
The National Institutes of Health in 
Its Centennial Year 

The laboratory of which the National Institutes of Health 
(NIH) is a lineal descendant was founded in 1887. 
During discussions of our plans for a year-long centennial 
observance with members of our House and Senate 
appropriations subcommittees, congressiollal members 
urged us to set two specific objectives: making NIH 
better known to the American people, and presenting the 
attractions of the many roles UI health-related research to 
young people who have not yet formulated career plans. 
When I was invited to prepare an article for Science 
dealing with my personal experiences as director of NIH 
since April 1982, it seemed an opportunity to address the 
same obiectives for the scientific comn~unim. for in mv , , 
view there is much misinformati011 and far too much 
pessimism throughout the country about the state of 
biomedical research and its support. 

I~z~ovel,~zunent the bzd!et is the nzessa~e.-I. F. Stone (1 ) 

T HE MOST S,YI"I'SFYINC; ASPEC;T OF MY FIRST 5 YWRS AS 

director o f the  National lnsritutcs of Health (NIH)  has been 
the sustailled gro\vth of N I H  funding, anlounting to 70% in 

dollars as appropriated (Fig. I )  and 28% in real terms. This growth 
has erased the 14%) loss of purcl~asing power experienced by N I H  
from fiscal year (FY) 1979 through FY 1982 (Fig. 2 ) .  In each of the 
last 3 years the N I H  appropriation has set a new record in constant 
dollar ternis. O f  the FY 1987 appropriation of  56.18 billion, 89% is - 
expended in grants and contracts to extramural institutions and in 
related ad~ninistrati~,e costs. The overall growth rate of the N I H  
appropriation since the late 1960s has been 2% pcr \.ear, even 
factoring in the three brief in tends  when the appropriation lost 
purchasillg power for periods of 2, 1, and 3 years as s11o1vr.i in Fig. 2. 
In only one of  these vears, 1970, did the actual appropriation 
decll~le ti-om that of the previous year (Fig. 1 ) .  In ali bthcr \,ears 
when purchasing polrer \\as lost, the explanation n7as inflation 
running ahead of the appropriation. - -  - 

I havc dlveit on the recent hlston. of tlie N l H  avvro~>riatio~l in 
I I  L 

order to gainsay the statanents I llcar on Inany university campuses, 
in many acldresses of presidents of professional societies, and ti-om 
leaders of volunrasy health agencies that the N I H  appropriation has 
been slashed, that the federal support of biomedical research is 
capricious, and that the future is uncertain. At!; experience con\ r~nces ' 

me that the opposite is true. Biolnedical research has strong 
cl~arnpions in the Esecutive Branch, both houscs of Congress, an8 
both parties. The appropriations subcommittees in both houses arc 
painstaking, Grsighted, and supporti~re. They Irave been unfailingly 

The author is dlrecti)~ of the Nat~onal Institutes of Iic.llth 

cordial to government and nongovemment witnesses alike in build- 
ing a carefill Icglslat~ve record f;r the ultimate appropr~at~oiic blll to 
be advocated 111 committee and on  the floor. 

The politics of the bucigetan- process is one of  the first clvlis 
lessons to be learned bv a new director. Thc vrocess starts 2 \.ears in 
advance of the target year while we are allocatillg anci adjusting the 
appropriation of the current fiscal year and presenting anci dcfend- 
ing the budget of tlie nest fiscal year. At the beginning of  each neu- 
budget cycle NTH issr~es gelleral instri~ctions to each bureau, 
institute, anil di~.ision (BID). based on guidance received from the 
Office of Managerncnt and B ~ ~ d g e t  (OMB), the Department of 
Health and Human Scn:iccs (DHHS), and the Public Hcalth 
Service (I'HS). Wc currentl!~ prepare 18  separate BID budget 
proposals, each one of rvhich eventually becomes a separate l c ~ n ~ ,  anil 
whicli cullecri\rely are referred to  as the N I H  budget, although in 
t n ~ t l i  therc is n o  such thing. The budgets prepared by thc individual 
I3IDs arc integrated in the Otfice of the Director, NIH,  adjusted to 
confornl n.itli-polic!. decisions and guidance, and submitted to the 
P H s .  There the S I H  rcquest is integrated rvith those of other 
agcncies, and a tentative decision is made on  the magnitucle of  each 
agency's budget. There are appeals of  proposed cuts, resulting in 
some a l lo~~~ances  and some denials, and then the P H s  builgct is 
sub~nitted to  13HHS nrherc the process is repeated. Finally, it is 
submitted to  OMH where the procedure is repeated once Inore. In 
late November or carly 13ecember each year the Ol\ilR "passback" is 
received. Then another round of appeals rvitll final allo\i~ances and 
denials takes place. With the President's decisioli 311 internal negotia- 
tions on behalf of  the budget are over. 

