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TITLY AND REASCHES FOR STUDY

Bagterial Genetics. One of the most importent, but least known
aspects of the blology of bacteria 12 their genetics. In two species so
far well studled in this laboratory, Esgherichia coli hss given accurmulated
evidence for a sexual cycle resembling that of higher forms; more recently,
the related Szlmonella typhimurium has sxhibited a mechanism of transfer of
single or isolsted genetic factore that is guite unique, though voorly
understood. We can achieve adecuate control over microorganiems, whether
from a technologleal, agriculturel, or mediezl point of view only when
their genetics is understood, along with their dlochemistry, vhysiology
and morphology.

RFSULTS OBTAINED 170 DATE AND FPROCEDURE for projected study.

This preoject is a continuing one, and it will not be possible to
separate future procedures from past results. The acecompanying progress
report therefore also outlines the directions of work planned for the
future.

A, Yormal genetics of Escherichia coli. The analysis of formal
genetics of Egeherichia coll 18 being continued. Special emphasis is be-
ing given to discrepancies between experimental date and the theory of a
linear chromosome as the basis of heredity in this dacterium (ss it is in
higher forms). Single cell studies on segregating diploids suggest that
some discrepancies may not be inherent in the actual genetic ratios, but
in differe~ntial growth of different types. This work is necessarily slow,

and definite conclusions will not be available until it is completed.



A study of the genetic effects of radiations on diploid E. goli
has Deen {nitiuted, The most significant finding to date is that single
cells treated with UV give progenies with s variety of effects: either the
cell (prodebly the nucleus as well) i{s not & unit target, or the effects
of radiations persist ss a blolegical disturdbance despite the apparent
grovth-recovery of the cell. These effects then later give rise to the
variety of changes in different cffspring.

The isolation of new strains of ¥. goli that can be crossed with ex-
isting fertile strains vss a major subject thie yeer. TFarller estimates
were optimistic: of about 1500 strains tested, only 30, or 2% eould be
crossad. These 30 strains sre deing studied closely for (a) their linkege
patterns, (b) the yossibility of compatibility groups end (c) characters
of intersst for genestic study. So far as csn de determined, the nev strains
resemble the original B. colf K-12 in their fundamental diology and life
oycle, However, many of them are culturally and serologically distinct.
We are now plaaning studies on the genetic basis of the natural (ss opposed
t0 laboratory-created) differances between the strains. The serological
differences, in particular, permit of an immuncgenetic analysis . For a
variety of reasons, bacterie provide excellent axparimental aaterial to
study the biological bases of gene-controlled aantigenic differences such
as ars the foundation of blood-tyving in man, cattle, and other mammals.
In addisicn, although E, coli is "not pathogenic,® the gen=tic basis of
gerotypes ie of intrinsic interest to the stodent of infectious disesses,
This program was inftizted on RF51:430 until definttive support could de
secured from the Rocksfeller Foundation (effective Janusry 1, 1952).

Dr. P. D. Sksar has underteken its immediste direction, and hss completed
preliminury experiments and preparsztion of sntiseral reagents.

B. A pev mechenism of genetic transmiseion in bucteria. Salmonella
typhimurine (mouse-typhoid; enteric fever group) bes been the subject of
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genetic study in this laboratory since 1947. During the past year, s
reasonably clear picture of its behavior has developed for the first
time. The Salmonella bacteria were chosen for this study because they
provide good expesrimental material for studies on virulence, becausge they
are resdily cultured in the laborutory and ars related to the ®. coll
familiar to us, and becsuse their serolegical characters {presumadly
under genic eontrol) are important in pudlic health bacteriology.

