SECTION |

D. A. Glaser

Form Approved
Budg_et Bureau Mo, OO0

L XA
b2

DEPART ' OF
HEALTH, DLDUCATION, AND WELFA

PURLIC HEALTH SERVICE

RE

CRANT APPLICATION

LEAVE BLANK
NUMBER

TYPE  [PROGIAM

REVIEW GROUP FORIMERLY

COUNCIL (Adanta, Yieor? DATE RECEIVE

TO LE COMTLETED BY PRINCIPAL INVESTIGATOR (lisme 1 throuph

Jend 13A)

W1 TITLE OF PROFOSAL (Do nnt exceed 83 typawriier sa6ces)

Scanner-Compuver Irvestigations of Biologiczl Svatems
2. PRINCIFAL (NVESTIGATCRN 2.DATES OF ENTIRE PROPOSED PROJCCT PERIOD (This cpolics:
2A. NANE (Lest, First, Initiel] : FNOM THROUGH
(Nasger, Donzld A. 01 June 1675 %1 Moy T08N0
28, TITLE OF POSTTTON. A TOTAL DIRECTY COSTS BE- |b. DINECT COSTS REQUESTEL
QUESTED FOR PERIOD I " FOR FIRST 12-MONTH PER!
Profecsor of Ph ies and IuOleCu.&a‘" Biology] ITEm3 ‘

6,12k, 938

. l) 6,"‘6{._

2C, MATLING ADDRESS ;’b:rect Crty, Suf» Zip Cudej
Department of Molecular Biology
University of California
Berkeley, California 94720

TSI l’L &) (See instrections)

6. PERF Ohlv.hf‘

CUniversity of (California
Berkeley, California 94720

2@. DECREL 2k, SOCIAL SECURITY NO.

206, TELL Pares Cody YELEFHONE B 24 ENSION
PHOMNE i
DATA |15 6o 310

G, f)Lr'ARiMLNT SERVICE, LALORATORY OR LQU!\/ALLNT
{Sce I; .stru"rtors)

Virus Laboratory

. .

ZH, MAJOR SUEDIVISTON See Instructions]

Colleps of Lethers ond SCiGﬂC@

CFTHETaTem e iving 110msn Subjects (See 1asiructions)
'A.(K_} ~0 n{T] YES  Approved:

Dzte

8. Inventions (konoval Applicants Only - Sce {nstructions)

ALINO B.[JVYES — Not proviously reported

C.[T] Yrs — Pancing Review

C.[XIYES — Previously raported

TO BE COMPLETED 0¥ RESPONSIBLE ADMINISTRATIVE AUTHORITY (7toms 8 throunh 13 2n

) T8I}

9. APFLICANT ORGANIZATICHI{SY [Sce instructions] 11. TYPE OF ONGANICATION (Cnoet: engiicests Nom)
The Tegents of the University of California Jreperat [TISTATE [Jtocal D OTHER (Specify)
c/c Campus Research Office
MLL ili:celer . 12 NANE, TITLE, 7.DDRESS, ARG TELEPHTIE NUZEBER OF
Tivereitr P . OFFICIAL IN BUSINCSS OFrIGE WHO SHOULD ALt-O gz
University of California NOTIFIED 1§ AN AWARD IS MADE .
Berkeley, California S4720 ‘ .
. Mr. August G. lManza, Manager
Cawpus Research Office -
ML Whecler, University of California
10, TTATE, TITLE, AND TCLEFIHONE NUTHER OF OF FICTALS] Berkeley, Calirornia .
SIGNING FOR AFPLICANT ORGARIZATION(S) Telephon- Number (1)
. B RN "fff’ﬁ’um»x?fﬁmc VACCOTHRORENTTO TVECR »”r?
FOR INSTITUTIONAL GRANT PUSFCSES-Se Instrustions,
Biomedical Sciences Support Grant-
14, ENTHTY HUsBLR (Formerly PHS Account Humber)

Telophone Sumbar {u

heyhne

1E. CEKT?F!CATM‘»} AND ACCUEPTARNCE. We, the uncaizipnod, coertify thot the statements bevein ere truo and compicie 10 the best of our
knowledns and rrcent, 03 to eny grent awanded, the obligstion 1o complv with Public Health Service terms end conditions In effoct a2 the tirne of tha
wacrd,
T T T e ’"‘““"'F(."'i;f L R - TTTISATE T
(Si,,'fznu‘n 1LLUHS On l \J‘\) (IWA{\ " \ o "r"*“i:.,é__n,, ~ )
originst copy asly. AL IN TTER 30 OATE T

© t®
Lt

Uew ik,

Cfvemfrerat

]
i

In. SIGNAT e F 5 OET g

I
G AN

««««« a1+ s e et S S0 S 8 = s b

— o

R N—



CR DRAFT COPY

SEF

-

]
(2

REMOVE AND

"Donald A. Gla.;ez',

" John Bercovitz,

D. A. Glaser

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

RESEARCH OBJECTIVES
NAME AND ADDRESS OF APPLICANT ORGANIZATION

University of Californ_ia

Berteley, California Q4720
NAME, SOCIAL SECURITY NUMBER, OFFICIAL TITLE, AND DEPARTMENT OF ALL PROFESSIONAL PERSONNEL ENGAGED ON
PROJECT, BEGINNING WITH PRINCIPAL INVESTIGATOR
» Professor of Physics and Molecular Biology, Virus ILab.
Assoc. Development Ingrg., Virus Laboratory
, Acst. Development Engrgz., Virus Laboratory

