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I nfluence of Temperature Shiftson Antibody Synthesisin the
Oliver Flounder (Paralichthys olivaceus) | mmunised with
Formalin Killed Edwardsidlla tarda Antigen
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The effects of various temperature shifts on the kinetics of the humoral antibody response in oliver floun-
der, Paralichthys olivaceus, immunised with formalin-killed Edwardsiella tarda, were determined by mea-
suring the antibody production in vivo and in vitro. When fish acclimated to a high temperature and immu-
nised at that temperature were transferred to a lower temperature (22°C to 12°C) at a various times after
immunisation, the fish showed a weaker immune response than that achieved when the fish were kept at a
high environmental temperature. However, in the converse experiment (12°C to 22°C), the magnitude of the
humoral immune response was recovered independent of the time of the transfer after immunisation at low
temperature, even though the peak levels of each transferred group did not reach the level found in the posi-
tive control group that was maintained and immunised at a high environmenta temperature. Hence, these
studies provide some evidence that the potential for antibody production in B cells of oliver flounder immu-
nized at high temperature is not impaired by subsequent exposure to low temperature.

Key words: Immune response, Antibody production, Temperature shifting, B cell, Oliver flounder.

Introduction

Mechanism of low temperature-induced
immunosuppression in fish has been the focus of
considerable research because of its economic
importance for the aquaculture industry (Rijkers et
al., 1980; Miller and Clem, 1984; Waterstrat et al.,
1991; Alcorn et al., 2002). However, little is known
about the effect of different environmenta tempera:
tures within the physiological range on the immune
responses of ectothermic vertebrates, except for the
fact that higher temperature causes faster and high-
er-magnitude antibody production (Secombeset al.,
1991; Wetts et al., 2001; Nath et al., 2006). Further-
more, few data are available comparing the specific
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effects of 'shift up' and 'shift down' of environmen-
tal temperatures during immune reaction in vivo
(Bly and Clem, 1992; Attia-El-Hili et al., 1992).
Consequently, the effects of temperature decreases
and increases on the expression of specific immuni-
ty needs further study. Additionaly, the kinetics of
the effects of temperature shifts on different stages
of the immune response need to be studied since
many previous reports do not contain this informa-
tion.

The am of the present study wasto determine the
effects of environmenta temperature changes dur-
ing the in vivo immune reaction on antibody pro-
duction after immunisation with formalin-killed
bacteria in oliver flounder. Furthermore, to deter-
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mine the mechanisms by which temperature modu-
lates the immune system of oliver flounder, we
evauated the kinetics of the immune responses by
shifting the environmental temperature at various
time points and confirmed the results by in vitro
experiments.

Materialsand M ethods

Fish and bacteria

Oliver flounder (Paralichthys olivaceus), mean
weight 100 g, were obtained from afarmin the East
Sea area of Korea. Fish were acclimated to the
desired temperature for a period of at least 3 weeks
beforeusein 800 ¢ circular tanksat 12°C or 22°C.
E. tarda 219 drain, isolated in my laboratory from
oliver flounder suffering from edwardsiellosis, was
used.

Antigen preparation

Formalin-killed cells (FKC) and an EDTA-
released outer membrane complex (EDTA-AQ)
were used as antigens for the immunisation of oliv-
er flounder. E. tarda 219 was incubated, with shak-
ing, in Tryptic Soy Broth (Difco, Detroit, MI, USA)
a 25°C for 24 h, which produced 9 x1C° cells/ m(.
The cdlls then were killed with 0.5% formalin and
washed three times with PBS before use. For
EDTA-Ag, bacteria that had been cultured
overnight were harvested by centrifugation at 6,000
x g for 15 min and washed twice with PBS, pH 7.2.
The bacteria pellet was resuspended in PBS con-
taining 20 mM EDTA (10* volume of cultured
broth) and incubated a 45°C for 30 min with gentle
agitetion. After sonication for 60 sec (10% power
level with medium tip, Vibra Cell sonication, 375
W, USA), the bacterial suspension was centrifuged
a 6,000 xg for 30 min to remove the cell debris.
The supernatant containing the EDTA-Ag was did-

ysed against PBS (cut out 5000 ddton). The con-
centration was determined by measuring the
absorbance at 280 nm.

Antiserum production

(a) Oliver flounder immunoglobulin

Antiserum obtained from oliver flounder immu-
nised twice with formain-killed E. tarda 219 was
precipitated with 25% wi/v saturated ammonium
sulfate. After centrifugation, the supernatant was
reprecipitated with 50% w/v saturated ammonium
sulfate. The precipitated pellet was resuspended in
PBSpH 7.2 at a concentration of 10 mg/m¢. Purified
immunoglobulin of oliver flounder was prepared by
chromatography on a DEAE-5PW column in
HPLC (TOSCH, Tokyo, Japan), monitoring the
effluent by a test of the ability of each fraction to
cause the agglutination of formdin-killed E. tarda
219.