Mr, Norton ZinAer undertook this preblem in 1948, an? 1s using the
experimental dats for his Ph.D, Aiasssrtation., The plan vas to parsllsl
the work with E, coli. Biochemical mutante were made in a large number
of straine, and sattempts were made to detect crossing by plating mixed
cultures cn a selsotive, minimel agar medium, The results obtiined were
very confusing, as illustrsted in previous reports, until it was realized
that the recombination mechanism hare is quite different from thet in F.
goli. In E. Qoli, all the evidence points to o typical sexual process,
vherein recombinztion results from the fusion, and later segregstion, of
tvo intact auclel. In Salmonella, under certain cenditions, the cells
ralease fragnents of genetic materiul into the medium. These fragments
may be eithear single "genes" or small ageregates, dut much less then sn
entire nucleus. Other cells may absorb these fragments. The next steps
ve can only guess &t, dbut an end result is that s "recomdinsnt" cell is
sonetines formed in which the absorbed frzgment baeccmes a part of the
genetic mechanism of its new host cell, To dimtinguieh this process from
fertilisation, which i{e the union of two eszsentislly equal genntynaes, ve
have designated {t as genetic transduction.

Transdustion 1e an infeetious process, if regarded in a certein light,
and one mey ask whether it does not merely densnd on the transmission of
2 virus "diaease” from one cell to another, However, a great meny charscters

have been examined, and avery one of them is trepsducible in the same Yay.



These include many 4ifferent nutritional reguireaents, fermentation 4if-
ferences, resistenca to stregtomyeln, and type-diagnostic antigens, the
same groupe of merkers thet sre inherited ns if cerried on chromcsome
in E, coll. Te converae possibility, that genlc transdueilon may throw
light on the origin of viruses, should de given nlose constderstion.

From the point of view of alartive blasticity, trensduction is not
so efficient as fertiligmtion, JIn this erreriments, only = single f:ctor
1s trensducible tec = esnll 2t one time, so thit Perosees” of celle fiffering

in many factore result in only a swmall frection of &7 the noenible gene

combipetions,

The Salmonellliz;:f'bean subjected to very clous seroleglcsl stuéy,
ard = very leorge vumber of sntigeulc tyres or ¥specles® are recogalised
in the Azgnoetic echeme. These types recresent different combinstions
of somstic antlgens {designsted by roman mmmsrals) snd flagellar antigens
(arzbic numerals snd lover case lettars), Por axample, S. typhimurium
i designated as IV, V XII; §; 1, 2, 3, while §. Yyphi 1s given as IX,
XI1; 4--. Bacterioslogists have often specsulated on the evolution of the
Salmonells groun, and the origin of the different antligenic combinations,
but owing to the laeck of convinaing precadents, recombination was not im-
plioated. By transduction, however, a hybrid of S. typhi x fyphimurium
has been obtsined, with the antigenis formuls IX, TI1; $--, This hybrid
has not vreviously been described ms s Salmonalla t¥ype. If it had been
1sclated (and it might well be anticlvated to cocur in e patient suifering
from s doudle infection) from a carrier or patient, 1t would certuinly
have been recognited sns a new spacies. On this preacedant, we may prediot
that Salmonella types have arisen, and will arisa egain, Trom tha recom-
bination of factors of previcusly established forns.

Transduction 1s so Aiffarent from the hereditury patterns famillar to

geneticists that 1t is difficult to reconcile it with the cytological
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observations that suggest the presence of similar nuclear structurses in
E. goll and in Salmonells. We will have to lesarn a great deal more abdbout
genetic Stransduetion before wve ecan evaluate its significence for our con-~
cepts of the nature of the gene and its relationship to the cell,

C. Replice plating and indirect gelection. A method has been developed
vhich should be useful in any of a variety of microbiological soreening
programs, in vhich a large number of cultures must be tested in a variety
of media. This method, replica plating, has already decome indispensadle
in this laberatory for the isolation of nutritional mutants, and testing
genetlc segregates, In principle, replica-plating is a simple printing
process. A sheet of velveteen is fastened to a woeden support. An agar
Plate carrying the colonies to de scresened is then pressed down, trans-
ferring an imprint of each colony on the velveteen. Plates of various
agar medis can thenm be pressed on the seme velwvat, and each of them will
bde imprinted with a replica of the original grovth, The advantage of the
method is, of course, that upwards of 200 colonies on a plate can be trans-
ferred in one cperation to a series of other plates with accurate reglstration
of position.

