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41 Joe,

Here are gome further, I hope rather better organized, comments on the =agt asgignment,
I »m #2180 ssnding =n outline of these remarks but I tiink some more casunl ciscussion
may helo fill in the outline. [ am at1l] feelins By way aroun: your thinking on this
croblem an: trying to orient ny own eo these will not in ~ny senme be the last wOrss,
ns if thers waas any cholee that they ever could be.

tirst of all, it seems to me thnt there nre three avnroaches Lo the whols cuestion.

“ne first is the sort of muddled trial and error ast-up which has bsen vreatty wuch

the pattern uz until now. A second might be the theoretics) aoproach, the one whieh
“wlrgman has sesouged on the theory,but not very such in vractice, vhich is basged on

the cusetion ““hnt is an antidbiotie?”. The third is so®thing of a fuasfon hetwsen
these two =nd 1 might call an operntional aporoach which ie¢ based un the retroemecet

on the enccesses thnt have been made and iz an attemrt on operationsl zrounde to try
and find vhet further psths thers have besn. The orarational anvronch ie, I think,
ressonably well exemnlified by your own nrogram on looking for new kinas of Acetinomyceten
by elective {solation. iHow [ must admit thnt I «411 be aonewhat preiudieced in terms of
tne theoretieal aporoech to it. This is rerhans not the one that ylelds the obvious,
immedinte cividendcs dut is obviously the only basis on which one knows what one ie
nctually roinz. Unfortunstely I do nct think thst there is encuzh informntion
cregently svailrble to nnsuer the question "Yhat 1is an satibiotie!™, thnt le, fron the
voint of the orsanism that is making it. You sesm to be vretty well convinced that
they do not function as antiblotics under noturel circumetances, [ heve seen only »
1imited aismcussion of thie cuestion =nd whrt I nave gsan coes nct artenr to he very
convincing one way or ~nother. OUsn you refer me to -ublisheé sources for this comcent?

It hrroly seems to me gufficient to #ay thot anslyees hove been made on cert=in “infg

of sz0il or at certein semsons and that getectable levals of aptiblotic hnve not been
found on those cceasions. The potentiality of rcrodueines antiblotic subet-«nces in
sufficient cquantities may be shared by the ladorntory on the one hani snd pother

soecial nabitats on the other. In fact, [ wonder if there isn't 2 siznificant cuestion
in the notion that if 1t does hnve & factual basis that sntiblotic vroduetion is limited
in the eoil but I rmet eay that I am very much {n the dark on this whols ruestion,

# more curious voint would be, if we followed throush on the notlon thnat antibictics
function se such under some conditions, what kinds of organiems mizht they {n fact
“ntagonize, It geems to me that the most lively competitors to which such antibictice
aisht be cirectsd are other sveciss of the isctinomycetes themselves, These, after »11,
nre the dominant =01l flors; they «re the ones which rre most effective comretitors for
the common -coloirical niche., I wou'c ulsc cuote the =nslosies «ith the bactsrisleine
of othsr orgnniems of which, for examnle, the colicine, are the moat cutstending for
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there arpears to be a consideradls degree of, let's say gemus specificity, in the
inhibitory action of these compoundis one from the other. Jrom this voint of view
antibreterial activity mizht eimply mean that the by-product beased on metabolic
similarity of othsr bacteris to the Actinomycetes which wers the immedinte targets
vith respect to the acartive valus of antibiotic fumetion., If thias is the case, then
the mere fact that a given Actinomycete species appesrs to be dominent in » given
haditat may be an fndex that it has some kind of competitive mechanism and if we are
evar to eest oureelves on 2 sound basis 1t might be worthwhile doing some exploration
on this point. It seems %o me that it could bde most resdily tested by mixing soil
sanples, culturing them together, testing that type which eventually doss nredominate
from the mixed culture againet the others that hsd deen origimelly imoculsind, There
mry be some real point in doing this kind of expariment since 1t may show the way by
reans of which the most active antibiotic-preducing organisms can te autometically
selected for. Now there may be nothing at all in this dut 1f there were it might lead
to protective methods not only in fresh 1solation of active srecies but also of the
weans of selecting for them in the mutation experiments,

I woulc also bhe curious to learn if efforteare ever made to sxamine antibiotie rroduction
enough fron the individusl pure cultures of Actinomycetes which are isolated from soil
sanples but from crude imocula of the entire sarmple without vurification. All of thie
comment will make sense at all only in the event that antidiotic sctivity is smerninegful
in the normal 1life history of the ictinomycete.

