
November 2, 1952 

Dear Bruce: 

Although your reply to my laet letter nay wall be in the melle, afew 
thinge have uome up that seem to warrant your irrmediate attention. 

The behavior of the 1,2 phase from SW+@t--SW-588 ~lllrl vary perplex- 
to me. If 534 aen~e directly from 533, ae atated in the atcwk list, and 333 - 
gdmrde’ diphhelo 5, paratmhi B @, eelecrtion by Ohi phage had a remarkable 
eet of effecta: a> pieked out phase 2 (not incradfble by ohanoe); b) fixed the 
strain in this phase and c) ea altered ft an to allow its tramnicaelon to and 
manlfeatation in SW-93 tranefnductLons, 
( - SW-703 by preeent nunbering) 

In my recent axperlence with B 
ite secmd phase readily varies back to b, 

and ia not tramduclble to SW-&. This made me etaepiaioue of the purported 
pedigree . Tou will recall that we had not systematically numbered -@rent 
eerotypee until about the time VP your arrival (I ahould long hge heve eet them 
up in our u&form liet, ae we disoussmd). Hy note3 on ths origin e$ SW-534 
mention anly Hparetyphi 8, non-motile, selsoted by Chin-- I might very well 
have taken the culture now designated ae SW-546 (or better, SW-W - Edwarde 
Am SW-546 deas appear to be mmophaeic 1,2 it is a more logioal oendidate for 

157). 

the patetity ef SW-534, 3f this can be east, in doubt by any means. (In addition, 
FA (SW-5461) --x SW943 gave 1,2+) Sane further teets seem to bear tbler out. 
SW-703 differe$ frm SW-546 and SW-588, and the batter are spmfler in the follow- 
%ng: fertuentatian of rhamnoee and innel.tsl, intensity an EMB menn$tol, and su6 e 
ttbility to Chi phap (Bmalgakrvtr origim.l}, and to the phags mrried by SW+@. u- 
I am uhsoHng with Horton to eee if his notes oarrg any sddttional gleaninge, 
and with Edwards on the hi&bay of SW-837, but thie retisfon ts fairly certain. 
If’ 80, the I,2 phaee carried by it ie quite mique ti its traneduoibflity to 
SW+!+% and the notion that monophaeierity has to do with an inability to manl- 
feet the secorld phaee phenotype in aertain gonetypic backgrounds Is etill tenable, 

MWM 
with th5e FM an ieolated exaeptivn. 

Mb-. A aeoend point that eurprieed me conaiderebly is the presence of a b (9) 
antigen in SW-543 ( do3 = 666) line. Its nanifeetatien is rather Irregular, 
but indubitable. Xmmoti?ity is not impaired-- the most reaotive euepenefm wEa 
an lnooulua in Penerssey frem a atatiaaory blob In metllity age, and whidh, 
did not budge when reinoculated to motility agar. Z could not oontioe myeelf 
oi a traoe of active m&l.lity by microscopic observation, but there its alwaye 
come unoertafnty about thde. Have ym eves dons a flagellar stain on thie one? 
I'll 8end a aulture to Leffeen, and have em electronmlcqgraphs taken here. 
In view of? eur geneffo reeulte en the separability of antigen and flagelltnn 
loci, we might perhaps expeat the production of.Tf”antigen independently of 
the laffere Don’t Hjper and eeme othere belie& It to persist on the cell eur- 
faoe, anyhow? Until an entigenio analyeir Is done, I can’t tell whether the 
complete b antigen ie present-- or whether the whole thing is mm sort of mu& 
artefaat. 

