Januery 5, 1952
Dear Dr. Felix:

Your most interesting (and kind) air letter arrived this nocmn, but
I regret that the "air parcel” has not, as of this evening. I am afraid
your confidence in our poetal system is misplaced. You may be interested
that your osblegram wes delivered, via phome, about 8 AM Friday (our
time). I thought that "air parcdd’ might have meant air freight or
air expresa, especially as you seemsd se confident of iim Time of Arri-
val, but neither the postoffice nor owr alrport has had any werd of it.
1 shouldn't be surprised if the delay is mmt at customs at New York or
Milwaukee. May I thauk you for the very considerable troudle you have
talen on my azacorunt!

I am asorry that the account of my letter of the 13th Dec. was so un-
explicit, as I fear I may have led you into a misapprehension. PLT-22 ap~
poars 1o be sirictly ean O-spscific phage. I% 1s adsorded by almost all
oultures carrying the XII somatic antigen, and by no others. There is still
some uncertainty about the special rele of XII, , which may ascoumt for
inconsiatencies with 3. paratyphi A and 3. abortus-bevis, wvhieh have still
10 be cleared up. Wherever it haus been pessible 40 test thepoint, all 8al-
monellas that adsord FiT-22 are subject to the Wsansdustimm of zenetio
twalte from it, whether or not the phage is capable of lysing or establish-
fag a symblotioc relatiomchip with a given host. (PLT-22 has, fer example,
almost no overt effeat on several 5. syphi strains, except for tranaduction).
Non-Q variants lose, at enes, their capacity to esdsorb PLT22 and to suffer
transduction by it. JSK Boyd has characterized PLT22 as an "Al" type in his
classification; Stogker and I have confirmed that the other A phages of
typhimuriwns will aiso transduce gonetis treits, though with a lesser effi-
¢lenoy than PLT-22. The host-range of PLT=-22 restricts our experiments ¢o
the XII-besring types, so it is a natumal interest to look for other phages
tiat will extend the schene. Por technical reasons, 1t would be preferable
10 test phages that include owr marked typhimurium strains &in their host-
rango. A number of rough-sppciiic pages have been tested, bui nome has
sv far beon capable of medisiing iransduction. These arc the isolates tc
which ny letter hautily referred.

Thank you for referring me to the rdstory of 5. typhi E-901; you've caught
me napping on this. I have not, so far, given Vi determinatiens the emphasis
they dessrve in our work: in fact, the resson for using HYOl was the hope of
avolding what seemed at the time a complication. Actually, the strain of S. typhi
cited on pe 92 of our paper was 3. typhi Yatson V, as reoelved come five years
ago fram Xeuffwmarm, and naintained without special regerd for maintaining the
Vi status. At the time ef the experiment, the cultursavwas still Vi (by coleny
appearance and Vi-agglutination), but most or all of the i preducts of
tybhdmurium ~-x typhi were Vi-negative. I suspeot that non-V¥i cells have
a higher affinity for O phages, so that their descondants are more
likely to be represented in the dmmsmmdants traneductions. Rather than
explore thius story st the time, und in view of my inexperience with the
Vi problem, I docided %o suitch 40 4the non-Vi H-9C1 (as received several-
ly from Keuffmann, Edwards end Boulgakev). I was ignorant of the Vi hie-
tory of H-901, having had the impression (accd'g to Booy & Wolff, e.g.)
that this was unshakeably non-V¥i. We have made no attempts to transduce
4he Vi character, and in view of the somplications you site, as well ae
the developmentis of yowr work with Andereon, it ies just as well we did
not underteks this prematurely. I was sspeclally interested to hawe your
comment on other experiments on this qusstion. Booy & Wolff's and Creze's



experiences did not seem 4o tally with ours, as the alterations must have ecourred
with a frequency of several perceny 4o have been discernable without special
teshniques. Perhaps killed bacteria exert a selective effect favoring Vi-carrying
variants, but if so, 1% may net he neccggm 20 involm an industive effect se
well. In our experiments, only about 107/ er 107° of the treated bacteria, at moset,
are influenced ha a glven trait so that speckfic selection 1s essential. In addbtien,
it seems improbable that Booy and Wolff's procedure, heating washed bacteria,
and almoet impossible that Oreze's (bolling for 10 minutes) could have left signi-
ficant amounts of phage. Theae considerations would not rule out phenomena quite
differsni from transduction-via-phage. il
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One point in your acesmt of O 90_],'/.‘:.5 discrepant with our experience. We have
had no diffizuliy in repeatedly isolating Ol (d:~) from the ptrains recorded as
0-901 in cur pessossion (rec'd from Kauffwann and Boulgakov). Owr experiments in-
volve the most atringent seleoction for motility, rather heavy ineculation of plates
of soft sgar-zalatin, eo that the recovery ef O+ may not be strictly inconsistent
with youwr experience. If 4t L1e, 3% 1s possibls thai we did no%t have an authentio
cultwre, and would b»¢ happy 40 have one from you.