As a substdiary cuestion, have you ever concerned yourself with what §{t is thet
deternines the natural biological profile with respect to the Actimomycetes in eny sold
cpmple. 1 have the iapression that the ictinomycetes on the one hend are o rather
broadly confident grour of orgaaisms but on the other thet one {e¢ just sbout like the
next sc that there would mot be very much to choose from among the grour of them with
rescect to specific ohyelological characteristics. Have you any impressions on this?
The obvious factors that come to mind {n sugeesting the determination of the blologicnl
composition of 2 s0ll ssvple would be the chemical nutrition, the nhyeical enviromment,
temcerature (its variability snd mdeture in the same)'but there leavinz reneral chance
factors sdrift for the whole question of antagoniem on the one hnnd dy other Actinomycetes
2nd on the other by other microorganisms ns well. ['m not proposing that we have a
complete solution to all the problems dut I do sugeest that any rrogram in such as your
own hinges on these in wuch a way that one should slwaye be thinking about them, ®nis
has particularly to do with your question of the izolation of mew and hitherte nerhars
overlooked forms by the methode that you heve indieatsd., FRegrettably the basie
information thet one would like to have 1a essentinlly lacking bdecause of the
orientation and the research on Actinomycetss that has beesn effective ovsr the cast
several years. At may rate the cne suggestion that coes come out of this is that if
antibiotics do potentially functicn =s such in the soll, then the likely targste for
their action are perharne other Actinomycetes and that this might in some way bde used ss
the dnsls for selection nrocedures for the imprevement of antibiotic function.

How the slternative vroposal that antidblotics are miscellanecus metabolites is, of course,
not really exclusive of the first notion because in any event that's vhat they are,

One would howsver substitute metsbolites which function »s antidiotics in the soll for
tne notion that these srs nmetadolites without mny kmown function whatsoever and vhose
antiblotic activity made them be presumed to be more or less by wsy of an accident, 1
find this rather difficult to delieve, frankly, but in the adsence of =ny rarticulsr
evidence one way or the other it's an approseh that should hardly be neglectsd. Ae f:r na
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1 can see it makes very little difference which way you think about it for the Tarposes
of designing the mutation program. In sny svent antibiotics ars metsbolites and
insofar as they are metabolites their production is assumed to be under genstic
control., Ve, fortunately, slrsady have the vnrecedent of Yelner's work which coes show
that even in what apreare at first sizht to be » cualitative sense, the ability to

form antidbiotice is subject to smtationsl vsristion.

If then, thia nrogram is essentially = search for miscellaneous snd bizarre nsw
cherical structurss, conceivadly it is » mistake to preselect them first on the bseis
of aatibiotic metivity. Instead there comes to wind what one might eanll the Lnestrick
sppracch, that is, one which recognizes the wide diversity of orgsalc comcounds which
#ay be produced by Actimomycetes. One might then sttemnt to screenm Asotincuycetes not
in terns of their vroducling sn antibiotie {n the firet instance but in terme of thelr
producing large cuantities of new organic compounds. Theee, then, might be screened
in some rather broad way for their potentim] antidiotic setivity: this vrocedure would
only be economical if there were some sasy method of first determining whether large
amounts of unicue, new metadbolites are being produced cthervise it womld, of course,
be more sconomical to look for antidiotic metivity im the filtrates in the first
instance, keeping in mind however that inecfar as thie is the standerd operating
procedure of the other compnmniss 1t would be less likely to uncover quite new
developments. I, unfortunately, cannot readily suggest methods of detecting and mors
rarticnlerly charseterizing, even moderste or large smounts of new unknowns., The only
thing that comes to mind immedisately would be some technicue of chromatogra-hy of
filtrates., %ith 1ittle experience, I suppose, most of the familisr compounds would de
spotted avi discarded. The aquestion mizht be how to locate a compound of unknown
composition. You'll need some mors help from the chemists on s point of this sort but
I might think on the one hand if chromstography on glass or soms such compound with any
general method of teating organic compounds, chsrring or perhaps (well this s possibly
prohibitively exnensive) the use of autoradiogravhy to test the secusmlation of
varticuler spots., Off hand though, 1 would have to admit thet thie ¥ind of reverse
scresning woulc be unli‘ely to be even nearly as efficlent as the dirsct msthod of
antidiotic detection but it concelvably may sugpest mn ansle that hren't occurred to
me wet,

Hunreh 31, 195%
Continuntion

HY =gzaln Joe,

I think I had left off with the remark that one might have a more straightforward
aporosch to the vhole cuestion of detection of new produets if these vere in the first
instance detectadle vithout regard to their biclogica) activity sc that thie could be
lJeft for an entirely oblective and imdependent evaluntion., I only mesn to lesve you
this as something to thiak about because, fraankly, I have no immediate suggestions on
how this could actuslly be scecomplished in » screeming program, Nov my next remark
might Be considered new.