Ronald Baker,

James Berk, - Assoc. pevelopment ingrg., Virus Laboratory
Fraser Bonnel » Principal Prograsmmer, Virus Latoratory :
John Couch, Post-Grad. Research Biophysicist, Virus Laboratory:

Asst. Develop. Engrg., Virus L‘a.boratory
, Sr. Development Engrg., Virus Laboratory
» Principal Dzvelopment Engrg., Virus Laboratory (cont on p. Do

<

Ted Fujita,

Robert Heary,
Leif Hansen,

TITLE OF PROJECT
Scanner-Conputer Investigations of Biolegicaol Systems

USE THIS SPACE TO ABSTRACT YOUR PROPCSED RESEARCH. OUTLINE OBJECTIVES AND METHODS. UNDERSCORE THE KEY WORD:

(NOT TO EXCEED 10} IN YOUR ABSTRACT,

Large scale genetic and physiological studies of bacteria, yeasts, and animal
cells grown in tissue culture will be carried out uS¢ng recentcly constructed aubcmated
equipment and corkgtbr—durectﬂd patiern recognition techniques. By automatic exami-
nation of up vo 10Y cclonies . in a batch, rare mutants will be isolated and partially
characterized, mutagenic eficcts of chemical and physical agents will be measured
. even at low doaue, and genctic rccombination frequencics measured accurately for mapping
purposes. Mutants for detailed studies of DiiA scynthesis in E. eoli and B. subtilic
will be isolated and partially charzecterized. !utants of E. coli, S. typhimurium
and Baccharomyces cerevisiac will be isolated vor study of biosynthetic and degra-
dative pathways end for analysis-of the mechanisms of genetic reccmbination. Genetic
maps of B. coli, Saccharomyces cerevisize, and some manmalian cells will be enlarged.

Feasibility studies of automatic recognition of bacterial and fungal pethogens
in medlcal and public health applications will be extended. Mutagenic effecos of
Tood additives and other enviromncuntal chemicals will be tested in several bacterial,
yeast, and animal cell systems. varcinogenic eifects of chemical and physical agents
including ionirzing radiation dll* be measured using animal cells. Interactions of
horaoncs and other agents with tumor cells grown in tissue enlture will be examined
Co investigate the biochemical rechanism of the interactions and to test possible
enti-neoplastic cffects of a variesy of substances. Matant tumor cells sensitive %o
some agents and resistant to others will be isolated for further study. Sereening.

programs may be undertaken when fcasible for :mutagens, carcinogens, anti-nﬂoplastiL
agents, and effectes of low doses of mutzgens and ionizing radiation:
Additional 1nanumenudt;oq will be conctructed as nceded.
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Privileged Comnunication . ... .. .. _ <.

Professional Personnel (continued)

Larry J’olms_qz},w n Assoc. Devel. Engrp., Virus Laboratorf
Alex Para, sst. Devel. Engrg., Virus Laboratory
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- FROM THROUGH
JONTHP o
DETAILED BUDGET FOR FIRST 12-MONTH PERIOD June 1, 1975 May 31, 1980
e oy R e
DESCRIPTION (/temiza} 1imE on AMOUNT REQUESTED (Omit cents)
PERSONNEL EFFORTY FRINGE
As, Y
NAME TITLE OF POSITION i SALAR BENEFITS ToTAL
v s |PRINCIPAL INVESTIGATOR
(See_details on =4tached n, 3a)
505.872
CONSULTANT COSTS
Occasional enzineering consultents for special technology 1,500
EQUIPMENT
(see details on attoched p. 3b)
828,200
SUPPLIES <
(See details on attached p. 3c)
20k, 6%2
.~ One major trip to Fast Coast for professional persons to
DOMESTIC X e
attend a major conference (Gordon,CSH ($2,000); attendance
TRAVEL .
{EOREIN by professionals and grads at local conference (Arrowhead, ,
- Biophysics); confer with colleagues and equip.suppliers. 3,000
PATIENT COSTS (See instructions) . . _ ($l ,000)
ALTERATIONS AND RENOVATIONS
DTHER EXPENSES (/tomize)
(See dctails on attached p. 3c)
103,451
TOTAL DIRECT COST (Ent Page 1, Item 5} .
{Enter on Page m - 1,6!!-6,655
NOIRECT < sawe DATE OF DHEW AGREEMENT: ] WAIVED |
COST S 577753 ) ] UNDER NEGOTIATION WITH:
(Sea Instructions) Ll % TDC =
: *1F THIS IS A SFCCIAL RATE fe.e. off-sits), SO INDICATE,
NiH 398 (FORMERLY PHS 398) R PAGE 3

Rev. 1/73
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| PERSONNEL
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" Privilesed Cormunication

- .Donald A.leaserw,w"

i ' ” Fringe

fName Title of Position Time Salary Benetits Total

5:. Donald"A. .Glaser.. Principal Inves. 2 mos. 8,652 1,296 9,948

Mechanical Engineers o '
Leif Hansen Prin.Dev.Engrg 100 25,224 3,026 28,250
John Bercovitz Asst. Dev.Engrg.II 100 14,788 1,770 . 16,518
Larry Johnson ‘Assoc.Dev.Engrg.III 100 18,792 2,255 - 21,047
Larry Henderson Draftsman I 100 8,628 - 1,035 9,663 .

