Cultural Conditions of Arylsulfatase Activity in Escherichia coli*
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Arylsulfatase activity and growth were estimated in Escherichia coli, isolated from
marine sediment. Maximum activity was observed at pH 6.6 whereas the maximum
growth was at pH 5.6. 2 x 10—3 m M is the optimum substrate concentration for the
highest level of enzyme activity/synthesis as well as for its growth. In general higher
substrate concentration tended to inhibit enzyme activity and also the growth of the
bacterium. Maximum growth and highest enzyme activity occurred at 29°C and above
this temperature decreased both of them. Besides these, glucose, sodium sulfate, sodium
chloride, sodium dihydrogen phosphate, scdium acetate and ammonium chloride at
higher concentrations were inhibiting the enzyme activity and growth. Above 0.2% of -
glucose, 3% of sodium chloride, 10 x 10—3 M concentrations of sodium sulfate, sodium
dihydrogen phosphate, sodium acetate and ammonium chloride inhibited the activity
and growth also. These observations indicate that, to generalise a compound as inhi-
bitor or activator it is difficult since this depends not only on its concentration but also

on the source of the enzyme when more than one type is encountered in nature.

Arylsulfatase (Arylsulfate sulfohydrolase,
E.C. 3.1.6.1) catalyses the hydrolysis of sul-
furic acid esters of aromatic compound.
There is an increasing awareness, now, of
the importance of the part played by this
enzyme. Arylsulfatase of various types are
present in most animals, including mammals,
birds, amphibia, marine mulluscs and poly-
chaetes (Dodgson & Spencer, 1956, Dhe-
vendaran ef al. 1980, Dhevendaran, 1984)
and also in barnacles (Shimony & Nigrelli,
1972). No extensive study on the distribu-
tion of arylsulfatase among bacteria appears
to have been made. But the presence of
this enzyme in some bacteria has also been
reported particularlyin Salmonella spp. and
Mycobacterium spp. by Whitehead et al.
(1952), in some unidentified marine bacteria
by Chandramohan, er al. (1974) and in
Vibrio spp., Pseudomonas spp. and Bacillus
spp. Dhevendaran e al. (unpublished)
isolated it from the primary film and foulers.
Besides these, detailed investigations have
been made on the nature and activity of
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arylsulfatase in Aerobacter aerogenes (Harada
1957, Fowler & Rammler, 1964, Adachi
et al. 1973) in Proteus vulgaria (Dodgson,
1959) in Pseudomonas aeruginosa (Harada,
1964) and in Proteus rettgeri (Milazzo &
Fitzgerald, 1967). Interestingly, from the
marine environment, only a few strains of
microorgansims especially a yeast, Trichos-
poren cutaneum and two bacteria, such as
Alcaligenes metalcaligenes and Mycobacteri-
ium piscium exhibited this enzyme activity.
Evidently little attention has so far been
paid to study the arylsulfatase activity in
other bacterial genera from the marine sour-
ces. The aim of the present study is con-
cerned with the arylsulfatase activity in E.
coli isolated from the marine sediment and
the influence of a variety of culture condi-
tions on arylsulfatase biosynthesis and
growth.

Materials and Methods

Dodgson & Spencer (1957) studied
arylsulfatase activity in bacteria by the dete-
ction of phenolphthalein liberated from
tripotassium phenolphthalein  disulfatese
(PDS) which was incorporated in the medium.
Same principle was followed by Dhevendaran
(1978) and the culture was identified by
the method of Shewan, et al. (1960).
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For the determination of arylsulfatase acti-
vity of growing E. coli culture, a modified
method of Whitehead, ef al. (1952) as emplo-
yed by Dodgson er al. (1954) was followed.
Centrifuge tubes graduated at 10 ml were
dried at 105°C and 1.0 mil of 0.02 M PDS
was added to each tube. Control tubes
containing 1.0 ml water were prepared.
The tubes were plugged with cottonwool and
autoclaved for 20 min at 15 Ib. No dena-
turation of the substrate occurred under
these conditions. Sterile nutrient broth
(Peptone: 1.0 g, Beef-extract 0.5 g, Nacl
0.5 g, 509, seawater, 100 ml, pH 7.1) was
added to each tube to give a total volume
of 10 ml and after incubation overnight at
37.5°C any tube showing growth was reje-
cted. The remaining tubes were inoculated
with 2 drops of an activity growing cultures
(108¢cells/ml) and incubated at room tem-
perature (28 &+ 2°C). Tubes were tested
after 48 h as follows:

