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[mar Joe:

I am sorry we did not get to see you =% Lansing. ¥e had origimally Sentatively

Planned to g0 as is indigated by the titles we submitted dut we found that we hagd
relatively little time after our Celorade trip and furthermors that we would have to
drive sround Chicmse on Labor lay in order %o make the meeting. The airplane schedules
«ore limited omn account of the holiday and even the more orowded and we weren't adle to
et satisfactory reservations. ! am hoping that there will de an opportunity for a trin
and visit during the time thet you indicated. However, 1 cannot make any definite vlans
Just yet beemuse of the uncertaiaty sbout when the remodeling of our laboratory will
begin and any traveling that I de hinges upon that. I will let you kmow what
rossibilitien, 1f sny, should materinlisze.

1 vas interested in Jour comments about the cancer meeting ang ny own gensral impressions
are consistent with yours altheugh perhaps not so extreme. I think there are a numdber
of workers who are making useful applieations of genetic concepts in the fleld, for
exanple, Ted Hodbra. It's hardly their fault if the transpisnted tumor cells dom't
always display completely familiar bdehavior ana it 1s indeed rather remarkable to see
how plastic the ghromosome content of tumor ¢ells can be and remain consistent with the
viability of these ¢slls, This is something that was quite a shock to me when I

listened to those meetings on the Ascites tumers in New Yorke 1If you are going inte the
matter of tumer sgent sereeming in sy large way, 1 wamld eertainly recommend that you
ot in touch with Ted Hoshtra who is now not very far sway from you in Buffelo at the
Roswell Park Memorisl Imstitute. I believe you asked me once to suggest the names of any
other possidle consultants who might be adle to £give you backeround materinl that was
outside the realm of my own competence and I use thnt as Justifieation for dringing ur
his aname,

1 #t111 onnnot ssree with you that the somatic matation theory of cancer i completely
oute It seems to me still entirely possible that the firet event, a trigzer to the

chsin of avents leading to the development of the malignant tumor, is an ordinary sometic
mutation. “nce the tissue cell has achieved a certain aaatony and respid growth rate one
mizht anturslly axneet, as one would in any porulation of mieroorsanisms, subsequent
changes to occur svuradieally and in the ravidly growing cells of the tumor which were
selected for antibacterial activity eto. that is charscteristics of metastatic tumor cells,
that ie to say, the initial event conld still very well be a somatic mutation of a kind
vhich in o way releases the cell from its interne] and external comtrols., It is quite
rpParent that there are many deep-seated genetic changes taking place later on of which
the amupleid variations in chromosome mumber sre the most obvious and the most drammtie.
Thie may have importonce only insefar as one might be somewhst less discouraged about
preventing the initial ster of tumor formation if it were not a somatic mutation,

Tou comaented on the use of transplanted tumers in screening teste for chemotherareutie
agents in cencer. ‘hatever gomment I would add would make very 1ittle difference singe it
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1s not easy tec sse at the present time what altsrnative systems could be unsed for
sereening purpeses. It is gquite obvious that a tumor which has been transplanted for
any musber of generations has Besn subjected to the most rigorous seleetion for its
2b11ity to survive the shock of transplantation, mew enviromment and vhat met sad in
tura night be expested to de somevhat mere resistant to interference from cheme-
therapeutic azents administered to the amimal. On this dasis it night de advieadle to
use for tests of chemotherapsutie activity tumor lines of not very greal antiguity.
George Xlein has commented thet it is nov possidle %o presera iscites tumor suspensions
by freeging and $his might be a useful lead in the development of the standerdised
inocula for tests of therapeutic agents. I really don't see how you can gonoeivably
get awvay from the use of \ransplanted tumers and the question will then come about what
is the most seasidle $ype of tumer to use in the same therapeutic sgents. I'm sure
that Ted Hoshira would be much more imowledgadle on such matters since he's working on
that kind of material and I only resd adeut it.

I was impressed by your report on the sdeption of the netion of alkalating azents as

e common faetor in chemotherapeutie and radiomynetic activity. This is a point that
has become incressingly obvicus with the work of the British group at the Chester Radey
Canger Lab in Londom but I was interested %0 hear that it hud deen so generally
adopted. Of course I was using the work alkalating in a more general cense, I don't
know what other terms %o use that weuld ineclude both substitutions of 2lky) and aerial
and acetyl groups which for present purposes are egmivalentg,

1 agree with you that it womld be guite useful to continue to look for radiomynetic
sgents nartienl:rly thoss of matural origin. The very faot that they can be prodused

by scme kind of liviag cells would be at least prelininary evidence that they have some
sort of specifieity in their aetion which prodably would be less likely to de true in
reagents like acetylchloride which in primeipal have the same ¥ind of base effeat, It
seems to me in fact rather remarkable that an agent with such poteney woald be 2

netural produst and one wvonders what meghanism the produciag erzmnism had to protect
iteelf against such 2 gompound es asaserime., Do Yyou have any ideas about that sinse this
question may eventually becoms of great importance aprime to developing the bases for
differentinl toxicity by sueh asents.