(b) Rabbit anti-oliver flounder Ig sera

The purified Ig fraction from oliver flounder
serum was mixed 1:1 with Freund's complete adju-
vant (FCA) and 1 ¢ (200 protein/ mg) was subcuta:
neoudy injected into a New Zedland White rabbit
(Hyochang Science, Taegu, South Kored). At 2-
week intervals, 3 boosters were administered by
injection of the immunogen mixed 1:1 with Fre-
und'sincomplete adjuvant (FIA). Thefinal bleeding
was done 1 week dfter the last immunisation. The
IgG fractions of the rabbit antiserum were isolated
by precipitation with ammonium sulfate followed
by aprotein-A column (FPLC, Pharmacia, Uppsaa,
Sweden). For biotin labelling, biotinamidocaproate
N-hydroxysuccinimide (Sigma Chemical Co. Ltd.)
was dissolved in dimethylsulfoxide (2 mg/m¢) and
25 (¢ of this solution was added to 1 mg of the puri-
fied rabbit 1gG fractions (1 mg/ m¢ NaHCO:s buffer,
pH 8.3). The mixture was incubated for 3h at 37°C
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and dialyzed overnight against PBS containing
0.05% sodium azide.

Shifting of environmental temperature

Experimenta fish were immunised with a single
i.p injection of 2 mg (wet weight) of FKC emulsi-
fied in FCA. Immediately afterward and 1, 2, and 4
weeks after immunization at 12°C or 22°C, fish
were transferred to weter a a temperature of 22°C
or 12°C. The immune response was studied by
examining 5 fish a 1, 2, 3, and 5 weeks after the
shift of environmental temperature.

Agglutinating antibody assay

Antibody titres againgt E. tarda 219 drain were
determined by agglutination tests in 96-well
microtitre plates (Sigma) as described by Roberson
(1990). Samples (50 (¢ each) were seridly two fold
diluted in PBS and 50 ¢ FKC E. tarda 219 (3 mg/
m¢) was added to each well and thoroughly mixed.
Plates were incubated at room temperature
overnight prior to examination for agglutination.
The antibody titres were expressed as the highest
sample dilution giving positive agglutination.

In vitro antibody production

At varying times after immunisation or shifting
environmental temperatures, fish were killed and
erythrocyte-free spleen cell suspensions were pre-
pared by separation on a 51% Percoll (Sigma) gra:
dient and diluted in L-15 medium (Sigma) contain-
ing 100 g/m¢ penicillin and 100 unity g strepto-
mycin and 5% feta calf serum (FCS, Sigma).

Cdlls were adjusted to two different densties (107
and 1¢° celswell) and were incubated and alowed
to secrete antibodies in the 96-well plate for 24 h at
22°C in a 5% CO: incubator. After incubation the
supernatant of each well was collected and used for
an ELISA to determine the concentration of secreted

antibody. Briefly, the supernatants (50 () were
added to wells coated with 100 y/well of EDTA-
Agat 50 wug/m¢ in PBSand incubated for 1.5 h. After
washing three times with PBS containing 0.1%
Tween 20 (PBS-T) and then blocking the unbound
sites with 2% bovine serum adbumin (BSA), biotin-
conjugated rabbit anti-oliver flounder Ig (1 mg/m0),
diluted 1:40 in 0.2% BSA/PBS was added to each
well and incubated at 37°C for 40 min. Extravidin-
conjugated akaline phosphatase (Sigma) diluted
1:5,000 in 0.2% BSA/PBS was added and the plates
were incubated for 40 min. After three washes the
substrate, p-nitrophenyl phosphate (Sigma) in tris
buffer (pH 9.8), was added to the wells. The
absorbancies were read with a Bio-kinetics reader
(Bio-Tek, Winooski, VT, USA) a 405 nm. A dis
crimination index (D) was determined by compari-
son of the absorbancies of the experimenta samples
and the negative control, which tested the isolated
leukocytes from unimmunised fish.

= Average absorbance of experimental sample-Average absorbance of the negative control

D Average absorbance of the negative control

x100(%)

Reaults

Serum antibodies

To determine the effects of water temperature
shift on antibody production during the immune
reaction, 12°C-acclimated oliver flounders were
immunised with 20 mg/ke body weight of E. tarda
FKC as an antigen at the same water temperature.
After various time periods, immediately after
immunization, 1, 2 and 4 weeks later, oliver floun-
ders of each group were transferred to atank with a
water temperature of 22°C. Blood samples for anti-
body production assaysweredrawn a 1, 2, 3, and 5
weeksfollowing transfer.