Tegrrdless of vhether the antidbliotice function as such in the soll there in no question
but that they hove to be consldered metabolitee e they intsrmediaries in ths synthesis
of other compound or themselves happen to bde the snd vroduct of a cossideradle sesquence.
I don't think it very such matters one wvay or another and I'm not sure one could really
precissly define the difference betwesen theee two notions. At any rets if these are
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metabolites it then, of ecourse, follows that thelr production ie under genetie control
and we already have the actual exveriments of Xelner which show this vosridility. 1

em still conelderadly puzrled as to what Yelner's experiments sctuzlly mean, thet is

to say, vhat hapvens when you discover a mutant which now produces an antidiotic which
had not previcusly been detected. I should say im the first placs that I am extremely
skentical of being able to usnege what I might eall true genstic novelties. Yow, of
ecourse, such wutations, we might call them necmerchic or wutations for pew anzynatic
specificitiss, very likely, in fset insvitadly, must have ocourred ia evolution.

Bowsver, the impression that I have gotten from all of the work in this direction that

I bave done has been that 1f these ocourred at all they must be extrenely rare aué that
nost of the mutations which one now odserves can % consldered as falling into one of

teo categories: the firet {s the removnl of the effective functioning of =n snsyme or
enzymes or sscond s reverss mutation, that is to say, one which puts the origine) system
back in bdalance, Now on truely aprieri grounds that i» exnetly wvhat ocne would exneet,

It would %e wuch more difficult to synthesire or create an entirely new system than it
would be on the ons hand to indues wome speeific dammpe in the sxisting system or on the
other, and this perhape even more rarely, to repair damege that had been doms praviously.
This is a very different kettle of fish from mutstions whose sffset wouléd be to creste
entire novelties in the formation of enzymes. YNow ! don't think that Actinomycetesy mre
the moat likely organisms in which to loek for evidence along this peint, but it way turn
out that they will be in faet useful in just that comnection. ! would noint however to
the fact thnt, for exawple, ia eucrose negative strains of Zscherishis goll I at least

- have found that essentially it ie impossidle to odtsin matents which would ferment this
sugnr, OB the cothsr hand, the lactoss negative varisnt strain that had been obtained from
wild tyre ia thelr tura have, as 2 rule, a vell-recognirable cavmelity of reverse mutation
or of responding tc suprressive mutations at dher loel. This ¥ind of exveriment has been
cone many times nnd in essentinlly every case vhers an apparently new fuaction has beea
noticed 1t would be at least a8 ressonadble and in the majority of cases rmeh mors
reasonable to srzue that thers had simply been the reparation of nrevicus damaee aither Yy
reverse mutntion or by other changes in the background gema tyve which hnd o compnrable
effect. Thisz argument is bssed on only two poiats however; one the anriori motion that
the formlation of sa entirely new nrocess weuld be exbected to Be s much less nrobabdle
event than either of the other two that [ had mentioned snd second the mctusl faet thst
in noxt caser naturally sccurriag deficienmcies tend to be far nmore stable then those
«hich are obteined by lndorstery mutation, the sxcertion to thies rule being mcet readtily
exnlained in terms of nrevious mutetion. For example, in the “nlmonells grou» it is not
at =11 infrecuent to find trypio-hane-dependent orgnnieme which in thelr turn will rendily
revert, 30 to speak, to sutosuxotroshs, ty-es not recuiring tryptoohane. Since the geaers)
mattern of nutrition ia the Salmonells group, however, ls automuxotro:ny 1t ie most
convenient to regard these scguisitione of Sryptopnmne synthesis as effective reverse
autations rsther then the novel exverience of first learaing how to make tryctochane,

Having stated this suspicion that the development of the ablility to orocuce antidisties

by mutation is not likely to be a completely novel pathway, let me incdicete what !
consider some of the more 1likely alternatives to de. The firet is, of course, thnt we
maed distinguiash between syntheels snd excretion. Yow we heve ne convenient method of
determining the synthetic ecamvmeity of & given strain of ictinomyeete sxecent in terms of
the material which is voured out iato the medium and on the one hand we night have to
congioer the fact that cifferent media and therefore different gena tynes nre going to heve
n profouad guantitative influence on the extent of synthesis and on the cothsr that the
very fact of accumlation nnd excretion might ds a function vhich is guite aifferant from
taat for the initisl aynthesis. The second voseidility is already (mplicit in vhat I nAnd
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said before and ome that is, of course, obyious that these are not new functions in
any sense that are being brough;out by mutation but the simple guantitative

improvenent on any grounds of a funection vhich is slready present. This assin would

be something that would be rather difficult to settle definitely withonut a considerable
nmount of exverimental work although one gan imagine use of tracer recovary
exneriments, isotope dilution, snd whet Rave you, in order to deteet minimal smouats
of previous synthesis,

¥ioally, vhile I would consider it a most improbadble event indeed that s true
evolutionnry novelty in terms of the devslopment of a new pathway, usually iavolving
8 number of snsysatic stevps, could be controlled im the laboratory, it is, of course,
conceivable that thers will de mutations which will influence rather slight changes

in specificity and aight therefors lead to derived products which on one ground or
another might be more desirable than the original. I have in mind hers, for exasple,
the cdiversity of releted penicillins. There the balance detwesn one kind of renicillin
and another is certainly under genetic control and it iseen conceivadle that there
might be mutational chenges im the spegificity of a singls ensyme which would result
in a qualitative sense in the adility to form soms nsw and cistiactive antibiotics.

