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Summary:- In casamino acids containing minimal medium-glycerol
There iIs a slow increase of intracellular cyeclic AMP level during
growth. Concomitantly, BR-galactosidase and tryptophanase synthe-
sis are initiated. If, in the same medium, cell septation is bloc-
ked, either by using non permissive conditions with conditional
thermosensitive mutants or by addition of Penicillin G, one obser-
ves an early escape of tryptophanase and B~galactosidase from cata-
bolite repression. This effect is not related to an alteration of
intracellular cyclic AMP level upon cessation of cell division.
However, it seems to be specific to catabolite repressible enzymes.
As bacterial cells progress through their division

cycle in cultures undergoing steady-state growth, the quantity of

all macromolecular components must double. Some macro-molecules,
such as ribosomal and transfer RNA (1)(2) and certain enzymes (3)
(4) are synthesized continuously throughout the division cycle.

On the other hand, some enzymes have been reported to be synthesi-
zed during only a brief period of the bacterial division cycle (5)
(6)(7). The synthesis of lactose operon products is more complex.
It can be transcribed at all times during the bacterial cell cy-
cle. However, according to Goldberg and Chargaff (8), Hfr strains
of E. coli, grown synchronously in the presence of an inducer, pro-
duce B-galactosidase in a rhythmically discontinuous fashion. B-
galactosidase synthesis is interrupted when the cells are dividing
actively. From this, it appears that some events related to cell
division might exert a control on the synthesis of catabolite-
repressible enzymes. Alternatively, the two phenomena might be re-
gulated by a single mechanism. In fact, a metabolic control of

the study of a filament-forming mutant the divisionwg} which is cau-
sed by inhibition of peptide-bond formation. This regulation might
also be effective on the synthesis of catabolite-repressible enzymes.

The present studies were done to examine this possibility.
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MATERIALS AND METHODS

Bacterial strains and Media : The following strains were employed
in this study : PA 3092 T 8416 F~, thr leu arg his” try  str°
thi” DAP™ 1ys”~ FtsA; MFT 1083 F, thr  leu” arg his~ str® thi”
DAP™ 1ys™ FtsC; PA 3097 F, thr  leu” arg” his~ thi” str® DAP™ 1ys~
parental strain. These are the generous gift of Dr. Y. Hirota.

The strain C 90, PhoT has been originally isolated by A. Garen.

Enzyme assays

B-galactosidase and tryptophanase were assayed as previously des-
crived (10)(11). R-galactosidase was induced with imM isopropyl
ﬁéD thiogalactoside (IPTG); one enzyme unit catalyzes the hydroly-
sis of 1 nmole of O-nitrophenyl B8-D galactoside per minute at 28°C
pH 7. Tryptophanase was induced with 1.5 mM L-tryptophan; one en-
zyme unit is the amount that will produce 1 nmole of indole per
minute under these conditions. Measurements of cyclic AMP levels
(12), as well as counting of cell numbers with a Coulter counter
were carried out as previously described (13).

RESULTS AND DISCUSSIQE

We have investigated a possible relationship between cell septation
and the synthesis of catabolite-repressible enzymes in conditional
thermosensitive mutants of E. colZ defective in cell septation.

For this study, logarithmic rather than synchronous cultures were
used since recent evidence has shown that synchronization techni-
ques can disturb cellular metabolism (14). Cells were grown on a
medium that produces a slow increase of the intracellular cyclic
AMP level, because of the sequential utilization of the catabolites
added (12). Under these conditions the derepression of R-galacto-
sidase and tryptophanase was followed (Figure 1). The endogenous
molarity of cyclic AMP can be evaluated in cells at any time during
the growth from the number of cells per milliliter of culture.
Using 7.5 x 10713 m1 as the accessible volume per bacterium, one
can calculate that at the beginning of growth this molarity (0.8

x 10-5M) is not sufficient for the induction of R-~galactosidase

and tryptophanase (15). This expectation is coroborrated when

the mutant PtsA is grown at the permissive temperature 30°C
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Figure 1 - Increase of intracellular cyclic AMP concentration

per ml of culture during growth - Effect on B-glactosidase and
tryptophanase synthesis. A culture of the strain PA 3097 was
grown on minimal salts medium-glycerol (0.4%) supplemented with
0.5% casamino acids. Aliquots were removed at intervals and,

A) ecyclic AMP was assayed (@), B) the number of units of B-galac-
tosidase (®) and tryptophanase (@) per ml of culture was determi-
ned at each cell density (measured by Coulter counts).

