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Dear Joe:
Let me take up some of the issues in your last communication in order.

I am not terribly surprised that agar diffusion techniques prove to be probably
unsuitable for routine use. I think they could de made to work but only in the
hands of a professionally skilled worker. In the long rum you would have to

repeat most of your experiments with liguid culture mixtures in any event so there
may be little emough point in using the agar diffusion methods. I imagine if the
need required it would not take much ingemuity to design an automstic filling machine
which would automatically deliver different ratios to input fluids upon setting a
dial or some such thing. In a setup like yours I suppose the human hand is the more
appropriate instrument.

As far as the general sereening progr-m is concerned, I can see very few things that
we have not already discussed and for which there already has been a deecision on
one basis or another. I fully sympathise with your problem in having to make
decisions often on an expedient basis or ever less than that without having very
many of the pertinent facts at all but I can't see that you have actually gone very
far off any possidle path,

The only points I would bring up sgain would be the queries (1) Should one adhere
exclusively or primarily to Aetinomycetes as the sources of new antibiotics? (2)
Whether a mutation program still could not be applied more routinely, because while I
think your argument that mutations leading to inereased produstion are likely to de
on the whole infrequent, it is predadly valid that only experience would really tell.
My suspicion would be that when you start with relatively low yields it should not

be extremely difficult to obtain mutants which give moderate performanece. I would
agree that going from moderate to superior strains represents the most difficult steo.
If I am not misteken there was an entirely similar experience in the development of
penicillin-producing strains. I think it would be worthwhile with any culture which
seems to be producing a possibly promising or new antidiotie but in relatively small
quantity to do platings along the lines of Kelner's technique to try and look for
improved produetion, even simply as the bads for further preliminary analysis. Of
course, a much more exhaustive job would be done whenever you approseh the question of
routine production, The matter of replating the cultures from the wild in order to
separate out the possible heterokaryons would seem to me to be much too important to
be by-~passed at almost any cost and some of the oceasional inconsisteneies in produetion
from one run to another might very well be due to this cause., I would think that as
soon as a culture seenms to be produsing any antiblotic in which you would have any
interest it would be worthwhile to replate it and do further studies on two or three
reisoclated single colonies.
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I was extremely happy %o hear of the sugoessful cutcome of your discussions with
Biochemistiry on furiher emphasias on less potent dDroths since this is perhaps the

most obvious vulnerable point for the searsh for mew materials. These sre esrtainly
the ftems which will require the most skill {n order %o handle snd from thet point

of view are the most likely to have been overleooked by your competitors, In addition
ene would imagine that there will be relatively few antiblotics of very high poteney
on first isolation and more of less and less potency and therefore the ersanm having
apparently been more or less skimmed it is neeessary to go into thinner and thinper
veing,

I would again emphasize the possidility of discovering adjuvant or acecessory anti-
bilotics, i.e., compounds whiech by themselves might have little amtibiotie aotivity
and not enough to justify marking them alone but which could be extremely important
in maintaining the usefulness of other more striking aetivites, This may not be
sxprossed in the normal course of svents in terms of simple synergism and I as not
sure vhat the best methods would de of picking up useful aceessory agents. It might
be worthwhile, however, to consider what might be done with more or less reconstraction
experiments involving infeoctioms with challenges consisting of primarily an organisme
sensitive to o primary antidiotie containing a few organisms resistant to it to see
whether an aceessory antidbiotic would have the desired effect of eliminating the
last residual resistant organisms., With tuberculesie especially this would be sn
extremely useful and pertineant result sither with streptomycin resistance or to a
lesser degree with isoniasid resistance.

