging Federal

sciéntists to sefl patents to industry, to}
accept private funds for . research
prdfects, to work with industry scien-
tigts in exchange programs and to
folifid business venfures.

The second trend involves the expan-
S Mr. Reageurs spesch fn March

eagan’s Mar

1983 outlining his misgile defense initia-
twe,hxsvisionhasgrownmtoaﬁve—
year, $26 billion program in which Fed-
eral laboratories play a pivotal role.
Government scientists are uﬂ:f
ngt only exotic weapons but also
_vanced computers, optics, sepsors, mi-
crocircuits, mirtor coatings, nuclear
reactors, rocket engines and industrial

processes in dozens of areas. Last week
the Pentagon disclosed that the plan for
the missile shield, developed after a
year of design work calls for thou-
sands of space satellites in a system
w:th seven layerg of weapons.

~ ZFhe debate is likely to intens1fy as

¥

- . The Yew York Times /Joee R, Lopez -
Br. Joim P, McTague, & White
Emsdmwlﬁelﬂ,sﬂdﬂmt

Scientists Selling Space Arms

 more Federat scientists seek to profit

fromn commercial spinoffs of missile:
defense research. In September, the di-
rector of the Strategic Defense Initia-
tive Organization, Lieut. Gen, James
.A. Abrahamson of the Air Force,
created a new office to encourage civil-
ian’ spinoffs from the military pro-
gram. On Oct. 8 he told a Congressional
committee that missile-defensé:scien-

tists have-a “splendid opportuity
capxtalize on the results of the research
of the S.D.I. and apply it acriss all
facets of our economy and s ¥

Although commercializati is-
sile defense research is still in itS;early
stages, Federal scientists are emcgtedly
planning to capitalize on their iGovem-
ment research and msornecases‘ ve
.already made financial gains ¥
ter for such spinoffs is the Livermore
laboratory in California, a facility for
the design of nuclear weapons
founded in the 1950°s. Today the-weap-
ons laboratory, which emplo}
workers, is creating some of the'most
advanced technologies for the missile
defense program.

According to Livermore scientists,
one defensive technology with g ential
for spinoffs is a supercomputet known
as S-1. In April 1983, shortly after Mr,
Reagan’s missile defense speech, Dr.
Edward Teller, a founder of theé'Liver-
more laboratory, told Congress, that
the Livermore’s S-1 supercomiputer
. project was a key to making 4, défense
agamst enemy missiles. *B i

selves from any strategic a

Livermore scientists say
nology has wide commercial ant
tions. One is a technique by

- scale integration. He added that he and

computer onto

wafer of silicon. According
project scientists who are pi ‘eenng
the process, such American compama;

“The big companies realize
"going to have to go this way orl
the business in 10 years,” siid Dr.
Bruce M. McWilliams, who ‘heads
Livermore’s laser approach to wafer-

other members of his Livermore ‘team
had patented parts of the laser piocess

JEES

Weapons, like lasers, thatdirect cotl-
oentrated beams of energy are. another
missile defense technolo i
evaluated for commercial apptication.
For instance, Livermore physicists
-have developed a powerful mini ature
accelerator to fire subatomic paiticles.
_into special lasers that use electrons
'freed from atomic substance, poten.
tially one of the Pentagon’s most

eper Dr. stephen
a physicist at Liver-

tx}xore, for use asacommercialfr:nidm
on source for sterilizing ts
vegetables, and processed food prod-
-ucts. It would be safer than the chemi-

tthews..
The accelerator is six feet long end -

| and private sectors than in the United

ith| returning any profits to the treasury.

- preneur was wxlmg to perfect a pro-

| cies: are. applied

could be manufactured to sell for about

$1.5 million, Dr. Matthews said, adding
that its cormmercial utility is being
evaluated by the Food Science Depart-
ment of the University of California at
Davis and that industrial contractors
have shown interest.

