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SECTION 1
DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE LEAVE BLANK
RUBLIC HEALTH SERVICE PROJECT NUMBER

RESEARCH OBJECTIVES

NAME AND ADDRESS OF APPLICANT ORGANIZATION
Stanford University
Stanford, Czalifornia 94305

NAME, SOCIAL SECURITY NUMBER, OFFICIAL TITLE, AND DEPARTMENT OF ALL PROFESSIONAL PERSONNEL ENGAGED ON

“TITLE OF PROJECT

PROJECT. BEGINNIN INVESTIGATOR

Carl Djera Professor of Chemistry, Department of Chemistry; Joshua
ber Professor of Genetics, Department of Genetics; Edward Feigenbaur
of Computer Science, Department of Computer Science; Bruce
s esearch Computer Scientist, Department of Computer Science;
Alan Duffie , Research Associate, Department of Genetics; Dennis Smith,

e Irc

sociate, Department of Computer Science; Harold Bro s
be supplied

Associate, Department of Computer Science; Geoff Dromey, SS# applied
at a later date, Department of Computer Science.

Resource-Related Research -- Computer and Chemistry

USE THIS SPACE TO ABSTRACT YOUR PROPOSED RESEARCH, OUTLINE OBJECTIVES AND METHODS. UNDERSCORE THE KEY WORL
(NOT TO EXCEED 10) IN YOUR ABSTRACT.

The .bjectives of this research program are the development of innovative
computer and biochemical analysis techniques for application in medical research
and closely related aspects of investigative patient care. We will apply the
unique analytical capabilities of gas chromatography/mass spectrometry (GC/MS)
with the assistance of data interpreting computer programs utilizing artificial
intelligence techniques, to investigate the chemical constituents of human body
fluids in a variety of clinical contexts. Specific subtasks of- this program include;
1) the application of artificial intelligence (AIl) techniques to programs capable of
interpreting mass spectra from basic principles as well as extending mass spectral
theory by analysis of solved spectrum-structure examples, 2) the extension of GC/MS
data systems to provide stand-alone capabilities for collecting low and high resclution
mass spectral and metastable ion data, 3) the application of GC/MS and AI techniques
to analysis of biomolecular structure elucidation problems of a large number of
collaborators, and 4) the extension of artificial intelligence techniques to an
interactive system for computer assisted structure elucidation based on a variety
of data,

LEAVE BLANK

NIH 398 (FORMERLY PHS 398) PAGE 2 _
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SECTION Il — PRIVILEGED COMMUNICATION

FROM THROUGH
DETAILED BUDGET FOR FIRST 12-MONTH PERIOD
5/1/74 4/31/75
DESCRIPTION (/ternize) 1IME OR AMOUNT REQUESTED (Omit cents)
PERSONNEL WnRs |  SALARY FRINGE TOTAL
NAME TITLE OF POSITION ) BENEFITS
PRINCIPAL INVESTIGATOR
DETATILED SALARY DATA LISTEI] SEPARATELY ON ATTACHED SHEET
163,935 28,962 192,897
CONSULTANT COSTS -0-
EQUIPMENT
Equipment Purchase (First Year Items Only):
DEC GT-40 Display Terminal 13,400
PDP 11/20 Upgrade 34,000
Equipment Maintenance:
PDP-11 (DEC Contract) 4,200
MAT-711 (Parts, etc.) 6,500
suppLiesElectronics Supplies 4,400
GC Supplies (Columns, gases, etc.) 1,000
Liquid Nitrogen 1,000
Chemicals, glassware, stock, etc, 1,500
Data Recording Media 1,000
Minicomputer Supplies 700
; DOMESTIC 1,200
TRAVEL
FOREIGN _0-
PATIENT COSTS (See instructions)
-0-
ALTERATIONS AND RENOVATIONS
-0-
OTHER EXPENSES (/temize)
Publications, telephone, office supplies, postage 4,000
Computer Terminal Lease (4) 5,400
Computer Usage - 370/158 (First Year Item Only) 5,000
TOT
AL DIRECT COST (Enter on Page 1, Item 5} L 276,197
NOIRECT ’ ' DATE OF DHEW AGREEMENT: [ WAIVED
cosT —% S&W '] UNDER NEGOTIATION WITH:

47 %X exNTDC_- June 26, 1973
*IF THIS IS A SPECIAL RATE fe.g off-site), SO INDICATE,

{See Instructions).

NIH 398 (FORMERLY PHs PAGE 3
Rev. 1/73 ! 398



- PRINCIPAL INVESTIGATORS:
C. Djerassi

J. Lederberg

E. Feigenbaum

RESEARCH ASSOCIATES:
B. Buchanan (1)
A. Duffield
D. Smith
N. .Sridharan
H. Brown

G. Dromey

PROGRAMMERS:
W. White
R. Tucker

SENIOR RESEARCH ASSISTANT:

A. Wegmann

ELECTRONICS ENGINEER:
N. Veizades

GLASS BLOWER/MACHINEST:
E. Steed

RESEARCH ASSISTANTS:
L. Masinter
M. Stefik
To Be Appointed

SECRETARIAIL SUPPORT:
K. Wharton

TOTAL:

(1)Dr. Buchanan's salary charges do not begin until 9/1/74 at which time

DETAILED SALARY DATA
NIH GRANT #RR-00612

5/1/74-4/31/75

%

Effort

10
10
10

50
25
100
100
100
100

100
100

100

60

25

100
100
100

100

Fringe
Salary Benefits Total
~-0- -0- -0-
-0- -0- -0-
2,910 514 3,424
7,000 1,237 8,237
6,195 1,094 7,289
16,200 2,862 19,062
16,050 2,835 18,885
16,200 .2,862 19,062
15,500 2,738 18,238
14,400 2,545 16,945
14,100 2,491 16,591
15,000 2,650 17,650
11,670 2,062 13,732
4,410 779 5,189
5,070 865 5,965
4,915 868 5,783
4,915 868 5,783
9,400 1,662 11,062
$163,935 $28,962 $192,897

his NIH Research Career Development Award expires.