From your previously expressed interest in combination effects I would Judge that you
have already given consideradle thought in the matter of synergisme. Now the first
proposal thet I hsd made defore with regard to accessory antibioties would not
neeessarily be reflected in any odvious eynergistic effeet singe the primary anti-
biotie would probably be the one whieh is most readily manifest in in vitro experiments.
Synergisms represent the second approash and here agaln, of course, there should de
many opportumnities for the intersction of two antidoties which separately sre too
veak to be very much good By themeelves. I weuld imagine that the voint st which the
most smphesis should be given to such accessory effeots would be where an antidiotie
has proven to be more or less aetive in in vitro tests, say even in the presence of
serum, but which fail when used by themselves in in vivo challenges. In such sases

it might bde nessssary or desirable to go right shead with mixed therapy without the
benefit of very much knowledge of the in yitro interactions, the latter mot necessarily
being of very great relevence to the therapeutic effeets.

I was startled and interested by your interest in the sesreh for virus-indueing agents
on the basls of the asaserine effest. It hadn't ocourred to me that this ocorrelation
would be of direct chemotherapentie interest Dut of gourse it is, It is doudtless true
that mest of the agents that have been successfully used in anti-tumor therapy would
have this indueing effset on lysogenic baeteria, X-rays, nitrogen mustard and asaserine.
I have been acquainted with this effesct of asaserine for some time but had forgotten

to think of agzaserine as an antibiotic vroduced by an Actinomycete.

I think one should look a little dit at what is behind this correlation and I think
the root of it is some fundamental common basis of mutagenic or more aceursately szo-called
radiomynetic aetivity, that is to say, all of the asgents that I have enumerated very
closely resemble X-radiation - their biological effects. To the compounds indieated
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one can add such common sgents as formaldehyde, hydrogen peroxide, and in faot I think
there are reasonably goed grounds for believing that hydrogen peroxide is a key medias
in many of the other radlomynetic effeots of chemicals and of radistion in particular.

I have some motions of my own about what the next step in this correlation ig. I have
the feeling that the one thing that is common to most of the radiomynetiec agents is that
they are potentially powerful alkalating agents, that they are capable of substituting
on free amino or carboxyl groups under physiological eonditions. I think even the
peroxide ean fit into the pieture 1f one recalls that im the first plage hydrogen
peroxide forms eomplexes with many organic compounds which have reactive hydrogen and
that these organic peroxides ia turn can function as alkemlating sgente. In this conneotion
you might be interested to kmow that such familiar alimlating agents as scetic anhydride,
acetyl chloride, dimethyl sulfate and ethylene oxide almso have radiomynetic effeets in
other test systems, e.g., chromosome Dreakage and in the indueed breakdown of dipleids
in Escherighia goli., You will see something about this in table 10 in our paver in the
1951 Celd Spring Harbor Symposium and rather more reecently in a paver that I think you
will very much want to see -~ I believe this is a reviev by lLoveless in either volume

l or volume 2, prodebly velume 2, of ADVANCES IN CAXCER FESEARCH. Loveless there has
reviewed vhat is common in the ghemical resstivity of a varisty of carcinogenie,
mutageniec and anticareinogenic agents. Now not all of the angents indieated have deen
tested on the lysogenic system But there ares already so many parallels that I would be
willing to bet that practieally any compound or agent which is mutagenic in this way
and which breaks chromosomes and breaks dewn dipleids of ITsgherichia coli is going to

be found to be an indueing agent provided its toxie¢ effects on the dDaoteria do not
already override any possidility of this lysogenle industion. Therefore on this dbaais
the search for compounds with indueing aetivity would bde eqguivalent teo a ssareh for
powerful, natural, mutagenic agents and I believe 1t has Yeen shown that azaserine
already falls into this category (Demereec). What may be unicue about these antiblotics
that distinguishes them from such destruetive chemieals ax acetic noid anhydride end
acetyl chloride is that they are relatively stable ip aquecus solution so that they
have some possibility of entering the target cell that you are aiming at.

