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RESEARCH PLAN-AND SUPPORTING DATA

' On the continuation pages provided give detalls of the proposed plan and other necessary data In
accordance with the outline 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
detailed instructions before preparing this poriion of the application.

1. RESEARCH PLAN
A. Specific Aims—Provide a concise statement of the aims of the proposed work.
B. Method of Procedure—Give details of your research plan. For each specific aim mentioned in "A" show
how your plan is expected to fulfill the aim.
C. Significance 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 items of
permanent equipment.
2. PREVIOUS WORK DONE ON THIS PROJECT
Describe briefly any work you have done to date that is particularly pertinent.
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 perfinent resulis 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.
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c-2157 (c10)
RESEARCH PLAN AMD SUPPORTING DATA
1A-B. Current work and research plans,

On ths whole, we plan to continue our studies of mechanisms of genetic
transfer In bacterlia. Feor the most part, these are direct extensiens of
current werk en sexual recombination in Escherichia cell snd on transduc-
tion by phage in E. coll and Salmonella. Past accemp!ishments are
sunmarized In the comprehensive summary appended herete. 1t Is not
feasible to separate conslideratien of vecent findlngs, current eperations
and future pisns.

The fellewing aspects can be expscted te have preferential attention
by the greup of students and assocliates working In the laberatory. (1 may
add at this paint that Mrs. Lederberg's participation has facilitated the
management of a larger program than might etherwise be pessible. 1| can
therefore plan to spend the larger part of my ewn time in the laberatory.
The students and fellows here are responsible for the main research
activity. Much of the technical help we reguire is te handle routines
of medium-making and general housekeeping for the cemmon benefit of students
and senior investigstors. These routines are quite extensive in the type
of work we do.)

a. The nature ¢f the F cempatibility facter and Its relationship to
Hfr loci. This study will invwelve the further analysis of a series of Hfer
mutants already isolated. Seme of the Hfr's have demenstrably different
locations, but de net seem to invelve rearrangements ef ether bacterial
markers, an important peint in varicous hypotheses of F/iifr relatienships
now current. Anather appresch is the inheritance of F in matings, both
en masse and in single cell pedigress, F seems to differ from all ether
markers in Its centagieusness, as it will spread threugheut an F~ culture
seeded with & single F¢ celi. Howsver, mere detailed studies of this are: .
needed. A plausiblie working hypethesls, which differs slightly frem that
advanced by Jacob and ethers, is that the F+ mating type carries the F
agent as a3 cyteplasmic factor, while the same agent can becoms fixed to
various chremssemal sites to give Hfr types. Nr. Y. Hireta has discovered
that the treatment ¢f F+ cultures with acridine orange results in F- types.
Preliminary axperiments in micredropliets verify that this Is an induced
loss and not merely a selection against the F facter. Mere detalled
studies are required te determine whether the dye merely inhibits the
replication of the F factor or actually destroys it. Studies are also
being continued on the conditions of Its actien, fer example, on the
identification of @ cofacter which is feund in peptene, as clues to its
target in the F+ bacterium.

b. The wel }=known phenomenon eof phase-varliation of flagellar antigens
in Salmonalls has been analysed by genetic transduction metheds; with the
finding that a phase-determinant is linked te or identical with the "2
{phase-2 antigen locus. This determinant oscililates between an active
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and inactive state. Further studies are directed at 1) the genetic centrel
of this alternatien, in menephasic varients, and 2) its pessible centrel by
envi ronmental facters. Some preliminary expsriments suggest that tempera-
ture shocks cause a slight phase shift, but it has not yet been possible te
disentangle It frem a possible differential killing of the twe phases by
heat.

A new sppreach te the preblem has been furnished by the discovery ef
special strains of Salmenellas that can be hybridized with E. coli. DOr. L.
Baron‘s ebservatiens en this peint have been confirmed and strains suit-
able for large scale investigation of Salmonella by sexual recombinatien
techniques are being developed. These strains should also make it possible;
for the first time, to corralate other aspects of the genetic contrel eof
specific functions in Ssimenella by transductional and by sexual recombir-~
ational analysis., For example it should beceme possible to estimate the
precise scope of the Individual act of transduction in relatien te the
entire map.