I must state, hovever, that as far as I know there are 8o £90d clear cases of changes
in enzymatic specificity as the result of a laboratory mutation ia any meteriasl., Most
mutations that have Besn examined have concernsd the conditions or the extent or the
mer: adllity to which the organism can respond By meking 2 given enzyme or not snd
chenges in sreeiflcity of enzymen have been sxtremely rare, if indeed there are any
clear-cut cases. The best sxample is perhaps Noss and invis on the pantothenste
synthetase 1in Zscherichia goli where temperature-sensitive allelos have been picked up
ann have been shown ia turn that tempersture-sensitive ensymes : e involved. It would
be 2 very difficult thing to determine yhether this meant that the gene change had
directly resulted in the change in the kind of ensyme produced or whether the organiem
had originally possessed potentiality of making both the normal and the temperaturs-
sensitive enzyme vhere the temperature-~sengitive allelo stock had only the one,

As & final wsy in which sutation sight influence the ability to form am antidiotie, it
would seea to me that far and away the most likely event would be that mutations counld
interpose metadolic blocks which would result in the accumulation of intermediates in
the synthesis of other compounds, these intermediates not ordinartily belinyg detected,
and 1t 1g of course quite conceivadble that some of thess intermediates will have
intereating antidbiotic mctivity. On these grounds, howsver, one would be tempted to
eachsslze in cne's search stocks which had already oroduced a wariety of complicated
end products in ths hope that thers will be a sufficient variety of wsll-used nathways
that blocks at rny one of a number of points might lead to the asccumulation of any

of & number of distinctive compounds. That wae one of the points that I hed in mind
wvhen [ sugzwested using organisms which were already producing lerge smounts of some
distinctive end rroduct, You ars, of course, taking the chance thet vhatever that end
product rmy be that none of the intermediates leading to its fermation will be of any
particular intereet. Thst was another reason for wanting to have other mesans of
dstecting thoss stocks which are vroducing large amounts of complicated molecules since
whether or not the end products are antibdbiotic intermedintes in thelr formmtion might
or wizht not de.

Gn thewiole, thees theorstical preconceptions give me the iwpression st least that the
entire operation meay be very chanacy. The basie reseon why we sugreet going on with {t
ie the hove that in the very process of continuing along this aporoach that other
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notions of the concepts will crop up vhich will in their tura be of more immedints use.
1f indeed the major effect of mutational blocks is going to de to interrupt the
ayrthesis of compounds whoss pathways are alresdy well established in that strain, them
the obvious comclusion is that 1% would not be worthehile to concentrete too much effort
OR any omne straln since \he uarticular pathway which i{s most vulnerabdle or most
effoctive inone atrain may not in fact have any intermediste station which would be

of any particulsr intersat to you,

The kind of thing that one might most profitably expect from wutationsl programs is,
snfortunately, not the most techmically feasidle. I would de willing to det as an
exazple that dy smimticnal operations one gould obtain from an sureomycin-producing
orgeniem derivatives which would produce either Serremycin or tetracycline in view of

the close chemical relationship of these compounds one to the other. What 1 would de
most concerned about is how sxactly one would readily deteot such changes., Of course
here one hAas the advantaze with anreofaciens of thse yellow color of the aureomycin whiech
wight lead to the detection of colorless variants which still retain antidiotic activity.
! wonder, in faect, if this kind of experiment has not really been dome, Perhaps this

is something I shouldn't delve into too closely. There would not as a rale however be
any convenient method hy which ome could piek up such minor devistions in the character
of the end product and at least for basic reasoms of anemotherapy there would be only a very
few situstioms im which such devient end producte would, ia fact, bde strikingly

ussful, though of course thers's always the chance of augnentation of activity, reduction
of toxicity ste. Thewe however are just the things which would be most inconveaient %o
screen for on any l=rge seale.

This seems a convenient point at which 80 leave what I have ca'l.3 the theoretical
approach and take up what I might mow call the overationmal approsch vhich {s based
essentially on e purely impiries) considerstion of the details of vrocedures vhich in the
tast have given useful aantidloties and whet modifieations might de expscted to give some
further diversity. Yow for this purpose I will tisply take at its face your stetement
that further random testing is not the procedure that ‘your comvany wants to go into, I
an not vell enough acquainted with the details of the progras to be able to comment on
your statement that this would b »n uneconomical procedure. The guestion {s then
basically how to vary the standard procedurs in such = way as to have the highest
srobability of nicking up new materials., I was particularly haocpy to mote that you made
no mention of the orimitive cross-atrsaking method as the injtial ster in eatibictie
screening.