Precisely why 20 many radiomynetic agents should in fact prove to have anti-tumor
activity is not at all eclear any more thar wvhat is certain why I~rays do have sonme
differential effeet on tumor tissue, presumsbly this is all bound up with the question
of rates of growth and the like which distinguish tumor tissue from other cells. There
may be 2lso preblems of differeatial penetration which will be one of the few points

of acosss to differeantial tumor chemotherapy. I think the question of sereening for
anti-tumor agents on this bdbasis then perhaps reduces %o what is the most effective

method of looking for agents with radiomynetic aotivity. If I were working in a research
laboratory primarily, I wounld think that the breakdown of diploids would de one of the
best systems for examining antibiotice from this point of view and you wonld get results
along the lines of table 10 that I referred to in the Cold Spring Harbor Symposium, I
regret to say that these diploide are s0 hard te handle that there is really no possibility
of adapting them to routine use in this way. However, instead of diploids of Ischerichis
goli 1t might be possidle to work up techniques based on the dreakdown of diploid
heterocycles in other organisms, especially yeast. Here mgain, there may be many
technical problems in working out the nature of the effects of the killing agent, but

the handling of the yeast culture itself would be very much less of a problem. 1 think
for the moment that this approach, this use of a test for genetic effects, is something
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that ought to be thought about in the long run but is a long weys from being anyvhere
near ready for routine application, Any teet of this kind {s bound to mean much more
attention to the antibliotie effseots of your reagent than you are likely to want to give
in a routine preliminary seresning program. Thess sre thinga that you might do on an
intermediate level before going on to tesd your material, let's say on an Ascites tumor
situation.

That leaves now the question of what other systems would be most appropriate for

looking for this kxind of activity. Another system that would be poasible would de one
vhieh invelves teeting for active mutagenie potency and some of Demeree's fundsmentally
rathsr sloppy but etill worksbdle assay systems, for exemple, the induced reversion from
8D to SR again might be arplicable in a research laboratory atmoephere but I wounld
shudder tc¢ think of having to set up such a program on a routine basis. I think that

the posseidility of lyscogenic induction as a screening techunique does deserve cleser
consideration. I think it is possibly the one which is most likely to be readily usesble
which is the least likely to Be misinterpreted in the details of 1ts results but again

it iz gzoing to regquire a lot of attention in trying to set it up om a routine basis. Now
you are guite right that almost the only way of leoking for effeects of this kind is

going to be to leok for the produetiom of phage rather than for the gross destruction

of the lysogenic bacterium. One might hope that one could get a 4differentisl on that
basis and that 1s the reason that I gave you the strains but you would be bhound to mias
many resgents as you already kmow that you would if you relied on an observabdble difference
in the survival of LP+ as compared to LIPS bacteria, You are guite right too in

supposing that the normal untreated lysogenic straln is golng Yo produece phages without
the intervention of some inducing agent. HEowever, there ought toc be and there is as a
rule a very sharp distinoction between the amount of phage which is produnesd spontaneously
and the amount whiceh is produced undet the influence of a suitadle indueing spgent. Now
one will have to pay some attention to detail om this becaunse in order to get offsctive
induection it is necessary that the eells helng treated, until the time to whiech the
material is added, be in optimal physicleogleal condition and you are also gzoing to have
to work out some more or less mmi-cquantitative way of measuring the phage that is produced
in the opresenes of an antibiotie., That means of course that you are going ¢o have to

do these teats for this particular purpose to begin with in a liguid medium,

I think the guantitative assay does not negessarily present too many problems beecause
one cen fairly easily set up a2 leepful dilution type of technique whiech will get

around that question, that is %o say, you might use a routine along the following lines,
grow your bacteria in broth, use them at log phase, that 1s to say, adc the antidioctie
to them and make sure they are being adequately aernted during the time that the anti-
biotie is working, say some 2, 3 or 4 hours later take a loopful of the LP+ bacteria and
antiblotle mixture and dilute that in s e¢o¢ of water and then take a loopful of that and
spread 1% on a strevtomycin-resistant indiscator.