SECTION Il — PRIVILEGED COMMUNICATION

DIRECT COSTS ONLY (Omit Cents)

BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED FROM PUBLIC HEALTH SERVICE

DESCRIPTION l;iTMEEﬁSIOD ' ADDITIONAL YEARS SUPPORT REQUESTED (This application only)
TAILED B 2ND YEAR 3RD YEAR 4TH YEAR 5TH YEAR BXHYERR 7TH YEAR
TOTAL
PERSONNEL
COsTs
192,897 | 210,611 | 225,129 | 240,630 257,383 |1,126,650
CONSULTANT COSTS
finclude fees, travel, etc.) -0- -0- -0- -0- -0- -0-
EQUIPMENT
58,100 | 11,770 | 12,947 | 14,241 | 15,665 | 112,723
. SUPPLIES
9,600 6,920 | 7,612 8,370 | 9,207 41,709
OOMESTIC
TRAVEL 1,200 1,320 | 1,452 1,597 | 1,757 7,326
FOREIGN -0- -0- -0- -0- -0- -0~
PATIENT COSTS
-0- -0- ~0- -0- -0- -0-
ALTERATIONS AND
RENOVATIONS -0- -0- -0- -0- -0- -0-
OTHER EXPENSES
14,400 | 10,340 | 11,374 | 12,511 | 13,762 62,387
TOTAL DIRECT COSTS 276,197 | 240,961 |258,514 | 277,349 297,774 |1,350,795

TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD (Enter on Page 1, Item 4) —— —

$ 1,350,795

page if needed.)

See following pages for budget justificatiom.

REMARKS: Justify all costs for the first year for which the need may not be obvious. For future years, justify equipment costs, as well as any
significant increases in any other category. If a recurring annual increase in personnel costs is requested, give percentage. (Use continuation

NIR 398 (FORMERLY PHS 39¢)
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fudget Justification

Th2 availability of existing eguipment - including the mass
spactrom2tar and SUMEX computer - avoids the need for requesting
funds for major laboratory itens and saubstantial compiating costs.
Thus, +*+hs major expense in the resulting budget is for personnel.
We faal +hat the personnel listed here are necessary to carry out
tte researczh, as justified helow. PRecurring costs are about
227,000 per year. First year expenditures are hiqgher to provide
tha instrumentation necessary for mass spectrometry service in the
first year.

ie are regiesting funds for five years to coincide with the
funding of the ATM-SUMEY resource, to #hich we hope to make
sigrificant constributions.

This hadget overlaps slightly with the buljet for the Genetics
Pasearch Canter (J. Lederberqg, Principal Investigator). Dr. Alan
Dnffield's 25% salary budgeted here is covered hy the other budget
{vhere 100% of his salary is budgeted). 10% of Ms, Annemarie
#=20minn's salary is covered there {with 100% of her salary
hudqgeted here). These are the only overlapping items. We have no
»fficial notification of Genetics CTenter funding; 1f the present
proposal is successful, the Genetics Center buidget will be
adjuasted accordingly.

Tn the fiva-year budget, salaries are increased by 6% per year and
staff henefits are computed at 17% for the period 5/74-8/74, 18%
For the parind 9/74-8/75, and are incr=2ased 1% per year

t hereaftar, basesd on current University projections. Other budget
satejories are increased hy 107 per year to accounrt for inflation.

Darsonna2l:

BRROCTE 3, BIJCHANAN

nr. Bruce Buchanan holds an NIH Research Career Development Award
to work on applications of artificial intelligence to
health-related problems, incluling theory formation by computer.
7i3 work on those aspects of this grant is thus consistent with
the Davelosnment Award. Half-time support is requested after the
thirl year of the Development Award (startinqg September, 1974) to
sover tha zontingency that the award will rot be extended to the
Full fiva years. Ttese funds will be returped if the Award is
extended,

DENNIS H., S™ITH

Pr. Dennis H. Smith has been a remher of the DENDRAL project since
July, 1971. He has been responsible for *he MS and its computer
support, and has been involvel in the application of the AI
programs to structural studies of hiomedically important
zompounrds, prirmarily stz2roids. These responsibilities will
~ontinue ia the funture, with particular emphasis on providing the
mass spectrometar/AI program link to the user community and its
1335 spectrometry anrd general structure elucidation needs, and in
orovidirg the necessary chemical knowledge and input for
levelopment of the computer programs and user interfaces for the
proposaed compiatar assisted structure elacidation effort.



ALAN DUFFIELD

Yr. Alan Duffield is the senior scientist in charge of the mass
spactrometry facilities of the GRC. Because of his expertise in
tr> analvsis of mass spectra from various fractions of human body
fluils, ho will provide the link betwesn the structure elucidation
techniagnas of this proposal and other scientists with similar
problems., The GC/HRMS facilities are also expected to provide
sarvics *o the Genatics Center for high resolution analysis of
zompourds isolated from body fluids,

SATESA SRIDHARAN

nr. Sridharan will be responsible for developing interface
rontines that allow nevw researchers to make use of the structure
alucidation progranms, We expect these routines to accept
infarmatinir about a research problem, in semi-formal terms, and
translate i+ into a format the program can use. They should be
somplete eansugh so that indiviinal researchers do not need to know
absnut the inner workings of the programs. In addition, he will
=antinue to5 help Dr. Rrowr and Mr. Masinter with development of
the cvclic generator progranm. (Within a few days of this writing,
Dr. Sridharan has decided to taka a leave of absence. During his
absence we vwill recruit another Research Associate to perform his
Inti=s.)

