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ABSTRACT

_ The effects of three aaribiotics (mitomycin C, actinomycin. D and rifampin) and the
antumetabolite (fluorouracil) on the induction of L-arabinose isomerase in Salmonells typhi-

murigm have been studied.

Fluorouracil, atr a concentration of 10#g/ml which does not

interfere with growth of S, #yphimurium during the period of study, interferes with the
induction of the enzyme which may be due to the synthesis of faulty mRNA. Under the

same conditions fluorouracil has no effect on the overall rate of protein synthesis.
(3> ug/ml) has no effect on the induction of the isomerase.
ritampin interfere with the induced synthesis of L-arabinose isomerase.

Mitomycia C
As expected, actinomycin D and
The results indicate

that the induction of L-arabinose isomerase is controlled at the level of transcription.

INTRODUCTION

HE studies on the induction and repression of

enzymes in bacteria have helped to a great extent
to understand the control mechanism at the
genetic level. Most of this work has been carried
out with the Jgc operon in  Escherichia coli.
These studies led to enunciation of the well-known:
concept of Jacob and Monodl-2 which turned out
to be more or less correct in great details. Consi-
derable genetic investigations have been carried out
with the ara operon in E. coli3-4.  Catabolite
repression of the synthesis of L-arabinose isomerase
in  Salmonella typhimurium and its reversal by
cyclic 3’, 5~AMP have already been reported from
this laboratory5. We have also studied the entry
of L-arabingse in S. iyphimuriums.

The antibiotics and antimetabolites which block
some Specific steps of protein and RIJA synthesis
have been widely used to understand the mechanism
of genetic control of protein synthesis, It was
therefore of interest to study the effects of these
antibiotics and antimetabolites on the induction of
L-arabinose isomerase. In the present investigation,
fluorouracil, actinomycin D, mitomycin C and
rifampin have been used to show that the ara
enzyme synthesis is regulated at the level of
transcription.

MATERIALS AND METHODS

Bacterial Strain.—S.
kindly supphed by Prof.
University of Michigan,
US.A.

Chemicals.—5-Fluorouracil was a gift from Prof.
3. P. Champe of the Institute of Microbiology,

typhimurium  LT2  was
Myron Levine of the
Ann Arbor, Michigan,

* Present address @ Department of  Biophysics,
Institute of Medical Sciences, Bunaras Yindu Um-
versity, Varanasi 221008.

Rutgers State University, Brunswick, New Jersey,
U.S.A. Mitomycin C was kindly supplied by Prof.
Y. Takagi of the Kyushu University, Fukuoka.
Japan. Rifampin was a gift from Dr. J. Gelzer,
Director, Microbiology Division, CIBA Pharma-
ceutical Company, New Jersey, U.S.A. Actinomycin
[ was obtained from Merck, Sharp-and Dohme
Research Laboratories, New Jersey, U.S.A. L-Arabi-
nose was obtained from Calbiochem, Los Angeles,
US.A.  All other chemicals were commercial
preparations and were of analytical grade.

Growth medium, Growth of S. typhimurium,
Induction of L-arabinose isomerase, Assay of
L-arabinose isomerase and EDTA treatment of
cells for induction experiments have been described
elsewheres.

Measurement of the overall rate of protein syn-
thesis.—The overall rate of protein synthesis was
measured by following the incorporation of Cl4-
L-phenylalanine into S. typhinturium. Cells were
grown from an overnight grown inoculum as des-
cribed before®. When the cell suspension reached an
absorbancy of 0-12 (1-6 x 108 cells/ml), 16
rmoles of L-arabinose and 0:05 umole of C14-L-
pheaylalanine (having § x 10* counts/min) were
added per ml of the cell suspension. At 30th minute
following the addition of C14L-phenylalanioe.
fluorouracil was added at a final concentration of
10 ug/ml. At different time intervals, aliquots
(1 ml) were collected in pre-chilled tubes contain-
ing 1 ml of 109, trichloroacetic acid. The mivtures
were kept in ice for 30 min and the trichloroacetic
acid insoluble precipitates were collected by filtra-
tion throyeh millipore filters.  FPach  filter was
washed with 25 m! of cold 3¢/ tiichlotoacetic acid,
mounted on  planchat, dJdried and  counted ia &
windowless gas flow counter of Bhabha  Atopue
Rescarch Centre. Trombay, Todia,
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RESULTS

