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1. Qemetio mspeots 9f the life grole gf Escherichia golf.

The discovery by Tatum and Lederverg (1) of & sexual cycle in strains of
the common bacterium Escherighia $oli opeas up the field of becteria to genetie
snalysis in a way that was not formerly possible. Ia this earlier vork, con-
dusted at Yale Universisy in 1946-47, genetle recombination was demonstrated
by the use of nutritional mutants, obsained with I-ray or ultraviolet light.
Thess mutants have mtritionsl deficlencies which prevent them from groving
on synthetic medium unless their partioular growth fagtors are supplied., It
vas found that when different mutants were mixed together and inoculated into
synthetic ager thed & very small proportion of solonies 414 grow, and that
these consisted of cells which ¢could grov on the synthetio medium (i.e.
prototrophe). By using mutants whioh differed in several other characters,
it could be shown that these characters were redistridbuted to the prototrophs
in all possible comdinations, suggesting that the proper explanatien of the
oocurrence of prototrophs i{s gene recombination. If one nutritional mutant
1s represented as A-P+ and the other as A+B-, one would get by recombination
A~B¥ x A+B- <=3 A+B+ and A-B~, In this case, only the A+B+ wonld be recovered,
as it nlone e¢ould grow on the synthetic medium which is used to sieve it out
from the two parents, whose cells preponderate, However, other markers can
segrégate freely into the prototrophs. From a study of the relative proportions
of different recomdination types, 1t was concluded that the genes of Esgherichia
goli were liniked in linear order, as in higher forms, and there was probably
but a single linkage group.

From this earlier work, it wvas concluded that a) ecell fusion ocours only
very rarely, about one uygote appearing per million cells; and b) the sygote
does not proliferate, tmt undergoes reduction division immediately. This is
based on the finding that individual prototrophs were uniform, each colony

oonsisting usually of but & single recombination type which would be different

from colony to colony. If the diploid sygose were to mltiply, one would
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expeot to find several recombination types in & single prototroph colony, each
derived from the segregation of & different zygote cell. These facts vere dis-
couraging to any hopes of seeing the sygote oytologically, or of determining
such questions as dominance for which the diploid is necessary. We could put
in a certain mixture of types, and get them cut again in variocus recombdinations,
dbut the intermediate process was not directly accessidle to analysis and had to
be inferred. For the further development of genetical work on becteria, it
vould be very important, if not essential, to clarify this intermediate

process.

In the course of other work, and quite accidentally, an exception was
noted to conclusion d): that is to say, a heterozygotioc culture was found whieh
could be maintained in the diploid eondition, although i% has a marked propensity
to undergo reduction. The exceptionsl culture was a prototroph odtained in a
eross betwveen two parents which differed in nutritional factors (3, X, T, L, By,)
and in lactose fermentation (Lao-/Lac+). The indiocator medium, Eosin-Methylene
Blue agar is used to test fermentative charaucteristics (also ses 5). Whem this
culsure originslly thought to be Lac+ was streaksd out and incubuted for two or
three days on the EMB medium, the colonies vere observed to be mosaics of Lac-
and Lac* oells. TFurthermore, when these segregantis vere tested, they proved to
show all possible recombinations of the nutritionsl and other factors, including
gcersain recombinations, corresponding t$o the A-B- above, whigh could mot other-
wise bDe secured, Zvidently, this culture was prototrochic not because it was a
recombination of the type A+B+, tut becauss it was a diploid heterosygote (ﬁ-—% .
Further study of this culture and of its segregants suggests that its sxceptional
behavior may de the result of a mmtation which ocourred spontanecusly in ome of
the parents, for cutcrossing segregants to standard stocks results in prototrophs
a substantial proportion of which are diploid heterosygotes.

