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PRIVILBf3Bll CDlUHICATIQIo 
Appli&on is hereby made for a grant in the amount aF$ U:.m I 

(or& c*nts) . 
fortheperiod 

from 0 L MS through’ 
Month Day ’ 

&a-., P; .um 
Y-r rrona; _.. Do, ‘bar 

in&&e for thb purpose of con&i&g a research project 0W the kll&ing Si&Ck 

(LIMIT TITLE TO 53 LETTERS AND SPACES) 

Title of 
ROjOCt 

(gma8abo art bmtmu 

Nemo, Title And Addross Of Principal Invostiiotor Nomo, Title And Address Of Co-investigator, If Any: 

Jmhm rdmbmg 

lw#fummebmulaal~ 

Check To Be Drawn In Favor Of: Name, Tit lm And Addmu Of Financial Offi-r 

TbB ib#mtwefbwm*ram 

Address: ’ 

B  
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PROPOSED BUDGET, for the per iod shown on  page  1  

BUDGET 
REQU ESI -- rm I 

FROM P.H.S. OTHER 
(omit cents) 

NOTE: Under  column entitled “OTHER” indicate funds presently available 
or anticipated from other sources including own institution. 

PERsoNtw. (ITEMIZE ALL POSITIONS BY INDICATING TYPE; NAMES 0F PROFESSIONAL PERSONNEL, IF SELECTED) 

CONSUMABLE SUPPLIES (Itemize) Cbticdstp and gJ. la&am$ 5m 1500 

SUBTOTAL 
(Dhct Costs) l2oao 

NOTE: The administrative official signing this application may add an 
amount  for indirect costs in accordance with the instructions. PHS PARTICIPATION 

IN INDIRECT COSTS 1800 

(omit cents - 
ad/us* to low dollar) 

TOTAL BUDGET x3- 
(omit cants) 

DIRECT COSTS INDIRECT COSTS TOTAL 

ESTIMATE OF FUTURE REQUIREMENTS-O~~~I~~ to funds needed from the 

Public Hoolth Service for the years subsequent to the period proposed for 1=m 1875  14  375  
this application. The spaces at the right are to bo  used to Indicate tba 

amount  of support needed for each yoor, showing the dlroct and lndlroet 
2M = f 875  

costs as appropriate. DO NOT LEAVE ANY SPACES BlANK4f no  addlt ionol 
u  375  

support is required, enter ‘LN~no”. FOR FURTHER INFORMATION: 5.0 
3~~ 1950 u  990 

detai led instructions occomponying application form. 
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PUBLIC HEALTH SERVICE SUPPORT: Show Previous and  current Public Health Service grants support ing this project: 
GRANT NUMBER1 TITLE OF PROJECT 1  

PREVIOUS 

I 
CURRENT -I- 

AMOUNT PERIOD OF SUPPORT 

194+ 1957 

9775 

prr- 

ALL OTHER SUPPORT: 
Excluding Public Health Service, but including that from own institution, list support from other 
sources for this project. If none, so indicate. 

SOURCE TITLE OF PROJECT 
CURRENT 

Udmrsfty tl8iHteelE ag B8e%er!h 

AMOUNT 1 PERIOD OF SUPPORT 

RESEARCH PLAN AND SUPPORTING DATA 
On the continuation pages  provided give details of the proposed plan and  other necessary data in 
accordance with the outl ine below. Number  each page,  the first continuation page  being page  4. 
Additional continuation pages,  if needed,  may be  requested from the Division of Research Grants. See 
detai led instructions before prepar ing this port ion of the application. 

1. RESEARCH PLAN 

A. Specific Aims- Provide a  concise siafement of the aims of the proposed work. 

B. Method of Procedure-Give details of your research plan. For each specific aim ment ioned in “A” show 
how your plan is expected to fulfill the aim. 

C. Signif icance of this Research -Explain why the results of the proposed work may be  important 

D. Facilities Available-Describe the general  facilities at your disposal. List the major i tems of 
permanent  equipment.  

2. PREVIOUS WORK DONE ON THIS PROJECT 
Descr ibe briefly any  work you have done  to date that is particularly pertinenf. 

3. PERSONAL PUBLICATIONS 
Cite your most important publications on  this or closely related work. List no  more than five. 

4. RESULTS OBTAINED BY OTHERS 
Summarize pert inent results to date obtained by others on  this problem, citing publications deemed 
pertinent. Select no  more than five. 