L 

Eveqr ?car before the appropriations hearings, each agency head 
and institute director is reminded of his or her responsibilitv to 
dcfend the President's budget before the Congress. Each vea; I\ e 
recelvc some varlant of  the niessage perhaps best stated bv President 
H a r r ~  S. Truman in 1946 ( 2 ) :  

I havc noticed that on several occasions certain cicpartment anct agency 
oficials havc shown a tendency to seek from Congress larger appropriations 
than a.ere conternplated 111 official budget estlmatcs. . . . While agency 
\vit~~esses before congressional committees must feel free to supply facts in 
answer to questions of committee membcrs, I cannot condone the practice of 
seizing upon any o p p o r n l n i ~  which presents itself to indicdte an opinion, 
either directly or  indirectl!7, that my estimates are insuficient. . . . I shall 
expect [agency heads] and thar  subordinates to support o111y the President's 
cstimatcs in hearings and discussions with ~nembcrs of Congress. 

The congressional appropriations committees d o  not hesitate to 
request additional information iron1 us, for example, the cost of 
1000 or 2000 additional new and competing renenral awards o r  the 
list of  clinical trials that could not be initiated within the President's 
allowance. We are permitteii to  answer factual questions of this ype. 
M'itnesses for the professional societies and \.arious coalitions and 
delegations speaking in support of biomedical research provide 
estimates for the cornmittees of the amounts that could be expended 
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Fig. 1. Total S I H  at>- 
txopriations for FY 
1945 to 1987. The tran- 
sition cluartcr (TQ) and 
the programs that have 
beell transferred out to 
other agcllcics ha1.c been 
excluded. ( T Q  refers to 
the months of Jul!.. Au- 
gust, and Scpte~nbcr in 
1976 when the bcgin- 
ning date of the E'Y 
changed from July to 
October.) [Source: S I H  
Mmagcmcnt llata Bank] 
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on pronlising high-quality research and training in the various 
institutes. E~rentually an appropriations bill is enacted that allows 
N I H  to support the best qualin projects recon~n~ended by peer 
reviewers. 

The Administration strategy with respect to the NIH budget 
seems to have been established in the early 1960s. From that time 
onward the President's request for N I H  has al\vays been illcreased 
by the Congress. This has been true regardless of \vhich parn  is in 
the White House and \vhich p a r n  is in control of the Congress. It is 
Washington folldore that the permissi\,e role played by the hdminis- 
tration in this budgetan theater achie\,es a final result that confornls 
to Administration strategy. 

Growth of the Research Enterprise 
During the past 5 years nre have placed explicit primary emphasis 

on the investigator-initiated research project grant. This policy has 
resulted in filrther gro\vth of the total nunlber of research project 
grants, primarily ROls, and program project grants (Po ls ) .  I11 1970 
NIH f~ulnded 10,000 such a\vards; in 1982 the number \\,as 15,970; 
by 1986 \Ire had reachcd 19,300 axyards in these categories. 13ut the 
total scope of N I H  projects is eIren greater tha~; these figures 
indicate. M'hen all types of projects are considered, N I H  funded 
more than 28,000 projects in~rolving approximately 50,000 scien- 
tists in more than 1.600 iirstitutions in the United States in 1986. 

The number of ne\v and competing renewal research project 
awards made in the past 5 years has crept stead~ly upward from 
5.027 in FY 1982 to 6.354 anticivated in Fk' 1987. The stabiliza- 
tion policy enunciated in 1979 proposed a protection of all funding 
mechanisms against wide budgetan fluctuations. The fill1 scope of 
the policy could not be implemented during its first fen  years, 
owing to the loss of purchasing po\ver of thc N I H  appropriation 
mentioned above. T o  do so n,ould have required that N I H  depart 
from its historical position of regarding future >,ear commitments as 
moral obligations t o  be met, or ;,en. nearly met, before new a\vards 
were made. With the growth of the  N I H  appropriations since 1982 
the goals of the stabilization polic~r have been more nearly achieved. 
The numeric of 5,000 nelv and con~peting renewal awards (more 
recently 6,000) and 10,000 traineeships and fellowships is about all 
that has sun.i\wl of the original broader stabilization policy, \vhich 
has been criticized as setting dc facto ceilings rather than floors. 
Ne\rertheless, it is my belief that these policy excerpts have gi~ren the 
appropriations subcon~mittees targets for budgetary titration in 
years when smaller numbers of new and competing rene\val awards 
or training positions had been proposed. 

The increase in numbers of research project grants has been a 
result of slo~v, steady budget growth and-of a reduced emphasis on 
contracts and, to some extent, on  centers. There has also been a 
decline in the fraction of the budget devoted to training, and this last 

shift reflects primarily the elimination of nonresearch training after 
the revision of the I'ublic Health Scmicc Act in 1974. The shift of 
fi~nds among support mechanisms during the past 15 years is s11on.n 
in Fig. 3. 

Concomitant with the polic!. emphases mentioned above, there 
has been growth in the fraction of the total N I H  budget de\~oted to 
basic research. In the early 1970s, this figure \\,as no more than 
45%; b!. 1980 it had reached 52%, and in 1986 it \\.as 63%. 

The average total cost of research project grants (competing and 
noncompeting awards) expressed in constant dollars has been 
remarkably consistent o\.er the past 15 years (Fig. 4 ) .  Although the 
a\.erage total cost reached $151,847 in 1986, the constant dollar 
equivalent is essentiall! the same as in 1972. Howe\rer, during this 
time the indirect cost component for all grant awards increased from 
21  to 31.4% of the total a\vard. Accordingly, in constant dollar 
terms the average direct cost of research project grants declined 13% 
in the past 15 years. 