Although it vas formerly believed that there were no exceptionsto rule
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B) in crosses of standard stocks, current studies using better selective means
nov indieate that pereistent heterosygotes may oscur here too, although at a
lover rate than among cutorosses of the above-mentioned exception. In this
test, parsnts are used vhich earry different, olosely linked, recessive Lac-
in the "repulsioniphase, i.e. A~ Lac)-Lagy+B+ x A+ Lacy*lag,- B-. When
such & pair is oroseed, most of the A+B+ regcomdinant prototrophs are either
Laoy~Laey* or Lacfmbo. because of the very close linkage of the $wo Lag
loel. These are all lactose-negative; much less than 1% of the protosrophs
oebtained here are lactose-positive, and these ocan de detected vimually by
conducting the cross on & synthetic EMB medium., Even when "normal” stacks
are used, about half the hotou-po.tﬁn prototrophs are not A+B+Lacjtlac,*,

but are heterosygous diploids A-Lacl-Lach+ B+ o4 ghown by their subsequent

segregation, These Aiploids may differ from those previously obtained in

being more stable, dut this is not definitely estadlished,

Detailed studies of the segregations from the exeeptional heterosygote
showed dov&utions from randor distridution that osn be best aceounsed for Wy
assuming that one or bdoth dhronononu of this diploid csrry seversl deflcient
regions. These deficlencies, vhich wonld make inviadble a segregant carrying
them alone, may be the ineciting factor for the psraistence of this heteroszygote,
and detract somevhat from the usefulness of this type in genetic analysis,
Whether the same situation prevails in the "norsal® heterosygotes remsias
to be dcﬁomin‘d. |

Studies are underwvay to deternine the dominsase relationships of a aumber
of genes. The normal alleles of the nutritional musations all seem to be
sompletely dominant, and the functioning, "+", alleles of the several fer-
mentation factors studied are nearly completely so. In addition, sensitivity

to bacteriophuge T1 is dominant to resistance, & faet of coasideradle importance
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in interpreting studies on the induetion of this mutation by radiations and
shenicals (See 2). Ve have under way further experimsnts to deteraine the
dominance of mutations affecting bacterial resistance to antiblotioc snd
satibagterial sgents,

2. Qepetlg gontrol of fermenbatlion spsymes in X. Qoll.

Investigations on Reurospors have led many vorkers to the conalusion
that "eingle genes dstermine the specifisity of single enxymes.® (See 3.)
8ince dagteris are very favoradle material for eaxyme research, and wve have
nov the oapacity for genetical work on them, 1% has seemed dssirable %o
study the proedlem of gens-ensyme relationships in Esgherighla goli. to deser-
mine in the first instance vhether the "one~-to-one* thsory gquoted above
oould be verified,

The ensyme selected for study first is the lactase (deta-galactosidase)
of X. goli. It is relatively sasy to isolate mutants which have lost the
oapasity to produce this enzyme, by the use of the EMB indicator msdium
referred to earlier. By the examination of some millions of colonies of
ultra-viclet treated dasteria on this medium, seversl hundred, independently
produced, lastoss-negstive zutants have been isoclated, These mutants have
been analysed Yy crossing them with scach other to determine whether they are
genstically identical, If two lactose-negntive mutants are orossed, carrying
the same Luo- mutation, then odviosusly there will be no lastose-positive recom-
binants., On she other hand, if two mutants carry mutations at different
genetic loci, then they can bBe expeoted o gilve occasional lactose-positive
recomdinants with a frequency depending upon their linkage relationships.
That is, Lacy-leo,* x Lacytlec,~ can give Lae,+lLac,+. With thesa tests,
the mutants s0 far crossed can de placed iato seven distinct groups, each
carrying » distinct mtant gene which i{nterferes with the production of

lactase. Two of these mutant types aled show enzymatic sffects in addition

to lactase. One of thenm, Laqan is unable to ferment glucose or maltose;



another, Lacg~ is unable to ferment gluconate or maltose. 7These obdservations
are net in agaocrd with the simple "one-to-one® theory, but imply that the
relationahips between gene and ensyme are much more complex.