My thinking on this matter is somewhat limited Yy uy lack of appreciation of what the
limsiting factors ere in your secreening program. I have no notion, for example, of what
rroportion of your effort is devoted to the eollegtion of enziles or the mreportion to
the prelivinary tests, what fraction of samples are enfficlently prosising in procucing
any antiblotic to be sudmitted for further tests and o o3 nnd so forth, I think any
operational anslysis would attempt to review the componeants of the sereening oroecsdure
on the one henc giving some notion of the amount of labor waleh ie sxpended in them and
the other the efficiency or the screening value to the proportion of the cultures which
Pass and so forth that do come through there. lor that reason until I cen et that kind
of backerouni many of my suggestions are boumc to de sonewhat sreelous.

How most of your first sssigmment and discussioa to me was an sccount of your interest
in the use of special nutritional and similar selectione an » means of restricting the
range of orzanisms that you vere considering. I am still, as I -erhans already
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indieated at sufficient length, somewhat unsertain of exsetly hov muach work you have
to eliminate in order to accomplish something ueeful by this aprroach. If thers were
indeed a relntively small aumber of very prevalent types wvhose mutritional behavior
wes well known and which it would de desirable %o exclude selectively in the first
instance thes I would gsy there would be 80 cuestion whatever in the use of these
scveelinlized procedures,

If the previously known and unwanted tyves are however a corsiceradle mcattering of
vhysioclogical forme of which some are likely to be included in this new, selective
procedure and some are not, then I am not surs that you would be aceomplishing very

wuch in your specialirzed sample as compared 30 = random sample eof the entire Actinomycete
mﬁn} ation.

In 211 I shoulé say that your notion of special selection is extremely well worthwhile
trying if only for the reason that it represents an approachk thet, as far as I know,
has not been used before. However, I would be lending to some effort to walicdating the
nrocedure that is in seeing what eriteria can be set ur to learn if it 15 worthwhile
continuing with it or not and this may indeed be rather aiffieunlt.

One of the things that I am afraid of that you may run into 4s that you will be
developing selective media for isolating a very few specles and you vill very promptly
be ruaning through the chance of whether thsy are or ars not rroductive, and once a vary
small number of isolates obtained in this way had been tested the very spscificity of
your selection procedure may exclude not only the bulk of uawsated, well-known cultures
but slso ney novelties wvhich might otherwise have been of some interest to you. Instead
you woulc be reisolating esseatially the same fewv organisms again and agnin amd agnin,
Exaetly hov you would know when you had reached that stage at any ziven point I do not
kMVQ ’

For these reasons I think it would be well worthwhile %0 do o vrelinminary ¥alidation

of thess selective procedures by Saking a fairly sixed group of cultures wvhich represent
the things that you don't want to have and seeing how'ihqy. in faet, would respond if
they are put through the mill through your selective procedure. What I am a 11{8tle
suspicious may havpen iz that you will be picking ur not only speeialized tyvee ut new,
reverss mutations,and what have you, of the sxisting populations. At any rate I would

be rarticulsrly leery of any selective medium which wes toe rigorous im excluding too
nany differsnt types. I don't kmow what the cost accounting factors are, =23 I cuestioned
above, in your operations but I would suppose that if you are limiting more than 90-95%
of distinctive sveclies, shell I call them, that your selection may be too rigorons.

I think 1t would be mors meaningful too if the azents that you were asing for your
selection ware pvhysiologically reaningful becsuse I think this woulé have the lrrgest
chance of picking ur = new kind of ecological varisty or set of waristies of your
Actinemycetes. The kinds ¢f variadles for use in the initial screening that have the
moet obvious dearing would be pH, temperature, selenity an: Ridex potentiel, and 1
wonder how much work has been done based on the original screening of Actinomycetle
sovulations on medin which are not optimal {a these elementary terns for the -sjority of
Actinonycetes, Here again, [ think thie could only de wvalidated by means of a prior
reconstruction experiment, so to speak, in which a group of a few dozen cultures vhich
rerresent the thinge that you want to exclude are ruam through the =111 to ses ia faect
how they would bear uc under the partiocuiar conditions. Gf the things that I have
mentioned, I think temperature (both high and low extremes) and vartieularly Ridox
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potesatial wight de thinge that have been to some extent overlooked by other investigations.
To accomplish msuch the ssme thing it would seem to me that [ wonld place more emthasis
on thinking adout where the marginel nabitats of ictinomycetes nre. It would seem to