It is N I H  policy to  pay the full costs of research and training 
grants urhene\,er possible. During >,ears in which a minimum 
number of ne\v and competing rene\val awards is specified by law 
and appropriated f~rnds for the research project grant mechanism d o  
not cover full costs, do\vnward negotiation is obligaton. 

Peer Review and Competition 
Until the mid-1970s. 70 to  75% of sub~nittecl applications were 

recommended for funding by study sections and national advisory 
councils. In a typical ycar N I H  was able to fund about one-half of 
these, for a11 alvard rate of 50%. The payline (the priorin score that 
includes 90% of a\vards) was frequently in the range of 225 or 
occasionally even 250. Most BID directors felt relati~rely comfort- 
able \vith these statistics. During the past 5 years approximately 90% 
of submitted applications ha1.e been recommended for possible 
funding. The alvard rate has been 35 to 40%, and the payline for 
N I H  as a \vhole, about 170 or 180. These statistical shifts ha1.e been 
interpreted by many as consequences of severe budgetary cuts, but 
as pointed out above, that conclusion is too facile. At least three 
otlqer factors appear to  come into play. These are i~lcreased numbers 
of applications, increased qualin of applications, and changes in 
study section behavior. 

In 1970 N I H  received 7,570 nevi and competing renewal applica- 
tions for KO1 and PO1 awards. By 1980 this number had reached 
13.591. and in 1986 it was 15.858. In 1970 5% of these were , , 

amended applications, or "resubmissions"; in 1980 this figure \\as 
15% and in 1986 it was 28% of the total. In addition, as 
competition has increased, more scientists are submitting multiple 
applications in the hope that at least one will be funded. This 
component has increased from 10% of applicants in 1970 to 17% in 
1986. The increase in approval rates undoubtedly reflects, in part, 
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Fig. 3. Allocation of NIH cstrainural awards by 
activity for FY 1972 to 1986, sho~ving the pcr- 
centagcs of amount a\vardcd; dollars are in bil- 
lions. The top dotted arca reprcscnts Con~truc- 
tion and hledical Libral~ (;rants; 3% i~ the 
amount a\\-ardcd for this categoly i l l  1972. Thc 
National Kescarch Ser\.icc A~vards (SKSA) sec- 
tion includes prc-NRSh training. TQ is esciudcd. 
[Source: SIH,  DKG. Statistics and h~alysis 
Branch] 
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the illcreased quality of applications. Rut it may also reflect, in part, 
changes in study section bcha\~ior. N1a11y nlore applications for 
\vhich study section membcrs express high enthusiasm are given 
high priorin ratings now than 10 years ago. Therefore paylincs are 
not comparable. In addition, a 38% a\vard ratc \\.hen 90% of the 
applications are recommended for approval (34% success rate) is not 
much diffcrcnt from a 50% a~vard ratc \\.hen 70% ofthe applications 
arc approved (35% success rate). 

Tllc declines in award and success rates reflcct a ratc of grolvth of 
the applicant pool greater than the rate of gro\vth of appropriations 
for research project grants. The!, d o  not reflect budgetan cuts. As 
competition for support became more intense, applicants began 
writing longer applications in response to  more and Inore detailed 
critiques by study sections. In an ctfort to improve the efficient!, of 
the awards s!.stcm and to allo\\r scientists to  spend a larger fraction of 
their time doing research, we have set page limits on applications 
and 11a1.e encouraged longer tcrnis of a\vard. In instances in \vhich 
the alvard period recommended by a study section is shorter than 
the time rccluestcd and no rationale for shortening has been 
provided, national advisory councils have recommended restoration 
of dclctcci time. For "first-time-e~rcr" recipients of research grants \ve 
have i~itroduccd the First Independent liesearch Support and 
Transition Award (FIRST], a 5-year award ofS350.000 direct costs 
nit11 provisions for carrying over unspent funds tiom one budget 
!.car to  the next. This a\vard should allo\v thcsc ne\v inlrstigators to  
concentrate on thcir research for 3 to  4 ycars unimpeded by the 
pressure to  submit a rene~val application 18 months after the start of 
the project as \vould occur with a 3-year a\vard. We mill need to 
monitor the FIIiST a\vards to  dctcmmirie whether they indeed 
encourage greater output and Illore creati1.i~ than Lvcrc achic\.ed 
with shorter tern1 a\vards. We have also introduced the 5-!'ear 
Method to Extend Research in Tinie (MERIT) a~vard for mid- 
carccr scicntists of deniollstratecl productivit~, and \vc will alvard a 
5-year extension on  the basis of a satisfactory progress report rather 
than 3 conlpletc competitive rencn~al application. In addition, the 
National Institute of Neurological and Comrnunicativc Disorders 
and Stroke has introduced the Senator Jacob Ja\.its A~vards in the 
Ncuroscicnccs, and the National Calccr Institute has established the 
Outstanding Inircstigator A\vards, both of \vhicll are made for 7 
years to  scientists of exceptional nierit and productivin,. The 
combined effects of all these efforts ha\.e already lengthened the 
average tcrnm of award from 3.1 ycars in 1982 to 3.7 \.ears in 1986. 

