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1. Gene-Enzyme Relationships in E. eoll.

In order to elucidate gene-enszyme relationships, attention has
Yeen focussed on & single snzyme, many mutants obtained in which the
enzyme is deficlient or modified, and genetic and physiological differences
betwesn the mutants studied. The ensyme chosen for study is beta-d-
galacto~sidase, or lactase, in Escherichia coll K-12., This system was
selected hecause (a) lactase works on a readily obtainadble substrate,
lactose; (b) 1t proved to be a simple matter to isolate any number of
mutants deficient in lactase, by the use of indicator medium which
told whether a given colony on & plate was producing acid or aot,
agcording to whether it could split and ferment lactose; (c) a very
precise spedtrophotometric method for the determination of the enzyme
was developed using the analogous substrate, nitrophenyl galactoside.
The compound is colorless, but when nitrophenol is split off under
ensymatic action, 1%t gives a yellow color which can be quantitatively
measured in the spectrophotometer; and (4) it proved to be relatively
easy to extract the enzyme from dried cells and to study its properties
in vitro.

Several hundred independent lactose-negative mutants have been
isolated from nearly a million colonies examined on indicator medium,

after ultra~violet irradiation. Most of these have been crossed among



themselves in order to define their allelic relationships, At least
seven well-defined groups have been found, such that a lactose-negative
from one group will give some lactose~positive recombinents when crossed
with a lactose-negative from another. Within the same group, lactose-
negative parents give only lactose-negative progeny. The conclusion “rivn
is that there are at least seven distinct loci interdependently con-
trolling lactose~-fermentation, so that mutation of any one of them
interferes with or modifies the formation of the neceasary enzymes,

Studies on extracted galactosidase support the contention that it
is & single ensyme critical in the pathway of lactose metabolism. It
is completely or nearly absent iam extracte and intact cells of each of
the mutants.

In addition to the multigenic control of galactosidase, asome of
the mutants show alterations of several onsy;cu. ¥or example, the mutant
class "Lagy-" fails to ferment glucose, maltose or lactoss. These
effects are probably due to distinct enzymes, because (1) the enzymes
oeccur independently of one another in wild type cells adapted to different
smbstrates, (2) different suppressor mutations have deen found which will
reverse the differsas components of the effects of Lacy-, and (3) a
temperature~sensitive allele at the Luog loous has been found, which is
like the wild type at 30°, like typlecal Lacy~ at 40°, but within the
temperature interval has a different threashold for the different effects.
Temperature affects enszyme formation rather than action; cells adapted
to lactose at 30° retaln their activity when tested at 409; cells fail
to adapt to lactose at 409 and later shov no activity when tested at
sither temperature,

Several findings have suggested that enzymatic adaptation rather



than the specificity of the final enzyme produced mmst de scrutinized.
Lactase i{s falrly strictly adaptive, L.e., it 1is present in very small
amount in cells which have not receantly been exposed to lactose. It
seoms likely that the site of action of most of the mututions may de
at early stages in adaptation. For example, the "I.acl-" mutunt type
which produces practically no lactase in reeponse o lactose, adapts
to & very appreciuble extent (about s third as well as wild type) on
other gulactoside substrates such zs butyl galactoside. Thus, Lacl-
cells grown in the presence of lactoss ferment lactose very weakly,
vhile cells grown on butyl galactoaide ferment lactose nearly as well
as wild tyve. The same probudly holds for Lao3-. On the othar hand,
Laoo~, Lacy-, and Lugp- seem to be sompletely devold of lactase under
&ll conditione tested. Lacs- has & pleiotrople affect similar to that
of Lac3~, except thut glucose is fermented, and it is gluconate which
is not, Laog~ ferments lactose, but only very slowly.