“‘The benafits of big science should
be channeled back to the taxpayer,” he
said. “The best way to do that is
through the commercialization of the
technology.”

Comm ]nicaﬁon's Laser

A device related to the missile de-
fense proj fromi which Federal
scientists have already profited is the.
8- 1’ blue-green laser, which is meant to

beam messages from orbiting satel-
lites to submerged submarines. The de-
vice is viewed by Livermore scientists
as crucial for strategic defense be-
cause of ifs ability to transmit large
amounts of information  with great
speed. Blue-green lasers could relay
urgent messages about the size, direc-
tion and speed of a Soviet attack, allow-

000 |ing submarines to quickly fire inter-

ceptor weapons into space to try to
knock out ene'my missiles.

Last year, Dr Marling, a key re-
searcher, sold the rights for a blue.
green laser detector to Helionetics Inc. |
of Irvine, Calif., which has contracts
with the Navy, for developing the com-
munications system. The money Helio-
netics has paid for the rights to the
laser will undoubtably be passed on to
the Navy in mcreased costs for the
commumcatmns system.

"“The really good inventions have a
wide impact only after they enter the
commercial sector,” Dr. Marling said.
He added that| in such highly produc- ‘
tive countries as Japan there has been
more interacuon between the public;

1

Stat&s

Until 1980, the American Govern-|,
ment - tended discourage Federal}
scientists from seeking private finan-|
cial gains from their work, ac :
to Government |officials. It "did this by
issuing nonexclusive licenses for ideas|
patented at national laboratories and

Nearly anyone could pay a fee and re-
ceive rights to a Federal invention.

U.S. Holds Patents

Over the rs the Government
came to own 25,000 patents, but only 5
percent of them were commarcially
licensed. Pohcygakers in Washington
said the problein was risk: No entre-

cess that anybody could copy.

The emphasis on increased commer-}
cialization started around 1980 when
two laws were ed encouraging the| .
transfer of Government technology}:.
into the private sector by allowing Fed-|.
erat labomtoriw and employees to re-
tain titleto lnventlons and by encourag-
ing the issuing of exclugive licenses to
patents. This practice varies from the
situation in private industry, where re-
searchers normally retain no rights to
their inventions.:

Regulations arebeingwrittenforre- '
cent amendments to the acts: There
are also wide differences in how '

laboratories, sinte J'are manage
by universities, private contractors,
and the Government itself under differ
searcher may receive nearly ail the
pmﬁtstmmtheealeoltherightstoa
governme.nt invention. Other times,|

juistitution may retain -

ent sets of rules.|In some cases, & re-| -



it
ile

di-
tia-
aes
ce,
vil-
0=
i

$1.5 million, Dr. Matthews said 'addihg

that its commercial utility is being’

evaluated by the Food Science Depart-

ment of the University of California at

Davis and that industrial contractors

have shown interest.
“The banefits of bi;

be channeled back to the taxpayer,” he -
said. ‘“The best way to do that is .
; _the commercialization of the

ology.”
ommumcatlons Laser

- project from which Federal
¢éntists have already proﬁted is the.
us-green laser, which is meant to
bedm messages from orbiting satel-
tes to submerged submarines, The de-
ce is viewed by Livermore Scientists
~crucial for strategic defense be-

e of its ability to transmit large

unts of information with great
‘ed. Blue-green lasers could relay
urgent messages about the size, direc-
and speed of a Soviet attack, allow-
submarines t0 quickly fire inter-

science shcu]d i

device related to the missile de--

Assoclated Press

Albert H. Meyerhoff, a lawyer at the Natural Resources Defense Council in
San Francisco, said, “We rely on these scienﬁsts tobe our brain trusts,”

i

T Weapons into space to try to
out enemy missiles. .