The peer review system, \vhereL>y grant applicatidns are judged 

first h r  scientific merit and tech~lical feasibility and next for program 
rclcvancc, continues to  receive accolades as one of the astute 
inventions that has ensured cluality control of NIH-supported 
activities and has kept this critical function chicfly in the halids of 
nonf2dcral scientists. As a system that im.ol\,es human judgment it is 
not fla\vlcss, yet it is a11 innovation of n~hich N I H  can be justly 
p r o ~ ~ d .  From tillle t o  time nrc hear criticisms about the system, that 
it is an "old bo!rs' nct\vork," that it favors the eastern private schools, 
that it selects against clinical projects, or that it selects against 
potentially creative projects that may appear riskier than the a\.crage. 
Just 3 fe~v  of thcsc points can be addressed here. For example, of all 
the Di\,ision of Iicsearch Grants (DRG) study section members 
sening in 1986, only 15% had had prior N I H  appoinul~ents to  
study sections, compared ~vi th  17% of those stlying in 1075. Of 
those ~llenibers in tllcir first !'car of appointment in 1986, 17.6% 
had had prior N I H  experience, compared \\lit11 19.0% ofthose first 
appointed in 1975. IVith respect to  geographical distribution of 
a\vards, four o f thc  top ten institutional recipients of N I H  funds arc 
on the West Coast. Of concern t o  me is the number of scientists 
invited to  serve on  study sections lvho decline to  d o  so. There are 
I d i d  reasons for deferring, such as sabbatical year or the rc\rision of a 
textbook, but some in\.itees h ~ \ . c  refused c\,er t o  serve. 

l'crhaps Inore than all!. other subgroup with special interests, the 
clinical in\,cstigators have felt that patient-oriented research farcs less 
\\.ell in the 'xpplication rc\.ic\v process than it dcscn.es. The!, arc 
sometimes critical of the composition of study sections as Ila\.ing 
inadccluatc representation by clinical investigators. Keasons for 
possible underrepresentation are that a considerably higher percent- 
age of I\1.1). than of 1'h.D. in\itccs declines to  s e n r  on study 
sections, and that 3 higher percentage of M.13. than of 1'11.13. 
members resigns early. 

Training and Career Development 
During the past 5 ycars n7e ha\.c supported a b o ~ ~ t  10,500 trainees 

and fello\vs per !.ex, a figure \vithin 5% of the number recommend- 
ed by the Comn~ittce on National Needs for Biomedical and 
Behavioral Kcscarch I'ersonnel, \vhich is a National Academy of 
Sciences co~nniittee that Lvas mandated by the Public Health Senice 
Act of 1974. The yield of future NIH grant applicants and a\vardces 
from among research fcllo~vs lvith I'h.13. or ,U.D. degrees or of 
trainees with Ph.1). degrees has bccn quite acceptable, but the yield 
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160- Fig. 4. Axerage total 
cost per grant for N I H  
rcsc~rch project grdnts 
for FY 1972 to 1986. 
Solid line shons total 
coat for cach !.car: 
d ~ s h e d  line shows cost 
coll~erted to co~lbtn~lt 
dollars, using the 
RKDI'I. with 1072 ,IS 

40 I the b ~ s c .  TQ arlil pro- 
grdms transfirred out 

i r . _ - _ - _ - . _  , -  
7 - - 7  --7 77.~ - - - 

1973 1976 1979 1982 
I ~ n e  becn c\cludcd. 

F~scal year 
[Source: NIH,  l l l iG, 
Statistics and ,lt~alvsis 

from among h1.D. trainees receiving 9 months or  more  o f  P H S  
support  has been lon,. C>nl!, about 20% of  I\I.I).'s n,ho began 
research training about 1970  e\.er applied for an N I H  research 
an,ard, and 10% o f  the total n.crc successful (Figs. 5 and 6 ) .  \Ye 
ha . c  urged program directors t o  select trainees more caretilll!., and 
Ila\.c rcmi~lded them that the legislative basis for these a n x d s  is 
research training that illlplies a research career rather than a 
subspccialt!. practice objecti1.e. The  situation is n o n  improving, and 
the more recent M.1). trainees ha\,e a 30% application rate and 15% 
of  the total ha1.e been successful. 

The hledical Scientist Training Program (&ISTI') has continued 
to  rccci\.e a high priority and has becn expanded slightl!-. We  
currcntl! support  700 students in this combined degree program 
each !.ear and graduate about 100  cach !,car. Applicants w h o  ha1.e 
M.l>.'s and l'h.D.'s, some o f  whom are MST1' graduates, have the 
I~igllest succcss rate of  any categol?. of  applicants in securing N I H  
research support .  

N I H  faces a serious problem in the filnding of  research training 
programs. Tuition costs are increasing rapid!. in both the prcdoc- 
toral and hlcdical Scientist Training progralns. Without substantial 
incrcascs in the appropriations for these activities, \ve f ~ c c  a dilemma 
benveen continuing to  pa!, full tuition costs and maintaining tllc 
curl-ellt number of  trainees. I n  addition, it has proved dificult t o  
secure regular cost of  l i ~ i n g  adjustments in the training category. 
The last major stipend adjustment Tvas in FY 1985.  