!The pedigree si progmy tests I outlined p~evlously ie almost aaupletedt I 
will review the relevant erctian on the reverse sheet. I have st$,ll to acmplete 
the teat of a baol+X to ~~-666 oi an f-l & the difficulty was the reaistence 
to PL!T42 oi most of theee, but 2 have one gsing now that I knsw to be esneitive. 
In fatt, It is rather remarkable that theee aerial tramductime ehould be POE+ 
eible, and the pedigree already ehowe some lines wfth several atepe In whiuh 
the traneinductlone remained eueceptlble to the transducing phage. Thie meane 



that the p5&t,ration of the phage (with delive 
7 

of ite contents) may be 
followed either by 1~515, or by lysogenloity ( ‘P , vr by the recurrence of 
esnqitlvs. Many vf the traneinduaed 5warme are, of oourae, eelfeplaqued. 
One epeoulativn L5 that the phage itself may attaah to & different nuoleus 
than its FA dose. I will have to uhecrk further on the establishment of lyeo- 
genloity for PLT-22 in SW9666, I have f&e impreasien that the k traneinduo- 
tlon5 may be more regular1 reeistant ( lgsoganio?) to PLT+2( In all tha above die- 
uuasion, adapted to SW-666 s while the b’a are sanaitive, but till have to 
oheok further. 

A few nvre expertints vn the efficiency of transduution of C&l* and H+ to 
N-666. Unfortunately, there is by no mean5 a linear respvnae vf Qal+ to increasin 
FA, while, a5 you know, Ht 5eeus to go up pretty well within the teatatble ra e. 
Qe a&ga&ythat out ta b &e&d: wLth the &me vvmbinativn (PA-703 0-x 666 and 7 
dilutivn,’ at 9’ there were 3 swwma, no tracks; at z” 3 tracke, no ew5rrna9 At 
any rate, the effeot vf envirvnmental favtvre auoh as temperature vn the TveS 
vhvive will e~ntually have to be %tudfed X regard 4Qxi.s aa your tsrritcsry, and 
this aa mly a casual exourelvn, may 1 add I . In ~oate of those experiments, there 
were 5uae well ieolated awaraua, with very well developed flaes (the track clusfe~ 
vf some hundrsde vf rnicrooolvbles), and I thought surely to bo able to roeever 
the postulated 0, About 64 tests all ttild, all H (ad ~tigallically worm; as 
expevted, each swarm $5 pure) ! Together with your r’ozulte, I juert don’t think 
the flare miorouolvnies are 0, and arMher rplazaativn wfll. ho naoded. Psrhsps it 
Is just that the newly formed H?b are relatimly weak ‘and unexerai5sd; a cloee 
leek at the fraoks, and the time relations aomputed frown oxpsuted division tfmee 
showe they are not mting at the final high rcite, sither. Tha full development vf 
motility might be elther a phvnomio preceee, or acotz~lativn vf polygenh modifier 
but I don’t Bee that fhe flue5 oan rspreaent a segregation of clear vut 0’5. 
TM5 etill leavea the traoks, but if they don’t have to be correlated wfth flares 
they may ba cell% whioh, a5 previously postulated, adsorb I?+ Thage, bti in wW%h 
the entering Ht faatvr never do@5 get MA t1ie chromcr:cene, whether atf ret the 
a811 ia lysed. _ Fer the analyeie lop the flat88, it wvulc! vbviously be desirable 
ta havg a clear aut selective Leohnique. 1’~s been piq%ng with mmc angles eh 
this-- espercially Archda m&hod or ix?ma vnrkmt@. It was Zn the coume of 
recvn~tructA.vn experiment5 with SW-603--666 and ~~-618 that the b-agglutfnablllty 
Crp the former showed up, and vf uour5tr -Lhe rather negative relsults I had been 
go tting are indecie itre . SW-943 is, unfortwtuiy, essen-tially restlstant to CM 
phage, but I did mm5 reavnstruatione with SW-586 (Oalti+)e.nd SW-666 (I)al-H-). 
Starting with about 1Oci:l *:-, $he survittorrr of’ Ohi on agaxl are about 1:l. (%%I,5 
does not neuesaarily man i Qnut%nt,!locj arigin;i;ly +, aa the action vf chi is 
by no mean5 inrnediate.) Unleee tha eelection 18 mu& sharper fn liquid medixzq 
whioh it May be, the methvd will be probably too ~a33’~ to be of much help with 
the flaree. (But I don’t s5e how the micro&lonics oould have been paeaed wvar 
Ln 60 Zeeta anyhml) AtAamapto ta dXiut% out &e II+ ~roforentially bythetr spreadin 
into non-nu$rient soft agar w%re unauoce5sful. 

