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6-2137 (CIO) 

I&b, Current tirk and resew& plans0 

On tb whole, wc plan tc ccntinuc our stud?cs of mechmltms ef genetic 
transfer faa baotcrlrr, ?W the rmrt pcrtg thssc arc d? r8ct cxtcnsiOnr ef 
oummtt tmrk oh scxaml rcocmbibot?oa %a Esohcrichlr cot? am? oo trmsduc- _1 
tjcwi by phagc to & ooll rrd S8lliWW118o Pest acconp? tshnmts are 
smmar?zcd In the ompmh8mEvr eumory qmd8d )wrWo, lit Is net 
feaolble t4D ecpmrmta GOB4S?d8P8t~fO@8 if TvJeeh fisrdtBagr, current l pcr8tious 
md futur8 p?8?mY 

Ihc fv?iarrClrg aspcets 624x3 be axpeotcd to ,hevc prcf8rcnttal attention 
by the group sf students usad WSoiztatcs wcrk?eg in the Iab8ntoryo (I amy 
z&d at this pciat that &4rs0 b8&&crg*s pmrtidpotfen h8s f8eilftated the 
rsarrrapmt of 8 larger progrm than mtght l thww~sc bc p8ssiblc. II cm 
thcrcforc plao to rpcbd the Icrgcr part of my 8em time in the labcr8tory. 
The rtudcots at&d fellows hcrc crc rcspcnsibic for the main r8scarch 
mat vt tyo Mesh aif the tc&dd help wc r8qoln ts t8 hmndt8 mutines 
cf mcd?m=mok?ng end gcmrcl housckmplng for the m bcocf i t of students 
amd sco?or ?mmst%*tcrsO 
of work we do,) 

These mutinsb arc quite 8xtensivc in the type 

fffr ?Zr, 
UWtu~8 of the $ o8mpat?b’B? i ty faot8r @aad Its rcl8ttonship to 

This study ~111 farvcl WI th8 further” anolysi 8 of 8 s8rIcs of Hfa 
mutents 84 rudy f %otrtcdo W *f the SQfr’s ?18vc tistribl y It ffcrcnt 
locations, bttt d8 m8t s8ae t;e ierumiv8 rwrr8ogmuo ts of l th8r bcrtcrir? 
auwkcrq, ah hp8rt8W ge?rrt Oa w8~fous hypoth8scs of F/Ufr r818tf8oships 
mw aJPTcmt* hwJacr mpproateh Is tim i&mr%tmc8 of F in motOogsa both 
cm lnmB$8 mstd im s?nglc cc01 pcd?grccs0 F scams tt, diff8r frw all other 
markers On ?to wntagiousneso, as it wl I? rprmd thrau#wt (M 6 culture 
seeded wf th B ringtc F+ cc1 B o ?&m-dcvce, more dct8% ?cd studi8s of this are; 
waded., A pfcuslb?s wmk?~ hypethmsls, whfeh Qiffiws slightly fmm that 
cPdmmscd by &wxab and ethers9 is that titc F+ mating type earrirrs the F 
agent as 8 syto?Blosmlc fouturo whff8 th8 M 8-t c8n bccomc fix8d to 
vmrfous &srr~los8mmi sf t8s te give #fr typ8s0 #W, Y0 #I rOt8 has dt scovcred 
that the tPcctmont sf F+ dcpl tures wt th awfdlrrta oroogc rrrsul tr in F- types0 
P1P8??fB?hWy 8%?38rPiilWtS ?A 8kdreip~8tS WWP%fy thct th?S ;S Sn ?f&#C& 
iOsS md met sWPS?y 8 S818Ctfoh m@nSt th8 F fiStWe tin d8t8i led 
rtudico arc rcqu? red te d8twdmc w?vcther tit8 dy8 merely lnhibi ts the 
Svpi ?cmtiOm @f the p? fWtOr or &ZtWBlll y d8stroys it, stUdi 8rc 8lSO 
b8irSg CUmtiBU8d On th8 Wodi ttohs of its WttOo, %r 8XllglP18, 018 the 
?dent%f9eatfon of 6% gOfcet*r which ?I found ?n pcpt8wS 91 clues to its 
trrgct ira the F+ b~tarrfm, 

b, The WcliJaemwm phcmncmn cf phasc=+m=?atf8n of flqcllar 8ntfg8m 
fn Solmmclta h&s hem anafya8d by gcnot%e treRsducti8n mct?mds, with the 
f?nding that c ?Amm4ctcm?nrant ?s llnk8d to or idcntic81 wfth t?m #I2 
Qphssc=2 mtlgwl Iawl Thfs dcterm?narst oselllatcs bctwccn ao active 
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ad iRactiva~ st*te, Further studias an dim&d at I) tlw genetic contml 
ef this aitomatien, in s~nephasic variantsp and 2) its possible contrel by 
emfi mmtal factws, Seam prei itafnary l xperhaants suggest that tempera- 
ture shocks cause a sligitt phase shift, but it JWS net yet been possible to 
disentangle it fran a Qossfbie differentiai killing of the tm phases by 
heat o 