N I H  continues to  support  an array of  career development pro- 
grams, the funds for which d o  no t  compete n,ith the training 
p r o g r a m  n ~ n t i o n e d  above. In 1986  a total o f  1335 such a~vards  
Tvas f i~nded,  of  n~h ich  244  Tvere nen. an,ards. The  newest member of 
the career dcl -c lopl~~cnt  series is the l'hysician ( o r  Dentist) Scientist 
h ~ v a r d ,  ~vh ich  provides support  for 3 ycars of  basic rcsearch 
experience plus 2 ycars o f  transitional activities at a semi-indcpen- 
dent research lc\,cl. The  applicant pool has bccn outstanding. \Ye 

--.. ----, ..--d*-d*' 

s M.D. fellows 
n s r s m s  Ph.D, trainees --- M D, tralnees 

currently make about 8 0  nemr appointments in this categor!. each 
!.ear. 

Intramural NIH Research 
Each year the l'residcnt's budgct contains a larger percentage 

increasc for the intran~ural portion of  the research program than for 
the extramural component. Ho\ve\.er, the outcomc o f  the complex 
appropriations process discussed abo1.e has been p a r i n  o f  intramural 
and extramural increases. For example, bcnwen 1974  and 1986  the 
portion of  the appropriation for extramural acti\.ities grelv by 114% 
and that for intramural programs by 11 1 %. The fraction o f  the N I H  
appropriation spent intramurally tends t o  drop in years of  significant 
g ro~v th .  In 1987, on]!, 10 .5% of  the appropriation is being spent 
intramurall!.. 

The i~ltramural programs and scientists arc subject t o  a rigorous 
peer rcvic\v that differs t iom that accorded grant applications from 
extranlural scientists and is more appropriate t o  a national labora- 
tory. Each institute has a Board of  Scientific Counselors that re1.ien.s 
cach intramural program and scientist once every 3 t o  4 years. 
I>ctailed reports are written that contain rccommelldatio~ls collcern- 
ing levels of  support .  Scientific directors make periodic adjustments 
in allocation o f  space, f i~llds,  and positions based on  snch re \ icns .  
Scientists cmplo!.ed by the Clinical Ccntcr because of  co~lcomitant 
s e ~ i c c  roles are included in this system. 

The scientific directors o f  N I H  meet regularl!, t o  revicn. proposals 
for promotion and for con\.crsion t o  tenure status. Less than 10% o f  
an\ cohort group o f  \,oung scientists is evel~tually ofibred tenure. 
o u r  sIrstenl is modeled after academic s!,sterns, and tenure must be 
ach ic~wl  ~v i th in  7 years. Kre n o ~ v  ha\-e 1,116 intralnural scientists 
~ v i t h  p u n l a l e n t  q ~ ) p o i n t ~ ~ ~ e n t s ,  of  ~ v h o n ~  4 2 8  arc physician-scien- 
tists. 

Special Issues 
T w o  issues that surfaced soon after my appoinmlent as director 

Ivcre fir11 pa!.mcnt o f  indirect costs and the creation o f  a separate 
institute for arthritis research. The  President's budgct for FT 1982, 
constructed before my appointruent, contained a decision t o  pay 
indirect costs at 90'3'0 of  the audited rate. This proposal had first 
becn 111adc by the National Advison Eye Council in 1977. The 
concern was that the rate of  indirect costs \vas gro\ving Inore rapidly 
than the N I H  budget as a whole, and therefore that indirect costs 
Ivcre consuming an increasing fraction o f  the research award. The 
proposal in both the original and subscqucnt \,ersions was success- 

- Ph.D. fellows 
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- m m - m m  Ph.D, trainees 
--A M D, tranees 

I 1 I I I 1 1 I 
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F~rst year of postdoctoral t ra~nng First year of postdoctoral trainng 

Fig. 5 (left). l'crccntage of NIH-supported postdoctorals becoming N I H  (OPPE)] Fig. 6 (right). l'crccntagc of NIH-supported postdoctorals 
grant applic.lnts. [Sourcc: NIH,  Oificc of Program Planning and E\,aluation bccomixlg N I H  grant rec~picnts. [Soiircc: NIH. Ol'PE] 



1986 there n.as a continuous demonstrution b!- ~ n i m a l  r ig l~ts  groups 
011 the N I H  canpus  for more than 4 months, \vhich includcci a 

fully countered b!. uni\.ersit~, preaicients ,lnd their professional 
associations. In the end, the only modification insisted on  b!. Oh113 
Lvas a cap o n  fclcult\- salaries and related fiinge benefits in the 
ca t egon  o f  indirect costs entitled llepurtmcntal Aclministration, at 
3.6% of inociified total direct costs. ?'he Health Rcscarch Extension 
Act o f  1985, \\.hich rcautl~orized N I H ,  created a n e u  National 
Institute ofArt11ritis and Musculosltclctal ,lnd Skin 1)iscases and thc 
National Institute of  lliabctes and 1)igestivc and Icidncy lliscases 
from the forincr larger Na t io i~~ l l  Institute of  Arthritis, lliabctes, and 
1)igestivc and Kidney Diseases. In addition, the act established a 
ne\r National Center for Nursing Kcsearch at  N I H ,  thereb!. truns- 
ferring essential components of  the Heulth Resources anci Scr\,iccs 
Administration. Both units iiolv have their o\i.n appropriations, 
ad\~isor!. councils, ciircctors, anci core staff. 