c. DNA-mediated transduction {transfermation). The direct transfer
of markers by DNA in enteric bacteria weuld be an invaluable teel in the
advancement of genstic chemistry. In contrast te the pneumoceccus and
hemophi lus, where genetic study for ether reasens Is more difficult,
enteric bacteria have se far given negative er indecisive results in the
hands of a number of investigaters, myself Included. My own past trials in
this direction have been relatively casual. The technical preblem has
become se urgent that & mers concerted effert is new called for. Since
‘dna’ transferred by phage particles Is genetically effective, the main
impediment to dna-transduction may be reasened to be in the penetration of
dna particles inte the recipient bacteria. Some of the variables te be
manipulated in this program are (1) the test marker, (2) the genetype and
the strain of the dener cells (3) the methed of preparatien and the state
of purification of the DNA, (4) cenditiens of applicatien and pretreatment
of the recipient cells, and (5) genotype and strain of the recipient.
Existing infermation on the pneumececcus gives some possible empirical
guidepests, but there is prebably nething better te de than trial and
error, an appreach that weuld hardly be cemmendable for a less urgent
technical alm. As to (&) particular emphasis will be laid en the use of
proteplasts and L-celenies as reciplents; theugh this ratienale has so
far net been substantiated. As te (! and 5) stress will be laid en markers
which are transducible by phage with high efficiency, and en systems
where recembinatien by ether mechanisms is under precise centrol. However,
rather then rely toe heavily en a prieri ratienslizations, much weight will
also be given to an empirical approach. One instance of such an approach
was not successful: namely, a screening of some 200 distinct stralns of
E. coll as potential recipients.

New encouragement for su(;éess in this direction comes from the recent

observation of Dr. A.B. Kaiser on the transfer of Gal# genes by DNA extrac-
ted from lambda. We look forward to a close association with Dr. Kaiser
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who will be werking in an adjacent laboratery in the Dcpartmt of Biechem-
istry at Stanford.

d. Physlelogy of mating. The varieus steps of mating in E. cell may
be systematized as follows: cellision and agglutination; conjugation, fer-
tilizatien, chromosome synapsis and cressing-over, segregatien. ODuring
the past several menths, Or. L. Cavalll (Pavia, itely) cellaberated with
us in an experimental review and theoretical kinetic analysis of the
experiments on interrupted fertillzatien published by Wellman et al., 1956.
which are an Indispensable basis fer further studies in this field. A
cleser look at sach step 1s now in erder. For example, their snalysis of
interrupted fertilization is based on the extrapelatien of time-dependent
curves for the recevery of varieus markers. These curves are sometimes
rather shallow and their detalled ferm difficult te analyse en acceunt ef
the centinued initiatien of new matings in the cell mixtures.

For meore precise kinetic analysis the varisus steps should be more
exactly contrelled by environmental fsctors. We were unable te separate
collision frem conjugstion; at lewer temperatures petential cenjugal pairs
do net sccumulate. One appreach te seflarating cenjugation frem fertilizatien
wes a ‘pulse-mating' experiment: mating was permitted st very high cell
densities fer one minute; the mixtures were then gently diluted a theusand-
fold te allew the pregression of conjugal pairs already fermed, but prohibit
aew pair fermation. Mewever st high densities;, the rete of mating feollewed
& square reet rather than the expected secend pewer dependence on tetal! cell
cencentratien. This partly frustrated the design ef the experiment; it may
be related te finding that extra female cells added te a mating tended te
interrupt matings already in pregress; suggesting seme form of active com-
petitien fer the active sites en male cells. A mere promising lead was the
finding that periedate in certain cencentrations weuld temperarily de-
mascul Inize male cells, neither killing them nor interfering with the
pregression of matings already started. This strengly suggests that a
periodate-sensitive carbehydrate is invelved In the specificity of the
initial mating resctien, and chemical cemparisens of male and female cells
are prejected along with trials of varieus pelysaccharases teo try te test
this suppesition.