A ww appmach to the pmbi- has been furnished by the discovery of 
special strains sf Sairrenaiia that can be hybtldized with E. co1 i O Or. L 
Bamn6s ebservati-s en this point have Jmen canfirmad aad strains suit- 
able for large scafe investigrti~ of Saimaneiia by sexual ncorrbination 
techniques are Jzaing developed. -se strains should ai- a&e it possible, 
for tJ3e first time, ts ccwraiato other aspects of the genetic control of 
speeJfJc: functions in Salraopwiia by transductional and by sexual recaabir~* 
atimaJ anal yst s9 Far exampi. it sheuld becaraa possible to l stiawe tb 
precise scope sf the individual act ef transduction in raiation te tlu 
entire map, 

co UMA-nrsdiated transduction (transfamatien), The dlrut tr-sfer 
of markers by WA in enterie bacteria tmuld be an invaluable tool fn the 
advanwnent of gmmtJc &amistry, In contrast te the pnaumcecus and 
hemqhi lus, where genetic study for ether teasens Is llora difficui t, 
wrterie bacteria have sa far given negative or indecisive results in the 
hands af a nwtber mf investigators, myself included. Ny awm past trials in 
this directDen have been reiativeJy casual. The te&nicaJ pmbi4m has 
bwaae s6 urgent that a mare cawarted effort I s ROW 4 Jed for, Sinca 
rdna* transferred by phage particles is genetically effective, the win 
impadimant te dnwtransduction wy be reasmaed to be in th8 peaetmtion of 
draa partlcies inta the rectpfwzt &teriao Sane ef the variablas to be 
man1pulatad In this pregraa are [I) the test nwlur, (2) the geuatype and 
the strain ef the denor cei Jr (3) tito method of preparatian and tlm stata 
of pur?fJcatJoa ef the f#JA, (4 
ef tJm recipJ6nt CeJJsS. and (3 1 

crwrditians of application and pretreatswat 
genetype ad strain of the recipient, 

Existing infomatiorr on the pneamuwec cus ~1~0s same possible aapiricai 
guidepests, but tJwra is prababiy nothing better to de than trial and 
erraro an approach that WrwrJd hardly & cwaendabie for a less urgent 
tacflnicai aim, As te (4) partitular eqhasis will be laid on the use l f 
pmtapiasts and L-colonies as recipients, though this rationale has so 
far nat been substantiated, As to (I and 5) stnss WI 1 I be laid on tnarkers 
which are transducible by phage with high efficiency, ni on systems 
whore rocubinatim by otJwr swbiws is under precisa cmntrei. tbwver, 
rather than rei y tea Jwavi I y on 8 priori ratienal izations, arch uaight wi ii 
aiw be given to an aapirlul approach, One instance of such an approach 
was not successful : nanely, a screening of saaa 200 di rtinct strains of 
E. coil as potential recipients, 

New encouiagement for SUW%SS in this dJ rection canes from the recent 
observation of Or, A.& KaCser on the transfer of 6+i* genes by DNA extrac- 
ted from lambda. We look forward to a close association with Dro Kaiser 
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whe wll I be working in am udjacwnt laboratory in the Qepartment of Blochem- 
istry at ftanferdO 

de ~ysi*iogy of matDng0 The various st8ps of mating in E. co11 may 
be systematized as follows: tzeiJisiou~ and agglutinatien; conjugation, fep 
ti Jiaation, chremoseme synapsis and crossing-over, segregation, During 
the Past several months, 8r0 to Gavel 11 (Pavia, Italy) co1 laborated with 
MS Jn an exPerimenta review and theoretical kinetic analysis of the 
axPm4ments on JnterruPtad ferttllration pub1 ishod by WI iman et al O9 i9560 
which UIW an indis~sable basis fer further studies in thts field, A 
eleser leak at Mh step Is now in erder, i%r example, that r analysis l f 
interrupted dertilixatien Jr based on the extrapolation of tJme=dePendent 
CWV(IS for the recovery of various markers. These curves am mmotimes 
ratJmr shal Jew and thai r detaQ led form di ffisul t to anal yse en amount of 
the r;rrrstimaed initi.ation of new atatia3gs in the cell mixtures0 