5. BIOGRAPHICAL SKETCHES 
Provide brief sketches for All professional personnel  selected who are to be  actively engaged  in this project. 

PI-IS 398 
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RESEARCHPLABAM) SUPPORTIM3DATA 

IAd, Current work and research plans, 

On the uhdb, we plan to continue our studies of mechanisms of gerretic 
transfer in bacteria. For the most part, these are direct extensions of 
current work on sexua3. recombination in Escherichia coli and on transduction 
byphage inE, coli and Salmonella, This lim of work is outfir& in detail 
in the cited publications, and in the propss report suhnitted in a corn-- 
panion application, for 195748, as well as in ths comprehensive summary 
appended hsretom It is not feasible to separate consideration of recent 
fi&ings, current operations and future plans, 

the followingaspects canti expe=cted to have preferentialattenta 
by the group of sttients and assoc5atesworking in the laboratory, (Imay 
add at this point that Mrs. LederbergQs participation has facilitated the 
management of a larger program than might otberuise bs possible, I can 
therefore spend the larger part ofmyowntti in the laboratory, The gradu- 
ate students here are responsible for this main research activity, Huch of 
the technioalhelpwe require is to handle routiaes ofmedimmakingand 
general housekeeping for the c-n benefit of students and senior invest& 
gators. These routines are quite exlmsive in th3 type of work we do,) 

ae The co~lationoflaaPbda~prophagewithbacterialge~, Thiswill 
involve furtheranalysis of heterogerxhes and heterozygotes which are segre- 
gating both prophage markers and mutant Gal markers of tha bacterium, An 
intensive searchis alsobeing made forotherprophage-linked markers. 
(Dr, E, Lederberg) 

b, The nature of the F compatibility factor and its relationship to 
Ha loci, This studywillinvolvethe furtheranalysis of a series 0fHfr 
mutants already isolated, Some of the Hfr$s have demonstrably different 
locations, but do notseemto involve rearrangements ofotherbacterial 
markers, an important point in various hypotheses of F/Hf'r relationships 
T~DW current, Anotherapproachis the inheritance of Finmatings, both 
enmasse and in single cell pedigrees. F seems to differ from all other 
markers in its contigiousness, as itwill spread throughout an F- culture 
seeded with a single F+ cell, However, more detailed studies of this are 
meded, A plausible working hypothesis0 which differs slightly from that 
advanced by Jacob and others, is that the F* mating type carries the F 
agentas a oytoplasmic factor, while the same agentcanbecome fixed to 
various chromosomal sites to give Hfr type& FinallyS Mr, Y, Hfrota, a 

.stud 
F+]# If! 1 

a the UnitirsityofOsaka, hasdiscoveredthatthe treatment of, 
ariflavineresultsinF~culture~~ HlEdSCOlIliDgtocoglpfstehiS 

graduate studies here, and will study this effect further to determine 
whether itisa trueirducedloss of a oytoplasmic Ffactoror~~lerelya 
selective effect, (Mr, Richter) 

ce Thewell-knownphenomenonof phase4ariatiohof flagellar antigens 
inSalmoae1l.a has beenanalysed by genetic transductionmethods, withthe 
finding that a phase-determinantis linked to or identicalwith ttre B2 
(phase-2 antigen) locusm This dekenninant oscillates between an active 
and inactive statea Further studiesare directed atl) ti genetic control 
of this alternation, in monophasic variants, aad 2) its possible control 

4 



by erfv3ronmental f8ctorsc Some preliminaryexper3.ment~ suggest#at*per= 
akrre shocks cause a slight phase shift, but it has notyetbeenpossible 
to disentangle it from a possible differential kslaing of the two phases by 
heat, @ Ia, To Iin& 

