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Effects of Temperature and Cell Number on the Production of
Hemolysin by Vibrio parahaemolyticus

Siriporn Stonsaovapak

ABSTRACT

Two strainsof Vibrio parahaemolyticus, ATCC 17802 K anagawanegative (K-) and ATCC 27519,
Kanagawapositive (K+) wereused in thisstudy. Theeffect of temperature on the production of hemolysin
wasstudiedintrypticasesoy broth (TSB) with 3% NaCl. Maximum hemolysin productionsby both strains
were obtained at 35°C with little or no production of hemolysin at 4°, 10° and 42°C. The K+ strain
consistently produced higher titers of hemolytic activity thanits K- counterpart. Hemolysin production at
lower temperatures (4° and 10°C) could only be detected after 10 or 12 hiin TSB with 3 % NaCl. At 20°,
25°, 30° and 35°C in this medium, production of hemolysin could be detected after 6 or 8 h of incubation.
At these sametemperatures, both K+ and K- strains produced comparabl e cell numbersby 12 h; however,
the greatest hemolysin production occurred at 35°C. This indicates that temperature, rather than cell
numbers, determines the total hemolysin produced during a controlled incubation time period.
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INTRODUCTION

Diarrheal diseases may be caused by a
variety of microorganisms such as Salmonella or
Shigella. The obligate halophile, Vibrio
parahaemolyticus, is also included in the list of
microorganisms producing major foodborne
diseases (Morris, 1995). llInesses caused by this
organism occur primarily throughout the coastal
areas of the Far Eastern Pacific Perimeter, where
seafood is astaple of the diet.

The hemolysin produced by this organism
plays a significant role in the pathogenesis of
enteric human disease (Nishibuchi et al., 1992).
Strainsof V. parahaemolyticus can bedivided into
two epidemiologically significant groups on the

basis of their ability to exhibit hemolysis on a
special blood agar—Wagatsumaagar. Strainswhich
show [-type hemolysis on Wagatsuma agar are
called Kanagawa positive (K+) and those which
give no hemolysis or [O-type hemolysis on
Wagatsuma agar are called Kanagawa negative
(K-) (Oliver and Kaper, 1997). Traditionally, only
K+ strains have been considered virulent but a
significant portion of V. parahaemolyticus food
poi soning appearsto be caused by K- strains. It has
been reported that the production of hemolysinsis
affected by the NaCl content, heat sterilization and
the pH of the basal medium (Miyamoto et al.,
1969).

Sincetheillnessalmost alwaysoccur during
the warm summer months, this study was
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undertaken to gain information on the conditions
necessary for optimal yields of hemolysin. The
objectiveof thestudy wasto characterizethe effect
of temperature on the cell growth and hemolysin
production by K+ and K- strains of V.
parahaemolyticus under controlled conditions.

MATERIALSAND METHODS

Cultures

The two cultures of V. parahaemolyticus
usedinthisstudy wereobtainedfromthe American
Type Culture Collection, Rockville, Maryland.

1. V. parahaemolyticus ATCC 17802
(Kanagawa negative)

2. V. parahaemolyticus ATCC 27519
(Kanagawa positive)

Both cultureswereoriginally isolated from
Japanese food poisoning patients during food —
borne gastroenteritis outbreaks in Japan.

Media

Trypticase soy agar (TSA) and trypticase
soy broth (TSB) were obtained from BBL
(BaltimoreBiological Laboratories, Cockeysville,
Maryland).

Standar dization of Inocula

Cultures were grown in 180 ml bottles
containing 50 ml of TSB with 3% NaCl for 6 h at
35°C on a shaking incubator. The cultures were
then centrifuged at 4,500 rpm for 20 min. The
supernates were discarded and the pellets were
washed twice with 3 % sterile NaCl. The pellets
were resuspened in 3 % sterile NaCl to obtain
densitiesof approximately 1x10% cells/ ml. Spread
plateswere madeto confirminoculacell countsby
using TSA with 3 % NaCl.

Partial Purification of the Hemolysin
Hemolysin was concentrated and partially

purified from the culture supernate by the method
of Hondaetal. (1976). A 3.5gamount of (NH 4),S0O,
was added to 10 ml of culture supernateto give 55
% saturation. Themixturewaschilled at 4°Cfor 12
h and centrifuged at 10,000 rpm at 4°C for 10 min.
Thepellet wasdissolvedin2ml of buffer (Phosphate
Buffer Saline0.01M, pH 7.0) beforebeing dialyzed
overnight against at least 100 volumes of the same
buffer.