HAROLD RROWN

n"r. Harold Brown's knowledge of graph theory and combinatorial
nathamatics is essential +o the development of the cyclic
structure jenerator. Many problems with development and
implamentation of this program have required sophisticated, new
mathematical solutions worked osut by Dr. Brown. For example,
generating the dictionary of cyclic graphs and assembling
substructiares involve problems ir graph theory that Dr. Brown is
surra2ntly working on.

Dr. 2rown has submitted a propd>sal to the NSF to cover his salary
for this research. If that grant is awarded, funds requested here
for his salary will mnot be needed.

P. GEOFF DROM™EY

Dr. 3eoff Dromey is a chemist with strong conmputer science
interasts who has been associatel with the project since
Saptamher, 1973. Hs has become familiar with many aspects of the
DENDRRL performance programs and will be expected to help outside
researchers use those programs., Tn adlition, he will be
insyeloping new programs, such as the program for molecular ion
Aetermination from mass spectra.

WILLTAM C. WHITE

Mr, William White provides high-level programming support for the
theory formation programs, including helping to devise new
proqrams in response to new research problems as well as
implamenting tham. He wrote almost all of the LISP code for the
TNTSTM program, for example, and is currently responsible for the
AL EGEN progranm,

MQ, ANNTMARTE WEGMANXN

Mz, Annemacie Wegmann is *the Sanior Research Assistant in charge
5f *the GC/HRMS system. She was formerly head of Hewlett-Packard's
Palo Alto gas chromatography applications labhoratory and has been
rasponsikla for the operation of the GC/MS systep since the



1elivory to our laboratory of the MAT-711 (Novenmber, 1971). Her
t2chnical ahility is absolutely essential to the continued
dperation and development of the mass spectromatry facility.
INSTRUMENT SUPPORT PERSONNEL

fessars. Y2izades and Steed will assist part time in paintaining
the GC/MS system. Mr. Veizades is an Flectronics Sngineer who is
r=2spansible for the electronic and mechanical systems as well as
proviling +he recessary voltage read-out and control development
for the mestastable analysis data system. Mr. Steed is a Research
"nyineer rasponsible for the system glasswdrk and vacuum systen
naintenanca,

> o

RORFRT TIICKER
“r. Pobert Tucker implements and maintains the computer programs
for data acquisition and reduction of MS data. This includes
translating existing PL/ACME into FORTRAN and PDP-11 assenmbly
langiage. In addition, he will he responsihle for improving these
proqrams for repetitive HRMS scans, implementing the multiplet
resonlution algorithm and the software necessary for semi-automated
za2llactinn of metastahle ion data.
'RY M, MASINTER

Larrvy Masinter, Research Assistant, will continue to work with
. Lederberq and RBrown on the development of the cyclic

ncture generator. His LTISP expertise has been an invaluable
ource for every menmher of the research team.

1 U D R g
i e
=3

D
1 0y Ui e

¥

MARK STEREFIK

Mr. Mark Stefik, PResearch Assistant, combines two vears of
axderience on the ACME/MS data acquisition system with a long-tern
comaitment to computer science. He has developed interactive
library search capabilities for the mass spectrometer and will
continne to improve them. His knowledye of the data acyuisitiorn
computar programs will be very valuable in assisting initial
translation of thoss programs into FORTRAN (from PL/ACME code) for
tha 2xtend=2d PDP-11/20 systen.

RESFTARTH ASSISTANT - unnamed

2 have interviewed *wo prospective Research Assistants, both of
whom have broad chemical experience and strong computer science
interes+s. We request funds to5 hire one of them to provide
additisnal links between computer science techniques and structure
alucidation problens.

SECRETARIAL SUPPORT

dna full-time secretary is necessary for the secretarial support
2f this number of scientists. WMs. Kathlsen Wharton is now with
tho Computar Science group.

BOUTDMENT DUJRCHASE:

*= discuss2d in the tex+ (Section IIT.A), in the first year we
olan to augment our existing PDP-11/20 computer (Uk memory) to
1llow its speration as a stand-alon2 data system. We plar to add
16k of memd>ry (%3,000), a floating print arithmetic unit ($7,500),
in ininstry compatible tape drive ({$9,000), a 4isk drive (10,500},
3 low sneed communications intarface (%$1,000), and a bootstrap



19adar and clock {%1,200). These devices together with state
salos tax total to %34,000. The prices quota2d are representations
7f the most cost-effective suppliers of the respective devices we
1ave heop able to locats, We will continue to review the market
h2fsyra implementation to maximize technical and cost performance.

is stited abova, we plan to provide interface programs to provide
the zommpunication link between the users and the programs. The
aniversal language of molecular structure is diagrammatic
reprasentation of the structures, drawn usually in two dimensions
{>r as *+wo-1dimensioral representations of three dimensional
infiyrmation). Therefore, we feel that a graphics terminal such as
the DEZ 5T-40 is necegsary for effective sharing of the programs
3ryng Starnford users. The GT-40 terminal is a good choice for
nerfarning this structural display task, for a number of reasons.
Programs ar= available for input and output of structural
information which can he modifia2d to run on a GT-40 (e.g., we have
jus* implemanted on ar experimental basis routines made available
tn 1s hy R, Feldman, NIHN); Sophisticatesd s+tructural display
pryograms have been written especially for a GT-40 which we would
Eopa tn moint; and the ATM-SUMPEX resource will specifically
support on» GT-40 for use by the SUMEYX staff, This terminal will
be physizally located in the MS laboratory since all of the users
will interact with that lahoratery.