t year, Dr, Marhng a key re-
earcher, sold the rights for a bilue-
laser detector to Helionetics Inc.
lrvine, Calif., which has contracts
th the Navy for developing the com-
unications system. The money Helio-
ics has paid for the rights to the
laser will undoubtably be passed on to
theiNavy in increased: costs for the
} unications system.
The really inventions have a

de impact after they enter the
Mmercial sector * Dr. Marling said.

comm
| He added that in such highly produc-

tive countries as Japan there has been
yre interaction between the publici stan
pnvate sectors than in the United

Unul 1980, the- Ameri¢an. Govern.
I gains from their work, a

] ccording,
Government officials. It did this by
isguing nonexclusive licenses for ideas

€S | patented at national labaratories-and

| the

refurning any profits to the treasury.
early anyone could pay a fee and re-
‘cel’ erlghtstanederalimrention

d the problem was risk: No entre.
eneur was willing to perfect a pro-
653 that anybody could copy. -
‘The emphasis on increased commer-
alization started around 1980 when

f the issuing of exclusive licenses to|
i ctice varies from the
tuation in private industry, where re-
gearchers normally retam no- nghts ta

Regulations are being wntten for re-
cent amendments to the acts; There

__are also wide. differences in how

ent sets of rules, In some cases, a e«
searcher may: receive. nearly -all- thef
pmﬁtstromtheSaleottherightstoa

invention: Other times,|

sponsormgmﬁtuﬁen retain
mmucks of the profit.. - ey

- According: to its. ts, S

‘ingist, for instance, that it is difficulf

thing.”

-tor of the industrigl liaison office at the

-} tention to potential comflicts of inter

.__scient:sts currently fail to commercial-

mercialimtion lms only recenﬂy come|’

'under fire because of its association
with the politically sensitive missile de-
fense program. They say potential
problems have been exaggerated. They

for discoveries to be instantly profit-
able — a financial barrier that helps
keep research from being skewed.
“One of the illusions of technology
transfer is that there’s a stock of tech-
nology on the shelf,” said Albert H.
Teich, head of pubhc sector programs
at the American Association for the Ad-
vancement of Science. “Most often
there isn't a dual use — both ‘Star
Wars’ and the corner store, for in-
stance. It takes a lot of work to adapt
something. It’s not a widget that gets
transferecl It’s a much broader kind of

Chance of Abuse

The potential for abuse is very small
according to Dr. Eugene Stark, direc

Los Alamos National Laboratory in
New Mexico. He said one protectior| -
was the tiny amount of money to be
made. At the Los Alamos National
Laboratory in New Mexico, he said, of-
ficials estimate that five Years from
now, after the revolution in commer-
cialization has become routine, royal-
ties from the private licensing of pat.
ents might amount to $2 to $3 million g
year spread among 7,000 scientists.
Currently, he noted, Loe Alamos has ar
anriual budget of about $600 million,
"Dr. John P. McTague, deputy direc-
tor of President’s Office of Science and
Technology Policy, said the Govern-
ment had to finish the job of opening
the Federal iabs before its at-

ests,

“In principle there might be a prob-
lem it we had a large number of peoiltlle
engaged in garage-type ventures,” he
said. He added, however, that Federal
ize -of-their ideas. *“We ciearly
iter linkages to the private
.1 that leads to other problems;

trasisfer’ There ‘are - cer:
wnys {0 deal with problems wher

ey cothe along, such as having local]’

managers 1ook into’ conflicts. But we
need: to deai thh the ﬁrst problem

I contrast, critics say commesciali- L
‘zatlon has serious potential pitfalis that
ddressed from the

should ‘be a
“Federal

the start.
ants. are paid to be im.

‘Dr. Charles. Schwartz g

‘researcher .
-might be tempted to cut cornors ir
evaluating the feasnb:llty of complez _

would: like to have too e

nia at Berkeley. *‘If there are financial

interests or conflicts, it raises ques-{*

tions of whether it’s really disinter-
ested advice coming from the labs.”