Shop and Maintenance - . A
Walter Debold Prin.lab.Mech.V 100 16,236 1,948 18,184
Lloyd Davis Prin.lab.Mech.V. 100 16,236 1,948 18,184
James Munger Lab.Asst.IT v 100 8,106 983 9,179

, X Iab.Asst.I 100 7,560 907 8,467

, XX (2) _ Lab.Helpers 100 12,624 1,51k 14,138

:Computer Programming - . '

" Fraser Bonnell “Prin.Progr.V 100 2h,612 2,953 . 27,565

! X\ ‘Sen.Progr. 100 16,656 1,999 - 18,655

| X ) Programmer 100 12,h4hlh 1,493 13,937

Computer Operations _ . B
Robert Henry Sr.Dev.Engrg.V 100 24,012 2,881 26,893

Xx(2) Computer Operator 100 19,906 2,388 22,294

{InstrumentatiOn .

Ronald Baker Assoc.Dev.Engrg.V 100 20,748 . 2,489 23,237

James Berk Assoc.Dev.Enarg. I 100 17,052 2,046 19,098

* Ted Fujita Asst.Dev.Engrg.V 100 17,052 2,046 19,098

. Alex Parz ..Asst.Dev.Engreg. I 100 14,040 1,685 15,725

77 Pat Deonahoo “lab.Asst. I - <200 - .7,560 © 907 8,467
1Biological Operations . . b . '

i  John Couch Asst.Res.Biophysicist 100 15,290 2,294 -17,584
Philip Spielman -Staff.Res.Assoc.IT 100 14,040 1,685  _ 15,725
Marilynn Brookm -Staff.Res.Assoc.II  .100 -.-13,0kk.  1,565.. 1k, 609
Carol Greiner Staff.Res.Assoc.I 100 12,1hk 1,457 13,601

i  Eva Bennett Lab.Asst.II 100 8,208 985 . 9,193

| James Colby . Lab.Asst. I 100 7,272 872 8,144

i xxx (3) Post-~Doctorals 100 35,568 5,335 40,903
XxXxx (4) Grad.Students 50% - 9 mo 23,292 2,796 26,088

100% - 3 mo : .

;Administration and Procurement ‘ , - :

i Madeline Moore - Adm.Asst.IT 100- 10,248 - 1,230 11,478

" Total -Salaries k50,084 55,788 505,872
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Privilegcd Communlcatlon

. -Donald A. Glaser.

o — s

Total

EQUIPLENT
PDP 10-I System "Unit Cost
'KI-10 Processor ' 240,000 -
MF-10  Memory(2)64K words 80,000
RP-10 Disk Control 26,000
RP-03 Disk Drives(3) 20,000

DF~10  Data Control for =~ 77
- Disk and MagTape(2) 14,000
'TM-10B Mag TapeDrive : o
~ Control ' 20,000
TU-40  Mag.Tape Drive (2) 25,000

TD-10 DEC Tape Control 15, 300"
TU-56 DEC Tape Drives(2) 4,700
DC~10A " Dataline Scanner 10,000
DC~-10B Data Line Group, : .
~ : 8 lines : + 5,500 -
IF-]JOF Line printer, ‘ :
' 1250 lpm ° - k7,500

.VB-10C Graphic display - 35,000
PDP-11 Controller for . 30,000

flying-spot scanner,

(18 bits)

2k0,000
160,000
26,000
60,000

28,000

20,000
50, 000
15,300
9,00
10,000

5,500

- 47,500

35,000
30,000

Sub-total (PoP 10-1) 736 700

JPDP 10-I (Software pachage/p a.

Laser .
4 vwatt tunable blue laser
(spectrophysics Model 16k4)

Flying-Spot Scanner--speed up
PDP~11 - controller
New faster yoke and A/D converters
PDP 10 to PDP 11 direct memory bus

'5,000

49,500

30, 000
10, 000

- 37,000

Total Equipment

828,200
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Softvare notebook updatﬂs ($300); softuvare updates

.subscription ($1,100/yr); telﬂtype peper, printer :
- paper, Calcomp plotter paper ($1,300); Mag tapes ($300);
‘DEC tapes (§ hOO) ‘ - . '

"Petri dishes at $25/case (500 dishes per case),

2 cases per week x 50 wks = 100 cases x $25.

Agar at $1.30/liter; 0.030 liters per dish; 1000
dishes per week'x O. 03 1itersfdish x 50 veeks X
$1.30 . .

_Agar for Cyclops trays--z0 trays/wk x 1.5 1iterc/

tray x 50 weeks x $1.30

Agar for Dumbwaiter--2 experiments/wk x 256 trays x
1.5 liters x 50 weeks X $l 30 liter

Miscellaneous drugs, chemicals, nutrients and glassware _'

Film and Da2velopment
$0.18/ft for 35 mm film
Cyclops~-=20 trays/vk x 50 wks x 32 sauares/tray
x 6 photos/square x $0.18 2 8 photos/ft.

Y1)

Dumbwaiter--256 quvs/expt. x 100 e“pts/yr
squares/tray x 6 photos/square x $0.18
8 photos/ft .

-

«le P4
: N
n.