BOUIPMENT MATNTENANCE:

¥aintenanc? is hudgeted for the proposesd stand-alone PDP-11,/20
system nnder DFEC contract based on current prices. Also included
is a hudget for maintenance of the MAT-711 systen. This estimate
is based on our experience with parts replacements to date. We
will proviie the necessary raintzrance manpower (see personnel
justificatinan) because Varian cannot provide adequate service.

SUPPLI®S

Supplies are budgeted in various categories based on our operating
ayparience to date. Flectronics supplies include parts necessary
for maintaining our electronics and test equipment (%1,000) as
well as parts in the first year for the metastable ion data systen
{$3,200). These comprise several D/A and A/D converters for
iccalerating voltaqe, ESR voltaqge, and magnetic field control as
woll as parts to upgrade the Hall probe mass marker. GC supplies
include carrier gases, columns, phases, syringes, septa, etc., for
3C/MS nperation., The liquid ni*rogen is required for cold trap
speration nsn the MAT-711. Chemicals, glassware, etc., include the
various orgaric chemicals, glassware, apparatus, glass tubing,
atc,, needsd to support the GC/MS laboratory operation. Data
recordint m=dia include special nv sensitive recorling paper for
the MAT-711, paper for GC and instrumentation recorder, and
zalcomp paoer and pens for ion currennt and spectrum plotting.
viri-computer supplies include paper, magnotic tape, ribbons,
spara 4isk cartridges, etc., for data system operation.

TRAVEL:

The travel budget covers estimited neels (2 s2ast coast and 2 vest
~oast) *rips for attending related professional meetings and
iiterfasiang potential program us2rs nationally. Domestic travel
i3 budgeted for two Fast Coast trips and two California trips per
year amony All personnel. Yo foreijgn travel is budgeted.

DTHER:



The "pthar” budget includes nperating telephone, office supplies,

postage, raproduction, =2tc., support necessary for this project

basel on our previous experienza. The "computer usage" allocation

provides a continued limited usage 5f the 370/158 computer during

the angmentation of the PDP-11/20 systz2m. This cost does not
app=2ar in later years. Terminal rental covers four terminals to

he listribated among the MS laboratory, the Zomputer Science
Dept., and J. Lederherg's lahcratory.
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SECTION Il — PRIVILEGED COMMUNICATION Principal Investigator: Carl Dierassi
BIOGRAPHICAL SKETCH

] (Give the following information for all professional personnel listed on page 3, beginning with the Principal Investigator.
Use continuation pages and follow the same general format for each person.)

NAME TITLE BIRTHDATE (Mo., Day, Yr.)
Carl DJERASSI Professor of Chemistry October 29, 1923
PLACE OF BIRTH (City, State, Country) PRESENT NATIONALITY (/f non-U.S. citizen, SEX
indicate kind of visa and expiration date)
Vienna, Austria U.S. A, B Male  []Femate
EDUCATION (Begin with baccalaureate training and include postdoctoral)
YEAR SCIENTIFIC
INSTITUT! N Ti
ON AND LOCATION DEGREE CONFERRED EIELD
Kenyon College A.B. (summa 1942 Chemistry, Biology
cum laude)
University of Wisconsin Ph.D. 1945 Organic chemistry,
Biochemistry minor)

HONORS  Hon, D.Sc., Natl. Univ. of Mexico (1953), Kenyon College (1958), Worcester Polytechnic
Institute (1972); Hon. Prof., Fed. Univ. Rio de Janeiro (1969). Member U.S. National Academy of
Sciences, American Academy of Arts and Sciences, foreign member, Royal Swedish Academy of Sciences,

German Academy of Natural Scientists (leopolding), Brazilian Academy of Sciences, {cont. below)
MAJOR RESEARCH INTEREST N|at, prod. chemist ROLE IN PROPOSED PROJECT

(steroids, alkaloids, terpenoids, antibiotics) and o i
chem. applicgtions of pSysncci, methqds (mass Principal Investigator
_spec, , optical rotafory dispersion, circdlar

RESEARCH SUPPORT (See /nstructions) dichroism),

Current  Total % Time
Grant Title Period Year Budgated Effort
NIH AM 04257 Mass Spectrometry in 10/1/70 to $52,306 $316,016 10%
Organic and Biochemistry  9/30/75 ’
NIH GM AM Marine Chemistry with 1/1/73 to $75,650 578,180 18%

06840-15 special emphasis on steroids 12/31/77
NSF Pending Grant Application #P3P3689, Magnetic Circular Dichroism in Orgaanic Molecules,
in the amount of $27,640.

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Starting with present position, list training and experience refevant to area of project. List all
or most representative publications. Do not exceed 3 pages for each individual.)

Academic Experience:

Professor of Chemisfry, Stanford University, 1959-present.
Associate Professor (1952-1954) and Professor (1954-1959), Wayne State University.

Industrial Research Experience:

Ciba Pharmaceutical Co., Ssummit, N.J.: Research Chemist, 1942-1943 and 1945-1949,

Syntex Corporation: Associate Director of Chemical Research (Mexico City) 1949-1952,

Research Vice President (Mexico City) 1957-1960; (Palo Alto, California) 1960-19468, )
President, Syntex Research 1968-pseesst, Zoecon Corporation (Palo Alto), President, 1968-presesnt.

Editorial Boards: 1974
{Current) Journal of the American Chemical Society, Steroids, Tetrahedron, Organic Moss Spectrometry.

(continued on next page)

Honors {cont.)

Mexican Academy for Scientific Investigation. Hon. Fellow of Phi Lambda Upsilon, Amer. Academy of
Pharmaceutical Sciences, British Chemical Society and Mexican Chemicali Society, Phi Beta Kappa.
Numerous hon. lectureships including 1964 Centenary Lecturer (The British Chemical Society) and 1969
Annual Chemistry Lecturer, Royal Swedish Academy of Engineering. American Chemical Society Awaord
in Pure Chemistry (1958), Baekeland Medal (1959), Fritzsche Award (1960). Intra=Science Research
Foundation Award (1969). Freedman Patent Award of American Institute of Chemists (1971),

Foreign Member, Royal Swedish Academy of Sciences (1972). D.Sc. (hon.), Worcester Poiytechnic
Institute (1972). Scheele-Lecturer, Pharmaceutical Society of Sweden (1972); American Chemica!