For mare praise kinetic analysis the various steps should bo mere 
eatly emtrolled by enviromantal factors0 We were unable to separate 
eoi I ision frem conjugation; at Iower twporaturas potential conjugal pairs 
do not a4mmuiate. One appmach te s&arating cma~ugation fm fertiiization 
was a 3pcPJse=matlngt axPerimant: matirsj was Permitted at vury high ccl 1 
densities for one minute; the mixtures were than gently diluted a thousand- 
fold tm al low the progression of comjugal pri rs al ready formed, but prohibit 
mw Pair formation. Wvor ot high dmslties, the rate of mating felJewed 
a square root rather than the expeetod second pemr dePendem en total cell 
mncentrati+nO Thts pQrt.Jy frustrated the design of the oxperimamt; it my 
be nlated ti flmdirrg that extra female ceJJs added to a mating tended to 
intareupt matings already in Progress 4 suggesting smne fom of active cm- 
potttlea fW= the stivo sttes on male cells, A mere premising Jead was the 
finding that -Jodate in certain mncentratfons nsuld temporarl Jy & 
muI issize m&sxS aofthar ki I1 tng them nor imtesfering wt th the 
progressiom ef matispgo 80 r8ady startdo This strongly suggests that a 
pertodate-somitiva czmWtydrate IIs Inwived fn the sJmcif3slty of the 
initial nmt%ng muWon, and ehmrfe;al cmparisons of male and faule cells 
me projsted &tong wl th trPiaJs of various Polyud&arases to try to test 
this supprsit%on. 

oa Cytqmet Ocs af fart1 I Jtatim~ (Mro A, To Ganosaa)d @art fraa 
the fnittsl dmmnsts’at,Ion of -jugal lairs ~Jassi~sl methods have not beea 
g%vam their furl due in the atady of fortiJ~tation; matnty for uaat of 
assist-e by suitably trained advanced studmt or fellow, Cit. @mesaa’s 
bmkgp+errd rrs yeast cytology md genet1es (mainly at the Carl&erg Laboratory 
at N) OS mest pmOsiag IR this resFto YJm l riginai photographs 
gave some hint l f the Passage ef gramsa-posi tive materfal but a sritlcal 
aRalysOs still ha% to be made0 Closely camsted with thf s wt 1 I be efforts 
to @asay the transfer of P% Iaballod Dcu fmta Jebrl Id mle pntoplasts 
mated to fasale Fads by means of tJm mf6Xo=radiographi6 ‘star* I method of 
t.evO rathal 0 We have verifIad that male proteplasts retain their mating cm- 
petmea and that pprpgeessipre fertJ 1 irateon gam Jm ilpterrupted without dis- 
turbJng the female member by iysing the male -Jugant In distiiied water- 
The very fgw unlysod (dead?) males should be remgnixed by very high star 
COW6tS; fartlllzed femle ceils which fan be washed following enzymatic 

-5== 6 
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extractiansD Jf mea&d, oh~Jd have a star count reflacting the input of 
Jabelled DNA.2 T’hJs sxpesimant sha~ld peirmi t a final veri f%eation ef the 
.Jaaab=Mal!man hy~thesis ef pmgressive fertJJ izetion, and the correlation 
of quantity sf DNA wJth genatJe langth, OrUPrb$WiHHnt; faci 11 ties at Uiscensin 
ue~r~~3ap~ising far this iang=plannad sxparJmant; ft may be Bona c * ’ i 
at Stanfard ( * in ~Plaboretim with Or0 SO Ledarbwg of Bmun UlivwsJtyO 
Karen und Skaar have pub) ishad uxperimants an 0% transfer in mass matings- 

fb RacsmbJnatJ~~~~l analysis ef gaiactase mutations0 (IL HO Lade+ 
barg)a The aampiex ef closely J iinked GaJ mutants aff~tlng tha fermanta- 
tim ef galaatpsse u~~pJes a prum%s&ng plaue On bJo&aaigel gen8tic 
aarre?atfan QW sev~aJ raasans: (J) tha JdantOfBcatBan of sequential defects 
Rw SfLBct&fk anzyme$ by #Ctdck%~; $2) the scope and slrrspl Scity of anaJysis Of 
these %etsrs by *hJgh fre ncy” tranedulgtlen by tha phaga lambda; (3) the 
avai lab!% 1 ty ef more &an ame laumdred ummmurrent mutantso &my of the 
mwlpmts f % g 8nt~ cp aimpl e picture3 where&y $ set ef aautmts faJ I Jng into 
rune cistmm (p~~fll:Bm affect group) ~rrespcmds to ena af the thraa enzpms 
f&i raase, btwa~fem~~~, cepfmwwa) Jn Eai&ar’s schema tkmverS a nmber 0f 
cmmalirsls h-w-e ~peaweid~ eogo, 
%londBy as a p@int mwtmt, bret 