Perhaps the mvet btereeting dePrslopmenfra are mue rather sketvhy PaMa on 
which to hang a theory v# ph55e oariativn. Abmy and ty&dmurium (LT-2) have made 
a staiafactory cvmbinativn, although It would havs been amuelng to have had d$ffer 
ent somatic grvupe a5 well, fn b&h vur experiments, barrbig SW--5&.,, the PA 
Prom pha5e 2 ha5 ahvwn 110 Crave vf the phase 1 component, e*g, in transducfivn 
to SW-93 or to typhi. This holds I% well for E and for g of the preesnt 
material. Hvwever, FA&:enx)-x 4 12 gave k: 1,2 ( eelectivn by i, 12 5eruIQ), and 
btenx - -X li,lZ gave itenx, That 3.5, vnly vne phase %e tranirduved, the other ie 
latent or re5%dual in the transduoes. Thie exuludes th5 Idea that the phaegs are 
stiply alternative alleles, and suggest5 that there are two lvai, vn5 far erpe- 
cifio allelee, the ether fvr non-epeclfio. Thir would fit very well also with 
the pattern5 of phaea variation In the group. The p5rdvxi5 th5tth5 alt%rna- 



tiw phase seems to be latent fn the oellpr aa traneduoeerrr, but not ae trans- 
inducara. cha can now either make wry apecfal ae&mptiono about tranrduotlon 
5.n grmeral, or about the gen2o meohaaiam of phase ruriaticn. On the latter, 
wo infer that a n q&oplamnbo state" de 4wmd,nat~sn of pham is sxclludsd. Nor 
mn we actlept my old "swftcPh faetrvr" hypcbthesier, as the factor should be 
eeparable In traneduotion from the looi it oontrola* X am left whth a general 
notion ef diffsrential,(and mutually exolusirs a~ betnean the t? looi) gun@ 
statsar Le., the a&$vator (tw baetivatr) of the leaw which ie expremmd 
phenotypioally in the e antigenio phaas is inseparable frm it. ti a par- 
tioulato basis, dkier 3.6 analogous to MoClintook$e &factor in corn, but we 
could just aa well th$nk Q$' it# in physiologioal, albeit self-perpstuating, 
at,atecr for which there are lnnlsaerabls poeeibilities--EA. HuekAne lateral 
reduplication. If traneduotlon can UB~ the oytoplasm, wo could even drag In 
redupl$.oated plaemmgenes sip the Mnd that are fairly uloaelg dspetimrt on the 
locue. The trnnsduct3,en.a from C-forms fortunately relieve the anfigene them- 
eeltws of thic genetic burds#n--- but all the mora reason for t~laking f&e x@mSj: 
about the mmnm complste absence of H antigen from Hera. 

*fore 10% f Wil:! have 'b submit sbetraets to the Intern&ionai Cmgre,m&. 
1 have a fcrm1 invitation Pram; tie G,e!&foe Ocmgrees (hk;s &m) and hapa 
rOa001 to expect #au another frs?n the Mlorobiologists (I wa@ already aeked to 
epeak, of all t?kin@, on aat5.naxycetce!). I wmme you are gpkne fr b&h Uen- 
greo0es yolaraelf. I think it #ou?d be 1~s cwplicated to avoid joint author- 
ehipa, although we Phould conoult with eaoh ather to gacllllemi~ on time. The 
C+enetiee paper will bc a 2C- p minute affair, and probably a rather general 
review of: go;let$.c WCtid.l3LU in bacteria 
Salmo!lctLla!) Thio should act c~nfl!,ot tri 

al (that ia to cay Ooli and 
reeaatatf&n of the work with 

motility irnantKiucti.onLi UhiCliE?i&t 88 WeI> under yeur sole authorship. I 
don't know yet whet&r Norton is trave7$2$n~ also, rather expeot not u&se 
he gefe a windfall (we can any the c&e, for that, matter!) 

liith the c~le~i;iun Qf testal vary close to hand, I don't me 
what Peruains mm to be do 
iii&ix- ‘&sit ttxpli2lt po 
hope you oan find 
would help I YIQU? 
outline U&t you 
Stocker-Ledsrbz 

t; a chart would probably be lndilpe 

Sinoetraly 

Joshua Ledsrbsrg 