One danger, critics say, is the great|’

disparity in the evaluation of different

kinds of projects. They say commer-|!

ciél spinoffs are easy to.test — they

- work or they don’t. But short of actual
‘war, a missile defense system is toc

complex to ever be thoroughly as
sessed. The result, they say, is that a
i private proﬁts

public' projects. .

“Who’s "to say whether this stufi]
works?” -asked John E. Pike, head of |,
.| space. - policy at the Federation ol |,
‘_ ‘American Sclenhsts. a private, non-
|- profit group in Washi

that has op-
posed the. rmssxle defense program.
“With a vaccifie it’s really clear. But
with “Star Wars® there’s not much op-
portunity for consumer feedback. You
have to take somebody’s word onit.”
.Previous - Government policy, the
¢ritics say, served the public interest

‘much ‘betier than is often claimed. It

avoided the risk of diminished Federal
efforts as Government scientists pur.

‘sue monetary goals. Moreover, critics
-8say the'engines of commercialization
.may evenpally run low on fuel. Some

Government patents, they dssert, are
essenually worthless; having been ‘tilec
defensively ‘or as status symbols. -

. ‘Afinal objection of the critics is tha
public monitoring of conflicts of inter
est under the new policy may be diffi-
cult or nearly irnpossible because of an-
tiquated laws and regulations. A Fed
eral researcher ‘who sells the rights of
an invention, for instance, might not

- bave to revesl publicly whether he also
“owns stock in the recipient company. |

“No one gbjects to technology trans-
raf." said Albert H. Meyer-{

fer in gene
hoff, @n attorney at the Natural Re-
sources Defense Council in San Fran-

cisco, “But you want.if in a way that|

protects thé public trust. At a mini-

tnum there should be full disclosure of |

any financial benefits accruing to gov:

ernment scientists from the for-proﬂt et

use of their-work products.”

He added: “In genéral yow're play- ‘

ingwithﬁrewhenyoum:xthegoalso
the private sector, which is for profit,
with the. goals of the public sector,
which should be devoted to ﬁndmgnew
knowledge and benefiting society asa
whole.”

Next: - Contractor’s potentml - COn-
ﬂ;cts. R ) _ ‘

phyéxcxst at the Umversuy' of. Califor-

e T —
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With costs' exceedlng $100-brlhon annually SRR '
OMB DRAFTS EXECUTIVE ORDER TO CRACK DOWN ON ABUSES IN FEDERAL GRANTS

The Office: of Management & Budget is attempting to crackdown on abuses in the $100-billion |
federal grants program and has drafted an Executive Order that will prohibit government agencies and
states receiving federal aid from issuing public funds to parties involved in “illegal”’ grant activities.
Sources said the draft OMB order would create a consolidated federal list of all parties that have been
““debarred,-suspended or deemed ineligible”’ to participate in federal assistance programs, a prospect that
is raising concerns from state and local groups who are the major recipients. of federal grant money. State
sources said they fear OMB may attempt to use the contemplated order for. political purposes to cut-off
assistance for grants that OMB does not want to fund. However, one OMB source denied this accusation
maintaining the Executive Order would only be used in cases where-'a court or: administrative law judge

fcontinued on page 9)

DRAFT OF REAGAN TRADE PLAN WOULD FIGHT UNFAIR TRADE SUBSIDIZE EXPORTS

An internal policy paper prepared by the Reagan Administration’s Trade Policy Review- Group
(TPRG), and made available to Inside the Administration, says the White House is considering a trade
bill, expected to be formally announced by President Reagan this week, that would fight unfair trade
practicés by proposing major changes to U.S. trade remedy laws. At the same time, ‘the paper pushes ag-
gressive promotion of U.S. exports with subsidized financing and proposes the creation of a new export
promot;on agency. The paper proposes trade remedy law changes covering sections 201 and 301 of the
trade act, as well as antidumping and countervailing duty laws. Administration proposals to ‘change sec-
tions 201 and 302 of the trade act have been carefully avoided by th’e White House up Lo now because