1)ominating the issucs confronting N I H  in the past 5 years  ha\^ 
been the a c q ~ ~ i r e d  immune deficiency synciromc o r  AIIIS, the use o f  
animals in rcseurch, and, to  a lesser extent, misconduct in scicnce. 
More recent issucs have included the mission boundaries o f  N I H  
wit11 respect t o  the bioteclinology industn,  and industrial competi- 
tiveness, nlapping and seclucncing the human genomc, and the 
c l ~ ~ s t i o n  o f  "big" \.crsus "littlc" science in biology. 

Since the beginning of  the FY 1985 bucigct, AIIIS has bccorne a 
bucigeta~? item in its o\vn right and it 113s n o  longer been neccssun 
to  transfer k111ds from other progrunls to  support  AIDS resc,~rch. 
The budget for AIIIS research at N I H  for FY 1 9 8 7  is S252 nlillion. 
The  l'residcnt's request for FY 1988  contains $422 million for 
AI l lS  research at N I H .  

I have been surpriscci that the degree of  coordination of  1'HS 
programs related t o  AIDS is not  ~vcll  knoxvn. \Ve have haci a P H s  
Executive Task Force o n  A I I X  since 1984  anci have becn meeting 
regularly e \ w y  other ~\/Ionda!~ for the p ~ s t  2 !.ears. I11 regular 
attenciancc arc directors of  fi \r  agencies (3) and key nlcmbers o f  
their staffs, the assistant sccrctanr fils health, the d e p u ~  ussistunt 
secretary for health, and kc! nlenlbera o f  that staff, the Surgeon 
Gencral of  l'HS, anci members o f  his stati: There are bi\vcekl\r 
reports from cight tusk forces plus periodic detailed issue reports. 
Follo\ving each meeting, Dr .  r\nthony S. Fauci, director of the 
National Institute o f  r \ l l e r ~  and Infectious lliscuses, \i,ho chairs the 
1'HS AIDS Subgroups o n  Therapeutic Intervention and \'accinc 
RSt l l ,  and n h o  also scr\-es as coordinator of NIH-sponsorcci 
research o n  ,\IDS. convenes the N I H  AIDS Executive Conunittee. 
Thus, all agencies arc kept fully inforrncci o f  activities in other 
ugcncics, and the N I H  committee is kept fully informed o f  events 
reported curlier that day. In adciition, the marly collaborations o f  
N I H  scic~ltists u i t h  industry in cirug and \.accine de\.clopmcnt arc 
coordinated by the N I H  interinstitute committees. 

The use of  unimals in biomcclical research is a uervasi\.e and 
tenacious issue. The  animal rights n ~ o \ ~ e m c n t  is \veil organizeci and 
politicall!. eEcctive. The  n ~ o \ ~ e m c n t  inclucies a coalition o f  man!, 
groups, ranging from those \vho ackno\i.ledgc the need for aninlals 
in research but scek higher stundarcls for the care anci humane 
treatment of  unirnals, t o  those \i.llo \{.ant t o  eliminate altogether the 
use of  animals in research. \'\:ithin recent years there have becn 
nunlerous break-ins and acts of  \~undulism involving animal facilities 
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\Ye ad\ ocate h ~ g h  standards and humane treatment of  animals in 
rcsearch. The  LVIH Gztzk fill. the Carz. and Use o,t'labor.ator? Anzn~nls 
( 4 )  has been rc\iseci several times. The most recent revision, nrhich 
\i.ent into effect in 1985, recluires research-pcrformii~i~~g institutions 
to g o  beyonci assurances of  compliance \i.itli guicielincs, t o  identi$ 
problem areas, anci t o  propose a tinletable for corrective action. B!. a 
secret,lrial decision \Ire are no\v performing random site \,isits, \vhich 
have freclucntl! discloscci proceciural o r  technical flun~s of  correcvuble 
nut~lrc,  but have not  discloscci gross infractions ofguicielines for the 
11~1111ane care anci treatment of  animals. In  the summer and f 11 of 

\i.eckl!- e\.cning candlelight vigil 011 the front porch of  the director's 
home. Then the demonstrators nlo\.cd to  the hIa11 area near the 
Capitol, and thcv later disbanded for the \vinter. Thc animal rigllts 
g r Jup  has 11u\i. rcinstituterl the demonstration o n  t l ~ c  hlall. 1nthis  
manner thc!, scek political support, in particular t o  accluire o\viler- 
ship o r  guarciian status o f  the so-calleci "Sil\.cr Spring monkeys." 

In 1)ccember 1985  the entire meeting o f  the Aci\ison Committee 
to  the Ilircctor, N I H ,  xvas cle\,otcci t o  the question o f  the mission o f  
N I H .  The  group discussed \\.hcther N I H  shoulci explicitly consider 
xvays t o  promote h ~ c r i c a n  industrial competitiveness. The meeting 
included outside guests representing b io tcchno log  firms as \veil as 
speakers from other federal ugencics, including the Ofice  of  Science 
and Technology Polic!., \i.hich had originally ruised this cluestion. 
Thcrc \vas division o f  opinion oil one  issue onl!-. Keprescntativcs o f  
the smaller bioteclinology firms felt therc might be a role for N I H  in 
the training of  practitioners o f  "generic applied research," a n p e  of  
process engineer ~ . h o  might, for example, develop scalc-up proce- 
ciures of  general use t o  the industn.. This point mas opposeci b!. 
represcntutives of the larger b io t cchno log  firms n h o  statcci that the 
opportunity to  patent a process was e\.ery bit as inlportant as that of  
patenting a product. The  donlinant message nus  articulated b!. Dr .  
Theodore Cooper, vicc chairman o f  the Roard o f  The Upjohn 
Compan!~, n h o  stutcci "let N I H  be NIH."  His  point was that the 
greatest senice  NLH could render on  bchalf'of American industrial 
compctiti\.encss \{.as to  continue t o  support  basic research leading to  
ciiscoveries that industn. could translate into ~7rociucts. in other 
\i,orcis to pcrsc\~crc in the kind o f  rcscarch thut had given birth t o  the 
nc\v b io t echno log  industsy in the first place. 

