
Dear Dr. Felix: 

Thank you for refwr$ng am te the frietory of Bc typhi H-901; ym'v4 craUg$t 
me aapphg on +&As. I have not, IS+ far, given I?% detemin&Una the mphaarfs 
they dsoerve in mar work: 953 faot, %Q rearm for urri,ng E@Ol was the hepe air 
am&ding w"nat 80-d at the t3,mn IS oetnplioat%rml Actually, the etra$n 81 5. tgph$. 
cft8d onp.6p2 of OUT pupw UaR S.typ~;JatQcpJY, 88 read.ved Sam film year6 
ago frost Xum and rmintaixmd nithm& special regard f'or m&x- the 
Vi et&am. At the Mm8 ef the experiment;, the cmlturrmau sfsll ?!l (by oolmy 
appearance ard Vi-agglutinatl~), but moet ts all of the L pr eduofo of' 
t*iurll --x typhi were Vt-Wgatire. I uuppeut that nm-7% aellr ha- 
a high- affirrfty far 0 phage~, so that their deercreadants aro more 
likely to be raprtmented iyr the Wamm&&a tran5duotionte. Rather fhaa 
explaPa UkiP 3tory at the tisflef, und fn Vi%W of my i&l8X~8rfWKi with the 
Vi problem, I dosided $0 smitoh te h%b non-Vi H+O1 (as xeoeived mmral- 
ly ~%IIU Kaw Edwards and Baulgdaw). I was ignorant Or the Vii hls- 
tilry ah H-901, barlrrg had the imprerrsi~n (aood' 8 to Boag & YeIS, (I+) 
that thio wae ma-ably mm-Vi. We have mad8 no attmkpte to tram&me 
the Vi ahmacfar, and in rlew rri the rr~pl.l~&&ans ym e&b, ao well ap1 
the derelopmento ai pour work with Andereoa, 10 3.8 just aa well we did 
not undertalm thle prematurely. I uas rsepeolally Intercrated to ham yetar 
o-t on other oxperbnanb an this qvaet5on. Booy & Welff'rr and Orem's 



sxperienwe did not aeem fo tally with mrs, a~8 the altsratlens must have omurmd 
with a fFrsquenay of several peroen+ to have been dieoarnabLe wfthaut special 
teahniqum. P8rhape killed basterfa exert a eeleatiw effecst favoring VI-eaWylng 
varianta, but if 86, it my not be nme8 

3 
a&y te wkm en lndwtiw eff6di aa 

well. In mar experlmentm, only about 10 8F lo- tr of the treated bauterla, at moat, 
are Wluenoed hi1 Q given trait m that epeo&t%cs eels&ion is eemmtial. In add&i&m, 
it ~~IMI inprobable that Booy and Mf’f~ I prme&re, hfsat%ng winked baateria, 
and almasf impoeaible that Ore1;e’e (bozillng fen 10 mlnutea) o-&e left ml@- 
flcant amounts afF phage. These croneideratims would not rule out phenomms quite 
dlfferen% fmm ~aneduotion-vin-p~age.j p,ut 

p ’ 
Qxe point ln ywr twoamt af 0 903 le diaerepmt with our experienue. Ue have 

had no diffimlty in rsprtitedly isolating 04i (d 3") f'issli the )tralm rsswded ata 
O-$%X in cm poesoavion (roa*d fmm I+itaM and B~lgakm). Our .xpe~pIzpd~s ln- 
valve the moat slinger& selr&hn few rmt$llty, rather heavy inooulatlen of plate6 
ef soft sgru-galatin, 80 that t& remmy ef 0a may ncpt be atrlotly lmmnsl&ent 
with yaw experleatae. If It fe, It ia poeaible ths" we did not have an tmthentlo 
oultuxe, and muld !W I~ppp to hma one from ysu, 