' Miscellaneous small electronic, mechanical and

optical parts for constructing laser
selector-inoculator electronic controls,
~and new cell manipulation devices

TOTAL SUPPLIES

OTHER EXPENSES

Computer maintenance ($2, 9h8/mo.-~see P. 5d)

- EE Machine Shop (2,000 hrs. at $11/hr) '
IBL Machine Shop

Machine shops (special jobs on and off campus)
IBL Supplies

Phones

Xerox ' _

- Page charges, 15 pp at-$75/page

Publications - professional journals

‘Mail

TOTAL OTHER

: ﬂonald A.leaser

Privile rrcd_,_(‘,'_olmut;i_c,afcion... e ' ..... _

:UPPLIEo

3,400
2,500
1,950
1,950
49,920

5,000

4,320

. 110,592

25,000

135,376

20,000
110,250

. 2,700
1,800
1,125

500

100

$20k, 632 -

$10j,hsl



‘Donz2ld A. Glaser
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"Computer Maintenance (continued from P..2)

Maintenance per mo
KI-10 Proccssor : 550.00
MF-10 888.00
RP-10 79.00
RP-03 510.00°
‘DF-10 134.00
TI4-10B 43,00
TU-40 316,.00°
TD-10 .20.00
TU-56 . 68.00
DC-10A 19.00
DC-10B 18.00
LP-10F 153.00
VB-10C 150.00

AN

vl '3

»
L om
ot

‘Total per mo 2,948.00
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BUDGET ESTIMAYES FOI ALL YEARS OF SUPPORT RE&UESTCD

BDIRECY COSTS OMLY (Omit Cents)

FROMPUSLIC HEALTH SERVICE

TOTAL FCR ENTIRE PROPOSED PROJECT PERIOD (Cnter on Page 1, 1tem 4) weremrmmeepen

s 6,124,938

DESCRINTION Q51 renion | ADDITIONAL YEARS SUPPORT .n EQUESTEDW s application onfy) ,
TAILFD BURGET) | 2ND YEAR 3RD YEAR 4TH YEAR 5Tt YEAR 6TH YEAR 7TH YEAR
- ¢
¥ ' . ¥x .
PERSONNEL 505,872 | 556,459 |612,104 | 673,71k [740,645
: s
CONSULTANT CO3TS 1,500 1,650 1,815 1,997 &,197
finctade iees, traved, eic.) . .
| eouerENT 828,200 75,000 | 75,000 5,000 | 75,000
| suepuies 20,652 | 225,095 |2k7,604 | 272,364 {299,500
’ DOMESTIC y 3 | < 3 e
N ! 3,000 5,300 | 3,630 3,993 | 4,592
FOREIGN ’
PATIENT COSTS
LTERATICNS AND
RENOVATIONS
OTHER EYPENSES 103,k51 | 133,796 | 125,175 137,632 |151,461 .

REMARKS: Justify olf costs for the fisst yezr for which the reed may not be obvivus. For future years, justify equipment costs, as well as any
significant increases in any othor category. If a recurring annual increasa in personnel costs is requested, give percentage. (Us= continustion

page if nocded, )

- iCost of lnr:mg figured at 10%Z by June 1975
Each consecutive year In*gurcd at 10% increacse for cos;--of-llvmrr inerease and

inflation .

Fployee benefits figured at 12“: for non—academ.c' H 15“’ for academic_ °a131‘1€S-
PLOYy 4 9.



_SECTION If ~ PRIVILEGED COMMUNICATION -0 -

kS : BIOGRAFHICAL SKETCH

{Give tha folloving information for oll p:rofssional perscnnel listed on pags 3, deginning with the Principai investigator.
Use continuation psaas end follow the stme genersl format for cach person. }

NAME TITLE BIRTHDATE {#a., Day, Yr.)
- _ ‘Professzor of Physics and’ , , '
=~ Donald ‘A. Glaser ) Molecular Biology 9/21/26
PLACE OF BiRTH (Ciry, State, Country] PRESENT NATIONALITY (/f ron-U.S citizen, SEX
indicate kind of visa and expiration dets}
Cleveland, Chio, USA USA '
2 Mate ] Female

EDUCATICN {Begin with bsccalaureate training and include postdoctoral)

_INSTITUTION AND LOCATION DEGREE cowyféc\aaaso SCKFE!:B)F Ic
Case Institute ofTechnology : BS 1646 Mathematics and Phy=i
California Institutc of Technology PhD 1949 oL "
Case Institute of Technology Sc.D. 1959 " "

HONORS  Henry Russel Avard, 1955; Charles Vernon Boys Prize, 1950; American Physical
Society Prize, 1959; D. Sc., Case Institute of Technology, 1959; Nobel Prize (Fhysics),
1960; Ellio Cre son Model (Franklin Institute) 1961; Alumni Distinguished Service Avard
(Cal.Tech.) 1967; Gold ltedal Avard (Case Institute of Technolosy) 1967. _

MAJOR RESEARCH INTEREST ROLE IN PROPOSED FROJECT
Cell genetics and control mechanisms Principal Investigator

RESEARCH SUPPORT (See instructions)
NIH Grant GM 19439 o/1/13 - 5/31/74 Genetic Control of Cell $ho,262
' Pnysiology and Structure
NIH Grant GM 1324 09  6/1/73 - 5/31/7% Scanner-computer investi-  $405,608
o ’ gations of biological .
systems

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Starting with present position, list treining and expenience relevent to aree of project. List aH

©or most representative publications, Do not exceed 3 pages for aach individual.)

Visiting Professor of Biology MIT 196162

Miller Professorship UC Berkeley 1962-64

Consultant Brookhaven National Laporatories, Argonne National laboratory, and a

varicty of other laboratoriss and agzencies on scientific and instrumentation

problems in physics and biology.