me that the optimal haditats are not the place now te look for new, distinctive, active
suecles of Actinomycetes. In the first place these haditats have been well worked over
defore, in the second place they are more likely to be repressnted by frirly typical
species. It would be 2t the limits of the habituts wvhere the incidence of ictinomycetes
may {n fact de fairly smmll szad where there may in fact begin to be difficulties in
feolating any at all but I think one would have the most 1likslihood of picking up nev
forme siaply because the dulk of work so far has Besn done with ordinsry field and
garden roilsi one onn izagine such things as maaures, and suds, and Iankededs and river
waters ete. I should also think that in such procedures it might well de vorthwhile
using preliminary mass sarichment culture technicues with or without coumpetition from
other bacterisa as a prelimimary to the platings for the finsl isolation. I thipk this
notion of using marginal habditats or uneing physiological conditions which f2irly closely
represent marginal habditate may be more likely to xive you a wide wariety of hitherto
overlooked forms tham with the use of too exotic carbon-aitrogen sources ete. simply
because [ don't know what the physiological-ecolorical meaning of the ablility %o use an
exotic carbon sourae would Be. If you could, perhaps, give me asome notion of what you
are using by way of exotic carbdon and nitrogen sources [ wight de in » detter position
to evalunte vhat you are doing. Hore i{mportant, I would be conceramsd about what
fraction of your cultures are coming through on such nedia. In some ! have no bones at
all to pilck with you about this ssveet of orceedure. It does sser like a very worthwhile
ides dut one that would de somewhat dangerous to use as a baskat for all one's eggs, »o
to speak,

Another approeach to this guestion of getting specialized types occurs to me and ome that
may tie in vith the theoretical as well as operational approsches and, that is, in nany
waye what one 1s looking for may de Actinomycetes which are at the T“resent time sensitive
to the major satibiotics is which you preseatly have no interest and which may be
sensitive ar well %o a mumber of the other antidblotics which are not chemotheraveutically
useful., Now such multiply sensitive orzanisms might theredy be expected to have bdeen
slrendy screened for their production of the amtibictics to which they are seneitive.

If thern this scresned group were then found to heve satibiotie activity it would be a
reasonable rresumnption that this was a new sotivity., Jow, of couree, it's much more
diffienlit to scresn for a rare organian which is sensitive %0 a given antibiotic then

it 1e¢ to soreea for ome which will be resistant to it. The only suggestions that ! can
meke on this point would bBe to tmke advantmgze of such deteetion vrocedures as the
marginal earichment technigue applied more or less 1n reveres in hich limiting levels

of the inhibiting antidiotics are used and one then goes after the ones which aprear to
be somewhat inhibited or perheps more effectively the renlies plating technicue which
would enable one to screen fairly YTarge numbers of orgenisms amuinet a rethey large
series of antidiotics., I have in mind here the success which Yakenan revorted some tipme
aro 1o the use of strevtomycin to irolate strerntomycin-producing organisme, Conversely,
orgaaisms which are sensitive to strevtomycin would hardly be extected to vrocuce it
although I would keep it in mind., Stedola and others comment on sn arganiem that they
picked up which rroducee hydroxystrestoayein and nevertheless snpesrs to be seneitive to
1t but I think this would be sorething of anemaly. Thie sapproach would only bde rearonsable
1f the preliminary screening snd isolation tegts sre » nezligidle fraction of the toim)
work involved and 1f the consideration of whether the corganiem lg vroeducing an alreedy
mowvn sntiblotie represents the wmort troublesoxe bottleneek in the procedure,
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In viev of the breadth of the discussicn that you presented me with from this first
sasignment 1 think it might stil]l Be in place for me to make some general comments
adout evaluation procedures. Hy impressioa of the vhole story of mntibiotic screening,
once given that a large fractionm of Actinomycetes do produee antidbiotic subetsnces, {s
that one should be extrexely circumspeot about the oriteris umed for the prelininary
evalustion of a given culture. ¥ow I realize that ia the early days of this game thst
neople got very rapldly and much too excited about the very fact of antiblotic mctivity
and didn't pay emough attention to the actusnl usefulnese of their aatibiotics as chemno-
therapeutic agents. However, I think one should ds sgually cautious not to sving too
far in the other direction snd overlook negutive gosls that have been passed by

because they appeared superficially mot to fit the standard criterta. I think I['11
nevar forget hearing Michasl Heidelderg in & lecture on chemotherapy tell us theat he had
in faet tried sulfomilamide daek in 191& as s eherotherapeutic agent in & routine
survsy an’ although some antibscterinl activity had Deen noted at that time it was
rejected because it was not the sort of single-shut vanaces in small doses that Ebrlich
had preseribed as the goal of chemotherapy. Muech the same thing heppened ngmin with
mepharear in the treatment of syphilis where there was the lng of some twenty or thirty
years etwern the first observation that it had theraneutic activity but wae rejected
all that long time for what now appear to be extraneous reasons, these reasons being
prineipally the sire of the dose in adsolute terms rather than in relation to toxicity
that was needed for a curative effect. ! think one has to keep in mind too the fact