¥We have found that EMB ager without sugar dut with peptone is one of the detter tyves

of media to use for the detection of plagues of lambda., They show up rather more
sharply 1 think than they do on straight autrient agar - that is a straight surfece
plate teghnigue that you can use. Now in order to use this method you will have to

have a streptomycin-resistant matant of a lambda-sensitive atrain. I see no reason at
all that the W1AES strain could not be directly adapted -~ I'm not sure off hand whether
or not we have a Wlk8S5 streptomycin-resistant smtant of our own, If we do, I will
£ladly send it to you., Another stock that you conld use would be strain C or some stocks
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related to it. There may be some advantages to this. I will arrange to send you 2 few
different lsmbda-sensitive atrains that you can look at yourself and see which ome of
them wonld be the best indiaator for your purposes. 1 think you may have to prepare
your own streptomycin-resistant satante of sach of these but that is routine and
shoulda't hold you up for very lomg. I Just don't think that we have very many of
them. At any rate the onm that I will send you next will include strain ¢ and another
one that we may already have that ig streptomycin-resistant which is sensitive to
lambda.

loes this kind of a protocel seem too diffieoult to be worthwhile for your purposes?! I
4o not sss many ways in wvhich it can be simplified and you are going to have to work
out & few of the detalls with kmown agents like axaserine or niirogen mustard or
ultravioclet light in erder to see sxsotly how it isping to go.

One alternatively could use differentisl guantitative measurements of killing of
lysogenic as against sensitive bacteria but on the whole I thimk that would de less
reliable than womld be the produetion of phage., The reason would be that if even

only 15% of the bacteria are lysed that represents a very large output of phags as
compared to the normml situation wheress that reduotion i{n viable titer would not mean
s great deal at all.

Do you think I have given you enough detail on the probadle method? This is something
that I am sure you have pretty well thought out for yourself, I think rather than try
t0 gpell the whole thing out for you I'1l gzive it to you as a form and then if you
want to try it you can come up with this or that question and we'll do our best to
help you out., I thimk you comnld get started right now with your Wi485 strein and I
will see shout digging up some of these others, In the meantime I will give the matter
some more thought myself and see if I can imagine the way of getting at the question.
On the whole though, I think the use of a streptomycin-resistant indicative strain on a
streptomycin medium would be the bdest approash to leeking for the vroduction of lambda.
I think tee that there is little gunestion that the lamdda system ie perhaps the best
for doing this type of work, There are many other indueible bacteris youn could
probably pick up any of them, I think there is snough gemerality in the effect of
matagenic agents on different orzanisms that there would not be a great desl of point
in spreading your effort over too wide s variety of responding organisme. This i
rather a different situation, I think, from the ususl modes of antibliotiec astivity,

This itself may de something of a hint because I think it would be reasonadble then
to suppose that most any antibiotic with a nerrow spegtrum of agtivity among the
bacteria is not going to be a llkely candidabe for this sort of work vhereas thoge
antibiotics that have some effect on s variety of organiams are those vhiech ara most
likely to werk,

That Just now led me %o another suggestion. Another techalique of looking for such
differential sffects may in fact be at least as gzood as any of these, and that i
taking advantage of the rather remarikable differential insensitivity to radiation of
strain B and strain B/r. Now as you probably know this differsntisl is not uniguwe
to UV light and to X-ray$ but to some unknewn mechenism appsars to apply also to
other kinds of radiomynetic agents so I think that one might give some attention te
the very simple possibility of comparing strain B and B/r,and any antidiotie which
differentiates sericusly between them would be a likely cendidate as a radiemynetic
agent. I don't know off hand whether asaverine has been tested directly -- I wouid



To: J. Lein Augnst 17, 1955 New Antibiotics Sereening Frogram
Consultantship Arrengement

bs willing to prediet that there would be & significant differential hetween the $wo.
No one knows what the dasic mechanism ia for this differense in sensitivity. This

in turn has led te amother thought that might bde guite apropo to this kind of anslysis,
and that is a comparison of the survivorship of hapleid as sgzainst diploid yeast.

Since there sre quite remarkable differences in the susceptidility of strains of Joast
of differeat ploidy to radiomynetic agents, particularly UV and X-rays, I would assume
without knowing it %o be a faetd that the same is likely to be trus with other agents.