e. Cytoganetics of fertilizatien. (Mr. A. 7. Ganesan): Apart frem
the initisl demsnstratien of cenjugal pairs classical metheds have net been
given their full due in the study of fertilization; mainly fer went of
assistance by suitably trained advanced student or fellew. Mr. Canesan's
backgreund In yeast cytelegy and genetics (meinly at the Carlsberg Laboratery
at Copenhagen) is mest premising in this respect. The eriginal phetegraphs
gave seme hint of the passage of Giemsa-positive meterial but a critical
analysis still has te be made. Closely cennacted with this will be efferts
te sssay the transfor of P32 labelled DNA from labe)led male pretoplasts
mated to female reds by means ¢f ths micro-radiegraphic ‘star' ' methed of
Levinthal. We have verified that male pretoplasts retain their mating com-
petence and that progressive fertilization can be interrupted without dis-
turbing the female member by lysing the male conjugant in distilled water.
The very few unlysed {dead?) males sheuld be recognized by very high star
counts; fertilized female ceHs which ecan be washed following enzymatic
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extractiens, |f needud, sheuld have & star count reflecting the Input of
tabelledé DNA. This experiment should permit a final verification of the
Jaceb-Wollman hypsthesis of pregressive fertilization, and the cerrelation
of gquantity of DNA with genetic length. Ourrforosent facilities at Wisconsin
wers: unpromising fer this long-planned experiment; it may be done - ' U :
at Stanford «: In eollaberation with Dr. S. Lederberg of Brown University.
Garen and Skaar have published experiments en P32 transfer in mass matings.

f. Recambinational analysis of galactese mutations. (E. M. Leder-
berg). The cemplex of clesely iinked Cal mutants affecting the fermenta-
tion of galactese cccupies a promising place in biechemical genetic
correlation for several reasers: (1) the identificatien of sequential defects
in specific enzymes by Kalckar; (2) the scope and simpliecity of analysis of
these fscters by ‘high frequency’ traasductien by the phage lambda; (3) the
#vailability of more than one hundred nonrecurrent mutsnts. Many of the
mutants fit Inte & simple picture, whereby & set of mutants failing into
one cistren {pssitien effect greup) cerresponds te ene of the three enzymes
{kinase, transferase, epimerase) in Kalekar's scheme. Hewsver, a number of
anome! ies have sppeared, e.g., the mutant Galx which behaves recembina-
tionally as a peint mutant, but impairs the férmation of all three enzymes,
and overlaps at lesst twe of the cistrons; anether mutant Galpp belongs
co nelther of the othaer cistrens (i.e. ferms galactose-pesitive transhetero-
genotes with each of them). The validity of the concepts of simple cistron-
enzyme relationships (i.e. of iinear coding) so facilely sccepted by many
workers today, needs to be tested vigorously and extensively. Some indi-
cation that Galy is -dtFuctiraliyraberfant has been found ffcm expetimentyts
Tn whieh variou§ Gal muiants are mapped by "timing' in interrupted fertili-
zation. Galx Is delayed several minutes whereas most of the Gal mutants
fall within one minute of one another. The time-mapping, which requires
censiderabie technical imprevement te facilitate its use for short Inter-
vals, is also being sppiied te detsrmine whether sach cistron maps compactly
without everiapping the lec! ef ether cistrens. Other efferts to map the
sequence of Gal mutents have occupied a great deal of our time during the
past twe years, but have been frustrated by a high ceincldence of crossing-
ever in three and feur peint tests. Unfertunstely, few known markers are
clesely linksd te Gal; extemsive surveys te find ether auxetrephic markers
that would sccompany Gal in transduction by lambds have failed.

Paralle! studies are under way with compiexes of Lec (lactese) and Ara
(L-arabinese) mutstions.

g. Prephage relstionships in lsmbda transduction. The findings by
Campbel!l, Arber and cthers that suxillary phage greatly increases the
efficiency of transduction removes the main support fer eur previeus
conclusion that the same phage particle may carry the Gal markers and an
intact phage. Studies on mere compiex systems (syngenotic recipients; ~:J
transductions to bacteria lysogenic for related phages) still leave open
the possibility of at least an occasional association either in the original
transduction, er in the reorganization of the input material in the hetero-
genote. These studies will be resumed in connection with the mapping of
the excgenotic markers in hetersgencte crosses, as mentlioned abeve.
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16, Significance of this research.

The principal metivatien of this research pregram is further under-
standing of cellular heredity. Findings in bacterial genetics may alse
be expected te have an important bearing en cennected areas of taxenemy,

" physiolegy, ecology, and se forth. Although we are net immediately
concerned with practical applicatiens in medicine, further imprevements
in medicsl practice must depend on our fundamental knowledge of etielo-
glcal agents of disesse. The analysis of genetics ef micreerganisms alse
plays & rele in the cemprehensien of the genetics of viruses and of
higher ergenisms and their cempenent cslls.