Assay of Hemolytic Activity

In quantitative titrations of hemolysins,
microtiter techniqueswereused(Hondaet al., 1976).
Onedrop (ca. 0.025 ml) of PBSwas added to each
well of a microtitration multi-well plate with
microtiter pipette droppers. The hemolysins were
diluted in each row with amicrotiter micro—diluter
(ca. 0.025 ml). One drop (ca. 0.025 ml) of a2 %
suspension of washed rabbit blood in PBS was
added to each well of the plate with the pipette
dropper. The contents of the wells were mixed by
shaking. The plate was incubated at 37°C for 4 h.
Thecellswerealowedtosettlefor 12hat 4°C, and
the results of lysis were recorded. Control
experiments included incubation of rabbit blood
cell inthe absence of hemolysin. Thereciprocal of
the highest dilution showing complete hemolysis
wasnoted asthehemolytictiter under theconditions

of the assay.

Production of Hemolysin at Different
Temperatures

Bottles containing 10 ml of TSB with 3 %
NaCl at pH 6.5 wereinocul ated with standardized
inoculaof eachtest strainsto obtainaconcentration
ca. 1x10% cells / ml and alowed to stand under
static conditions at 4°, 10°, 20°, 25°, 30°, 35°, and
42°C. Afterinoculationat 0, 2,4, 6,8, 10and 12 h,
viablecell countsweredetermined by spreadingon
TSA with 3 % NaCl and hemolytic activity
monitored by using partial purification of the
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hemolysin and assayed by microtiter techniques.

Statistical Analysis

A multiple regression analysis was used to
determine whether strain, temperature, and time
could predict hemolytic activity and bacteria
counts. Dataat 12 h were analyzed by ANOVA to
comparethehemolyticactivity and bacterial counts
at different temperatures. Finaly, if there were
statistically significant differences in factorial
analysisof variance, the Student— Newman—Keuls
(SNK) test was used to compare treatment means
(Steel and Torrie, 1980).

RESULTS

The datafor hemolytic activity at different
times and temperatures are shown in Table 1 and

therel ationships can be explained by thefollowing
regression analysis.

Y1 = -10.81+0.18 X2+ 1.65X3

Y2 = -7.57+0.18 X2+ 1.65 X3
where Y1 = the hemolytic activity for ATCC

17802,
Y2 = the hemolytic activity for ATCC
27519,

X2 = temperaturein °C,
and X3 = timeinh

R2 was 0.277 and indicates a weak
relationship between the production of hemolysin
and the variables time and temperature.

The data for bacterial counts at different
times and temperatures are shown in Table 2. The
regression analysis can be explained by the
following equations :

Y1 = 3.235+0.028 X2 +0.317 X3

Table1l Production of hemolysin by V. parahaemolyticus strains at different times and temperaturesin

TSB + 3% NaCl, pH 6.5 (n = 3).

T (°C) Incubation time (h)

Strains 0 2 4 6 8 10 12
ATCC 17802 4 0.002 0.00 0.00 0.00 0.00 0.00 0.00
ATCC 27519 4 0.00 0.00 0.00 0.00 0.00 1.67 2.00
ATCC 17802 10 0.00 0.00 0.00 0.00 0.00 0.00 133
ATCC 27519 10 0.00 0.00 0.00 0.00 0.67 133 4.00
ATCC 17802 20 0.00 0.00 0.00 1.67 2.00 5.33 16.00
ATCC 27519 20 0.00 0.00 0.00 0.00 2.00 8.00 26.67
ATCC 17802 25 0.00 0.00 0.00 2.00 2.00 10.67 32.00
ATCC 27519 25 0.00 0.00 0.00 0.00 2.67 16.00 42.67
ATCC 17802 30 0.00 0.00 0.00 0.00 2.00 12.00 21.33
ATCC 27519 30 0.00 0.00 0.00 0.00 2.67 32.00 53.33
ATCC 17802 35 0.00 0.00 0.00 0.00 2.00 10.67 42.67
ATCC 27519 35 0.00 0.00 0.00 0.00 4.00 26.67 85.33
ATCC 17802 42 0.00 0.00 0.00 0.00 0.00 1.67 2.00
ATCC 27519 42 0.00 0.00 0.00 0.00 133 5.33 8.00

a= hemolytic activity
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Y2 = 3541 +0.028 X2 +0.317 X3
where Y1 = log Y of bacterial countsfor ATCC