Ig order to suppors this conclusion, the easyme has besn extracted from
the ¢ells and studied in solution with the zid of an artificial substrate, o-
nitrophonoi b-galactoside, which releases & colered substance, o-ni trophenol
vhen it is split by the enayme lactase., This permits the reaction to be studied
sonveniently with a spectrophotometer. The ensyme hes been partially purified
vith samonium sulfate precipitation, These preparations are active in the
absense of phosphate, pointing to & simple hydrolysis for the enzyme action.
An interesting effeet of alkali metals has been noted: the enzyme is stirongly
stimulated by sodium 1oms in falrly high coneentration (N/50), and is imhibited
by rubidium, The inhibition by rudidium cen be competitively reversed eithor
with sedium, or with potussium, saggesting thut all of the ellkali metals compete
for a position on the emzyma, certain éoabin&tion: of metal-snzyme having a
higher efficlency than others. It is presumed thet He is also displsced by
hisher salt conoentratious, but that whlle ldu-snzyme is more active than
B-engyme, K-euzyme has tho same astivity, It has besn observed, fursher,
that most of the difference oan de expressed in Yerams of the dlesoclation
constant for the enzyme and its substraete so that these ioxns may bde regarded
as faoilitating the absorpotion of the sudbetrate to the ensyme. Ithylene-
diammonium and other substituted ammonium ions behave in much tho sams way
as rudidium, Thess observations are sirikingly parallsl to the effects vhiah
have bdesn noted by Saell on the growth of bducteria,

The snsyme lactase is strietly adaptive, i,e,, 1t cannot be demonstrated
in oells which have not been exposed to lagtose for at leaat 2«3 hours, It is

believed that the wvariocus mutations affecting lactase production do so via the



adaptation mechanism, vhich is nov belng studled in detall. While the all or
none offect of most of the mujants makes it diffiouls to analyse their effects,
an allels of an3- hao been found which {s responsive to temperature, and may
be of grest help. This mutant is wild type s% 30°C., but like Lasy- at 40°,
Ay &iffersnt intermediste temperaztures, diffaerent enzymes can be formed. It
has desn possidble to show that the temperature-sensitivity is not & reflection
of this property of the enzymes themsslves, once formed, tut on the activisy
of the adaptation mechanisws.

3. Qenetic contrel of gane Eatability.

BEhoades hesg desorided "dotted™ stocks of sorn in which the status of one
gene affeste the rmatability of another. In the presence of the 4% allele, the
gene & 1s cuite stable and rarely 1f ever mutates to A (shown as coler im the
sleurcne), However, with increasing numbers of Dt ulleles, g shows repidly
increasing numbers of such mutationa., Although this phenocienca is of the
greatest geneticel intereat, it is very difficult 3o study the possidle
chemical pathwaye decsuse of obvions enstomical lliitztions.

The observation thet varlous Lae~ mutauts of E. goli, secured as zlrsady
desoeribed, rutute at different rates buck to Lact+, sugrested that hers might
be excellent matarial for a parallel typs of study. The mutadbility of & Lao~
stock 1s readily determined by incudatinz its colonles on EMB agar for 2«3 days.
At this ¢ime, Lac+ mutants are seen as papillate, dark ontgrowths in the white
or pink colontes.

Matants at the Laey locus only wers studied so far, As odtained by
irradiation of the wild type, some of these mmtants are quite stable, vhereas
others shov many papillae {n sach solony. Genetlic tests on sush stocks have
shown that the differsnces are due to dirferoatballelic states of the same

gene, showing again that mutations vhich may dbe indistinguishabdble in all osher

respects ocan bde distinguished in this way (i.e. are iso-alleles). The mutations



%0 Lac+ {n the mutable strains have also been studied, and proven to da true
reverse mitations, restoring the Lao- goene which was originslly dwpaired by
ultra-violet light. Occasional Lact mutations in the more stadle strains
have proven, however, to de due to mutations at other loci, such mutations having
the effect of bypassing or "suppressing" the phemotyple manifestations of the
original Lag- mutation. Such "suppressor” mutations have also been observed
in the other Lao- mutants mentioned under Heading 2.