Do you happen to kmow whether asaserins is active on yesst?! If you tell me that it is
et all I will be gled %o dig up some haploid and diploid yeast strains for you and you
may want to see for yourself if there is & differentiel in killing setivity. Ome

point about alMost all of thess tests is that they are going neeessarily to invelve some
sort of semi-quantitative procedure in liguid medium becsuse none of the sffects are
going to be all or me inhibition or bactericidal effect such ags you have been acoeustomed
to seeing with ordinary antibiotie activity.

Let me know if any one of these approaches seems interesting enough to you that you want
to pursue it further amd I will do my best to dig up the material., I can, I think, send
you stocks of B and B/r or very closely related derivatives of them. I haven't

retested these myself for their differential response to irradiation. You can get, of
course, the basic data on them from Dr, Evelym Witkin at Cold Soriang Harbor if you want.
I am not sure that hey haven't been working with this particular problem for gquite some
time and I am really not at all sure whether they could helr you a great deal further

on their specific properties. One of these methods certainly should be suitable for what
you are ultimately aiming at here,

To turn to anothe question, I certainly did make a bad guess as to what you intended to
use these coli strains for., I am a little surprised that you presented the poseibility
of diologicsl proteetion to cover antibiotic mmporession of entsrie fomula simply as a
promotionsl stunt and I really wonder 1{f this is what you think of it. It seenms to me
that you are touching here on some of the most subdtle.and most important preblems of host-
parasite relationships, and I would certainly enconrses you %o g0 on in thisg direstion
and would lend every effort I could to help, provided that it was clearly naderstood that
there are some very serious problems involved here that are going to take a good deal of
experimental werk before they can have any hope of use. Against that should be measured,
I think, the great imvortanee that this approach would have. I don't lmow why you should
think that this is so absolutely silly. Inthe first plses, dehind this motion is a
considerable $radition of bacteriological therapy which had 2s one eof its poorer
expressions, for exssple, the fad of drinking lagtodseillus ris milk some while ago.
In the German literature of the 20's and 30's there is e good deal to be said sbout
so-called "eoli therapy”, the fundaments) reasoning of whiech was quite similer to what
you have in mind as a cover for antidblotle suppression of other organisms althcugh of
course the practical situation was a 1ittle different. In fact, a couple of years ago

I talked to Dr. Finland at Massachusetts (eneral Hospital about just this vossidility --
14's one that had ocecurred to him too. This was Just at the time when he was first
descridbing thess very serious Staphyloeoccal enterifides that follewed upon Aureomycia
administration and of course the first peint that he would dring up was just how dangerous
an experiment it wonld be to introduce any new organism into an uaknown situation.

Despite those reservations, they're ones wvhich you have sxpressed yeurself of course, it
seens to me that there is some very important worthwhile work that needs to be done here
and that an important adjuvant to antibiotic therany of the gut is going to b replacement

with suitable healthy so-called flora when they questiom however whether there is such
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a thing as a healthy flera but it may not turn out that each individual will have his
owvn range of miecrofloral adaptatione. This is something that will require a great
deal of experiment. Frankly I doa't think that your approach is going to work; I
think that usiag a purineless mutant 1is not going to be the ansver, If I am not
mistaken it has been pretiy well shown by the wofk of Burrows and Bacon that the reason
that purinsless mutants of the Salmonellas are relatively non~pathogenic 1is preeissly
because they falled to grow sufficiently in the habitat inte which they are introduoed
unless artificial growth faetor supplemenis are administered to the animals as well,
Kow if your're going to give purine along with purineless daeteria I think you might
as well give up that particnlar bdleck in the first plaees. I think too that net msny
physicians are going to be convinced by a purely apriori argument ithat purineless
organismas under any circumstances are really likely to be less virulent than the
normal. There are some very serious gquestions as to what onme should consider as the
noymal flora and perhaps as a first approash in experimental amimals I would use for
administration and preveation of overriding infections that flera which does recurr