(commued on page 5}

%DOD LIKELY TO WITHDRAW TECHNICAL DATA REGS UNDER PRESSURE FROM INDUSTRY

The Dept. of Defense, under intense mdustry pressure, is hkely to withdraw technical data regula-
tions it proposed only last week to govern the ownership of proprictary technical data, computer software
and copyrights used in billions of dollars worth of defense coniracts, according to a Pentagon source,
who said an onslaught of industry complaints may prompt DOD to rewrite the rules. The technical data
regulations are significant to the Defense Dept. because they enable defense agencies to purchase spare
parts on a competitive basis. Industry is concerned the proposed rules will require DOD contractors to
give up vrrtually all of their rights to technical data. Industry compiaints about the regulatlons were so in-
tense last week that DOD called a select group of defense industry officials to the Pentagon to discuss the
regulations, Source said after the meetmg, DOD appeared to be ready to “start over” and redraft the
rules. -

The defense 1ndustry asserted the proposed regulatlons are so “flawed as to be unworkable fand}
"~ fecontinued on page 7)

WHITE HOUSE REJECTS FDA POWER PLAY FOR EXPANDFD ROLE IN BIOTECHNOLOGY

A White House work group recently rejected a request by the Food & Drug Admmlstratron to ex-
pand the role of the proposed Biotechnology Science Board (BSB) by usurping the National Institutes of
Health’s oversight authority for human gene therapy, one of biotechnology’s newest frontiers. White
House insiders explain that FDA would benefit from vesting greater brotechnology authority in the BSB
since, under the most recent Administration draft plan for the board, FDA is slated to chair the board.

The Reagan Administration plans to establish the board as an interagency oversight mechanism to
coordinate federal policy on biotechnology research but has not yet finalized the proposed make-up of the
board. The work group, chaired by the Office of Science & Technology Policy (OSTP), has been grappl-
ing with how to incorporate the role of NIH’s recombinant DNA advisory committee (RAC), which is the
tongest standing federal entity to review the safety of biotechnology research. Administration sources said
the decision to reject BSB authority over.human gene therapy may “have settled the question of where to

'FULL TEXT OF REAGAN TRADE PROPOSAL, SEE PAGE 6
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4. n 34l . ] ~profit U.S. export promotion

. Two amseinccit:r(:ents to section 301 would mclude: organization funded by private con-
— enactment of a 24-month deadline . tributions and user fees, afd manag-

on d:spute settlement; and o -ed by business representatives with

— provtsxon of extensions at peu-_ the support of state and local govern-

request. - - o S ~_ment trade devélopment groups.
5. Silcot[l]g; S20I*9 ' ' We could also include in an Administration bill two
We could usefully amend secuon 201 in two ways: proposals of the House Republicar leadership that we sup-

— provision of some type of ‘‘fast port, aithough the goals are already being achieved and do
track’’ procedure for perishable . - . ~ not require leg:slatlon

agncultural items; and

— promotion of structural adjust-

ment, by requiring the International

“Trade Commission to assess the peti-
. tioning industry’s prospects for ad-
" justment. to changing conditions of

— review of Foreign Commercial

Service personnel to ensure their

- ‘maximum effectiveness; and
~— a requirement for U.S. am-

bassadors to provide annual reports
on their embassies’ export expansion

competmon : ' - “strategy and accomplishments.
* Some in the TPRG noted that proposing amendments to 7. Reduction of Export Disincentives.
section 20l in partlcular may aggravate the risk (already in- An’ Administration bill would include a longstanding
herent in any Administration trade package) of inviting pro- proposal also supported by House Republican leadership, as
tectionist riders: well as a'House proposal whose implementation does not re-
‘6. Export Promotion Activities. quire legislation, but which we could support They are, .
An Administration bill would promote U.S. exports respectively: _
through, for example: . . — clarification of the accounting

provisions and of the liabilities of

foreign - agents under the Foreign P

‘Corrupt Practices Act of 1977; and

— improvement of the export licens- ' it
"ing process for small business.