Lijcet of fluorouracil on the induction.—Fluoro-
tracll s known to be incorporated into RNA in
Pace of wuracil and thus to produce defective
MRNAYS  This pyrimidine analogue at a concen-
tration of 10 xg/ml had little effect on the growth
of S. syphimurium up to about 45 min following
ity addition ; at which time growth is inhibited,
«nd finally the growth completely halts after about
75 min (results not presented). Fluorouracil
(10 xg/ml) was added 30 min following the addi-
tion of the inducer and its effect on the enzyme
induciion was studied for another 40 min (Fig. 1).
The induction cf L-arabinose isomerase was in-
hibited immediately after the addition of fluorouracil.
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Fic. 1. LEffect of fluorouracil on the induction of
L-arabinose isomerase. Samples were removed at
the indicated time intervals for the assay of the
enzyme. Fluorouracil (10 gu/ml) was added at 30th
minute following the addition of the inducer.

As discussed already, fluorouracil is incorporated
in place of wracil and thus produces defective
mRNA. This may lead to cessation of protein
synthesis or the protein synthesised from the
faulty mRNA may not be enzymatically active. In,
the first case the overall rate of protein synthesis
will be aflfected in presence of fluorouracil whereas
in the second case fluorouracil will have no effect.
It 1s clear from results presented in Fig. 2 that
fluorouracil had little effect on the overall rate of
protein synthesis at least for 40 min, the period
for which its effect on the induction of L-arabinose
Isomerase was studied.

Liduction of L-Arabinose Isomerase
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Effect of mitomycin C on the induction of L-
arabinose isomerase—~Mitomycin C is known to
interfere with the duplication of DNA but does not
normally inhibit RNA and protein synthesis?. As
expected, the antibiotic (5 mg/ml) had no effect
on the induction process. The level of the enzyme
increased up to 30 min but after that there wasg
no increase of enzyme level (Fig. 3). The action
of the antibiotic was in parallel with its effect
on the growth of S. typhimurium. In presence of
5 wg/ml of mitomycin C the growth continued at
the normal rate for about 30 min and then com-
pletely ceased (results not presented).
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Fic. 2. Effect of flucrouracil on the overall rate
of protein synthesis. The rate of protein synthesis
was measured as described under ‘Materials and
Methods’. Flucrouracil (10 #g/ml) was added at
30th minute following the addition of L-arabinose
and Ct4-L-phenylalanine.

The lack of interference by mitomycin C op
¢nzyme induction for 30 min may be due to the
weak permeability of the compound in §. iyphi-
muriunt,  This was tested by studying the effect
of the antibiotic on the induction of L-arabinose
isomerase in EDTA-treated cells. Results presented
in Fig. 4 clearly indicate that in EDTA-treated
cells a longer period (60 min; compare Figs. 3 and
4 ) is required for mitomycin C to exert its
effect on the induction of the isomerase. The
kinetics of enzyme induction in presence of mito-
mycin C run parallel with that of the growth rate
(Figs, 4a and b), The growth rate in celis treated
with EDTA is slower than that of non-tfreated cells.
Thercfore, the delay in stopping the induced syn-
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thesis of L-arabinose isomerase is not due to the
permeability of S. typhimurium cells to mitomycin C.
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Fic. 3. Effect of mitomycin C on the induction

of L-arabinose isomerase. Mitomycin C (5 u#g/ml)
was added at 30th minute following the addition of
the inducer.
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Fic. 4. Effect of mitomycin C on the induction
of L.arabinose isomerase (a) and growth of 8.
typhimurium (b) in EDTA-treated cells. The
EDTA-treatment of the cells was done as described
earlier’. Mitomycin C (5 pg/ml) was added along
with the inducer. -®-, control; -O-, mitomycin C.