1. C. B. Ward, M. V. Hane, and D. A. Glaser, "Synchronous re-initiation of chromo-
?one replication in E. coli B/r after nalidixic acid treatment," PHAS 66, 365

1970).
2. C. B. Ward and D. A. Glaser, “Control of initiation of DNA synthesis in E. coli
" B/r," PNaS 67, 255 (1970). )

3. C. B. Ward and D. A. Glaser, "Correlation betueen rate of cell growth and rate of
DNA synthesis in Escherichia coli B/r," PNAS €8, 1061 (1971).

L. D. A. Glaser and C. B. iard, "Computer identification of bacteria by colony
morphology", Frontiers of Pattern Recosnition, Acad. Press, N. Y. (1972).

9. J. Couch, J. Berki, D. A. Glaser, J. Raoymond, and T. Wehr, "Automated recognition
of bacterial strains by analysis of colony morphology"”, Proceedings of the 13th
International Congress of Genetics, Berkeley, California, Aumust 1973.

6. J. Raymond, J. Couch, D. A. Glaser, and C. T. Wehr, "Automatic selection of
conditionally defective mutants of micrcorganicms,  Proceedings of the 13th

(continued)

Wit 350 (FORMERLY PHS 3ST)
Rev, 1/73 .
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 Costienatios nvge | g Donald A. Glaser
FPrivileged Communication — __..
T.- C. T. Wehr, L. Waskell and D. A. Glaser, "Isolation and characterization of .
' cold-sensivive DNA mutants of Escherichia coli K12", Proceedings of the 13th
_International'Con"resS of Genetics,'Berkeley California, AUgust 1975-
8. R. M. Burger and D A. Glaser, "Effect of nalid1x1c acid on DNA replication by’
tolucne-treated Escherichia COll", Proc. Nat. Acad. Sci. 70, 1955 (1973).
9. D.-L. Parker and D. A. Glaser, "Chromosomal sites of DA -membrane attachment
in Escherichia coli", submitted to J. Mol. Biol. September 1973.
10. D. L. Parker and D. A. Glaser, "Effect of growvth conditions in DNA-membrane
: attachment in Escherichia coliy in preparation
11.  A. H. Dougan and D. A. Glaser, "Rates of chain elongation of rlbOSO al RHA
molecules in Escherichia coli”, submitted to J. Mol. Biol., 1973.
12. L. Waskell and D. A. Glaser, "The isolation and partial characterization of
mutants of E. coli with cold-sensitive synthesis of DNA", in preparation.
13. D. A. Glaser, "Some effects of ionizing radiation on the forma ion of bubbles
in liquids", Phys. Rev. 87, 665 (1952). S
k. D. A. Glaser, "Bubble chamber tracks of penctrating cosmic ray particles",
Pays. Rev. 91, 762 (1953). ) _ -
15. D. A. Glaser, "Progress report on the development of bubble chambers "5 Nuovo
' mmamoz,smml.z,ﬁﬁ.ﬂsﬂw : '
16. D. A. Glaser and D. C. Rahm, "Characteristics of bubble chambers", Phy_. Rev. 97,
b7k (1955). : | :
17. D. A. Glaser, "The Bubble Chamber",-Scientific American 1955. »
18. J. L. Brown, D. A. Glaser, and M. L. Perl, "Liquid xenon bubble chamber", Phys.
' Rev. 102, 586 (1957) , .
19. D. A. Glaser, D. C. Rahm, and C. Dodd,,“Bubblc counting for the determination-;
* - of the velocitics of charged particles in bubble chambers", Phys. Rev. 102, 6,
1653 (1956). : R ' BT
20. D. A Glaser, Decays of strange particles, Kiev Conference, 1959
2l. D. A. Glaser, et al., "The neutral_branchlng ratios of K° particles"”, Phys.
“Rev. Letters. L _ ' - :
22,' D. A. Glaser and L. 0. Roelllg, fElastic~ip and p;p scattering at lf2§ Bev/c."-'
N Phys. Rev. 116 1001 .(1959). e T o - -
23. D. A. Glaser et al, "Direct proof of O; neutral decay", Phys. Rev. Letters 3
51 (1959). _ o = L
2k, D, A. Glaser and W. 1. attonbe e, "Aa subonoied syster for the grovwth and

analysis of large numbers of raCerlul colonies using an environmenial charter
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26.

[ ——
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25.

27.

- 28.

29.

1.

Privilegcc. Cmmum.cation - _ ' ‘

Captinnation nra w 7 - - Donald.A. .Glaser — ...

and a computcr-controlled flying-spot scanner » Ann. N Y. Acad. Sci. 139,
2h3(1966) ' R : L . T

D. A. Glaser, "B:.ologiual objectives and strategy for the design of a space
vehicle to be landed on Mars." Chap. 18, Biolozy and the Exploration of Mars,
Nat. Acad. Sc1 at. Res. Council publication, 1960.

.

D. A. Glaser, J. McCarthy azzd M. Iﬁnsky, "The auoo*vated biologica}. 1aboratory,
Chap. 19, I'oid. (1906) _ _ . . =

B. Volf A. Newman, and D. A. Glaser, "On the origm and direction of replica-
tion of the E. coli Ki2 chromosome”, J. Mol. Biol. 32, 611 (1968)

\)

M. L. Pato and D. A. Gla.;er, "The origin and direction of replication o.E‘ the
chromosome of Escherichia coli B/r. Proc. Nat. Acad. Sei.. 50, 1268 (1968).