tk uwamt Gal3 r%iJeh behevas reca&Jna= 
Bmpai E-S the faruWfan ef al 1 threa antyams, 

atad ~vurJaps at %aa3t tam ef tha cJatrans; amther 4rWant Gala belangs 
;;Q mither a~f the &nbhar ci strena (0 .,a0 farms galactasa-pasi tJve transhatera- 
geRoaes wl th each af Bhatn~O ‘#ha vaJidPty of tha cmmzepts of simple eistron- 
enseynsa ~~i~t~~~~h~~$ (P OaO a4 JOnear cadlng) sa facJiely aceapted by many 
w~rkars today, needs t@ be tested vigorously and extensively0 Same indi- 
cation that 4&P 

Pr@ph@ge reJstJensh%ps in Jar&da transduatian, Tha ftndings by 
Cantpba9~1, Arber md ~tkers that auxil ieary phage greatly Sncreases the 
aff iciamy af tmnsdwtiam rmmmws the main saappart far air praviaus 
conc:t~si~n that bha sama phaga particia may awry the GaJ markars and an 
intact phageo StudJes en mere ampJex systems (syngerwatic aegipients; pit4 
3:ransduatJans,ta bacteria Jysegenfc for related phagas) still iesva open 
the possfbi 1 Jty of at Beast. alra sce.asia~wal wssoc%atiun aitRer in the erJgina1 
tranodwtlw, fgr Bta the reocgabdBz~t8c-m of the Jnput material in the hetcrp- 
grrr~@ta. ‘Thesa a&wd%as wJllJ be resumed On ~~~n~tian wJth the mapping of 
the ~~~~%O~ markers in hetarGgenate cresses, as mantlened ebaveO 
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? 6, SignifJwwe of thts research, 

The princiJW nmtivatimm ef this resaarxzh pmgrmm Jr further under- 
standing of cai Jular heredtty, IPimdirsgs in twteriai gaaatics may eisa 
berur(awtad #Jwma~iqbarturt baari8b9an -ted areas l f taxianamyo 

~ physiolqy, edogy, ad ss forth. Al thauglt w are wt imaadiatel y 
mn~emed with prwtieal l ppii~tiwts in me41~&~~ further impnmmmts 
in madicsi praatic~ must depend aa cur fundmental kmwied9a of etieie- 
gid agemats ef diso8seo zhrr anal ysis of genetics of misraargYlisms 81 se 
pJays a k+le In the msprehensian ef the genetics of viruses and of 
higher srganisms and their mspment coiiso 

lee F~ilitias awiiablaO 

After a short intarval of twporury acmpancy of quarters in ths 
Bi@physJes %rsiJding at Stamford tBaivarst ty, this progrrrm WC I J be hausad 
Isa a greup of 1aJmreskry mass ir the new wise’9 amter, ck wl I I be 
wwklng 1~ alose asso4att~ with thrr Bapartarrrt l f Diwhmistry and will 
shcsre with thani the wsa efs md u=espmwibiit by fer amintenmw of many 
gameral &d 1 Sties as wet I as highty spmziai Jzed aqlpment, The basic 
%tws of aquipmmt are baing assa&ied from suppart fras Umiversi ty and 
othw smwces at udl as tha present grant 4 uo should k well equipped 
t49 recammca our imsaarsh pregrm swn after wving inta the tampwary 
iabwatory Fabnwy I, J$B$ 

imo Pravsws wmPk* see SuAnrerry NIpQre %ppmded. 

30 &~sJwaLederJmrg, I$#+% 9ana mamsbinati~and Jiakmd segregatiom in 
Esdari~hie ~1 I o saeutti6s 32:so~s2scl 

dasham J.edarbar$ Bsthae HO tederberg9 NO ibO Zindar aad ii0 R. Lively. 
i&ambimation a@aJysis l f begterisl haradlty, Jg>i, Cald Sprirrg 
N%rkr symp, 16:41~44~o 

Jeshua kdarbar9B to Co Cavaltis and Esthar Ho Ladarbarg~ Jp%L Sax 
empat%b~il by Oar ~s&ar/ehia cat i O Saaotlcs fl:‘@O-7W0 

Estfw #JO tedarbarg md ask tadurbrg, i953o 9emtSe studies of 
lytegesrkity in Eseheri~hia -1 I, 6mteties $k>J-@bo 