of history tnat the sulfonamides are also rather considerably mntagonired by serum snd
that agsin 1t is a2 cuantitative guestion that they have been very effective as chemo-
therapeutic azente. I would alwo keep in mind that peniciliin hrs a similar binding
envacity,that thisearacity does howsver vary considerabdly from one minor wariety of
nenicillin to amnother. This rerheps sugszests a polat for the screening programs, nemely,
to look for deviant end products or deviant antibiotics in terms of Juet this trait, thet
is to say, if you hmd Just picked up an antidiotic that was very desirable in teras of
toxieity and its in ¥itro antagonisms 1t would not be too such to hope that yuu might
find modifiontions of 1t which would bBe less influenced by the rresence of serum {n the
mdi“-

“ell in this evalustion problem, I would first cuestion what kind of satiniotie You are
looking for. Now if you sre going to put all of your guns omr the objective of finding
mors ussful broad spectrum sntibioties, then the rest of my comments will be of little
uss, I can't hely feeling however that we are going to bes more and more Ziscourazed
adout finding many more of them, They mre anomaly in the first place, I can't under-
stand how they can exist Decause I am just amased that any substsnce wihich ean be eo
non~-toxic for higher forms as {s aureomycis will im faet fina something in common among
the great divareity of micro-organisms that it does in fact attack., If we only hsd some
of the thecretical {uforwstion as to how this diseriminstion can be made, we would, of
course, be on a much sounder bmsis for leoking for more like them.

Hy own guesa, aad of course it i» not a very well informed one, would be that there will
rerhars de¢ a fow more lunecky dreakes of this kind but that we are really going to have to
rely more and more on rather mores apscialiszed therapy for individual diseases. From
that polint of view the greatest weakness of the scresning programs as indicsted here ¢
1%s relimnce on a single test organise for the preliminery determinution and since this
fe something which probdadly most commanies are doing, verhavs {t would be the amnrg
thing to do to enchaeize multiplying the tests on a wider varisty of organiems, Here
«ain, I think of something where replica plating may bde of some use becauss it would
seen tc me 1t would not be too difficult to use the antibiotic broth as the bese for a



Jo Ledn (inveee 10 Hareh 2o, 198§ Few Antibiotica Screeming frogram -
Consultantship Arrangement

fevw plates of varying kinés of agsr media and then one can use replica plating for the
inoculation of a large variaty of ciffer«nt microdiasl types agrinsat = single tested
broth. At sny rate I wvould be inclined to think that here more then any other way

one would bde likely to be getiing on to territory that had previously been overlooked,
Fron thie point of view one can't help being reminded of a similar trend in the
developument of ths synthetic sntibacterisls and I have in mind particularly the fairly
specific agents against various protozosn diseamsss on the one hand and of course the
very startling success of the 1sonlarid series sgrinst tubsrculosis whsre it's my
understanding that these compounda have very 1ittle effect on most other buetsria. If
then, we could isnore the obvious technical limitations it wonld seem to me that the
proper order of a screening vrogram of antibiotics wonld de firgt to determine wvhich
organisme did in fact exerete reasonadle quantities of some new compound. Second, to
deteraine whether that compound was toxle which would probably rule out a large mejority
of the new isolates and then flamlly to detersine what antibacterial activity, if eny,
this comnoun: might have. And only as a last step we have ths cuestion of vrotection
in xivo. Yow in prsctice it may not be ressonsble to conduet the tcxicity tests in the
first insteance but I lay out a progrsm of this kind Just in the hove of »roveking you to
be thinking about ways in which in fact it could bs ncocomplished. 1 have in mind the
ultimnte cevelopment of toxieity soreening tests which aight de grestly simplified over
the usual procedure of injection imtc live animale. In practice »s well, you may find
ft inconvenient to look for metabolite accumulation orier to the detection of mati-
bacterial activity, that is to say, the one charscteristic of seccumulation xay be more
difficult to nrmetice the test than the one among msny characterizations of significant
blcloxical metivity., 4ith present procedures the most effegtive modification of the
screening program woula then seem to me to be the inclusion of s mmch widsr variety of
potentinl target orsmnisms at the enrliegt possidle stages,

The next point in the svalustion vrocsdure that troubles ne to soms extent was the one
based on inactivetion by merum. I have already seld enough im this direction to iniicate
the nature of my reaction $o 1%, that is, it seens to me that it woulé be n mistake to
automatically exclude an othervise promieing compound eizply on the basis of spynaerent
reversal of activity by serum. Perhaps you have much more impirieslly founded:ists than