The volume of liquid in each tube was
adjusted to 16 ml with sterile water to com-

pensate for loss due to evaporation, and the

bacteria were separated by centrifugation
at 15,000 g, 9 ml of clear supernatant was
mixed with 1.0 ml of 1 N NaOH and the
red phenolphthalein colour was measured
spectrophotometrically at 560 nm, using the
control tubes as blanks. The concentrations
of phenolphathalein in unknown samples
were calculated from a standard curve pre-
pared with authentic sample of phenolphtha-
lein. The growth of the bacteria culture
was measured following the method of
Lowry et al. (1951).

Results and Discussion

Previous reports show that arylsulfatase
activity is common in members of the family
Enterobacteriaceae (Whitehead, et al. 1952)
Milazzo & Fitzgerald, 1966). In some of
the strains of E. coli tested, Harada er 4l
(1954) could observe weak phenolsulfatase
activity with p. nitrophenyl sulfate (NPS)
but not with PDS. Compared to that the
present culture differed markedly in aryl-
sulfatase activity and exhibited a very spe-
cific substrate specificity towards PDS but
not with NPS. The distribution of E. coli
in marine sediments has been observed by
earlier workers (Selvakumar er al. 1977).
Arylsulfatase activity in growing cultures
was studied using the nutrient broth with
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PDS as the substrate. For studies on pH,
cells were grown in media buffered with either
0.1 M acetate or 0.1 M phosphate salts at
different pH values for 48 h. It is evident
from the results (Fig. 1) that maximum growth
occurred at pH 5.6 and the highest level of
arylsulfatase was found at pH 6.6, thereby
indicating that arylsulfatase synthesis was
not influenced by growth but by the pH of
the medium. A similar observation has
been reported (Milazzo & Fitzgerald, 1967)
in Proteus rettgeri, where most rapid rate
of growth occurred at pH 6.6 and the highest
level of arylsulfatase was found at pH 7.0
similar to Dhevendaran er al. (1980) and
Dhevendaran (1984). When the pH of the
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Fig. 1. ‘Effect of pH on the growth and arylsulfatase
activity of E. coli.
PDS-1009; activity = 24.60 ug phenolphtha-
lein liberated/mg protein/h

medium was raised to 8, only 209 of
maximum activity was observed. This
indicates that, under natural conditions,
the production of arylsulfatase must be at
a very low level, since the pH of the sea-
water and sediment ranged from 7.9 to 8.3
normally (Dhevendaran, 1978).

The effect of substrate concentration on
the growth and arylsulfatase production was
also studied and the results (Fig. 2) indicate
that maximum production of enzyme was
at 2 substrate concentration of 2 x 10—3M.
As the concentration of the substrate incre-
ased enzyme production decreased. Even
an increase of the substrate concentration

“from 2 x 10—3M to 3 x 10— 3M resulted in a

Ioss of 329, of maximum activity. When
the concentration was increased to 20 x 102
M almost complete loss of enzyme synthesis
could be noticed. It is thus evident that -
growth was not. affected to any appreciable
extent at a concentration of 10 x 107 3M
but further increase resulted in a drastic -



160 K. DHEVENDARAN, D. CHANDRAMOHAN AND R. NATARAJAN

reduction in the growth rate. Such inhibi-
tion of enzyme activity and growth by excess

substrate  concentration is not unique
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Fig. 2. Effect of substrate concentration on the
growth and arylsulfatase activity of E. coli
PDS-100% activity = 24.80 ug phenolph-
thalein liberated/mg protein/h