(Figure 1B). During growth the catabolites responsible for re-
pression are progressively used up and the endogenous cyclic AMP
level increases (Figure 1A). Concomitantly B8=galactosidase and
tryptophanase synthesis are initiated. However, they are not
equally sensitive to catabolite repression. A detailed study of
this phenomenon has been reported elsewhere (16). Since we deal
with cells that form filaments at the restrictive temperature en-
zyme units have been plotted versus the radioactivity incorpora-
ted into proteins rather than versus the cell density of the cul-
ture. In the parental strain used as a control, the initiation
of tryptophanase synthesis occurs at the same cell protein content
whether the cells are grown at 30°C or at 41°C (Figure 24). With
conditional thermosensitive mutants defective in cell septation

we obtained a different result regardless of whether the mutation
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Figure 2 - Effect of filamentation on the induction of trypto-
rhanase synthesis. Cells were grown under the conditions descri
bed in Figure 1. Aliguots were removed at intervals. The radio-
activity incorporated into proteins was determined as well as the
number of units of tryptophanase in the aliquots. A) Control

with the parental strain grown at 30°C ( %) and 41°C (e )- B) Mu-
tant Fts A grown at 30°C (%) and 41°C(®) Mutant FtsC grown at 30°C
(%) and 41°C (e).

was in the PFtsA or FtsC gene. Tryptophanase synthesis escaped
catabolite repression much earlier in growth at 41°C in the fila-
ments than in normally dividing cells egrown at 30°C. This does not
reflect a faster use of catabolites at 41°C than at 30°C since the
specific radiocactivity of [BH] ~ leucine 1is the same at both
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temperatures. The same result, although less marked, was found
for B-galactosidase synthesis. Conseqguently, we conclude that
inhibition of cell septation causes or is accompanied by an early
escape from catabolite repression. This is not specific to mu-
tation of one gene but rather related to the block in cell divi-
sion since the same result was found in Fts-C as well as in Fts-A
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Figure 3 - Selective effect of the inhibition of septation on
protein synthesis - A culture of the strain (90 was grown at 37°C
on the same medium as described in figure 1, except that 12% sucro-
se was added. At OD 600 nm = 0.1 the culture was divided. One
part was kept without addition as a control - 50 units/ml of Peni-
¢illin G was added to the other part. A) B-galactosidase synthesis
and B) alkaline phosphatase synthesis were compared in the presence
(eM) or absence (AQ) of Penicillin G.
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mutants (Figure 2B and C). Moreover, we found that inhibition of
cell division by low concentrations of Penicillin G has exactly

the same effect as the mutations Fts A and Fts C. This is shown
in. figure 3A where B-galactosidase synthesis was followed in cul-
tures of the strain C90 grown in the presence or absence of Peni-
cillin G (50 units/ml). Again filamentation 1s accompanied by an
early escape from catabolite repression. The strain C90 was cho-
sen because it is constitutive for alkaline phosphatase synthesis.
When this enzyme is assayed under the same growth conditions as
B-galactosidase its differential rate of synthesis is not altered
at all by blocking cell division (Figure 3B). Consequently, the
effect of the block in septation on protein synthesis seems to

be specific to catabolite~repressible enzymes. One possible hy-
pothesis was that inhibition of cell division was accompanied by
an increase in the endogenous cyclic AMP level. This might have
explained the effects observed. And we did observe that under the
conditions used the addition of exogenous cyclic AMP causes exac-
tly the same effect as the inhibition of cell division. Therefore,
we measured the effect of specific inhibition of cell division on
intracellular levels of cyclic AMP in the mutant Fts-A. When a
well-balanced culture of this mutant is shifted from 30°C to U1°C,
cell division stops immediately (Figure 4). The biosynthesis of
RNA, DNA, and proteiln are not affected at the restrictive tempera-
ture. The intracellular cyclic AMP concentration per ml of culture
was followed before and after the temperature shift. Fipgure 4
shows that the ratio of cyclic AMP concentration to the radioac-
tivity incorporated into protein remains constant after cessation
of cell division at 41°C. Thus cessaticn of cell division has no
influence on the intracellular level of cyclic AMP. Although we
did not measure the amounts of the mRNAs of tryptophanase and
B-galactosidase produced, this suggest that the control mechanism
of cell division on the synthesis of the enzymes submitted to cata-
bolite repression is exerted at the level of the translation of
mRNA rather than at the transcriptional level. This would be in
agreement with the results of Goldberg and Chargaff (8) who have
shown that the lac mRNA is produced at any time during the cell cy-
cle, but not translated during cell division in synchronous cultu-
res, upon continuous induction by 1 mM isopropyl 8-D galactoside.
Such an effect should allow us to observe not only an early ini-

tiation of the synthesis of catabolite repressible enzymes in
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Figure 4 - Effect of the block in septation on the intracellular
Cyclic AMP level : An exponential culture of the Fts A mutant was
divided into two subcultures at the arrow. One was kept at 30°C
as a control (@) the other one was shifted to 41°C.x The ratio of
intracellular cyclic AMP concentration to the radiocactivity incor-
porated into proteins was determined for the cells kept at 30°C
(m) and 41°C (A).

filamenting cells but also a higher differential rate of synthe-
sis after blocking cell division. This last difference was not
detected. Thus, it is likely that the control of cell division
on the synthesis of catabolite-repressible enzymes is only tran-
sitory and cannot be established permanently. It is tempting to
suggest that cell septation and synthesis of catabolite repressi-
ble enzyme share an element of control which might be the metabolic
control described by D. Zusmann et al. (9). This control would
operate at the translational level. The most likely site of
action would then seem to be the ribosomes, Additional expe-
riments are presently being carried out to elucidate these

points.
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