These obmservations suggest thut the genetic control of galactosidase
s quite gomplex, but they do not yet afford more than leads for further
ressarch in elucidating the mechanism of this control,

This meterial has not yet bdeen published, except in adstracts, and
in passing in a reviev article "Basterial Variation" which will appear
in Volume 3, Annual Reviews of Microbiology, 1949-50, A description

of the wild type enzyme snd the asaay methods is in manuseript.



In collaborztion with a group of biochemists at the University of
California, Berksley, the mechanisms of maltose fermentation in the
suppressor-mtant combination of Laca- vhich ferments maltose but not
glucose hzs been investigated. It was found that maltose is polymerised
to & staroh-like polysaccharide under the influence of an enzyme nanmed
"amylomaltase". At a later stage, the polysaccharide 1s phosphorolysel
to yield glusose~l-phosphate which is then further metabolized, Thus
the splitting of maltose eircumvents glucose, but goes instead via
starch to glucose~l-phosphate, However, this explanation is incomplete,
Amylomalt:se in, e,2., dried oells, converts maltose to glucose and
starch in equimolar proportions, and one mol of glucose accumulates

for each mol of maltose utiliszed.
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But intact cells do not zccumulate glucose during maltose fermen-
tation, although they will not metabolize exogenous glucose supplied to
them, even during maltose utilization, In some way, the cell must be
able to distinguish between the glucose which is released from the
amylomaltase reaction (1), and that supplied from without., It in not
yet oclear whether there might be a chemical difference, or whether it

will be necessary to resort to some expl:netion bdased on "permeadility”.

These observutions are reported by Doudoroff, M., Bassii, W, 2

&« . . [ 3 Pntm E. w 'Y
and Lederderg, J., "Direct® Utilization of Hélto;o by E..coli. ;cceutei'for '
publicution in the Journal of Biologlcal Chemistry. )
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2. Gene Recombination in E. Coli, Fhe fsolation and behavior of diploid
heterozygotes,

The usual e¢urse of sexual reproduction in E. coll K-12 is shown on
the top line of the enclosed figure, Cells occasionally fuse, forming
the diploid sygote, whioh undergoee immediate reduction, (See Fig. 1).
In the diagram (Fig. 2) the crossover pattern that would result in a
1acsose-ncgat1§e prototroph is shown, Of course, in other sygotes, a
srossover between lLac and B might reslt in a8 lactose-positive protoetroph,
Yut i{n any evens, a single prototroph colony would bde either pure lac-
or pure Lac+,

Stocks bave now been found which produce sygotes which occasionally
continue to proliferste as diploids for an extended period of $time as
{llustrated in FPig. 2. However, in adout one division in eight or ten,
a diploid may undergo segregation, with eressing-over, along the same
patterns as the standard. However, different segregations will be
Lac~ and Lae+, accordingly, the colonies produced will be mosaics
of + and -~ rather than pure + or -, Since the diploid ocan be isolated
as a prototroph, and thsn transferred to complete medium for segregation,
we are not restricted to the recovery of prototroph recombinunts, bdut
¢an also gecure types such as the "smltiple mutant® which is shown as
A«B- in the top line of the dilagram, This was not previocusly possidle,
as crosses had to be conducted on minimel medium, (which permits only
prototrophs to develop), in order to suppress the parental cells which
are present in exceas, Now, the selection of prototrophs can be used
to secure the intermediante diploid stage, which can then bde plated out

freely on complete mediuns,



-6 -

In colladoration with M., R. Zelle of Ooraell University, it hos deen
showvn thas single cells can be picked ind{vidually under the microscope
and that they will later segregate into the wurious genetic types. This
observation further completes the proof for sexual fusion in this
bacterium., It i{s hoped to continue with cytological comparisons of
diploid heterozygotes and haploids, with the continued aid of the
present grant, and with assistance from the Research Committee of
the University of Wisconsin,

Some of these experiments have been published as "Aberrant
Heterozygotes in Escherichis coli®, whiech is due to appeur in the
April 1949 number of the Proceedings of the National Academy of

Seiences.
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