(Dixon & Webb, 1958, Webb, 1963). To
know effect of temperature on growth
and arvlsulfatase synthesis, the culture was
maintained at six - different temperatures.
The results (Fig. 3) show thatalthough growth
and enzyme synthesis could be noticed in
the temperature range of 20°C and 40°C,
there were differences in rate of growth and
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Fig. 3. Effect of temperature on the growth and
arylsulfatase activity in E. coli
PDS-1009; activity =24.37 ug phenolphalein
liberated/mg protein/h

in enzyme activity. Maximum growth and
highest enzyme activity towards PDS occur-
red at 29°C. Temperature above 29°C
resulted in decreased growth as well as enzyme
synthesis. Milazzo & Fitzgerald (1967)
recorded similar observations in P. rettgeri
where maximum growth and highest enzyme
activity occurred at 28°C. When tempera-
ture was raised above 29°C the arylsulfatase
synthesis was inhibited significantly more
than the growth.

Besides pH and temperature, the growth
of bacteria in any medium is known to be
influenced to a greater extent by the carbon
and nitrogen sources present in it. There
are some interesting observations by the
effect of glucose on the arylsulfatase activity
in some bacteria. Whitehead ez al. (1952)
observed that when glucose (0.5%) was
added to nutrient broth, arylsulfatase acti-
vity was found to be inhibited in certain
Salmonella and Mycobacterium. Similarly
addition of glucose to the cultural medium
resulted in complete loss of activity in
A. aerogenes (Harada, 1957). Further it
was found that glucose inhibited not only
arylsulfatase activity but also growth in
P. rettgeri (Milazzo & Fitzgerald, 1967).
Identical effects of glucose on other enzyme
systems have also been reported (Roberts
et al. 1968, Liu & Zajic, 1972). Based
on these findings it was thought worthwhile
to study the effects of glucose on growth and
arylsulfatase production in E. coli presently.
Medium was supplemented with glucose at
concentrations ranging from 0.1 to 109, and
the enzyme activity was measured as des-
cribed earlier. The results (Fig. 4)
show that glucose at a concentration of
0.1% exerted a drastic reduction in arylsul-
fatase synthesis and at 0.2% level caused
total loss of activity. With increasing con-
centrations of glucose reduction in the growth
rate was also discernible, since the pH of
the culture medium decreased (pH 4.2) with
increasing concentrations of glucose, this
might inhibit growth as well as of
arylsulfatase activity/synthesis.
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Fig. 4. Effect of glucose on the growth and arylsul-
fatase activity in E. coli.
PDS-1009; activity = 24.60 ug phenolph-
thalein liberated/mg protein/h.

Since the present strain is marinc the effect
(tolerance) of sodium chloride concentration

FISHERY TECHNOLOGY



ARYLSULFATASE ACTIVITY IN ESCHERICHIA COLI 161

on the growth and arylsulfatase production
was also studied. For this purpose medium
incorporated with varying concentrations
of sodium chloride was used. The addition
of sodium chloride seems to influence the
growth as well as the enzyme production
(Fig. 5). The enzyme activity gradually
increased with an increasein sodium chloride
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Fig. 5. Effect of sodium chloride concentration on
the growth and arylfatase activity in E. coli
PDS-1009; activity = 19.87 ug phenolphth-
aleinliberated/mg protein/h

concentration and the maximum synthesis
was found at a concentration of 2.5%,. How-
ever further increase resulted in decreased
enzyme production and it was completely
inhibited at 10); concentration. The growth
was also found to be affected by increasing
the concentration of sodium chloride
above 19/ level. Higher arylsulfatase acti-
vity at higher sodium chloride concen-
tration may be due to the chloride (CI )
ions. CI™— ions have been reported to
activate arylsulfatase in the gastropod
Littorina littorea and Patella vulgata and
also in rat liver (Dodgson, 1949, Didgson &
Spencer, 1953, Dodgson et al. 1953) but not
the arylsulfatase of Takadiastase (Robinson
et al. 1952) or of Pseudomonas aerugionsa
(Delisle & Milazzo, 1972).