.aib%h&a Laderhorgo i9!36, bins&r inheritmcce in trnsdcrctienai cJenesO 
9waeies 41:&&4Q'Jo 

kc! Remits mbtdlnad by etherso Uwwbinatiw gsneties l f bacteria is maw too 
=eFlw a field ta be smmarimd briefly, Wrists aspects l ra deal t wf th in 
rwent sympmsfa, aogop -11 Sprtng Warbar Syqasitm fir lm9 mdttta 
kWltsw?ratt t~seitute Sympsium on the Chanistry wf JWadityp Baiti~n, 
lY!%o 
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so bi6graphFcal rkatch, 

Prtmlpal mastfgatw - ebdwa bda~barg~ b, hntclalr, F&JOB C,&y 23, 19,~ 
BA (fwlagy) Cmtwnbta Cwl lagas lpkk, @ lunbfa Wuatstty, Cop laga of 
Physf~~#Jms and Su 
(Ilkmbfmlogy), 1 r 

s (mmdtGa1 student) 1*rgUo Yale Ultvlsrrtty, 
19478 Ph*go untvarsity of ubonsln, bparbnent of 

68MtFl&s: Asslstmt Pnfeswr, 19h7-1950; ksocfate Pmfassoro 19~l9$; 
Prefes8ar ef gaf8atfcsS 1934-19585 Profnset and Chat-, Medfeal gmmt;+ 
~957=49!% 
STCYIPOIII) WWERSt’CI &dfeal S&oel: Pmfassar rrd Execmttvm Haad9 gapart- 
l88nt 6f Genotles, lgp---g 
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6, &w.Fflcattm sf spwffts budgetary rquastso 

fhf s rlppl feattm Is far the resunption at Stanford tblvursl ty of tha 
pmgrm that has baom undartaw at thm Ikl’mrstty of WscoasIa with pubI fe 
bdth Swvk8 suppart t&at grmt G-2157 (ClO), The budgat a6ntampIat8S 
a pmgraa of the mum scqm as has bean swrtod by tha Will st nca 1952 
taking aceuunt of Fneraases namssary an amaunt of salary and cost 
ad-so Pw savaral yoars wa hava had cm1 lateral support fram tFm 
i8atBonal ScFanca PWmdattom and a raquost ts pwdFng te than for romua1 
%% St%8f6d wvwst tye ?k rwst to NW was anlargad fa wdor to take 
account tn part of tha ocpl mtion of suPpart f plQl the Ikclmfal tar hunda- 
th md the UtsconsFn Alumni Wsaareh Fbndationo It may ba nuassary 
at a latw data to ff I8 a su~~lammtat rppllcatlon to the FM fn ardor 
to eent3nw the pmgrm at tlm loval~ at uhleh Ft has boaa cam/ad cut at 
WscmsFn but this is bollng deferred untt1 we caa batter assoss our aaadr 
at Stmfsrd and the preucrt apglieatton cwers only those funds ratened 
by the tam3wstllm mf tFm pmjest at thr Unlvorstty of YFscamstn, 

Tha pr1mcipal ~Invastigater axpocts that tha pr8sont pmjoct will 
eontime to wcupy the largar part uf hts time. kwthor mqumst to tho 
HtH lo pendIng prtmrfly fer the support of bra &stew FWssal IR a pmgran 
for the study ef antibody fomatfon 1~ single cellso 

Also pandlnq OS a raquast fw a substantial graduate msoarch training 
grant0 If thfs Is successful tha support of graduata students as msaamh 
asststmts en the raseareh pngrma wtll ba mat fram that graat wtth the 
l xeeptFen sf a small numbmc of fwalgn natIonalso 

In antiefpatfon of thfs trrrsfar, amy oxpadtures M G-2157 (CYO) 
hava boon daferrad and the parsmao of tFm labwatery at Wseanstn has 
Fman kapt to a aFnFn#r durtng tFta presant year, In aasoquoaca tha aatlra 
al location fram th8t grant fW the cutromt budgat yoar will b4~ avatlaFA4 
togathar wf th a small carryovar f raa prevteus yoarso This, hqpf 1 y, may 
al law ef tha nacass~~y FnFtlal capital expandituros noadad to get the 
laboratory smdarwayO lb estimate for future years cerrespmds to tha 



eemdtments dre8dy exteded by tha #tW for 6-2157 (C?l-Cll). Those l rtt- 
mates for future yews antmmplrto 8 pmgrrr l f the smo Scqm as th8t now 
being supported wl th l sad 1 rl lauewa for ImcreasJ asts by the third 
ad fobbh years0 
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