C. B. Uard and D. A Glaser, "The origin z-.nd direction of DNA =yn‘!:hesis in
E. coli B/r. Proc. Nat. Acad. Sci. 62, 681 (1969). - :

C. B. ‘Ward and D. A. Glacer, "Evidence for multiple growing points on 'bhe
genome of repidly growing E. coli B/r. Proc. Nat. Acad. Sci. 63, 800 (1909)

C. B. Ward and D. A. Glaser, *’Analyéls of the chloramphenicol eensitive and
resistant steps in the initiation of DNA synthes:m in E. coli B/r Proc.
Nat. Aca.cl. Sci. 6k, 905 (1969). - X

(See begi_nning of list :E'ozj more recent publications.)
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3ustification of first 1l2-month period
Personnel

During the first 12-month period we plan to maintain the engineering staffs at their
present size, because we expect there to be extensive debugging, modification, and
minor additions made to the machine as we gain experience in its use. Those who de-
signed the machine will be the most effective at understanding its shortcomings and
making necessary improvements. As time goes on the shop activities will shift from
construction of new equipment to maintenance of the existing equipment at probably the
same level of manpower as required during the construction phases of the project. The
instrumentation and electrical engineering group will similarly be engaged in debugging,
modifications, and minor additions to the equipment. ' - :

In order to operate the computer facility around the clock, we will need to have two
full-time computer operators, but no other major expense is. contemplated. For biolo-
gical operations, a Senior Biologist with considerable experience in computer program-
ming and instrumentation is being proposed and the budget also provides for the sala-
ries of three postdoctoral researchers and four graduate students since training grants
for these categories of people are no longer available. ‘

As the experimental program gains momentum, we will need to add two relatively Junioxr
brograrmers to help biologists formulate protocols and write programs to carry out the

necessary operations. :
Equipment
o haied LR

PDPIO-T System to replace our PDP-6 Systen. By the time this prdposed program
begins in June 1975, we will have owned and operated-our present PDP-6 system fo»
10 years at an enormous saving in the cost of leasing the same equipment. Lease
rates are usually computed to amortize the equirment in about 40 months and we will
have operated the equipment for 120 months at’ the same cost. Several years ago
the PDP-6 computer became essentially obsolete when it was replaced by the PDP-10,
and then by the PDP10~I system. Probably by June 1975 there will be a yet newer
replacement of the PDP1O-I system. At the present time’ (October 1973) there is
only one operating PDP-6 computer left in the United States at the Rand Corpora-
tion who are planning to get rid of it in the next few months. There may also be
another highly modified PDP-6 computer at M.I.T. not maintained by D.E.C. (Digi-
tal Equipment Corporation) and perhaps used for special experimentation in compu~-
ter science. D.E.C. no longer maintains the software for the PDP-6 and it is
costly and difficult for us %o modify the constant improvements id PDP-10 soft-
ware so they are useable on the PDP-6. New softvare, beginning to be issued by
D.E.C., is not suitable at all for the PDP-6 computer and we will soon be unable
to take advantage of the "community knowledge" and library of programs availsble
for PDP-10 applications.

It is not practical for us to maintain the computer ourselves and D.E.C. maintains
only one trained maintenance person who, in fact, can only be trained at our own
conputer by his immediate predecessor. We absolutely then depend on this one
person because ours is the only computer of its kind still maintained by-D.E.C.

The change to the new PDP 10 system most recently available in June 1975 is
expected to give us a speed increase of at least a factor of k& in analyzing photo-
graphs from the Duwbwaiter and Cyclops. Since these instruments take photogranhs
2l the rate of 1 p=1 zccend and our precons rate of enalyzing picbures is about

1 par 10 zecouds to 1 pex 20 sccoads, we have an crirerely unfavorable ratic of
analysis time to production time for these photographs. With this additional
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Justification of first 12-month period (continued)

factor of 4 or more available in the PDP-10 system, the ability of the computer
. to analyae data will be nicely matched to the rate of production by the biological
machines. For all thesc reasons, the switch to the new system is extremely deslr-
G.b 1e - =

Laser. This laser is needed to measure the light scattering of droplets of cell .
culture formed in the high-speed dripper-inoculator in order to determine whether
a droplet contains a cell and the kind of cell contained therein. By rejecting
empty droplets and droplets containing multiple cells as described in the Biolo-
gical Plans part of the proposal, we will increase the effective size of the
Cyclops and Dumbwaiter by a factor of 3 and be able to carry out critical sortlng
operztions for eyparirents on animal cells.

Flying-Spot ucanner--spaeu un. To further 1ncrease the speed at which photographs
can be analyzed, we propose to update the Flying Spot Scanner to current techno-.
logy by the substitution of the PDP-11 computer to serve as a controller for the
sconner in placce of the home-made circuit thet does the job now. In addition we
will substitute new, improved versions of the deflection yoke system for the pre-
cision cathode ray tube and faster A/D converters. Finally, we would add a PDP-10
to PDP-11 direct memory access-dwnp for bringing scanner information directly into
the PDP 10 menory uwithout going through the slower I/O Bus.

_ Supplics--The cost of supplics is based on the assumption that the Cyclops will con-
tinue to operate for small-scale expsriments and for "second-pass"” experimental

‘material proﬂuccd by lsrge Dumbwaitcr experimente. It will operate with petri dishes

~or with glass troys ot a modest level as described in the budget figures themselves.

" The budpet for Dumbwaiter supnpliec is based on the expectation that we will be able

to carry out 2 batches per ucel for SO0 weeks per year which seems at this time a

~ reasonable average level of activ1ty - -

Travel-~On the average of one major trip to the Bast Coast for profeSEional persons
to attend a major conference such as the Gordon Conference and the Cold Spring Harbor
Conferance, as well as attendance by professionals and graduate students at local

. conferences. Also confercnces with. colleagues and equipment suppliers.