It was indicated earlier by Roy (1954)
that arylsulfatases are distinguished mainly
by their relative substrate affinity and beha-
viour towards certain inhibitors. There are
reports on the effect of inhibitors and acti-
vators on arylsulfatase (Dodgson & Spen-
cer, 1957, Roy, 1956. Shimony & Nigrelli
1972). But the effect of such compounds on
the growth and production of arylsulfatases
in bacteria have not so far been reported.
In the present investigation, a number of
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compounds, known to inhibit and/or acti-
vate arylsulfatases from other sources, were
tested to assess their effects on growth and
arylsulfatase synthesis in E. coli. Sodium
sulfate, sodium acetate, sodium dihydrogen
phosphate and ammonium chioride were
incorporated at different concentrations (6-
100x 107 3*M) in the medium supplemented
with PDS. The results are given in Fig. 6.
It was found that addition of sodium sul-
fate affected growth but not the arylsulfatase
synthesis. Even at a concentration of 0.1 M
the enzyme synthesis was apparently unaffe-
cted. However, addition of sodium dihy-
drogen phosphate at a concentration of
6 x 107 3M enhanced synthesis of enzyme
even though growth was affected to a limited
extent. With further increase in concentra-
tion, growth as well as enzyme sunthesis were
inhibited. When sodium acetate was added,
activation of growth and enzyme synthesis
were observed at a concentration of 10x10 73
but with further increase growth as well as
enzyme synthesis decreased. Due to addition
of ammonium chloride the enzyme produc-
tion was effected even at a concentration of
5x1073M. The observed increase of enzyme
activity in cultures when sodium dihydrogen
phosphate was added at a concentration of
5x 1073M may be due to the increased
synthesis or due to its activation property on
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Fig. 6. Effect of added anions on the growth and
arylsulfatase activity in E. coli PDS - 100,
activity = 52.14 ug phenolphthalein liber-
ated/mg protein/h.

the enzyme (Milazzo & TFitzgerald, 1966).
Phosphate has also been reported to inhikit
arylsulfatase activity in Patells vulgata,
Littorina littorea (Dodgson & Spencer,
1853, Dodgson et al. 1953) and in Balanus
eburneus (Shimony & Wigrelli, 1972). In
general, concentration of phosphaie ions
appears to decide this effect which may be
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different for different sources. Even though
sulphate is known to be an inhibitor of sul-
fatase (Dodgson & Spencer, 1953, Harada
& Spencer, 1962, Milazzo & Fitzgerald,
the present study shows that it did not exert
any effect on the arylsulfatase of E. coli even
at a concentration of 0.1 M. It is interes-
ting that in a few cases sulfate even activated
arylsulfatase activity (Rammler et al. 1964,
Delisle & Milazzo, 1972). If was found that
0.02 M sulfate repressed the sulphate of
Cephalosporium acremonium but 5 x 1074
sulphate depressed the sulfatase (Dannen &
Carver, 1969). The observation with sodium
acetate treatmentindicates that concentration
is an 1important factor since at lower
concentrations it activated the enzyme
synthesis and also growth but at higher
concentration it inhibited both. Similar
effects of activation and inhibition of
arylsulfatase activity by acetate from
different sources have already been re-
ported (Dodgson, 1959, Harada & Spen-
cer, 1964, Milazzo & Fitzgerald, 1966)
Delisle & Milazzo (1972) found that acetate
had no effect on the arylsulfatase of Pseu-
domonas aeruginosa. Even though ammonia
may activate arylsulfatase (Dodgson, 1959
Harada & Spencer, 1964), in the present
study it inhibited the synthesis since growth
was almost unaffected even up to a concen-
tration of 0.01 M. These observations
suggest that concentration of a given com-
pound is very critical in activating or inhi-
biting and this differs with the source
of the enzyme. It is thus very difficuli
to generalise a compound as inhibitor
or activator since this depends not only on
its concentration but also on the source of
the enzyme when more than one type (of
arylsulfatase) is encountered in nature.
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