The results obtained with the five oliver flounders
tested are givenin Fig. 1. Thelevelsof anti E. tarda
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Fig. 1. Theeffects of shifted temperature on thekineticsand
amounts of specific antibody in serum following immunisa
tion of fish. 12°C -acdimeted fish were transferred to water
a atemperature of 22°C a various time points after immu-
nization. Data are expressed as the mean of 4-6 fish. A,
trandferred to 22°C immediately after immunisation; w,
trandferred to 22°C at 1 week after immunisation; m | trans-
ferred to 22°C at 2 weeks dfter immunisation; o, trans-
ferred to 22°C at 4 weeks after immunisation; e, acclimat-
ed and immunised a 22°C without disturbance (positive
control); o, acclimated and immunised & 12°C without
disturbance (negetive contral).

antibody in serum of the oliver flounder transferred
to a high environmental temperature immediately
after immunisation increased for 5 weeks and
reached alevel similar to that of the positive control
(maintained at 22°C without temperature shifting
after immunisation). However, the oliver flounders
transferred to a high water temperature at week 1, 2,
or 4 post-immunisation showed an increase of spe-
cific antibody for 2 weeks and then the antibody
levels remained constant. The peak levels of these
groups were sSimilar to each other and did not reach
those of the poditive controls.

In the converse experiment, the 'shift down' tem-
perature protocol (Fig. 2), the antibody concentra-
tionintheoliver flounderstransferred to alow envi-
ronmental temperature immediately after immuni-
sation at a high temperature showed no significant
differences compared to the negative control (main-
tained at 12°C without temperature shifting after

log,dilution

Weeks after immunisation

Fig. 2. Theeffects of shifted temperature on the kineticsand
amounts of specific antibody in serum following immunisa
tion of fish. 22°C -acdimeted fish were transferred to water
a atemperature of 12°C at various time points after immu-
nization. Data are expressed as the mean of 4-6 fish. A,
trandferred to 12°C immediately after immunisation; w,
trandferred to 12°C at 1 week after immunisation; m | trans
ferred to 12°C at 2 weeks after immunisation; o, trans-
ferred to 12°C at 4 weeks after immunisation; e, acclimat-
ed and immunised a 22°C without disturbance (positive
control); o, acclimated and immunised &t 12°C without
disturbance (negetive contral).

immunisation).

However, an increased leve of the antibody pro-
duction was observed in the groups of oliver floun-
der exposed to antigen for more than 1 week a 22
‘C before being transferred to 12°C. Interestingly,
the antibody concentrations in these groups
remained constant throughout the experimental
periods at low water temperature.

Antibody production in vitro

Leukocytesisolated from fish immunised at 22°C
and transferred immediately or after 1 week to 12°C
were not ableto produce antibody in vitro (Fig. 3).

However, significant antibody production was
detectable in supernatant from leukocytes isolated
from fish immunised at 22°C for 2 or 4 weeks prior
to the 'shift down' of environmental temperature. In
particular, leukocytes isolated from the latter group
produced amogt the same levels of antibody aswas
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Fig. 3. The kinetics and amounts of in vitro antibody pro-
duction using the isolated leukocytes from the fish influ-
enced by shifted environmenta water temperatures during
immune reaction. 22°C -acclimated and immunised fish
were trandferred to 12°C water temperature at various time
paints during the immune reaction. Isolated leukocytes in
the spleen were cultured at a concentration of 10%well in L-
15 containing 5% FCSfor 24h a 22°C beforethe callection
of supernatant for andysis. Data are expressed as the mean
of D.I. + SE. obtained with an ELISA of 3fish. A, trans
ferred to 12°C immediately after immunisation; A trans-
ferred to 12°C at 1 week after immunisation; =, transferred
to 12°C a 2 weeks after immunisation; o, trandferred to 12
°‘C a 4 weeks after immunisation; e, acclimated and
immunised a 22°C without disturbance (positive contral);
o, acclimated and immunised a 12°C without disturbance
(negative contral).

found in the positive control group.

In 'shift up' temperature protocols, the leukocytes
isolated from the oliver flounder transferred from
12°Cc and maintained at 22°C for more than 1 or 2
weeks were able to produce a much greater amount
of antibody compared to the negetive controls and
reached the pesk level at arelaively rapid rate (Fig.
4). We aso confirmed that the kinetics of antibody
production in vitro with isolated leukocytes were
similar to those of in vivo analysis with the serum of
fish (Figs. 1 and 2).