d, DI&mdiated transduction (transformation), TM direct transfer of 
markersbyDI?A ia enteric bacteriawonlil be aninvaluable toolintIm ad== 
vammsnt of genstis chemistry, In contrast to the pneumococcus and 
hemophilus, where genetic study for other reasons is more dffficult, enteric 
bacteria have so far given negative or indecisive results in the hands of a 
number of investigators, myself ticluded, Myownpasttrials iuthfs d%- 
rection have been relative3.y casual0 The tecMcalproblsIahaa become so 
urgentthatamore eoncertedeffortis now called for, Since @dna@ trans- 
ferred by phage particles is genetically effective, tb main impedfment to 
dna-transduction mray be reasoruzd to be in the penetration of dna particles 
into the recipient bacteria. Sa~s of the variables ti be manipulated in 
this program are (1) the test marker, (2) the genotype and the strain of the 
donor cells (3) the method of preparation and the state of purification of 
the DNA, (4) conditions of applIcationand pretreatment of the recipient 
cells, and (5) genotype aad strain of the recipient, Existing information on 
the pneumococcrns gives some possfble empirical guideposts, but there is pro- 
bablyllothing better to do than tr2alan-d error9 anapproachthatwould 
hardly be comendable for a less urgent technical aim, As to (4) particular 
emphasis wi3.l be laid on QYFB use of protoplasts and L=colonies as recipients, 
though this rationale has so far not been substantiated. As to (1 and 5) 
stress will be laid on markers which are transducible by phage with high 
efficiency, and on systems where recombination by other mechanisnrs is under 
precise control, &ever, rather than rely too heavily on a priori rationalio 
sations, muehweightwill also be given to anempiricalapproach, Current 
trials include the use of sos~ 200 distinct strains of E, call as potential 
recfpients, 

lC, Sigrdficance of this research 

Ourresearehprsgramisd~etedat~nkilaaa~~es of cellular 
heredity, The sigrifficance of this work rests on the interest am3 validfty 
of the scientffic findings, such as those recorded in the appendix, The 
pointhardlyneeds to be laboredthatsuch find%ngs am basfc to advances in 
mdical application, Fortunate3y9 th5.s viewpoint no longer needs to be de- 
fended; it is, for extunple, ths Borganic a& of the Departanent of Medical 
Genetics uhfch has recently been established at tM University of Wisconsin 
Hedioal School, (v&)~ 

ID, FaciUties available. 
At the present time, this program is housed in a laboratory in the 

Department of Genetics, College of AgrLculti~ Except for chemical work 
and large scale culture, we are wellequippedfortha indicated stidies, 
thoughsom3whatorauped for space, Fur special%sed needs, we have aecess 
tithe resources of the Departments of Eiochetit~and Bacteriologyand 
the Ensyma and Cancer Research Institutes, For example, we are collaboratfng 
at presentwjrth Pmfessor CO Eeidelberger on the genetic effects of the up 
takeofbromouracfl, fluorouraciland otheranalogues into bacterialDNA, 



c-2x57 @no) ' 

In about two years8 (Spring, 1959) we expect to move into a aBw 
Research Wing of the School. of MedfcineB plans for which are now being 
drawne It is notanticipatedthatth3-s will. cause anymarked deviation 
eithsr in tb direction or t!z scope of this research program0 although 
otbrmsmbers oftha Department of Medfcal Gsnsties maybe expected to bs 
following their own lines of work in adjoining laboratiries. Certain 
facilities, espsciaffy for chem%cal work9 ~13.3. bs markedly vved, 

26 FIeviotls worka See pro~ssreportappende& 

3. Joshua Lederbsrg, 1Pb70 Gene recxssbinationand Itied segregations 
in Escherichia co%i, Genetics 32r%&& 

Joshua Lederberg, Esther M, Lederbsrg, I, D, Zinder and E, B, Lively, 
Recombination anefysis of bacterfal fieredity, l.Pfi* Cold SprImg 
Harbor Sympo IC5t413-4430 

Joshua Lederberg, L, L, CavaU& and Esther M, Lederherg, lPs20 Ssx 
cc;9mpatibility in Es&e Q Genstics 37072%7300 

Esther M, Lederberg and Josti Lederhsrg, 19f;3a Genetic studies of 
lysogenicity ?tn$szxerichia co&, Genetics 38r%=& -‘ld 

Joshua Lederberg, 19%cl Linsar iziheri~ in tzansductional cloIBsa 
Gem tics 41 s84$J3no 

Lo Results obtained by others, Rscombinationgenetics ofbacteti is now 
tooactive a f%eld to be summarisedhriefly, Various asps&safe 
dealt with in recent symposia, eogby, Cold Spring Harbor Symposium for 
1956, and the WcCoUum=Zratt Institute Symposium on the Chemistsy of 
Heredity, Baltimoreg lP!%e 

