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THE ROLE OF SIALIC ACID IN NATURAL MUD IN THE GROWTH
AND NEURAMINIDASE SECRETION OF VIBRIO CHOLERAE non-O1
STRAINS

I. Abrashev, P. Petrov, R. Eneva

Abstract: The growth rate and multiplication of Vibrio cholerae non-O1 strain in the mud from the Pomorie lake (near
the Black sea) were studied. The neuraminidase enzyme secretion and its accumulation at different growth phases
and different cultivation temperatures were studied too. The obtained results demonstrate that the mud from the
Pomorie lake is a good vibrio growth medium and substrate for the neuraminidase enzyme secretion. The role of the
neuraminidase enzyme in the metabolism of mucins and glycoproteins on trophic level was confirmed.
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1. INTRODUCTION

The representatives of genus Vibrio are natu-
ral inhabitants of the aquatic environment. Some
species are pathogenic for humans. V. cholerae
strains belonging to serotypes Ol and 0139
cause cholera, a severe epidemic disease, result-
ing in dehydration and death (Kaper et al., 1995).
V. cholerae strains, possessing the genetic poten-
tial to cause epidemic diseases are generally
referred to as non-O1/non O139 V. cholerae.

In recent years, sporadic cases or limited
outbreaks caused by non-Ol1/non 0139 V. chol-
erae (Bhattacharya et al., 1998; Morris, 1990)
have been reported. V. cholerae is part of the
natural bacterial flora of the aquatic medium, in-
cluding fresh, brackish and salty waters (Colwell
and Hug, 1994). The ecological changes in the
sea and estuarine medium provide good condi-
tions for dissemination of V. cholerae and further
the appearance of new epidemic strains, spread
by birds and wastewater (Ruiz et al., 2000). The
elucidation of mechanisms of pathogenic micro-
organisms’ adaptation to the changes of environ-
ment conditions is a question of practical and
theoretical interest. This depends on the genetic
and biochemical abilities of bacteria with patho-
genic potential to inhabit objects of the environ-
ment at various temperatures and limit of the
available nutrition substances (Reid et al., 2002).
Neuraminidase is an enzyme found in a number
of viruses and bacteria, including V. cholerae
(Burnet and Stone, 1947) and V. cholerae non-O1
(Muller and Lutticken, 1974).

Bacterial neuraminidases are induced by a
number of low- and high-molecular weight sub-
stances all of which possess terminal non-
reducing N-acetyl-neuraminic groups. A num-
ber of natural substrates as soil, mud, water,
etc., which contain mucins are suitable sub-
strates for induction of the enzyme, as its se-
cretion at the saprophytic free-living vibrios and
aeromonads takes part in the metabolization of
mucins and glycoproteins at trophic level.

The aim of the present work was to investi-
gate the role of the Pomorie lake mud as a
natural substrate containing mucins in the
growth and neuraminidase production of V.
cholerae non-O1 in a wide temperature range
and its relation to the growth phases.

2. MATERIAL AND METHODS
2.1. Bacterial strains

Research experiments were carried out with 17
V. cholerae non-O1 strains of a different origin,
pathogenic potential and neuraminidase production
from the collection of the National Center of Infec-
tious and Parasitic diseases in Sofia, kindly provided
to us by associated professor, Doctor T. Kantardjiev.
Tryptic soy broth (TSB) (Difco, Detroit, MI, USA),
supplemented with 1% NaCl and pH 8.2, was used
as a growth medium for the studied strains.

2.2. Cultivation conditions

The 24-hour culture was resuspended in
phosphate buffer to bacterial suspension with
density 1x10°¢ cells/ml. Flasks containing 50 ml
sterile Pomorie lake mud were inoculated with 1 ml
bacterial suspension. Flasks containing 50 ml
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nutrient broth supplemented with 0.1% gluco-
macropeptide and inoculated with 1 ml bacterial
suspension were used as control cultures. The
bacterial cultures were incubated at 4 °C, 25 °C
and 37 °C for 72 hours. The cell quantity was
determined by serial dilutions and counting of
colonies on tryptic soy agar with pH 8.2 (Difco,
Detroit, MI, USA). The results were presented

as the arithmetic mean of two experiments,
each performed twice.

2.3. Mud from the Pomorie lake.

Mud from the Pomorie firth lake (near the
Black sea), sterilized in autoclave at 121 °C for 15
minutes, was used as a growth medium and in-
ducer for the neuraminidase enzyme secretion.

Table 1. Content of free and bounded sialic acids in mud from Pomorie lake.

Pomorie mud

Bounded sialic acids (ug/ml)

Free sialic acids (1g/ml)

0.320 - 0.345
0.290 - 0.320

Sterile mud
Non-sterile mud

0.175-10.210
0.160 - 0.175

2.4. Neuraminidase activity.

The neuraminidase activity was determined
guantitatively according to Aminoff (1961). Glu-
comacropeptide (Abrashev et al., 1979) was
used as a substrate and inducer. We assumed

one unit (U) of neuraminidase activity as the
amount that releases 1 ug of sialic acid from
the glucomacropeptide substrate for 1 minute
under standard conditions.

Table 2. Neuraminidase activity of V. cholerae non-O1 strains isolated from different sources.