A less routine application of replica rlating has been made to the
problem of the origin of drug-resistant mutants. Despite considerabls
evidence in favor of spontaneous mutations followed by biological selection,
the question has continued to be mooted whether an entidbiotic might not
actually induce variations to resistance to 1% on the part of previously
sensitive bascteria. So long as resistant mutants eonld not genersally bde
detected or isolated without applying the antidlotic or rather unususl
environmental conditicns, only rather {ndirect and abstruse svidence could
be brought to bear. It is now possidble to i1solate resistant mutants by
indirect selection in which the cells are not exposed to the antibdiotic,

In principle, sponteneocus mutations to resistance to, e.g. streptomycin



are located in s film of grovth on plain sgar by means of repliocas to
streptomycin agar, Since such mutations do appesr to be inherited, they
occur in clones, members of which remain on the plain agar plate after
their sibe have been removed via velvet to the selective agar, By using
the presumed sites of resistant clonaes for fresh inocula again to plain
egar, s relative concentration of about 100-fold can dDe achieved for the
resistant mutants, Appropriate repititions of the process (four or five times)
eventually result in the separation of the mutant clones in well-isolated
colonies from whieh pure ecultures can bs made., The enrichment line itself
has never been sxpoeed to the antidiotia; the sibs are used to locate the
resistent mutonts. In a sense, indirect selection parallels the use of
pedigree data to select roosters or bulls for breeding stock for egg or
milk production. The successful applicstion of this method should remove
any doudt that mutations to drug-resistance occur in a bacterial culture
guite independently of the pressnce of the drug itself,

D. QGenetic studies on sctinomycetes. Thare are both vractical and
thaoretical reasons for comnaring the genatics of aetinomycetes with that
of the simpler bdasteria. ©n the one hand, ons might expact to find nuclear
proceases in & form more readily analyzable, and more closely resemdling the
filamentous fungi; on the other, the actinemycetes are now among the most
fimporitant technieal microorganisms. A study has deen inftiated in Streptopyces
grisedus, and relsted forms, A number of bilochemical mutants have been
prepared--these are quite similar to the mutants previously obtzined with
Neurospors snd bmcteria--with the help of replica plating. Combin.tions of
differsnt mutants on minimel agar show varinus affects. Many of the mutants
exhidit syntrophiom, or mtual feeding of needed metabolites, in an especi-

slly dramsatic way, dut this has been disadvantageous in tending to obscure



genetic interactions. Several combinations of mutants which show little

or no synitrophism have given mycelia which continued to grow on minimal
mediun, The spores, hovever, give only one or the other parental oulture.
Although formal proof is so far lacking, there e=zn be little guestion thst

we are dealing here with heterokaryons, that is an admixture of genetiocally
different nuclel in a common cytoplasm, It seems likely that heterokaryosis
accounts for the often cited observation that m actinomycete culture may
remain constant when the myceliux is prepagated, but throv many variants

when spores are plated., Finally, in a few instances, stadble propotrophic
cultures have been noted, and these may represent recombinants resulting

from a sexual process. If so, sexuality is rather sporadic within this one
strelin of S. grisens; it must be pointed cut that other explanstions have

not yet been ruled out. A group of other Streptomyces ocultures (. venesuelss,
3. coeliceler, 8. lavendulae)is being studied in a comparative and combinatorial
plan,

4, FIHANCIAL SUPPOR? requested:

Staff:
Aesistant, 12-month, Ylige Cahn 1,320
" s 10-month, To be named 1,1@0
" B "o 1,100
Bourly help: 500
4,020
PERSONRXL:

Nost of the present assistente plan to graduste (1 Ph.D,, 2 K.8,)
this June, and replacement candidates are under consideration. Tlise
Cahn already has ,n N.A, (Indiana) and e¢ame here last year with an
undergraduste GPA 2,20 and two years additional experience., She has

worked satisfaotorily this past semestsr, and should ultimastely qualify

for the Ph.D,