10. Facilities available. -

After s short interval of temporary eccupancy of gquarters in the
Biophysics Building at Stanford University, this program will be housed
in a greup of laboratery reoms in the new medical center. We will be
working in clese associatien with the Department of Blochemistry and will
share with them the use of, and responsibility for maintenance of many
general facilities as well as highly specialized equipment. The basic
items of equipment are being sssecbled frem suppert from University and
other seurces as well as the preseat grant and we sheuld be well equipped
to recommence our research pregram soen after meving inte the temperary
laberatery February 1, 1959,

.. Pravieus work. See summary repert appended.

3,  Joshua Lederberg. 1947. Gene recombination and linked segregatiens In
Escherichia celi. Genmetics 32:505-525.

Joshua Lederberg, Esther M. Lederberg, H. D Zinder and E. R. Lively.
Recombinatien analysis ef bacterial heredity. 1951, Celd Spring
Harber Symp. 16:813-MA3, '

Joshua Lederberg, L. L. Cavalli, and Esther N. Lederbarg. 1952. Sex
cempatibility in Escherichia coll. Genetics 37:720-T30.

Esther M. Lederberg snd Joeshua Lederberg. 1953 Genetic studies of
lysegenicity in Escherichia coll. Genetics 38:51-6k.

Joshua Lederberg. 1956. Linear Inheritance in transductienal clones.
Genetlics b1:845-8T1.

4. Results ebtsined by ethers. Recembinstien genstics of bacteria is new tes
asctive a field to be sumarized briefly. Varieus aspects are dealt with in
recent sympesis, e.g., Celd Spring Narber Sympesium fer 1956, and the
l'k;;llwrntt institute Sympesium on the Chemistry ef Meredity; Baltimore;
956.
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Biegraphical sketch.

Principal investigater - Jeshua Lederbarg, b. Mentclair, N.J., Fay 23, 192°;.
B.A. (Zoslegy) Columbia Cellege, 194k. Columbia University, Co’lege of
Physiclens and Su s (medical student) 194h-1986. Yale University,
{nicrebielegy), !;m% » Ph.D. University of Wisconsin, Department of -
Genetics: Assistant Prefesser, 1947-1950; Associate Prefesser, 1950-195)
?nfoss;g of Genstics, 1954-1958; Professer and Chalman, Medical Genet’:s,
‘957“‘9 ]

STANFORD UNIVERSITY Nedical Scheol: Prefesser and Executive Head; Depart-
ment of Genetics, 19009=cc=c,

University of Califernis, Berksley. Visiting Prefesser of Bacteriolog:,
Summer, 1950. Melbsurne University (Australla). Fulbright Prefesser of

Bacteriolegy, Spring 1957.
Justification of specific budgetary requests.

This application Is fer the resumption at Stanford University of the
pregram that has been undertaken at the University ef Wisceasin with public
Health Service suppert under great C-2157 (C10). The budget centemplates
a program of the same scepe as has been supperted by the NiM since 1952
taking acceunt of increases necessary en acceunt of salary and cost
advances. For sevaral ysars we have had cellateral suppert frem the
Natlenal Sclence Foundatien and a request is pending te them fer renewal
at Stanford University. The request te NSF was enlarged in erder to take
sccount in part of the explration of suppert frem the Reckafel ler Feunda-
tien and the Wisconsin Alumni Research Feundatien. It may be necessary
at a later date te file a supplemental applicatien te the NIN in erder
te continue the pregram at the level at which it has been carried sut at
Wisconsin but thls is being deferred unti! we can better assess our needs
at Stanferd and the present application cevers enly those funds released
by the termination of the preject at the Unlversity of Wiscensin.

The principal Investigator expects that the present preject will
continue to occupy the larger part ef his time. Anether request te the
HiH Is pending primerily fer the suppert of Dr. Gustaw Nessal in a pregram
for the study of antibedy fermatien In single cells.

Alse pending is a request fer a substantial graduate ressarch training
grant. If this Is successful the suppert of graduate students as research
assistants on the research pregram will be met frem that grant with the
sxception of a small number of fereign natienals.

in anticipation of this transfer, many expenditures en C-2157 {Ci0)
have been deferred and the persenne! of the laberatery at Wisconsin has
been kept te a minimun during the present year. In censequence the entire
allocation frem that grant fer the current budget year will be avallasble
together with & small carryover from previous yesrs. This, happily, may
allow of the necessary initial capital expenditures needed to get the
laberatory underway. The estimate for future years cerrespends te the
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commitments al ready extended by the NIN for C-215T7 (C11-CIh). These esti-

mates for future years contemplate a program of the same scepe as that mew
being supported with a smal]l allowance for increased cests by the third
and fomrth years.
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