It possidly will remain true that none of these reagents vill be able to co amything
that Z-rays cannot. The one hope that yeu might have is to devslop some other handle
on these reagents that will zive them a certain ameunt of differential activity, With
regard to their relationship between the affects of these conpounds on X-radiations, it
ssenms to me that ar entirely plausidble ease has already been duilt up for the rell of
peroxyl or similar Syves of derivatives in the mediation of Xeray netivity and J anm »
1ittle bit survrised that there have not been more reports on the syathesis and testing
of varions kinds of organic peroxides for this type of behavior. Now some 4¢ these
peroxides are of course highly unstadle and almost explosive but others sre relatively
stadle in acueous solution. I wouwld think this ie something your chemistry group might
be interested to think about unless of course I've simmly overleeked » large body of
work that may have been done in this direetion. It seems to me there ia SYery reason
to expect that this type of compound will be as useful in rediemynetic aotion as wonld
any of the other reagents that have deen proposed.

1 am sorry thas you had such a disagpointing result on the comparntive resistance of
strains B and B/r. I wonder did you check onm these strains with ultraviolet light o
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ses 1f they fit the original deseription that Witkin gave of them! I have the
impression but I can't doocument it that some woerkers have foumd that these strains

in their hands are no lomger as divergent ia the irradiation survival as they
originally had been. ¥Whether or met it will be feasidle ¢ reiselate suitadle
irradiation-resistant veriants is an open question. I agree with you $hat the question
of ecorrelated resistance in these radiation-resistant streins has beenm a somewhat
muddled one and thers has never been a very satisfactory explanation. I agree

equally that it is very umlikely that these are eoincidental effeets bu$ after all they
concelivadly could be considering that the wutante are always selective in the presence
of mutagens. To my mind it is much more likely that the strains are simply cummlative,
spontanecus mutations in this rather long time during which they bad besn maintained
separately from one ancther. Ia any event the levels of differential resistance which
were described are, as ] reecall, rather slight and inconstant from ome strain to
another and I think can probadly be igmered altogether. The more important question ia
Trecisely vhat technique to use in differeatiating the two. I am mot surprised that
inhibition rones wonld give a very poor differentiation for the reason that the
diffusion and inhidition zone technigus sets up a very sharp concentration gradiang

80 that there might bde expected to be very 1ittle difference in the diametsr of She
sones oven for rather different effective thresholds of metivity., In such = case it
night be more advantageous to compare strains by means of a gradiant plate technaigue
which gives you a mmch more gradually spread out gradiant concentration of the agent,
After all the use of inhibition zones is dased on the very faet that at the bZoundaries
of the sone theres is a very rapid change in the concentration of the reszent that is
diffusing from the geater. BSince the two strains would be compsred side ¥y side on =
single gradiant plate it would seem to me thet this could De quite a werkadle procedure
although 1t would mot lend itself to guite the mass scale of testing that a diffusion
zone teehnique would. In the long rua I would suspeet that a differential inhibition
$es% of this kind would be much more fessible for you than ome dased for example on the
induction of becteriovhage and I will be very surprised indeed if there turm out to be
any seriocus diserevemsies in the range of compounds that weuld have the radiomynetic
effects in these two systems. ’

Tou also brought up the possidility of using the induction of petis coleony variants as

a sereening procedurc. JFundamentally I think this would be a wholesome and produgtive
idea but I am very dubious about the poseidility of setting up a saresning procedure
that would be useadle on such a large scale basis. One cannot really rely upon celony
size as a oriterion of this petit colony change despite the mame that is given to 1t and
you will note that in all of the publications om this question, Pruseey always says that
a sawple of colonies was tested by using the knotty resgent or seme wuchk vrocedure. One
of my students has been setively interested in this system so we can spesk with a certain
amount of experience. I suspeot if yom were screeming for the induction of netit
eolonies it would de necessary to expose your population of wild type yeast in lieuid
medium to the aotion of the agent and them to plate this povulation out whiech wewld mean
using a variety of dilutions om sccount of the varisble smount of killing that might

be expected and then combining doth & colony sise inspsetiom with a sampling for tests
of oxidative activity either with Xmotty reagzent or with a simplified phenol red acetate
medium that lLindengren descrided a few months ago in the Jourmal of Bacteriology, 2
technique which,by the way, ve have found to be very useful, This sounds rather too
ladorious for a routine sereening in the first svent but 1t is something that might very
well be worthwhile te loek into on a selected group of antidiotics once yocu had them.