AHS-398 Society's Award for Creafive Invention (19/3), National Medal ol Science (1275).
Rev. 3-70 age

U, S, GOVERNMENT PRINTING GEFICE : 1871 O - 451-746 //
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DO NOT TYPE IN THIS SPACE-BINDING MARGIN

BIOGRAPHICAL SKETCH (C. Djerassi) Lontinvation page  Principal Investigator:Cart Djerassi

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (cont.)

Miscellaneous:

Chairman of the AAAS Gordon Research Conferences on Steroids and Natural Products (1952-1954);
Member of American Pugwash Committee (1968 to present); Chairman of Latin America Science Board
of National Academy of Sciences (1966-1968); Chairman of National Academy's Board on Science
and Technology for International Development. -

PUBLICATIONS

Author or co-author of six books and approximately 800 publications dealing with
natural products (notably steriods, terpenoids, alkaloids and antibiotics), medicinal
chemistry (primarily antihistamines, oral contraceptives and anti-inflammatory agents)
and applications of physical methods (mass spectrometry, optical rotatory dispersion,
magnetic cir cular dichroism) to organic and biochemical problems.

PHS-398 Page
Rev, 2-69 GPO : 1969 O - 350-380
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NANE ‘ TiTez S8IRTHOATE (*Ma., Cay, r1.)

rofessor and Executive Head,
LEDERBERG, JOSHUA Department of Genetics 5-23-25
PLACE OF BIRTH (City, State, Country) PRESENT NATIONALITY (If ron-U.S citizen, 3£ X
; Indicate kind of visa and expiration date)
Montc{nir, New Jersey U.S,A. 2 Male T Femaln
EQUCATICN [Bugin with baccalsureate training und include postgactorail
- YEARQ | SCIENTIFIC
INSTITUTION AND LOCATION DEGREE Ao f T
Columbia College, New York B.A, 1944
College of Physicians & Surgcons, . '
Columbia University, New York (1944-46]
Yale University Ph.D. 1647 Microbiolooy

HONORS
1957 - National Academy of Sciences
1958 -~ Nobel Prize in Medicine

MAJOR RESEARCH INTEREST AOLE IN PROPOSED PROJECT

Molecular Genetics; Artificial Intelligencd PRINCIPAL INVESTIGATOR
RESEARCH SUPPORT (See inscrucaons)

SEE ATTACHMENTS:

RESEARCH AND/OR PROFESSIDNAL EXPERIENCE [Starting with present posidon, Jigl training and expanence relevant to area of pro;ect List ali
ormost representatve pubdiications Do not exceed 2 pows for each individual,)

1961~ Stanforc University
oot ....Director, Kennedy Laboratories. for Molecular Medicine ... ... . ... s sen o
©1959- Professor, Genetics and Biology, and Executive Head Department of

Genetics, Stanford University -
1957-1959 University of Wisconsin :
Chairman, Department of Medical Genetics

1957 Melbourne University, Australia
. Fullbright Visiting Professor of Bacterilolcgy
1950 University of California, Berkeley :

Visiting Professor of Bacteriology
1947-1959  University of Wisconsin
R ~ Professor of Genetics
1946-1947  Yale University. Research Fellow of the Jane Coffin Childs Fuad for.
. Medical Research
1945-1946  Columbia University. Research Assistant in Zoology

Professional Activities:

.

1967~ NIMH: National Mental Health Advisory Council

1961-1962 President (Kennedy)'s Panel on Mental Retardation
1960- NASA Committees:; Lunar and Planetary Missions Board
1958-"" National Academy of Sciences: Committees on Space Biology .
1950~ President's Science Advisory Committee panels. National Institutes
of Health, National Science Foundation study sections (genetics)
RH3-2338 -
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1

2)

3)

4)

5)

#/

Grant Number

NASA:NGR-05-020-004

NIH:AI-05160

NIH:GM

NIH:RR-00785

NIBN Cdgputer Lab—
orat alth
Care Resoulge
Program

NIH:GM00295

RESEARCH SUPPORT SUMMARY FOR JOSHUA LEDERBERG

Grant Title

Cytochemical Studies of Planetary
Micro-organisms

Genetics of Bacteria

Genetics Research Center

Stanford University Medical
Experimental Computer Facility
(SUMEX) Successor to i#3

creening o dy Fluids
igns of Disea ith
Chromatogra

Training Grant in Genetics

Current Year

$150,000

60,000

547,035

571,567
159,881

121,172

Total Award

$3,950,000

280,000

2,609,383

2,769,262
908,238

321,163

12/7/73

Grant Term Budgeted
% Time

9/60-8/74 47
(Future support
dubious)
9/68-3/73 15%
(Renewal

Pending)
9/73-8/78 10%
(Pending)
10/73-7/78 20%
9/

(Pend

Program
impounded)

7/1/73-6/30/77 15%



SELECTED LIST OF PUBLICATIONS

Lederberg, J., 1959
A View of Genetics
Les Prix Nobel en 1958: 170-89.

Buchs, A., A. B. Delfino, A. M. Duffield, C. Djerassi, B. G. Buchanan,
E. A. Feigenbaum, and J. Lederberg, 1970.
Applications of Artificial Intelligence for Chemical Inference.
VI. Approach tc a general method of interpreting low resolution

mass spectra with a computer. Helvitia Chimica Acta 53 (6): 1394-1417.