Other--Computer maintenance contracts are based on present cost estimates by the
menuiacturer who carrics out the maintenance. lachine-shop time and other campus
shops is required from time to time vhen our own cingle machinist is overworked or
when special facilities and large machines are reguired for a particular job. The
budget is bazed on one man year of work for this purpose.

The Equipment Budget for subsequent years provides for new accessories bound to be
required as the experimental program expands, including for instance, a television-
scanner system for on-line real time analysis of growing colonies to eliminate the
photography step and provide for the possibility of intervention in the céxperiment in
real time and very rapid read-out nccessary for particular zspplications. For study
of animal cells it will probably be necessary to design a camera that photographs

a small arca of agar at a time throusgh a lou-pover microscope for studying very small
clones of animal cells. Other requirements of these kinds are bound to arise. We
will Justify this budget item on a year~to-ycar basis.
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\vgcarch Plan

" A, Inmsroduccion

1. Objectives. When this program-projzct begen in July 1955, the overall gool wa;

to eutomaie many of the procedures of petri dish tecanicue on a large scale u°1ng
computer-divected machinery end pattern recognition techniques in a flexible vay
so that a wide varicty ol biomedical problems could be attacked. Now, in November
1975, after successful operation of seversl prototypes, much of the equipment is in
operation cnd all of the major equipment will be in Tull operation at the end of the
currenu grant period in June 1S75.

In its short period‘of operation the machinery has successfully aided in ﬁhe 1sola~-
tion of cold sensitive mutants of E. coli K12 unable to synthesize DiA at 20°C. It
has alzo psrformed highly accurate autonatic recognition of grouing colonies of 10
species of bacterial pathogens important in medical diagnosis as.a demonstration of
its abilities in many health-related gpplications. In thc next few months we will
begin new euperiments in genctic mapping, mutant isolation and physiolozical charac=
terization with E. coli, Salronclle typhimuriusz, Bacillus subtilis, Sacchoromyees

cereviciae, and aninel cells grown in vissue culivure. liony oi these projects will be
v done in collaboration 'with scientific investigators who have on-going projects in
e these areas

During she noxt five-yeor grant perlod bewlnnlnﬂ in June 1975, we propo to extend
these projects and add others involving the construction of genetic meps, the isola-
tlon of important mutants, and the eharacterization of mutants and strains. Some

of thesc projects will be chosen to aid in critical steps of the productzve work of

iﬁ a number of independent scicentific investigators already working in these fields,
Fi and some will be important parts of our oun biological programs. In addition, we
i propose to cxcmine the feasibility of health related projects including screening
?; . of environmental cheuicals, including f004 additives Tor their mubagenic effects on

bacteria, ycast and animel cells; the potentizl eareinogenic and anti-neoplastic
effects of various agentc on animal cclls, and the cffects of very low levels of
ioniziny radiation on various cells. If -arfe—ccalc screcning projects appear fca51-
ble and desirable, special funds will be sought to carry them out if necessary.
Finally, a modest instrunentation program will be continucd to add new capabilities
to the machinery as they become necessaxy. Scientists from many laboratories are
expected to take advantage of this facility. o

oo 2. Backoround. Since this prowr@u includes a number of different biological
e projects, the wiological background, rationale, aims, and methods will be discussed
Pea project by project in subsequent sections of this proposal. Vhat brings them toge-
e ther in this program is a similarity in tho technical manipulations and the common

5§ - requirenent for large-scale experiments too tedious, clow and costly o carry cut by

hand. In some cases guantitative measurements on growing colonies are extremely
difficult without the automatic pattern recognition facility.

Except for cmall labor-saving devices, techniques for growing colonies on solid
media have changed little simce they were invented. Many projects in the contempor-
ary biology of clonable cells arec severely limited by the difficulty of isolating
particular mutants, characterizing them, and locating them on the genetic Tdp of the
organism. Lumerous health-related programs including medical bacteriology; contami-
nation monitoring; mass screening programs for mutagens, carcinogens, and anti-
‘neoplastic agents; and industrial strain-improvement programs utilize s1m11 r teche
nigues. It is hopsd that this vrormrom-projcet will be usaful in all these Tields ac
nell as in worh in fwkdonentsl blolocy.
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3. Rationale of this automation. To carry.cut ekperiments requiring study of
large numbers of colonics we are conscructing a machine (the "Dumbwaiter®) in which
256 LOcm x 80cm egar-filled glass trays circulate in an.incubator past stations vhere
various operations can be performed. An inoculation device deposits single cells

-carried in microdroplets in regular rovs and columns for maximum uniform packing and-

easy subsequent manipulation. During incubation, time-lapse photographs of the colo-
nies are made using up to 5 different colors of light. A flying-spot scanner (similar
to a television cancra) under control of a computer (PDP-6) examines the photographs,
finds all the colonies, and vecords their size, appearancu, and growth rate. Thev
computer then computes the frequency of various classes of colonies for measuring. muta-
tion rates, map distances, recombination Irequencias, and other required biological
results. In addition the computer can direct a colony "picker" to retrieve part of a
colony for replica plating,-su spension in liquid, restreaking, or delivexry to a test
tube or small petridish for further manual work in the laboratory. Alternatively
the computer can direct the spraying of some or all colonies with nutrients or drugs
on some predetermined schedule or according to the actual performance of each parti-
cular colony. Thus the’ computer can intervene in on-going experiments. Irradiation,
genetic crossing on the agar, and similer operations can also be performed as the
treys move through the Dumbwaiter. Design of the DW (Dumbwaiter) and associated equlp
ment has been done to allow a wide variety of accessories to be added to carry out.
spec1al nanipulations as they are required for pg*ticular experiments. If colonies

ie placed 1 mm apart, the DW can hold almost 10° colonics per load of 255 trays.
Seve*al loads can be processed each day for many types of non-interfering experiments.