Discussion

The effect of changing environmenta tempera-
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Fig. 4. The kinetics and magnitudes of in vitro antibody
production usng the isolated leukocytes from the fish influ-
enced by shifted environmental weter temperatures during
immune reaction. 12°C-acclimated and immunised fish
were tranferred to 22°C water temperature at varioustime
points during immune reaction. Isolated leukocytes in the
spleen were cultured at a concentration of 10%/wel in L-15
containing 5% FCSfor 24 ha 22°C before the collection of
supernatant for andysis. Data are expressed as the mean of
D.. &+ SE. obtained with ELISA of 3fish. A, transferred
to 22°C immediady after immunisation; A trandferred to
22°C a 1 wesk after immunisation; m, trandferred to 22°C
a 2 weeks after immunisation; o, trandferred to 22°C et 4
weeks after immunisation; e, acclimated and immunised
at 22°c without disturbance (positive contral); o, acclimat-
ed and immunised a 12°C without disturbance (negetive
control)

tures therefore could have an adverse impact on the
aquaculture industry as a consequence of its effect
on the immune response (Pylkko et al., 2002).
However, few data are available with regard to the
detailed influence of environmental temperature on
immune expression of oliver flounder, the main fish
species of marine aguaculture for more than 10
yearsin Asian countriesincluding Korea. Thus, we
have assessed the effects of environmenta tempera-
tures, both higher and lower during immune reac-
tions in oliver flounder. Two temperatures were
used; one the optimum temperature (22°C) and the
other lower (12°C) but within the physiological
temperature range for growth of oliver flounder.
The present result showed that antibody produc-
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tion of oliver flounder leukocytes was a tempera
ture-dependent phenomenon both in vivo and in
vitro. Antibody concentrations in serum collected
from fish subjected to a temperature shift from 22
°C to 12°C at 4 different time points after immuni-
sation were stable for 5 weeks at the levels achieved
at a high temperature before transfer (Fig. 2). In the
converse experiment wherein fish were immunised
a 12°C then transferred to 22°C, the production of
antibody was restored rapidly and independently of
the time after immunisation a which the fish were
transferred (Fig. 1). Moreover, in vitro cultured
leukocytes isolated from fish immunised at higher
or lower temperature and then transferred to alower
or higher temperature various periods after immuni-
sation aso synthesized and released immunoglobu-
lin into the medium according to the same patterns
found in vivo in blood (Figs. 3 and 4). Thus, the
kinetics of the immune responses both in in vivo
and in vitro experiments suggested that a shift-down
of environmenta temperature blocked further pro-
duction of antibody but that a shift-up reversed the
inhibitory effect.

Even though it is generally accepted that the
effects of temperature on immune reactions are due
mainly to the sengitivity of T cellsand possibly of B
cdls, or the hemeoviscous adaptation of their plas-
ma membranes (Bly and Clem, 1988; Engelsma et
al., 2003), it would be necessary to determine the
relationships of these events by direct comparison
of the in vivo kinetics of immune responses on
higher and lower environmental temperatures rather
thanin aninvitro anaysiswith cultured leukocytes.

Bly and Clem (1991) have showed that the abrupt
dropping of the water temperature to 12°C for chan-
nel catfish acclimated a 23°C almost completely
inhibited the responses of B cell and T cdllsto mito-
gens, their responses in mixed leukocyte reactions,
and their antibody production in response to anti-

gens.

The suppression of antibody production in oliver
flounder (Figs. 2 and 3) acclimated and immunised
at 22°C, and transferred to 12°C agreed with the
results obtained with the in vitro immune responses
of periphera blood leukocytes taken from channd
cafish (Bly and Clem, 1991).

However, it only partially agreed with the results
of the study of the grass carp, which showed the
suppressiveinfluence of low environmental temper-
atures only on the induction phase or early stages of
the immune reaction (Yang and Zuo, 1991). Thus,
aslong as grass carp has been at the critical temper-
ature within 5 days after being immunised with
antigen, the synthesis and release of antibody rise
after transfer to the optimum water temperature. In
the present study, it appeared that B cells that had
aready differentiated to antibody-producing cells at
the higher water temperature after immunisation
il secreted antibody in serum or in vitro cultured
medium after a shift to lower water temperature for
more than 5 weeks without a change from thelevels
that had been achieved at the higher water tempera
ture (Figs. 2and 3).

Further research to revedl the effects of tempera-
ture on the immune systems of ectothermic verte-
brates is needed to obviate the detrimenta effects of
low water temperature on industrial aquaculture.
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