In October 1986  the =tci\.isoi? Committee to the Director, N I H ,  
uciciresscci the topic o f  the potential role of  N I H  in sequencing the 
human genome. Once again \ve in\.ited leading experts t o  discuss the 
issue. Four  n ~ a i n  conclusions \$.ere rcacheci. First. mctliods for 
handling the vast a i i~oun t  o f  inf'ormation being generated b!. 
existing sequencing acti\.itics nccd to  be cxpClndcd unci supporteel 
nlorc adccluatcl!.. Second, consicicrablc impro\~cmcnt in methocis is 
needed, for cxunlple, in the idcntificution o f  restriction cndonucle- 
ascs that are "rare cutters" and yield large 1 l N A  fragments, in 
cloning o f  larger D N A  fragments, and in methods for automation of  
sccluencing. Third,  complete ph!.sical and genetic maps o f  the 
human genome should be elevelopeel as rapicily as possible. And, 
h u r t h ,  sccluencing o f  the h ~ u n a n  genomc is a lauciable scientific 
objective of  potentially immense importance, but for the present urc 
should concentr,lte 011 sccluencing genes o f  special biological inter- 
est. There mas some scnt ime~l t  for sequencing one o r    no re iilodel 
chronlosonles to usccrvuin xvliat aciciitional infbrmation \i.oulci rc- 
sult. In general the committee felt that  an all-out effort t o  scclucnce 
die l l ~ ~ n ~ a i ~  geno~i le  s110~1ld await fiirtlier develop111~11ts. Finally, tlvo 
additional important points \\ere emphasized: namel~.,  that  projects 
o n  the human genonlr, incluciing scclucncing, should proceccl 
n i th in  the usual peer review ~ ! ~ s t c m  as the best method for assurance 
o f  c lud in  control, and that the incremental costs o f  the scclucncing 
psoject slioulci be met by ncll. monies thut are not  competitive \vidl 
other rcsearch. l'erhaps if tlic prcsc~lt  cost o f  secluencing o f  upproxi- 
matelv S 1  per nucleotide can be reduceci b\. nletl~odological cie\.cl- 
opments bj, a f ictor of  10, p r io r in  issucs lvill be less-ciif~cult t o  
ciecide. 

The issue of  scquencing anci the ciecision to  establish a limited 
n~lnlber  o f  structural biology centers for the minute cxploration of  
tlic AII lS  \,isus anci dc\.eloprncnt o f  antiviral agents have generatcci a 
heightened interest in the cluestion of  big science in biology. The  
N I H  has taken a fen. steps in that direction \i.ith prograni project 
grants and center alvards, but the ciominunt mechanism remains the 
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investigator-initiated rcaearch projcct grant. By providing generous 
s ~ p p o r t  ~ ~ i i l  I ~ ~ L Y I I I ~ L I I I ~  tlcsibility, tile Ho\vai.d Hughes hledical 
Institutc lids asaistcil in the funding of  large units with specific 
program orientations in more than 20 Ic'~ciing institutions. But the 
issue of  the role of  big science in biological research has ne\>cr becli 
seriously addressecl as p~rblic polic!.. The topic is scheduled t o  
rcccivc that attention in an ilpcoming stucly to  1x2 conducted b!. the 
l~ l s t i t~ r t c  of  hledicine o f  the National AcC~demy of  Scicnccs. 

Reflections 
Nobelist Christian de 1)uve has \\,sittell (5). "Xltl~ough it is aln>ays 

difticult t o  j~~c igc  one's o\\.n time in historical pcrspccti\.e, one  
cannot help the feeling that tlic seco~ld  half o f  this century nil1 be 
remembered for one o f  the great breakthrouglis o f '  l iumc~n knon.1- 
edge----perh<~ps the greatest t o  date, as it concerns the basic ~nccha-  
nisms of  life." 111 this centennial year. scientist 'xrld author I,c\vis 
'l'homas has s'lid (6), "I think the general public is '11va1-e of  the h c t  

t1i.1t m.e arc ill tlic earl! stages o f  a genuine sevolutio~l in biological 
science. lTTe'rc bcgi~ining to  ~mdcl.stand at a dccp le\,cl Ilo\\. li\.i~ig 
cells and tiss~res really u.ork. .The efc.cts that this re\~olution is no\\ 
ha\.ing ~ ~ i c i  will h;~ve in tilt !.cars ahead on ~ncdicinc itsclf ~ l r c  sinlpl!. 
incalculable. All of  this had its beginnings in the N I H ,  scarring 
~l round 40 years ago. All by itself this m,lgnificent instit~rtion stands 
;IS rile   no st bl.illi<~~lt soci;ll i~ i \ .cnt io~i  of  the 20th ccntilry any\vlicrc." 
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Multiple Global Regulators Control HIIS4 
- 