Feigenbaum, E. A., B. G. Buchanan, J. Lederberg, 1971
On generality and problem solving: a case study using the DENDRAL
program in Machine Intelligence 6, (B. Meltzer and D. Michie, eds.),
Edinburgh University Press, P. 165-190.

Reynolds, W. E., V. A. Bacon, J. C. Bridges, T. C. Coburn, B. Halpern,
J. Lederberg, E. C. Levinthal, E. Steed, R. B. Tucker, 1970
A Computer Operated Mass Spectrometer System.
Analytical Chem. 42:1122-1129, September 1970.

Lederberg, J.
"Use of Computer to Identify Unknown Compounds: The Automation of
Scientific Inference" in Biochemical Applications of Mass Spectrometry

(G. R. Waller, ed.). John Wiley & Sons, New York (in press).
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SECTION Il — PRIVILEGED COMMUNICATION

BIOGRAPHICAL SKETCH

{Give the following information for all professional personnel listed on page 3, beginning with the Principal Investigatof.
Use continuation pages and follow the same general format for each person. )

NAME TITLE . BIRTHDATE (Mo., Day, Yr.)
Principal Investigator,
Feigenbaum, Edward A. DENDRAL Project 1-20-36
PLACE OF BIRTH (City, State, Cauntry) PRESENT NATIONALITY (/f non-U.K citizen, SEX
indicate kind of visa and expiration date)
Weehawken, New Jerse U.S. Citi
| ’ Y Citizen ¥ Male [ Female
EDUCATION (Begin with baccalaureate training and include postdoctoral) .
YEAR SCIENTIFIC
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD

Carnegie Institute of Technology
Pittsburgh, Pennsylvania B.S. 1956 Electrical Zrngineering
Ph.D. 1959 Benavioral Scierces.

.HONORS gnd memberships: .
American Psychological Association; Association for Computing Machinery (Merber

of the National Council 1966-68); American Association for the Advancezent of

Science, SIGBIO Chairman, 11l/73-present.
MAJOR RESEARCH INTEREST : ROLE IN PROPOSED PROJECT

Artificial Incelligence ’ Principal Investigstor
RESEARCH SUPPORT (See iastructions)

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Starting with present position, list training and experience relevant 1o ares of project, Listali
or most representative publications, Do not exceed 3 pages for each individual,)

1965~ Stanford University, Computer Science Department Faculty

1965-1968 Stanford University, Director, Computation Center

1963 Surmer Research Training Institute in Computer Simulation of Cognitive
Processes (National Science Foundation)

1962 Carnegie Corporation. Summer Research Training Institute in Heuristic

Programming. Faculty member.

11960-196L4 University of California, Berkeley
Research-Center for Research in Management Science, 1960-196L

Research-Center for Human Learning, 1961-1964

Assistant and Associate Professor, School of Business Administrstion, 1G60-6x
1957-1960 The RAND Corporation, Santa Monica, Californis
1956 . IBM Scientific Computing Center, New York

Selected Publications:
"Applications of Artificiel Intelligence for Chemical Inference I. The Iumber

writ

of Possible Organic Compounds. Acyclic Structures Containing C, H, 0 and X',
J. Am. Chem. Soc., 91, 2973 (1969). (Co-Author).

"Applications of Artificial Intelligence for Chemical Inference II. Intervrezation
of Low Resolution Mass Spectrs of Ketones", J. Am. Chem. Soc., 91, 2977 (1959).

(Co-Author). . .

RHS-398
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Publications of Edward Feigenbaum

"Applications of Artificial Intelligence for Chemical Inference III.
Aliphatic Ethers Diagnosed by their Low Resolution Mass Spectra and HNuclear
Magnetic Resonance", J. Am. Chem. Soc., 91, T4LO (1969). (Co-Author).

"Heuristic DENDRAL: A Program for Generating Explanatory Hypotheses in
Organic Chemistry", in Machine Intelligence 4, Edinburgh University Press,
1969. {(Co-Author).

"Toward an Understanding of Information Processes of Scientific Inference
in the Context of Organic Chemistry", in Machine Intelligence 5, Zdirnburgh
University Press, 1970. (Co-Author).

 "A Heuristic Program for Solving a Scientific Inference Problem: Surmary
of Motivation snd Implementation', Stanford Artificial Intelligence Project
Memo No. 104, November 1969. (Co-Author).

"Applications of Artificial Intelligence For Chemical Inference IV. OSa urated
Amines Diagnosed by Their Low Resolution Mass Spectra and luclear i
Resonance Spectra', Journal of the american Chemical Society, 92, 6
(Co-Author).

"Applications of Artificial Intelligence for Chemical Inference V. /in
Approach to the Computer Generation of Cyeclic Structures. Differentiation
Between All the Possible Isomeric Ketones of Composition C6H100", Organic
Mass Spectrometry, 4, 493 (1970). (Co-Author).

"Applications of Artificial Intelligence for Chemical Inference VI. Approack
to a General Method of Interpreting Low Resolution Mass Spectra with 2
Computer", Chem. Acta Helvetica, 53, 1394 (1970). (Co-Author).

"On Generality and Problem Solving: A Case Study Using the DZNDRAL P "
in Machine Intelligence 6, Edinburgh University Press (1971). (Co-Au

"A Heuristic Programming Study of Theory Formation in Science", 3
of the Second International Joint Conference on Artificial Intel
Imperial College, London (September 1971). (Co-Author).

"
pos
3
-

roceedings
r

nce,

-~
|92

&
re
&5E

A

"Applications of Artificial Intelligence for Chemical Inference VIII. An
Approach to the Computer Interpretation of the High Resolution Mass Specira
of Complex Molecules. Structure Elucidation of Estrogenic Steroids",
Journal of the American Chemical Society, 94, 5962-5971 (1972). (Co-Author).