I do in order to redbut that cuestion. It would seem to me that ssrum insctivation might
be vartially a cuestion of absolute dose which is not a terridly isvortant -oint unless
one consldere it from the esconomical voint of view of cost of production of large amounts.
Cn the other hnnd other measures might vell bde found which could mitigzate that single
effect. Frecisely the same point of view applies to the further test in the evalustion
crocedure, It geems to me that you may be looking only for a very aarrov ranee of
emteriale {f you look for antidlotics which »1ll have drematic curstive effects aruinst
overvhelming infections. It would seem to me that would be something of more interest

to ths Advertieing lepartment than to the Research and Devalopment [enartaents at thise
stage in the game,

Finally, there is ons ssvect of antidlotic activity thet I think should not be overlooked
and that {s the possidility Shat useful substances zay de found which are not sroperly
speaking chemothexveuticnlly active in their own right but which mizht function very
sffectively as synergists of other antidbiotices. I have in mind antibiotic mnalogs of
such things as FAS in the therspy of tubdsrculosis, This is going to become » very
welghty problem with every antidblotic., The whole questicn of cdevelopment of drug
resietance is tled up with this, It wonld seem to me that thers may e very res)l room
for substances which havs By themgeslves v2ry linited activity tut which may potentiate
the mctivity of other vrimery antidiotics or which may help by mopning ur the resistant
survivors of the first one, 1 think it would not be too ciffienlt to desion at lenst »
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few arditrary in vitro vrocedures by which such sctivity, &n combination with other
druge, could be tested although I reslize thet to co this on 2 comprehsnsive sesle would
be an overvhelming job.

I woulc include at this point some discussion of zowes of the kinde of basice information
that are very sorely lacking and in the adbesence of whish a lot of vhat ie being done

is more or less by guess rather than on any really raticnal scheme. 1In the first place,
I vorle 1ike to know wuch more about the function of antibiotie activity in santy in the
201) and the rele that this plays nlong with others in the geslective determination of
vrevelence of Actincmyeste tynes. Second, ! wonld bs curions to kmow vhat hapvens to
antidiotice in terms of their metabolism by other Actinomycetee or by other baeteris.
Aqain vrioarily in reference to the ecological factor menticned above, ‘

Fimally, as a point of practical information in the mutation screeains vrogram I would de
curions to mov what evidence there is snside from Kelaer's very dublous and limited work
on Just thies point ms to how diversely arranged sntiblotice ean be nroduces by mutstion
from a sinzle culture,

At » more purely technical level of ciscussion, although the detalls I have to go on are
sonewhnt 1imited, I have heard nothing that I could eriticize. Ey vroposinz » mutation
vrogran 1 doubt very much that 1 could add to Felix's apvrecistion of how to induce
satntions, FEelner's modificstion of the sandwich plate method ssems sntirely reasonsbls
slthough one can imagine related methods based on diffusion through memdbrane filters and
what not. 1 don't see any apvarent advantage to them from this distsnce. One wvould

like wore basic information on which to base one's comclusions of what to use for starting
cultures in the mutation program. In any sveat I think it would be & mistakes to gamble onm
any single strain or in fact at this stage of the game to use any sinzle criterian for the
selection of stranins, th-t is to say, I would have one grour of strains in which in the
mutation program was sslected decause they had no current antiblotic activity and would
therefore be the most convenlent for detecting new mctivities. I would use snother

groun that was already accumulsting large samounts of a well chnramcterised sntidotic which
could de excluded from considerstion By the ajvropriate use of resistent bactsrisl
inaiceators. 4ind finally I woulc also use cultures which vere vroducing large amounts of
other snd-products, pigments, or what have you, in hopes of picking ur » vider range of
blocked intermadintes. I would aleo zive some consideration to the posaibility of the
development of slective or competitive procedures for the enrichment of antibictically
active mitants dused on competition either with the origzinal wild tyce straln or with
comnetition from other bacterisl or Actinomycets a-ecies.

¥ow, Joe, a1l of this is, of course, a rather rasbling affair. This is sy first
iretroduction to the vhole story. ['m 2til]l getting rome of my thoughts organtized in it,
I'm not slways exmctly clear what it is that you want to get from me. I'm roinz te

leave it to you to set the arssnda and to zive me gome restrictions as to ths scove and the
¥ind of discuseion thet you want to have. I sz very anxicue not to waste either your
time or mine, At this stsre of the game I thought I would put down 21l I hnad., 1If you
rive me instructions which will define the scove of this consultation I would be very
happy %0 follow them. Ferhass all I will be able to do for you is to argue some concrete
ruestions ae they come ur with you. Frankly, I think {t somewhst unfortunste that the
one lndorastory which has set up a genetic consultaticn ne for as I kmow is the one that
nrobadly hae the daat recuirements for it in terms of cuslifieations of ite present
personnel, Se leng for now, Joe,

Josh