1 till ne%d pretend or attempt to refute the erdopxwus vrQin of phage by any 
detalled apscuin%ion. If pk.aps are ultilastely derived, qua parslteo, irm fmg- 
manta aP bacteria the qumtlm +i undogenous TIT * exopmoure dsvo3wa mostly an a 
quaefla@l t?f how long &go. since, tv us the pmmite temlmlc~, an sxtrl~lcp par- 
ticle can astablfeh a aymblat%o relatimshfp with a btictarf?m It I*.cn not recently 
men bcfolpe, the prr;ssnt axi&moa of eueh eymbioeee dwe not till us rrauoh & their 
QM1 antiquity or kampsmm ldlqpmtle. &&a, tha +raaitol.cEiat can, Father 
epeeleusly perhaps, explain any nevel otmzrrenue of bacterlcpPrags in a baoterlal 
uulture by lnWd.za,g a prior, crypt& uymblot?is, Xxs rsrna~ks cm the romrarkable 
paralleUmn ai phage to bacterial reoeptom may mrve to stilatilata scorpa speoulatlen, 
and ultimte1y mw tituiy. Would It be lnoonmlvable that the phage, does not develop 
thls epeclfloity fort&tausXy, but that lt borrowa the bactexfum~e om mmhlnery to 
manufact~e ths plmge’a okf;z, but this ier aemhmtr inside-outi This would &Ill, at 
t!aoe, bs cmslctent wl%h what Luxia Eallrd "parasletla~ at a genetic level", and 
with ths facts af phenotppicr heat-lndumd madlfleation. The develogmnt & au& 
tin adapOatl0nmay otraln 49x9 lrna&natlnrarnoaaore than orgahic evalutlonln other 
form. Telsalogleally epaw, a phage particle retpiren mm~ mark to reaognize 
hoet baotsrla whose overall lntmnal arganizatlon la auff’loiently famlllar ae to 
be likely te support lta dovslapmnt; the euperflci& i.e., mtlgcjmio properties 
af the ballterlrrm might be the meet acaeaelble make oi thla Mnd. By the way, our 
own cram1 ebsarvatime mggast that the Sertla-Bouigakor phag;e raup-grcrscsea the 
flagella prlmrlly by lyering m et,haruleo kllllng W$%~E fl~el.tlat~! ~1I.e. BWJ It 
oan be used to sslmt fer 0 varianta, although many ef theea prow to be rather 
unetable (enas are quite &able). 



You are doubtless qell acquainted and emally wiary with the repeated 
arguments for phaga=virus=~ariiaite. I am not clear whether you are objecting 
3iql.y to the uncritical and narrow application of this theorem. In parti- 
cular, do you regard "bacteriophages are endogenoue products of the bacterial 
celltV as the o,nly basis on wtrich they may be "specific self-reproducing units 
which form part of the genetic makeup of the bacterium" (p. 4, Symp. Disc.). 
The last proposition is hardly distinguishable from lSparasitisra at a genetic 
18V61". The trick word is again, p&haps, Vendogenousl'. I think it can be 
argued that such unita might equally well be descended in some fashion from 
other organisms, 90 that the symbiotic adaptation is secondary, as it doubtless 
is in lichena. Xf one puta the name question to chloroplaats, one runs into the 
same difficulties as with phage. Uy review hoped Aot to explain away the diffi- 
cultiea, but to point out that these problema muat still engage the interest 
of gsneticiat and virologist, microbiologist and e+nzymologist alike, or we will 
never get to the root of the+ 

Your remarks p.5, anticipating genetic studies on lysogenicity, have been 
fully borne out. &a, Lederberg and I have a paper in press demonstrating that 
the phage associated with E. cold. K-12, lambda, behaves in crosses precisely 
a8 if it were a chromoeomR1 determinant. This may mean that whenever lambda is 
released it carries vrdth it a fragment of the bacterial chromosome by mean8 of 
ir;hich it recognizes its appropfiate site. I wF11 admit that yzraaitiam at 80 
intimate a genetic level does strain the imagination. The chief argument for 
retaining this notion is that one WII with less strain visualize the further 
evolution of phage into a more independent organism. If al.1 phages, and not 
merely lambda,prove to have unique localizationa on bactea chromosomes, I 
would have to admit that they have not, in fact, evolved in this way. 

Yours sincerely, 

Joshua Lederberg 