Agtempts were then made to pick up effects of mutations of other lool on
the mutabllity of Lae-, Stable strains were irradiated, and mutables looked
for, without success so far, Conversely, mutadle strains were irradiated,
and derived stadle strains have been recovered from them, Also, although
the degree of sutability is cuite a eonqtant feauture of a particular stock,

a very fev spontanecusly oscurring stuble derivutives have been noticed.

Some of these derived stables, when teceted genetlicully, proved to be
more stable alleles of the originsl Las-. A% leaet one such stable, however,
when orossed with wild type guve rise in sdiition to the parental types:

Lac+ and Lzo-stable, the recombination class Lac-musable, This shows thut
the avparent stability of this derived stock is due to a mutation at another
locus. This new mutation also turnmed out to be associuted with s mutritional
deficlenay, which is at least partially relisved by (autoclaved) cozymuse
(diphonphOpyridiho mucleotide). It is possible that shis 1s not a true case
of gens control of mutadility, but that the second mutation interfores with
the fermentation e¢f lastose sven when Lacy- reverts to +, This point is now

under study. A number of additional stable stocks remain to be studled.

4, Genetice of Salmopells.
Esgherighia goli, strain K-12, is, so far, the only bacterius in which

a sexusl phase has been demonstrated by the genstic methods detalled above.
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It is naturally of interest to determine whether other bacteria will behave
in the same way. Previous sxperiments on tvo other strains of F. goli bave
given negstive results, dut rather than pursue further strains of this specles,
ve have been examining various Salmonella strains. Sslmonella is much better
understeod serologically, and, furthermore, is an advantageous group with
vhioch, sventually, to pursue studies on psthogenioity.
Three sirains of Sslmonells Syphimurium have deen exsmined to date:
8Y-20, 8Y-21 and 8Y-23. Blocheaical mutants have been isolated ir each of
those with the help of & nev methed using penicillin which we have Just
developed (4). Penlolllin has a permanent bectericidal effect only on grow-
ing cells, If a mixture of wild type and mutant cells i inoculated into a
synthetic medium $o vhiech penieillin is added, she wild type cells are killed at
& much highsr rete than the mutants, This property can de used to advantage to
facilitate the isolation of blochemical mutants from irradimted populations ia
which they are far outnumbered hy the origim‘l. pon~mutated wvild type cells,
Ho svidence of genstic recombination hae heen found so far in mixbures
of mutants {a the following combinations: 8Y-20 x 8Y-20; 5Y-20 x 8¥-21;
8Y-21 x SY-21; 8$Y-23 x 8Y-23; 8Y-20 z 83-23. In seversl experimeants, hov-
ever, prototrophs have appeared in mixtures of mussats derived from SY-21
snd 8Y-23, The sisustion has been complicated by the faos that 5Y-23 i
lysogenic, i.s., earries withont detriment to itself a dacteriophage
which is astive on 8Y-21. In addition, 8Y-21 is lysogenic, one of {t»
phages is innctive on §. iyphimuriug strains, aad is revealed only vhen
5. gs))inerux 1s used as & sensitive indicator; the other ocsn attack SY-
23. Lysogeniolty is itself an imperfectly understood phenomenon, and in
the present instance, it has not yet besa possible te clarify its re-
1ationship to the recombination which may be oeccurring ia SY-21 x BY-23,
The prosotrechs which can be recovered from sugh "orosses" are usmally



ridden with phage, and it is likely that the very lov yleld with whieh they
have dean reccvered my be sgcounted for by the desstruction of msny such prose-
trophs Yy these phages.

Yor shis reasocn, ve have sried to determine whether a lysogenic hMacterium
can be "disinfected” of {%s phage. Experiments with the $Y-21 - §. gallinarng
system have given rather disgouraging resulss. All of the dasteris in sush
oultures seem to carry the phage, as determined Wy plating them out and testing
individual colonies, and 1t has not Desn possible to sliminate the phage with
suoh chemicals as Phosphine GRN and potassium arsenite which are repcrted to
inhivis phage misiplication, Other agents will have to de tested.

This wvork has desn supported Dy a grant from the Eational Iastitmte of
Eealth,
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