"Heuristic Theory Formation: Data Interpretation and Rule Forrmation", in
M&chine Intelligence T, Edinburgh University Press (1972). (Co-Author).

"Applications of Artificial Intelligence for Chemical Inference X. Intsum
A Data Interpretation Program as Applied to the Collected Mass Spectra of
Estrogenic Steroids", Tetrahedron, 29, 3117 (1973). (co-author).
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SECTION It — PRIVILEGED COMMUN._  TION

BIOGRAPHICAL SKETCH

{Give the following information for all professional personnel listed an page 3, beginning with the Principal Investigator.
Use continuation pages and follow the same general format for each person.]

NAME TITLE BIRTHDATE (Mo., Day, Yr.}
Buchanan, Bruce G. Research Computer Scientist 7-7-L0
PLACE OF BIRTH (City, State, Country) PRESENT NATIONALITY (If non-U.S. citizen, SEX
indicate kind of visa and expiration daste)
St. Louis, Missouri U.S.Citizen -
@ Male [ Femate

EDUCATION (Begin with baccalaureate training and include postdoctoral}

YEAR SCIENTIFIC
INSTITUTION AND LOCATION DEGREE CONFERRED FIELO
Ohioc Wesleyan University B.A. 1961 Mathemetics
Michigan State University M.A., Ph.D.| 1966 Philosophy

'HONORS .
Recipient of National Institutes of Health Career Development Award (1971-1976)

MAJOR RESEARCH INTEREST ROLE IN PROPOSED PROJECT

Artificial Intelligence Associate Investigator

RESEARCH SUPPORT (See instructions)

NIH Research Career Development Award, GM-29662

alt

RESEARCH AND/OR PROFESSIONAL EXPERIENCE {Starting with present position, list training and expesience relevart to area of pioject List
or most representative publications, Do not exceed 3 pages for each individual,)

1972-present Research Computer Scientist, Stanford University

1966-1971 Research Associate, Stanford Artificial.Intelligence Project

Publications:
"On the Design of Inductive Systems: Some Philosophical Problems". British Journal

for the Philosophy of Science 20 (1969), 311-323. (Co-Author).

"Applications of Artificial Intelligence for Chemical Inference II. Interpretation
of Low Resolution Mass Spectra of Ketones". Journal of the American Chemical Socilety,
91, 2977-2981 (1969). (CovAuthor).

"Applications of Artificial Intelligence for Chemical Inference I. The Nuzber of
Possible Organic Compounds: Acyclic Structures Containing C, H, O and N'". Jourral
of the American Chemical Society, 91, 2973-2976 (1969). (Co-Author).

"Applications of Artificial Intelligence for Chemical Inference III. Aliphatic
Ethers Diagnosed by Their Low Resolution Mess Spectra and NMR Data'. Journal of the
American Chemical Society, 91, TLho-45 (1969).  (Co-Author).

"Heuristic DENDRAL: A Program for Generating Explanatory Hypotheses in Organic \
Chemistry". Machine Intelligence.lk, Edinburgh University Press«(1969). (Co-Author).
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Publications of Bruce Buchanan:

"Ioward an Understanding of Information Processes of Scientific Inference in the
Context of Organic Chemistry". Machine Intelligence 5, Edinburgh University
Press (1969). (Co-Author).

"On Generality and Problem Solving: A Case Study Using the DENDRAL Progrex".
. Machine Intelligence 6, Edinburgh University Press (1969). (Co-Author).

"Some Speculation About Artificial Intelligence and Legal Reasoning". Stanford
Law Review, Vol. 23, No. 1, November 1970. (Co-Author). -

"Applications of Artificial Intelligence for Chemical Inference VI. Approach tc
& Genersl Method of Interpreting Low Resolution Mass Spectra with a Computer'.
Chemica Acta Helvetica, 53, 1394 (1970). (Co-Author).

"An Application of Artificial Intelligence to the Interpretation of Mass Spectra".
Mass Spectrometry Techniques and Appliances (1970).

"Applications of Artificial Intelligence for Chemical Inference IV. Saturated
Amines Diagnosed by Their Low Resolution Miss Spectra and Nuclear lagnetic Rescnence
Spectra'. Journal of the American Chemical Society, 93, 6831 (1970). (Co=-Autnor).

"TPhe Heuristic DENDRAL Program for Explaining Empiricel Data'. Proceedings of
IFIP Congress 1971, Ljubljana, Yugoslavia. (Co-Author).

"A Heuristic Programming Study of Theory Formation in Science". Proceedings of
Second International Joint Conference on Artificial Intelligence, Imperial College,
London (1971). (Co-Author).

"Applications of Artificial Intelligence for Chemical Inference VIII. An Approach
to the Computer Interpretation of the High Resolution Mass Spectra of Complex
Molecules. Structure Elucidation of Estrogenic Steroids". Journal of the American

Chemical Society, 1972. (Co-Author).

"Heuristic Theory Formation: Data Interpretation and Rule Formation". Mechine
Intelligence T, Edinburgh University Press (1972). (Co-Author).

"Review of Hubert Dreyfus' 'What Computers Can't Do: A Critique of Artificial
Reason'", Computing Reviews (January, 1973).