Transcription in Yeast 

Gene expression is dependent on the interaction of DNA 
binding factors with distinct promoter control elements 
to activate RNA synthesis. The expression of the HIS4 
gene in yeast is under two different control systems. One 
of  these, general altllino acid control, involves a DNA 
binding protein, GCN4, that stinlulates trallscription in 
response to amino acid starvation by binding to 
5'-TGACTC-3' sequences in the HIS4 promoter region. 
A second system, the basal level control, stimulates HIS4 
transcription in the absence of  amino acid starvation. The 
basal level transcription of  the HIS4 gene is under the 
control of nvo genes, BAS1 and BAS2, which are also 

required for the control of  purine biosynthesis. In addi- 
tion, BAS2 is required for the utilization of orgarnic 
phosphates in the growth nlediurn. Genetic mapping and 
DNA sequence analysis show that BAS2 is PH02, a gene 
previously identified as a regulator of  phosphate rnetabo- 
lism. Direct biochemical analysis shows that the U S 2  
gene encodes a protein that binds to both the HIS4 and 
PH05 promoters. The illvolvelnent of  a single DNA 
binding protein in the regulation of histidine, adenine, 
and phosphate metabolism suggests that yeast may use a 
few key DNA biriding proteins to coordinate the regula- 
tion of  diverse metabolic pathways. 

T H k  S E Q U E N C E  UE' ENZYME-CATAI.Y%El) KCACI'IONS KESU1,'I'- 

ing in the biosynthcsis of  amino acids is \.irtuall!~ identical in 
the !.cast SwccDn~.onl~'clrc cerevicine and bacteria. but the rcgul,l-. 

tion o f  gcncs that cncodc these cnz!.rnes is difcrent.  In bacteria, 
star\,ltion for ,I single amino acid leads to  incrc~acd trc~nscription o f  
only those genes in the cogn'ttc p ' ~ t h \ \ ~ ~ y .  For example. cnteric 
b;lcteri~ respo~id  t o  st;lr\.atio~l f ix  histidine b!. increased expression 
(dcrcpressio~l) of  all ten cnzylncs in the p'lth\r.;ly for histidine 
biosy~ltlicsis ( 1  ) but do not  dcrcprcss tlic genes for other ainino x i d  
bios!.nthctic enzvrncs. In c o n t r ~ ~ s t ,  !.cClst and Inan!. other f i~ng i  
rcspo~id to  s t a rva t io~~  for J single amino acid b!. t uming   or^ tllc 
tr'lnscription o f  Inany unrclatcd unlino acid bios!.nthetic p~th\vays  
(2). For  csumple, stun.ution for histidine leads not  only to  dcreprcs- 
sion of  the cnz!.nles for histidinc biosy~ltliesis Lx~t ,llso the bios!.n- 
tlietic cnzylnes for xgininc.  isolcucinc, leucine, tr!.ptopha~~, and 
Iysi~ic (3). This cross-pathn~uy regul,ltion, knolvn '1s general c ~ m i ~ l o  
acid control, h,la b c e ~ i  s1iou.n t o  act at the Ic\.cI of  t r , ~ ~ ~ s c r i p t i ~ ~ i  (4) .  

A second ditterencc is thClt b<~cteria completely atop tr,tnscription 
of  the genes for their amino acid biosynthetic cnz!.mcs \vhen thc 
'~nlino acids 'Ire preselit in the grolvtli mediilm. U ~ l d c r  sinli1'1r 
conditio~ls of  surfeit, addition o f  uniino acids to  the gro\~. th  ~ n c d i u m  
or  the presence of  1,lrgc intci.nu1 pools of  the c~lnino acids, yeast cells 
m,lintain high le\.els o f  amino acid biosynthetic gene esprcssioli. n'c 
cull the high level of  tr'lnscription in the prcscnce of  ,llnino 'xciil 
excess the b,lsal level control. 

111 this '~rticle, n-c identify cis-  id truns-acting elements t h ~ t  
mediate the co~ltrol  of  the basal tlanscription levels of  the HIS4 gene 
clnd ahon. t h ~ t  these elements arc distinct tkonl those that reg~rlate 
the ge~lcral  control st,lr\.ation reapollsc. X l t h o ~ ~ g h  n.e ~~nt ic ipatcd 
that the basal le\ el control might be spccific to  the liistidinc gcncs. 

'I'hc author\ .?re .it the iVliitcl~c;~d Ititt~turc for 13tomi.dii.11 I<ocarcl~ ,111d 131oIog~ 
I)cpartlnctit, Al.~s~.icliu\ctts Iti\tirurc c11 ' l ' c c l i ~ i o i ~ j ~ \ ,  C.irnbrldgc, hl;\ 02142. G. K 
~ . . I I I ~  is  ~ - I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I  ( - , ~ I I c c ~  S ~ I C I C ~ Y  I < ~ ~ c ~ ~ ~ ~ I ~  I ~ ~ ~ ) K , ~ ~ ~ ~  cjf ( ; C I I C ~ I C ~ .  
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