- ¥

What does this kind of large-scale automation have to contribute to.biomedical science’
r Solution of many biological problems depends’on the ability to isolate a particular
: kind of mutant, to measure the rate of a particular genetic recombinational event, or

. to measure responses of growing cells to specific chemical, biological and physical

. conditions. Automation allows highly reproducible experiments to be performed with

[Ra——

0 ——

+
i

.large numbers of organisms so rare events can be observed and more common evénts meas-
ured with high statistical accuracy. Computer-directed pattern recognition allowus

quantitative aspects of growth to be explored for regularities that would escape
qualltaulve visual examination. '

ane of this increased statistical and gquantitative power reduces the need for thought-
ful study of the biological system in advance of large-scale experiments and of careful
analyzis of the results. Nor is this kind of automation likely to reduce the number
or quality of people involved in a given research area. ther the same people will
be able to accomplish tasks impossible without the machinery and to ‘do many more con--
ventional experiments with much reduccd tediunm.

! Tn medice 1, public health, and industrial applications, large scale screening, con-

| tamination surveys and diagnostic assays, and other 31nilar tasks can be done with

i

l

(

© me——— - 1 e 5

the unbiased reliability of automation and the economies of large-scale. It is expec-
ted that these machines or adaptations of them will be cost-effective and quallty-
| effective for a variety of irmediate health-related appllcatlons.

* k. Comprehensive Progress Report. A
(a) Perlod covered by this rcport° June 1970 to November 1973.

(b) Sumnary. Equipment has been’ ‘built for inoculating up to 100 40 cm x 80 em
agar-illed glaszs treys.with aing ~1le cells in regular rows and columns of adjustable
coacing, ivcubdaiing the treys unpder tiphitly controlled conditions, photosropaing them
nurledically, ond analyzing the photosraphs with 2 seonmerecomputer syston. Trecuen-
cies of various colony types are recorded by the computer which can also direct the
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automatic picking, replice plating, and restreaking of colonies it is instructed to
select. HNutrients, drugs, viruses, and other agents can be delivered to whole trays
or celected colonies under computer control.

Design and construction of a fully-automated system able to carry 108 colonies on
256 trays is near completion. o

With the. presently operating system we have isolated cold-sensitivé mutants of E. coli
K12 unable to synthesize DNVA at 20°C using 1/5 as much agar and much less labor than

a parallel project using hand methods. Nine bacterial species isolated from human
urine and a laboratory strain have been studied with the automated system.. Using :
newly developed programs, the computer can correctly identify unknown colonies of these
ten types with accuracies better than 98%. : T '

wut

A. l(c) Detailed Report

1) Biological Projects. Although the goals and budget of this program-project were .
directed principally coward development of the automation cystem, several biomedical
projects have been carried out to demonstrate the abilitiec ol the system and to
speed the vork on biological projects in our laboratory supported by NIH as GM 19439 -
(replacing Gif 12524). The NIH preferred funding the instrumentation and biology pro-
grams separately so that they would be reviewed separately by appropriate panels.

(a) Finding, Counting and Sizing Coloniecs. Computer programs have been written
for scanning photographs of 100~mm-wetri diches prepared by hand for finding,
- counting, and sizing the colonies correctly in spite of overlaps of colonies
and wide variation in colony sizes. The counting algorithm has an accuracy of
better than $9% on dishes containing up to about 400 colonies and requires about
. 10 scconds per dish. Tt is-thus greatly supenicr 1o any cormercial colony
counter, but is not used currently because simpler and faster programs are effec-
tive with regular array-inoculated dishes and trays. ' -

(b) Isolation of Cold-Sensitive Mutants (by a method widely applicable to
nutans hunting). Invectigations of DNA synthesis in K. coli, its control,
and its connection with cell division, require icolation and genetic mapping of
conditionally lethal DNA mutents. Work on our laboratory and many others has
uncovered 7 or S classes of heat scnsitive mutants normal at 30°C or 37°C but
unable to synthesize DNA at about 41°C. These classes mep at 7 or 8 distinct ®
sites, but probably UFA synthesis is even more complex and additional sites
defining more structural or control genes remain L0 be discovered. We are
searching for new classes among cold-sensitive mutante unable to synthezize DNA
at 20°C by taking time lapse photogravhs of colonies grown from mutagenized cul-
tures and shified between 20°C (restrictive temperature) and 37°C (permissive
temperature). Imposing conditions on colony dismeters and growth rates leads to
§fficienﬁ selection of cold-sensitive mutants by the scanner in a way that saves
much labor and materials vhen compared with a competitive hand experiment run
in our laboratory. Cold sensitive mutants mapping at a known site (C class)
have been found and 3 new mutants may represent a ncw class not yet procisely
mapped. Since the colony piclker is not yet in operation, the scanner aids in
locating mutant colonies by displaying a mop of each dish on the display scope.
Holding +he dish against the screen, mutant colonies are picked vherever the
compuier has drawn an XK.



























































