in organisms which heve been chromiecally treated with drugs like Auteomyein, but whieh
apimaley have remained healthy. 1 am nect proposing glving Staphyloeocel, Candida,
Proteuses etc. The organisme I think should be repurified and studied to get some sort
of exvectation of their later behavior when they are reinoculated. 8¢ I don't think
that this is a silly idea, Joe, not at all, but I de think it's not something that one
can afford to go inte lightly. I have every hope thet you have the facilities to be
able to do a proper study of it since I don't think that anyone else is doing very mueh
along these lines. Of eocurse one plaee one wonld hope to have gotten information on
this guestion would de from the germ~free animal studies of Renier's group at Hotre
lame, I have had oceasion tc loek over that work again lately; the performance so far
hag been very little beyond the technicsel sccomplizhment of maintainming animale in
germ-free condition. They give hinte of experiments that they are going te do om rpure
culture inoculating germ-free animals but in faet very little is done about it. A
person who might be abdle te give you some informetion on these effects wonld Dde
Mortimer Star (at the Department of Bacteriolegy at the University of California)
bavis - he was interested although he was primarily 2 plant nathogenie dacteriologist.
He was interested for awhile in the growth stimlating effeats of antibioties and felt
sure that thelr modifieation of intestinal flora was an important part of it. At any
rate he did notiee that after the administration of streptomyein to turkeys there was
an eventual reourrence of streptomycin-resistant coliforms and that when this finally
happened his growth-stimulating sffeets cesged. I think he may have had a note or two
about this in vhe Baetarlelogical Proceedings btut I'm not sure.

You may be intzrested in a case that happened here in our department. The babdy girl
of one of our assistant professors came home from the hospital with what eventuslly
proved to be a pure oulture of §erratia margescens in her gut. No other orgeniss
could be isolated at first for a peried of about two weeks. After she bdegan to ge on
a diet of non-sterile light foodm she eventually picked up some coliform as well,
She is st1ll excreting this Serratia. I'l]l be glad to send you a enlture of this
organism if it would have some interest for you as an organism that could readily be
followed in artificial infection experiments zlong these lines. There ig at least
the justification that in one instanee it hed no pathogenie effects whatsosver, I
think you may find some resistange among pediatricians to the administration of a
chromogenic organism., 1 ¥now that this partiecmlar family was alarmed becaunse of the
red diapers for a period of some time., This gquestion is ome that I'm reslly quite
interested in myself, Joe, and wish Shere were an epportumity tc do mere research on.
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There ought to be better fasilities for germ-free researech and maybe something
eventually 1s going to be dome adout it gt institutions other than Notre Dame.

That about ties up these main points. The only thing that I want to add now, Joe,

is 2 note that you may or may not have seen in an issue of MATURE, July 16, 1955,

Pe 121, 7Yhere is 2 paper by Simonti and Simonti on genetic recombdimstion in 8trevtomyces.
They worked with a straim of Streptomyces coelicolor, and they have about the same
category of evidence as was represented in the first paper in NATURE by Tatum and myself
on E, eoli., Obviocusly as a result of this Gallen, Bradley and I are going to have to
reovaluate our own position in this work and we're going to have to discues this
somevhat with you. The main thing that I would hzave been eoncerned about in freecly
discussing our work was that I 4id mot want to get any information from you which had

to be held confidential and I did not went toc have a purely one-sided discussion on
work of this kind. I will Just leave it at that, Joe, and if you can see any reasonable
common grounds that we can meet on to talk about the geneties of Actinomycetes I'11 be
glad to reopen the question. Hewever, ae long as we were direotly occupied with this
work ourselves 1% would do us, I think, a good deal of harm to be influenced by
information which was not publiely available. ZIsther and I are taking about 10 days

off on a trip to Colorado and for that reason there may be some delay in your regeiving
some of the ounltures that I promised although I left instructions behind for them. I
will be bagk jJust bdefore the end of the month.

I've just learned that we are going to have our laboratory remodeled sometime during

the fall semester and if that is the gmse there may be a very suitable cecasiorn for me

to taks off and pay you amother visit in Syracuse some tims in Octoder or November or
early December if that would suit your plans as well. Let's leave that open for the time
being but I thought I would just mention it to you. Probably by the time this has been
assimilated we will have gotten daok from Madison and I will weit to hear froam you

again.

Yours sincerely,

Joshua lLederdery
/3le