8. Statement of National Trade Policy Objectives.

— authorization and appropriation’
" of funds to enable the Administra-
tion to offer $1 billion in mixed credit
-loans, to enable U.S, exports to com-
pete in third country markets until we
can eliminate predatory mixed credit

competition through negotiations;. The preface to any Administration trade bill would be a
and : clear, forceful statement of the Admmlstranon s trade policy
— creation of a semlpnvate, non- Objecuves

DOD LIKELY TO WITHDRAW TECH DATA REGS. . . begins on page 1

would violate rather than implement” a 1984 procurement law that directed DOD to draft the regulations
by October 19. But now because of the flap over the regulations, DOD is likely to ask Congress to extend
‘the deadline so it can draft new regulations to meet the concerns of defense contractors. The proposed

- regulations have angered Commerce Dept. officials with sources saying the agency may appeal to Con-
gress for oversight hearings. DOD and Commerce have had a long standing disagreement over the degree
to which a government contractor should be required to relinguish technical data rights to POD. Tradi-
tionally, DOD has sought more access to the data than Commerce thought was warranted.

To address the spare parts issue, Congress last year passed the Defense Procurement Act of 1984
(DPA) to authorize DOD to broaden, and in many cases require, access to technical data generated under
federal contracts. But critics said DOD, in proposing the regulations, has gone far beyond the intent of
Congress. A chief critic complained that DOD has ‘‘gone so far as to make awarding a contract con-
tingent on a contractor giving up all rights to technical data.”

DOD’s deputy under secretary for acquisition management Eleanor Specter last week called key in-
dustry officials to the Pentagon to discuss their complaints according to informed sources who said she
indicated a willingness to work with industry in revising the regulations. The defense industry, in a
number of “‘marathon’’ sessions, has prepared a working response to the proposed regulations which
sources said includes the followmg points:

Industry officials said DOD appears to be using government access to technical data rights as a bribe,
pointing to the regulations’ inclusion of a provision to allow the government to consider how much a con-
tractor is willing to give up rights in data when awarding a contract. The officials charged this is in bla-
tant disregard of Congress’ intent to create a “‘balance of interest’’ between the government’s need for ac-
cess to technical data and a contractor’s proprietary rights to keep that data, as stlpuiated in the DPA.
The DPA does not permit the government to' make that consideration. -

The definitions used in the proposed regulations do not coincide with those of the statute, accordmg
to industry sources. For example, the DPA uses “‘commercial’’ to mean ‘‘offered for sale to the public”’
while DOD broadened its meaning te include “‘used regularly for other than government purposes.’”
Similarly, DOD excludes technical data that has been developed with both federal and private funds from

- its definition of “*developed at private expense even though the DPA makes it clear that such data is in-
chuded in this definition, L : '
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DOD’s new policy statement appears to make broad demands for access to technical data according
to industry sources who said the proposed regulations require access to- data needed to meet the “govern-
ment’s mission’’ rather than limiting access to that data needed to meet ‘‘DOD’s needs’” as expressed in
the contract. Industry sources also said the policy statement preceding the proposed regulations fails to in-
clude statements contained in the DPA pertaining to preserving the contractors’ rights and restricting ac-
cess only to form, fit and function data when possible or avoiding the acquisition of unnecessary data.

A key Administration official, conceding that DOD “‘probably went too far with the’’ proposed
regulations, attributed the broad scope of the regulations to DOD’s “‘natural response’” to recent spare

* parts scandals. This official predicted that DOD would withdraw its Sept. 10 proposal, issue temporary
regulations and, at the same time, ask Congress to éxtend the Oct, 19 deadlme for implementing final
Tegulations.