How I have to tell you that a very wide range of reagents has this petit-indusing activity,
In the first place they do ocewur spoataneously dut in most strains st a relatively low
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rate. Acriflavin was among the first reagents to be tested and almost sll the work
that Prussey has done has been with that. Howsver, we have found, akin with a
mumber of other investigators, that uliravieclet light is alse a very active reagent
for produeing petits. Finally there have been ssattered reports that such things

as X-rays, higher temperature, t$riphenyltetrasolinm chloride and I thiak, but I'm
not certaln, nitrogen mustard, were sleo highly efficient in produeing petit
varisnts. One possidle advantage of the petit system is that there ic¢ already some
evidense that the scops of reagents which will have that activity is sven wider thanm
the usual radiomynetic reagents but for the moment I would be cuite discouraged abous
carrying out that kind of a sereening om any large scale for preliminary screenming
purposes. It would be worth giving the matter seme thonght simce this would be s new
dimension of diolegical activity of chemieal agents.

Of She screeming proposals that might be apropos to your aims of finding radionynetic
agents, I think the ones that already have been mentioned are the cutstanding candidates.
They would be: (1) differential between 3 and B/r or similar radiation-resistant
mutants, (2) differential survival of haploid and dpleld yeast and (3) inductioa of
1ysogenic dacteria. A fourth possibility would be the induction of sasily seored
mytotie or somstic segregens of heterosygous yeast. Mr, Right, my student who is
working with yeast, will be meking some yeast dipleids which are heterosygous for a
recessive red pigment character and these might be particularly useful for this
latter purpese, If it does appear that these diploids are wvhite and that they give
rise to apprecilable aumdbers of red segregens with moderstes des=s of UV light then ve
will send them om to you. I will aleo have ready some haploid and diploid yeasts 1f
you wonld eare to test them to see if they have aporecisbdle differentisls in their
response to UV light. They are supposed to sceoerding to the literature but I dom's
know if 1% will be enough to mait your purposes. Again I think a gradiant plate
technique will be almost sesential in mssaying sny chemieal reagent. If the dipleid
is not sufficiently different from the hapleid it might be very well werthwhile to

try to obtain seme tetraplold strains of yeast which,for example, Roman, at the VU, of
Washington in Seattle, has been working on and which are reputedly much more radistion~
resistant then the diploid. In any event I think the preliminary triale of these
sereening systems should de done both on the Basis of differential survival and on the
basis of some sort of gradiant plate assay. Unless the latter can bhe sffectively
worked up however, I can foresee thst you will have some diffieculty ir large-seale
applications.

As for the uee of the Wl4E5, i.e., lambda-sensitive SR indicator system, I will Just
have to walt to hear from you how that werks out. I would by the way appreciate your
sending me back the l4E58R so that we can keep 1t in cur own stoeck for similar
rurposes. Ye had simply never bothered to prepare that partiounlar strain since we é&id
have gsome others which however hud a mumder of other irrelevent markers.

Hers by the way is a tip for pickimg up lytic sffects. Ye have noticed that decterisl
lysis is accomparied by very considerable hemolysis on blood agzar. It seems to me just
eonceivadble that you could mix a fairly small mumber of wnshed lysogenic strevtomycin-
sensitive becteria together with 14883R in excess and plate thesze on a dlood sgar dase.
On such a base you might conceivably gat a very dramatic effeet of UV light if this

will induce even a falrly small propvortion of the lysogenie bacteria. In effeat this
vroduces plaques on the lambda-sensitive bacteria in the background Mit these plagues
can be very greatly accentuated by the use of blood agar and as a matter of fact I might
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tell you that WiL85 iteelf had been isolsted originally by a plating of strain ¥12
on bloos agay which had been exposed to UV light., It was noticed that there were
some colonies that were gziving hemolysis and when these were picked and replated it
was found that the hemolysias was due to the reinfection of some sensitive colonies
which had bdeen induced by the UV light, The dlood agar we used was, I delieve, the
ordinary 10% or so of either bovine or eguine blood; I assume that humsn red cells
would do Just as well.