"Applications of Artificiel Intelligence for Chemical Inference IX. Analysis o
Mixtures Without Prior Separation as Illustrated for Estrogens". Submitted to
Journal of the American Chemical Society. (Co-Author).

e
& Sa
Lhe

"Applications of Artificial Intelligence for Chemical Inference X. Intsum A Data
Interpretation Program as Applied to the Collected Mass Spectra of Estrogexnic
Steroids'". Tetrahedron, 29, 3117 (1973). (co-author)

"Rule Formation on Non-Homogeneous Classes of Objects'. In proceedings of the Third
International Joint Conference on Artificial Intelligence (Stanford. 1973). (co-author).

nCurrent Status of the Heuristic DENDRAL Program for Applying Artificial Intelligence to
the Interpretation of Mass Spectra'. DENDRAL Project Memo, August 1973
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Biographical Sketch of Bruce G. Buchanan

Memberships:
Association for Computing Machinery (ACM)
Philosophy of Science Association
American Association for Advancement of Science (AAAS)
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Usecontinsarion 2275 ang foilawr tna a3 goneral format for each person.)
NAME TITLE . BLATHOATE Mo r0am
- - Alan M, DUFFIELD Research Associate Decener 2694535/
PLACE OF BIRTH (City, State, Country) PRESENT NATIONALITY {/f non-U.S citizen, SEX
o ) indicate kind of visa and expiration date)
Perth, Western Australia Australian, Permanent resident :
i T i pveqms ian (3 rale T Famiia
EDQUCATION (5nqin with paccataureate training und include pastdocearat) .
INSTITUTION AND LOCATION DEGREE YEAR SCIENTIFIC
CONFERRED FIELD
University of Western Australia B. Sc(lst Class R ..
: Hons) 1958 Organic Chemistry '
University of Western Australia Ph.D, 1962 Organic Chemsitry

| HONORS

1 MAJOR RESEARCH INTEREST

‘Applications of mass spectrometry to
Biology and Biomedical Problems

ROLT IN PROPOSED PROJECT
Organic Chkemist/mass spectroscopist

RESEARCH SUPPORT (See instructions’
N/A

4
!

! ermost representative pudiications, Do not exceed 3 aqges for each individual. i

e et

1970
1969
1965

1963
1962

L

69
63

An Apolication of Artificial Int
Mass Spectrometry, -~ .
New York, 1971, p>., 121-178
By B. G 3uchanen, A. M. Du

E P L Y P L L R e I, -

Research Associate, Department of Genetics, Stanford University
School of Medicine -

Head of the Mass Spectrometry Laboratory, Chemistry Department
Stanford University .

Research Ascociate, Department of Chemistry, Stanford Univarsiiy
Postdoctoral Fellow, Departuent of"Chemistry, Stanford University

RESEARCH AND/OR PROFESSICNAL SXPERIENCE (S:arting with present cosition, Jist trairing and experience reievant 1o area of prs,ece Lt ait

Postdoctoral Fellow, Department of Blochemistry, Stanford University

School of Medicine. , . .

PUBLICATIONS SINCE 1971

alligence to the Interpretation of Mass Spectra.
8.W.G. Milne, Ed., John Wiley and Sens,

ffield and A. V. Robertson

fing ‘938
Rev, 275
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10,

11,

12,

Mass Spectrometry in Structural and Stereochemical Problems. CCIV. Spectra
of Hydantoins.II. Electron Impact Induced Fragmentation of some Substituted
Hydantoins.

Org. Mass Spectr., 5, 551 (1971)

By R. A. Corral, 0. O. Orazi, A. M. Duffield and C. Djera551

Electron Impact Induced Hydrogen Scrambling in Cyclohexanol and Isomerwc

Methylcyclohexanols. -
Org. Mass Spectr., 5, 383 (1971) ' T
By R. H. Shapiro, S. P. Levine and A. M. Duffield

.. Derivatives of 2-Biphenylcarboxylic Acid.

Rev. Roumain. Chem., 16, 1085 (1971)
By A. T. Balaban and A. M. Duffield

Alkaloide aus Evonymus europaea L.
Helv. Chim. Acta, 54, 2144 (1971)
By A. Kldsek, T. Reichstein, A. M. Duffield and F. Santavy

Studies on Indian Medicinal Plarts. XXVIII. Sesquiterpene Lactones of
Enhydra Fluctuans Lour. Structures of Enhydrin, Fluctuanin and Fluctuadin.
Tetrahedron, 2§, 228 (1972).
By E. Ali, P. P. Ghosh Dastidar, S. C. Pakrashi, L. J. Durham
and A. M. Duffield '

The Electron Impact Promoted Fragmentation of Aurone Epoxides.
Orz. Mass Spectr. &, 199 (1372)
By B. A, Brady, W. I. O'Sullivan and A. M. Duffield

The Determination of Cyclohexylamine in Aqueous Solutions of Sodium Cyclamate
by Electron Capture Gas Chromatography.
Anal. Letters, 4, 3C1 (1871)

By M. D. Soloman, W. E. Pereira and A. M. Duffield

Computer Reccgnition of Metastable Ions. Nineteenth Annual Conference on
Mass Spectrcometry, Atlanta, 1971, p. 63 o
. By A. M. Duffield, W. E. Reynolds,.D. A. Anderson, R. A. Stillman, Jr.
" and C. E. Carroll

Spectrometrie de Masse. VI. Fragmentation de Dimethyl-2,2-dioxolanes-1,3-
Insatures.

Org. Mass Spectr., 5, 1409 (1971)

By J. Kossanyi, J. Chuche and A. M. Duffield

Chlorpromazine Metabolism in Sheep. II. In vitro Metabclism and Preparatiocn
of 3H-7-Hydroxychlorpromazine. -

Journees D'Agressologie, 12 , 333 (1971}

By L. G. Brooks, M. A. Holmes, I. S. Forrest, V. A. Bacon,

A. M. Duffield and M. D. Solomon

Mass Spectrometry in Structural and Stereochemical Problems. CCXVII.

" Electron Impact Promoted Fragmentation of O-Methyl Oximes of Some

a,8-Unsaturated Ketones and Methyl Substituted Cyclchexanones.
Canadian J. Chem., 50, 2776 (1972)
By Y. M. Sheikh, R. J. Liedtke, A. M. Duffield and C. Djerassi