17802,
Y2 = logY of bacterial countsfor ATCC
27519,
X2 = temperaturein °C,
and X3 = timeinh

There were significant differences among
strains, temperatures, and times for the growth of
the organisms. R2was 0.591 and indicates aslight
relationship between the growth and the variable
times and temperatures. In general, at lower
temperature(4° and 10°C) productionsof hemolysin
occurred slowly and could bedetected only after 10
or 12 h, whereas, at higher temperatures (20°, 25°,
30° and 35°C), production of hemolysin could be
detected after 6 or 8 h of incubation.

The2-way ANOV A’ sconducted onthe 12
h data for hemolytic activity and bacterial counts

showed significant interaction terms (strain x
temperature) in both cases. Maximum production
of hemolysinwasobtained at 35°C for both strains
with thelowest production of hemolysin occurring
at 4°, 10°, and 42°C. The K+ strain showed higher
hemolytic activity than the K- strain. At 20°, 25°,
30° and 35°C, both the K+ and K - strains produced
statistically equal viablecell number by 12h (Figure
1). This indicates that maximum production of
hemolysin at 35°C is strictly a temperature
phenomenon and is not aresult of larger bacterial
populations.

DISCUSSION

M aximum production of hemolysinby both
strainsof V. parahaemol yticuswasobserved at 35°
C with little or no production of hemolysin at 4°,
10° and 42°C. A similar effect of temperature on

Table2 Bacterial counts(log;,CFU/ml) of V. parahaemolyticusstrainsat different timesandtemperatures

inTSB + 3% NaCl, pH 6.5 (n = 3).

T(°C) Incubation time (h)

Strains 0 2 4 6 8 10 12
ATCC 17802 4 4.49 4.30 4.34 4.43 4.61 4.89 5.08
ATCC 27519 4 4.43 451 4.61 4.83 4.57 5.18 5.65
ATCC 17802 10 434 434 453 4.88 5.38 5.60 5.81
ATCC 27519 10 4.41 4.59 4.72 5.28 5.77 6.15 6.62
ATCC 17802 20 4.40 4.58 4.85 7.83 8.51 8.79 8.89
ATCC 27519 20 4.38 4.65 6.82 7.76 8.81 8.82 9.00
ATCC 17802 25 4.38 4.70 4.92 6.56 8.20 8.80 8.93
ATCC 27519 25 4.23 4.67 5.51 6.23 8.61 8.92 9.00
ATCC 17802 30 441 4.65 492 5.34 8.11 8.67 8.89
ATCC 27519 30 4.26 4.67 6.58 6.66 8.26 8.81 8.97
ATCC 17802 35 4.18 4.68 4.90 4.97 7.51 8.40 8.72
ATCC 27519 35 443 4.62 4.74 4.96 8.58 8.80 8.99
ATCC 17802 42 4.28 4.58 4.80 4.95 5.34 5.62 6.53
ATCC 27519 42 4.26 454 4.88 5.15 5.48 6.83 7.23
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Figurel Hemolytic activity and bacterial countsat 12 h by V. parahaemolyticusstrainsin TSB with 3%
NaCl, pH 6.5 at various temperatures (n = 3).

the production of hemolysin by Escherichia coli
was observed by Springer and Goebel (1980).
They reported that maximal release of hemolysin
occurred at 30°C, with only about 50 % and 25 %
of the maximum levels detected at 20° and 10°C,
respectively. Secretion of hemolysin into the
medium supernate was totally inhibited at 43°C.

At20°,25°,30° and35°Ceachstaticculture
contained almost the sametotal cell numbersat 12
h; however, thegreatest hemolysin productionwas
obtained at 35°C. Thisindicatesthat production of
hemolysin is strictly a temperature phenomenon
and is not afunction of total cell numbers. On the
basis of these findings, the results correlate well
withthehighincidenceof food poisoning outbreaks
in summer. Foods contaminated with V.
parahaemol yticus, throughinadeguate preparation
or handling, may be held under conditionsfavoring
the production of hemolysin, thereby increasing
therisk of foodborneillness.

It is recommended that in future studies
with thisorganism, lower inoculaof the organisms
and food homogenate (instead of TSB) should be
used so that one could establish parameters for
prediction of the potential for food poisoning in

products contaminated with V. parahaemolyticus.
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