In addition some outstanding contributions include; 
Jacob, P, and E, Wollman (19Sbp *SIX@:- processus de con&&son 

et de recombi~ison chez Escherichia colf,O Ann, Institut.pasteur, 
91:48&S10~0 al 80th Daltimore Symposiums vase) have foundthatmatfng 
of compatible cells may be intemxpted in course by agitation of ths: 
mixed c!ult~s, When this z&s dops at various times, the frequency of 
segreganttypes changes 80 as W suggest an orderlymove~~ntof a linsar 
tthrumsome fromone call to ths other0 This chromso9ae may be hrokan 
bypremature separationof *m&38, @bile other interpretationsof 
the tiBle sequence are notwhollyexcluded, this had been the principal 
methodologicai.advance of the recent past,a,S,n this field,) 

Hayes, W, (lPrj7, The kinetics of the mating process in Esc&richia 
coli, J, Gen, Microb9ol. lbt9;;1-f19) h&s confirmed many of Jacob & 
WoW*s results0 and studied soms of the envirozxnentalconditions of 
mM.ng, and tbtt timing of expression of recombinant genotypes, Xrebs- 
cyclsmet;tbolites are ~~~?ssaryformati.ng to occur0 pos@blyto furnish 
tbeemrgetic needs ofths migratorygametic chromosoaw~~' 

CavalX, L, L, and J, L, Jinks (3.P%, Studies on the gerretic system 
of E, calf K-12, Jour, Genetics, %187-112) have made the most elaborate 
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linkage mapping analyses of a large series of markers? The anomalies 
of segregation can be explained by the presence of an effective lethal 
(mfssing segment of a chromosome?) in every zygote, and an intermit- 
tent pattern of chromosome pairing, 

Demerec, M, and collaborators (19%, Genetic studies with bacteria. 
Carnegie Institution Publication 612) hav@ used transductional techniqm 
in Salmonella for the analysis of genetic!ffne structure, Genes 
affecting related biosynthetic functi.ons,,e.g, the synthesis of trypto- 
phane, are often located in close proximity with ore another, and even 
(according to these studies) in the same &inear sequence as the chemical 
reactions themselves, !l%ese findings speak for a rationale of chromo- 
some organization that has been quite unprecedented, In addition, 
mutations for the same function are oftsn not identical, but closely 
linked, Each functional @genre B is therefore a segment of the chromo- 
some which can be altered at any of a number of component loci, 

Biographical sketches, 

Principal investigator = 
1925 0 

Joshua Lederberg ;b, Montclair, N,J,, May 23, 
&A, (Zoology) Columbia College, 19&40 Columbia University 

College of Physicians and Surgeons (medical'student) 19!&-191r60 Y&e 
University, (Microbiology), X&!&1947, Ph,D, University of W isconsin, 
Department of Genetics~ Assistant Professor, 1947-1950; Associate 
Professor, 1950r-~19SL; Professor of Genetics, 1954-1957; Professor of 
Medical Genetics, 19!?7- 0000QOUn5,versity of California, Berkeley, 
Visiting Professor of Bacteriology, sumrw2rI 1950, Consultant, Panel 
on Genetic Biology, mtional Science FoundatYon, 1953-1956, Consultant, 
Study Section on Microbiology, National Tnstftutes of Health, 1957- oaaa 
Consultant, Committee on Growth, 19s40 Member, National Academy of 
Sciences, 19576--l 

Project Associate - 
%A, Hunter College, 

Esther M, (Z&mner) Lederberg, b, December 18, 1922, 

Ph,D c d 
1942, M,A, (Biology) Stanford University, 1946. 

W isconsin, 1950, Scholar, N,Y, Eat, Garden (mycology) 19&420 
Research AssistE;nt (Carnegie Institution} at N,I,H,, Bethesda, 1942-43, 
Junior Btiologist, P,H,S,, N,I,H,, 1943-1941ro University of W isconsin, 
DcparLment of Genetics; P,H,S, Predoctoral research fellow, 1947-1949; 
University fellow, 1949-1950, Project Associate in Genetics, 1950 --- o 

60 Justification of si;.ecifi.c budgetary requests, 
The bUdcot CO t-it<>T.~~l,.tio S a program of the same scope as has !bt-cn 

supported by -;ho N..IH, mince ~952~ An incmlsc in idpt to tile currcl,t 
level on acc:?l?nt 0" salary ii:creases was applicc' f!:r 3n a wcent cp:;L.i_.~- 
ation application (for 1957:-58) 2nd C!lc SniX? 7_wr:lp “13,030 in cltrect 
costs, is en!~odied iI, the current application-, The increnscs for subsc- 
quent years are in anticip.tion of further rises in acodcmic salary 
levels, though those may prove to be.larger than the 2-35 per annum 
indi.c&ed hcrc, 