D on the induction.—
inhibitor of DNA-

Effect of actinomycin
Actinomycin D i5 a potent
dependent RNA synthesis!0°13,  Being a Gram-
negative organtsm S. fyplimurium, however, was
insensitive to the action of actinomycin D. The
cells could, however, be made sensitive to the action
of actinomycin ID by treatment with EDTA!Y. The
effect of actinomycin D (20 gg/mi) on the induc-
tton of L-arabinose isomerase was studied for 70
min both in untreated and EDTA-treated cells.

Induction of L-Arabinose Isomerase
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The results are presented in Table 1. As expected,
actinomycin D had no effect on the Induction in
untreated S. iyphimurium. The induction in EDTA-
treated cells was, however, inhibited to an extent
of 60% by actinomycin D.

TABLE 1
Effect of actinomycin D on the induction of
L-arabinose isomerase in normal and EDT A-
treated cells

Cells Actinomycin D

— -+

Units/ml

Untreated 3-1 (P SJ?(J}
EDTA-treated 2:3 09

. Actiromycin D (20 ng/ml) was added along with the
inducer and the induction was carried out for 70 min.

Effect of rifampin on the induction.—Rifampin
1s a derivative of rifamycin which is known to
interfere with the RNA synthesis by binding directly
with DNA-dependent RNA polymerasel5 16, There-
fore it was expected that this antibiotic would
interfere with the enzyme induction. The effect
of varying concentration of rifampin on the induc-
tion was studied first (Fig. 5). At a concentration
of 20 wg/ml of rifampin, the enzyme production
was inhibited to an extent of 83%. A comparatively
high concentration of rifampin (50 rg/ml) was
chosen to study the time course of its action
(Fig. 6). Rifampin completely blocked the enzyme
induction immediately following its addition.
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Fi6. 5. Lflect  of  varving  concentration  ¢f
rifampin on e imdnction of 1 -aabinose pomerae.
Induction was carrvicd out ifor 70 min. Varying
concentrations of tifampin as indicated wasy inchinded
along with the inducer in the mediann Connol
aclivity (100 per cunt} denotes the amount  of
cnzyme nduced i the gbsence of rifampin,
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DDiscussIoN

L-Arabinose mduces the enzyme L-arabinose iso-
merase N S. {yplimurinm growing 1in MM having
chycerol as the carbon source. The basic features
of the process of induction of L-arabinose isomerase
are the same as that of the induction of I;j’—galacto—

stdascr.  However, in certain aspects, specially with
refercnce  to both positive and negative control
exerted by the inducer, the L-arabinose system

seemns to be somewhat different from ﬁ-galactosidase
system3 4, Though i1t seems from the recombina-
tion studies that the control involves the regulation
of synthesis of ara mRNA7, no direct evidence
for this has yet been found. An attempt has been
made 1 the present investigation to find out the
level at which this control is exerted in the ara
operon.
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Fig. 6. Effect of rifampin on the kinetics of

induction of L-arabinose isomerase. Rifampin (50
~g/ml) was added at 30th minute following the addi-
tion of the inducer.

The induction of the enzyme is stopped in
presence of the antimetabolite fluorouracil (Fig. 1).
Even at a concentration (10 pg/ml) which does
not interfere with the rate of growth of the micro-
organism during the period of study (results not
presented), very little active enzyme is synthesised.
The failure to produce active enzyme in presence
of fluorouracil is most probably not due to lack
of transcription or translation, but is the result of
faulty translation because the rate of overall
protein synthesis as measured by C14-L-phenyl-
alanine incorporation is not affected in presence of
fluorouracil (Fig. 2). The effect of fluorouracil
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on the synthesis of L-arabinose
S. typhimuricem resembles its effect on ﬁ-galactﬂsidase
synthesis18-20,  However, it differs from that on
L-arabinose isomerase synthesis in L. plantarum as
reported  earlier from this laboratory?2l, In
L. plantarum fluorouracil has no effect on L-arabi-
hose i1somerase synthesis.