FIVE SECTION 301 TRADE INVESTIGATIONS AT CENTER OF NEW REAGAN POLICY

Preident Reagan, as part of his tougher trade policy stance, plans to use the broad authority vested
to him under the trade act to inititate three investigations of alleged unfair trade practices to retaliate
against countries that are closing their markets to the U.S. Reagan is calling for expedited resolution of

~two pending cases, but cautioned that while he will use the 301 powers, ““as a lever to open closed doors
abroad, we will continue to resist protectionist measures that would only raise prices, lock out trade and
~destroy the jobs and prosperity trade brings to afl.”

The three new cases mark the first time the President has inititated a 301 mvesugatlon under the
trade act. The three cases allege unfair restrictions against foreign computers and related products from
Brazil, tobacco trade restrictions in Japan, and access barriers in the Korean insurance market that lock i
out U.S. firms. They are joined by the two previous cases on European Community (EC} canned fruit
subsidies and efforts to open the Japanese leather and leather footwear ‘markets. While five cases are be-
ing investigated now, U.S. Trade Representative Clayton Yeutter also sald the list ts not mcluswe and

. more cases could be added to it.

Under section 301, Reagan has the authority to take any ‘‘appropriate and feasible actions within his
power to obtain elimination of unfair trade practices,’’ said a White House spokesman, Spec1f1cally, he
may impose duties, fees or restrictions on products and services of the offending country, and not

. necessarily ones related to those under investigation. Reagan may also deny licenses issued by federal

' regulatory agencies to foreign service suppliers. The degree and duration of these actions are up to the
President, and he is even allowed to initiate them summarily without any investigation at all. However,
Yeutter ruled out Reagan’s use of the authority under 301 to impose trade sanctions without an investiga-
tion. “*You do not treat trading partners this way,”’ he said. e :

Brazilian informatics. The Office of the U.S. Trade Representative (USTR) will initiate 301 pro-
ceedings against ‘*Brazil’s unfair trade practices in informatics.”” According to a White House spokesman,
Brazil's new ‘““informatics policy”’ has tightly restricted imports over an eight-year period while allowing

" only wholly owned Brazilian firms to sell computers and computer products in the domestic market. This,
the spokesman said, has unfairly locked out U.S. imports and forced several U.S. firms in Brazil to shut
down and leave the country. Before a 1984 Brazilian law took effect, the Brazilian market increased by
30% annually between 1980-82, primarily due to the microcomputer segment, and U.S. exports only in-
creased by 14% annually.

e .

Japanese restrictions on U.S. tobaeco exports. Tight Japanese restncnons against foreign imports of
tobacco products will be the subject of this new 301 investigation. According to the White House, ““U.S.
cigarette exporters have faced significant barriers in the Japanese market, including high tariffs and excise
taxes, a prohibition on manufacturing by foreign firms . . . and restrictions on distribution.” {n spite of
“intensive efforts’’ by U.S. officials and exporters, the U.S. share in the $10-billion Japanese cigarette
market has only risen from 1.4% in 1979 to 2.1% this year. Repeated promises by Japanese officials for
.an increase in the market share have not been acted upon.

Korean restrictions on U.S. insurance firms. The third new case will attempt to find ways for U.S.’
insurance companies to break into the Korean market. Private and diplomatic efforts over the past six
years have ‘‘had only limited success,”” a White House spokesman said. Korean law still prohibits foreign
firms from writing life insurance for Korean nationals as well as the most lucrative types of fire in-
surance. This is true despite Korea’s ““obligation to provide national (non-discriminatory) treatment to

_ foreign firms under the Treaty of Friendship, Commerce and Navigation,”” he said. In 1984, the total
value of premiums for insurance other than life was over $1-billion, and for life i insurance, nearly
$4-billion.

Stepped up negotiations on canned fruit and Japanese leather cases. Besides mmahng three cases, the
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