Sinee I nssume that your aim is to avoeid having to use & fairly elaborste dilution
technique in order to estimate the numder of free virus particles that are produced

it might even be possible to adapt this hemclytic reaction for the assay of phage
perhans something along the following lines although we have never actunlly tried 1t.
The lysogenic bacteria might be growa in the presence of or subsequedly treated with
an unknown reagent at a certain concentration im liquid medium, After s time is
allowed for the release of phage in thet system, the dacteria perhape might bBe spun
down. The supernate might then aimply be mixed with 2 standard mizture of strentomycin-
rosistant, lambda-sensitive bacteria, that {s the 1485SR, plus 2 suspension of dlood
in nutrient bBroth plus stireptomyein and incubated for a standard peried of time, The
amcunt of phage liberated in the first teet might then be roughly measured by the
amount of hemolysis in the dloed tubes. It may turn out i{n the long runm that this
would be even more elaborate than some kind or other of plating methed. On the other
hand this may suggest te you other ways of srude preliminary tests for massive amounts
of induction. Next to a B vs B/r resistance differential, I would suspect the
induetion technigue would be your best det, If anything more practicsl occurs to me
about using yemst in these systems, I will let you know and we will in any event send
you some haploid and diploid strains,

The effect of soriflavia is probably a pretty general one ia yeast, the msin trouble

is to find strains whieh don't already have a rather high rate of formation in petite
or straine in which the stock cnltures are not already petits themselves. This is

by no means rare., I do agree that there 1is at least 2 hyrothetical analogy between
the removal of the respirstory plasmlds in the formation of petit Yeasts and chepmo~
therapy of viruses. This analogy is approximstaly s2s clomnse 2s that of the
disinfection of chloreplasts in such orzznisms as Tuglena and here agein is something
if you were really going to go far afield, which 1 suspect you are not, you mizht want
to think about, Were you acquainted with this, Joe, that ia, that such szente as
strevtomycin are capadle of bleaching Zuglens 80 that you get the nlga without {ts
chleroplasts! This was descrided Wy Provosole, Hutner and Pitmer in the 1941 Cold
Spring Harbor Sympseium., It has not been the sudjeect of much work since. As far as

I know, strevtomycin is the only chemical resgent that has this effect althongh with
some straine heating $o high temperatures is capable of differentially insctivating the
chloroplast. I do mot know if there have deen any experiments on mertypically radio-
mynetic azents. If you could get yourself set up for the culture of ITuglena this
probably would not bBe too diffieult a test to run since it would Just de primarily a
matter of microscepic examination of ITuglens cells to see if they had become bleached
under the conditions of treatment. Just on the romote poseidility you haven't run into
this kind of story I have a discussion of disinfection exveriments of this general kind
in a 1952 review in Physiological Reviews of shich I think I have sent you = reprint
vat I am not sure,

0f 211 the things we have talked about, I am perhaps most plessed at your interest in
this question of substituting for the enteris flora bdecause I think there is » tremendous
opening for researech, maybe toe tremendous, for a limited attack but 1 don't know that
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anybody else is resally going into 1%. This is the kind of thing for wvhich germ-free
animale wonld be very suitable experimental materisls but uafortunately the developers
of that technigue seem to have sat on their hind legs end not dome any other
experimente with it,

I hope I d1d not give you %0¢ many nis-impressions about this occurrensce of Serratia
in the 1ittle girl, This infant had not been under any antibilotic therapy at all and
She reason that I pointed out this case was that this was a strain that appareatly wes
able to implant itself in competition with other enterie organisma sven to the exclusion
of E, goli sand without amy apparent harmful effect on the ehild at all. I would $hink
that such a strain having been isolated under conditions that would seen to minimize
the possidility of tts pathogenioity and earrying the distinctive coler marker, the
eulture might indeed de very useful as s test organism in replacement types of
experizents. It probably wonld be necessary to at least try to make various kinds of
antibiotic~resistant mutants from this sirain in order %o use them inm your sort of
experimeat, There would be the advantage of the red color on the platings. I am not
sure in fact that the pigment would be of sny seriouns conseguence sven in a practical
appliecation should any Justification fer this appear since it will be apparent oaly

ia infants on their diapers end probably will not #ive very much trouble with ordinary
evacuations. It is obvious that a tremendous amount of preliminary research would have
to de done but I would suggest that this organisa is as good as any, e will send you
this strain along with the other materials that I mentiened. Several months later by
the way this little girl was still excreting this particular organism only as a very
small vroportion of her total feea) flora.

Jos, I'm sorry that the very last part of the first recerd that you Just gent was
completely gardled. 1 think someone else must have come into the office at the tine,
at any rate mothing much came through the microphone. You had Just started to say that
you had read the 3imonti article but I missed completely sverything you told me mbout
Felix's inkerest in the Actinomycetes and in the Fenicillium so I may have to get that
back again from you.

Yours singerely,

Joshua
JLijlg