Mitomycin C (5 pg/ml) which interferes with
the duplication of DNA does not interfere with
the induction of the enzyme up to 30 min (Fig. 3)
following its addition. After 30 min the growth
of the microorganism is stopped (results not
presented), hence there is no further synthesis of
the enzyme. Even when S. typhimurium cells
were treated with EDTA to increase their permea-
biuity to mitomycin C, the effect of the antibiotic
on the induction of L-arabinose isomerase is in
parallel with its effect on the growth of the micro-
organism (Fig. 4). The nongrowing condition of
the cells is responsible for no further synthesis of
the enzyme., The results obtained with S. ryphi-
murium are in conformity with those reported in
case of the same enzyme from P. pentosaceus and
L. plantarum?1-22, It should be mentioned here
that penicillinase induction in S. aureus23 and
6-galactosidase induction in E, coli2425 cannot take
place if the cells are treated with mitomycin C.

The antibiotic actinomycin D is widely used to
study the direct involvement of mRNA. Being a
Gram-negative organism S. i{yphimurium is not
sensitive to actinomycin D. However, in EDTA-
treated cells the induction of enzyme is inhibited
in presence of actinomycin D (Table: I). The slight
difference in the levels of the enzyme in untreated
and treated cells (in absence of actinomycin D) is
a reflection of the difference in the growth rate in
the two cases.

As expected, rifampin completely blocks the
enzyme induction (Fig. 6). The induction of the
enzyme decreases exponentially with the increase
in the concentration of rifampin (Fig. 5). In
presence of 20 wmg/ml of the antibiotic, the level
of L-arabinose isomerase is only 179% of that in
absence of antibiotic. With further increase in the
concentration there i1s no more decrease in the
level of the induced enzyme.

The results presented in this paper clearly show
that as in case of most inducible enzymes, L-arabi-
nos¢ isomerase induction also is regulated at the
level of transcription.
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ABSTRACT

Pea (Pisum sativam)
studied for the establishment of symbiosis.

root callos was inoculated with Rbizebium leguminosarum and.
Infection

thread-like

structures were observed

penctrating the callus interccllularly and bacteria and bacteroid-like bodies were seen in the

cells of the callus tssue.

Nitrogenase activity was detected in some samples of calli indicating

the nitrogen fixing ability of the infected callus tissue.

INTRODUCTION

HE formation of infection threads and nodules

in  legume-Rhlizobium association has been
studied in whole plants! and in isolated roots® under
aseptic conditions. An unsuccessful attempt to
establish symbiosis in isolated plant tissue (callus)
was made by Veliky and La Rue3 in 1967. This
was followed Dby a successful attempt by Holsten
et 4lt in 1971, using soybean root callus infected
with  R. japonicum.  Nitrogenase activity was
detected in infected calli (by acetylene reduction
technique) and the tissue contained infection thread-
[ike structures and bactercid-like cells. The results
reported in this papzr relate to our work with pea
root callus infected with R. [feguminosaruni, using
the method followed by Holsten ¢f al.4 with shight
modiflications,

MATERIALS AND Mr11ons

Kecds of Pisnsn sativam var, baunville were surface
sterilined with cetavlen (1% ) and germinated on

Murashige-Skoog’s® (MS) basal medivm. The roots
were cut off when 2-3 cm long and transferred
to MS medium supplemented with 2,4-D and
kinetin.  Callus formation was observed after
1 month. The callus was transferred to MS basal
medium and allowed to remain there for 5 days.
Pure cultures of R. leguminosarum were isolated
from pea root nodules by conventional procedure®
and maintained on yeast extract manniiol agar
(YEMA) slants,

One ml of a YEM broth culture containing
actively growing bacteria was transferred 1o each
test-tube containing MS basal liguid medium with
actively growing c¢allus and incubated 1n darkness
at 25 + 2° C, Uninoculated calli served as controls.
After seven days incubation, the callus nuiss was
washed twice in MS basal lquid mediem  under
aseptic  conditions.  The solution  contimnsng  the
callus muasy was filtered through sterie cheese cloth
and calli transferred fiom the cheese ¢loth to MS
basal solid  medium,  They wete incubated  for