Your discussian ( Symp. Virus Multdpl.) was es intorssting as yowr letter.(Perhaps
I can apologlze for this logorrhea by suggesting that it i3 oontagious.) I 40 net at
all "dislixe" the trend of these remsrks, although I aw not sure tnal they are irre-
cencileable wiih the subjoets af your critivism. You are certainly Jjustified in com-
plaining of the wnoritical generalization from "phage 12" 4o ‘viruses'. I suspect
that the rodiscovoery of lyvogenicliy Ly amourica mey demper previous haste. The only
useful function of calling phages,bactericl viruses, is to attract the attention
of virologists to the idews and “echdcuce that have been deveioped in phage science.
I f£ind muon the same difficuliy with the equally knotty questien of viruses vs. plasma-
genes in the minds of zemetioiste (and haws cowpleined of thic in my recent review
Cell Qenetics...) A situmtion like +that of kappe in Faramcciwm, or sigma in Drosophila
despite Lits ohvious signifdcemce in eny broed approach to lheredity ic ignored by
many geneticlats, "releyated 4o pethologm” cz soueene pub 4%, ac soen a8 the sug-
gestion that theae nmight be wvirusss or ¢ie like ip entertained. Thus, the unigue
poeuibilitics of applying +the wethodology of picrebiclogy 4o prolddmm of heredity
are necdlescly discounted.

I will need pretend or attempt 4o refute the endegencus arigin of phege by any
detailed cpeculation. If phages are ultinately derived, gus peracites, frem freg-
ments of bacteria ths question ef endogencus ve. exozenocus davolvee mostly on a
quesifen of how long sgo. Sinee, 40 uss the parapite terminelogy, an extrinsic par-
ticle can establish a symbiotic relationship with a buctorium 14 has not recently
sesn befors, the present existence of such symbioses does not tell us much of their
own antiquity or tiimpxiktwx idiogsnesis. Again, tha paresitolosist can, rather
speciously perhaps, explain any novel ecowrrencc of bactericphage in a bacterial
culture by inveking s prior, oryptlic, symblosis, Your remarks on the remarkable
parallelism of phage to bacterisl raceptors may serve to stinuilste acme speculatiom,
and ultimately some stuly. Would it be lnconceivable that the phage does not develop
this specifiicity fortultously, but that it berrows the bacterium's own machinery to
manufacture the phage's skia, but this ie comehow inside-out? This would atill, at
onos, be cemsistent with what Lurie called "parasistism at a genetic level", and
with the facts of phenotypic host-induced modification. The development of such
an adaptation may strain the imaginatien nc mere than orgablic esvolution in other
forma. Telenlegically speakling, a phage partlcls requires some mark 4o recognize
hoat bacteria whose overall internal organization is sufficlently familler as to
be likely to suppord its development; the superficial, i.sc., antigenlc properties
of the bacterium might be the most accessible marks of this kind. By the way, our
own casual ohservations suggest that the Sertic-Boulgakev phage euppresses the
flagella primarily dy lysing or otherwise killing wwtidw flagellated cella. Thus it
can be used to select for O variants, although many of these nrove to be rather
unstable (sems are quite stable).



You are doubtless well acquainted and ewually whary with the repeated
arguments for phage=virus=parasite., I am not clear whether you are objecting
slmply to the uncritical and narrow application of this theorem. In parti-
cular, do you regard "bacteriophages are endogenous products of the bacterial
cell" as the only basis on which they may be "specific self-repruvducing units
which form part of the genetic makeup of the bacterium" (p. 4, Symp. Disc.).
The last proposition is hardly distinguishable from "parasitism at a genetlc
level”. The trick word is again, perhaps, "endogenous'. I think it can be
argued that such units might equally well be descended in some fashion from
other organisms, so that the aymbiotic adaptation is secondary, as it doubtless
is in lichens. If one puts the same question to chloroplasts, one runs into the
same difficulties as with phage. My review hoped hot to explain zway the diffi-
culties, but to point out that these problems must still engage the interest
of geneticist and virclogist, mlercbiocloglst and enzymologlst allke, or we will
never get to the root of theg.

Your remarks p.5, anticipating genetic studies on lysogenicity, have been
fully borne out. Hrs, lLederberg and I have a paper 1n press demonstrating that
the phage associated with E. coli K-12, lambda, behaves in crosses precisely
as if 1t were a chromosomal determinant. This may mean that whenever lambda is
released it carries whth it a fragment of the bacterial chromosome by means of
which it recougnizes its appropkiate site. I will admit that parasitism at so
intimate a genetic level does strain the imagination. The chief argument for
retaining this nction i1s that ons con with less strain visualize the further
evolution of phage into a more independent organism. If all phages, and not
merely lambda,prove to have unique localizations on bacterial chromosomes, I
would have to admit that they have not, in fact, evolved in this way.

Yours sincerely,

Joshua Ledserberg