Strain Source Group accordingto ~ Neuraminidase activ-
Heiberg ity (U/ml)
V.cholerae non-O1 30 River water | 20
V.cholerae non-O1 29 River water Il 28
V.cholerae non-O1 14 River water Il 26
V.cholerae non-O1 15 River water Il 24
V.cholerae non-O1 17 River water Il 19
V.cholerae non-O1 16 River water Il 21
V.cholerae non-O1 7 River water | 17
V.cholerae non-O1 42 River water | 23
V.cholerae non-O1 19 Sewage I 25
V.cholerae non-O1 13 Sewage I 22
V.cholerae non-O1 6 Sewage I 18
V.cholerae non-O1 27 Sewage I 27
V.cholerae non-O1 18 Sewage I 23
V.cholerae non-O1 8 Seawater I 24
V.cholerae non-O1 9 Seawater v 22
V.cholerae non-O1 11 Seawater 11 21
V.cholerae non-01 1 Seawater I 25

3. RESULTS AND DISCUSSION

A precondition of these investigations was
the suggestion of Miiller (1974) that a number of
natural substrates as soil, mud and water contain-
ing mucins are a suitable substrate for induction of
the neuraminidase enzyme. The enzyme secretion
in saprophytes, free-living vibrios and aeromonads
effects on the metabolization of mucins and glyco-
proteins at trophic level. We studied the effect of

different temperatures and the presence of inducer
in the medium on the growth, multiplication and
enzyme secretion of V. cholerae non-O1 in a model
system containing firth mud from Pomorie lake.
Previous to our studying the role of the firth mud it
was tested for presence of sialic acids (Table 1).
It appears from the table that the bounded sialic
acids content varies from 0.320 pg /ml to 0.345
ug /ml in sterile mud and from 0.290 pg /ml to
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0.320 ug /ml in non-sterile mud. Meanwhile, the
content of free sialic acids was studied and it was
considerably lower — from 0.175 pg/ml to 0.210
ug /ml in sterile mud and from 0.160 pg /ml to
0.175 pg/ml in non-sterile mud. There are no data
in the literature available to us about presence of

sialic acids in lake sediments. There are no data
about the role of the sialic acids in the behaviour
of pathogenic microorganisms in natural sub-
strates. The presence of sialic acids in the firth
mud is essential, because they are inducer for the
biosynthesis of neuraminidase enzyme.
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Fig. 1. Growth and neuraminidase activity of V. cholerae non-O1 29 strain

cultivated in nutrient broth at 37°C (A), 25°C (B) and 4°C (C).

In view of choosing a proper enzyme pro-
ducer, we carried out a screening of 17 V. chol-
erae non-O1 samples isolated from different
sources of environment — river, sewage and sea-
water (Table 2). All the 17 samples produced
neuraminidase activity between 17 and 28 U/ml.
There was no statistically important difference in
the neuraminidase activity levels between the iso-
lates from different sources and the type according
to Heiberg (p>0.05). V. cholerae non-O1 29 strain
appeared to be the best producer (28 U/ml) and
this determined its following investigation. The re-

sults from the experiments on enzyme biosynthesis
at each growth phase of this strain are represented
on Fig. 1 — in broth and on Fig. 2- in firth mud. It
was found that the lag-phase of the broth culture at
37 °C continues to the 3 hour and no neuramini-
dase was produced during this period. The en-
zyme synthesis starts at the beginning of the log-
phase, increases quickly, reaches its maximum
(25 U/ml) at the 32™ hour and keeps this level till
the 72" hour of incubation. The lag-phase at 25 °C
and 4 °C was 4 and 16 hours respectively, as en-
zyme synthesis in this period was not observed
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too. The maximum enzyme secretion was ob-
served in the end of the log-phase and in the be-

ginning of the stationary phase, 24 U/ml and 16
U/ml respectively.
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Fig. 2. Growth and neuraminidase activity of V. cholerae non-O1 29 strain
cultivated in mud from Pomorie lake at 37°C (A), 25°C (B) and 4°C (C).

4. CONCLUSION

The results show that the Pomorie lake mud is
an appropriate natural substrate for the vibrios
growth, multiplication and neuraminidase secre-
tion. Results obtained elucidate the metabolism of
mucins and glycoproteins at trophic level and of
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VIBRIO CHOLERAE non-O1

E. Addaoa;a,

T. TA00Ta, b. Afdaa

Pacpia: TaTo+aie fa danodea & dacl iTeadaidoT fa tai  Vibrio cholerae non-O1 & éaé To0 TT1 TORERETOT
ACAST (AGECT AT x0T 17104). TOTREAAATA & AUCIT faGdA0EY0A T2 ATCRTA TA00AT RTRAACA & TAATATOT T20-
d0TaaTa T4 dacee+iTeod dancaeie Oace & dacee+ié 0AT1Tadaodde Ta édeoeacdaird. TTed+aieoa dacdeoaoe
fitaldzeatie fid a 1ay, fa eTA080Td ca fdédaceyoa Ta dicéia 1acdaieieaaca. TT0audaaTa & 8Téyoa Ta 0Tge
AfceT A TacadTéecia fa 100e1e0a & 46eETIBT0ATe04 Ta 08TOS+TT TeAT.
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