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Abstract
Water temperature is generally considered to be a major factor aﬀecting the physiological
and biochemical activities of marine bivalves. Here, the physiological and biochemical responses of Yesso
scallop, Patinopecten yessoensis, to acute water temperature changes in summer were studied. Scallops were
transferred directly to a lower temperature (Tdec treatment) (from 23°C to 15°C) or to a higher temperature
(Tinc treatment) (from 15°C to 23°C) for 72 h, respectively. Results showed that the oxygen consumption
and ammonia-N excretion rates of P. yessoensis decreased signiﬁcantly in the Tdec treatment but increased
dramatically at 6 h in the Tinc treatment (P<0.05). In the Tdec treatment, hepatopancreas antioxidant enzyme
activities, superoxide dismutase (SOD) and catalase (CAT) activities, increased substantially within 72 h
(P<0.05). However, a signiﬁcant decrease in CAT activity was found at 12 h in the Tinc treatment (P<0.01).
A signiﬁcant enhancement of acid phosphatase (ACP) activity and malondialdehyde (MDA) content was
detected when scallops were acutely exposed to a temperature of 15°C. The levels of Cu/Zn-SOD gene
expression in their gills up-regulated signiﬁcantly in response to acute temperature changes (P<0.01). These
data suggest that acute temperature change aﬀects physiological and biochemical functions, and improve
our knowledge of P. yessoensis under conditions of thermal stress.
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1 INTRODUCTION
The Yesso scallop, Patinopecten yessoensis, is a
cold-tolerant species distributed in the coastal areas
such as the North Paciﬁc Ocean, the south Okhotsk
Sea and the Japan Sea (Kosaka, 2016). P. yessoensis
has become an economically important mollusk in the
northern parts of China, and production has developed
quickly since its introduction in 1982. However, the
scallop aquaculture industry has been thwarted by
mass summer mortality in the northern Yellow Sea
(Xiao et al., 2005; Guo and Luo, 2016). Thermocline
in the north Yellow Sea is often inﬂuenced by the
Northern Yellow Sea Cold Water Mass (NYSCWM),
creating water temperature variations of up to 7°C

within the same layer, and the cultivation Yesso
scallops framework is often laid in this layer (Lan,
1990). Experimental data indicated that water
temperature changes, including acute changes or
frequent ﬂuctuations, can be a primary environmental
stressor aﬀecting scallops in growth, metabolism and
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immune function (Pilditch and Grant, 1999; Chen et
al., 2007). It is possible that water temperature
changes related to scallops physiology and immunity
is an important contributing factor to summer
mortalities in Yellow Sea.
Water temperature can be an important
environmental stressor aﬀecting growth, reproduction
and immunization activities in poikilothermic
organisms (Le Moullac and Haﬀner, 2000). The
physiological activities of ectothermic organisms,
including respiration and excretion (Somero, 2002)
and ingestion (Fearman and Moltschaniwskyj, 2010)
are usually strongly limited by the ambient temperature
(Van Der Have, 2002). Environmental temperature
changes may also induce modiﬁcation in the
antioxidant status of ectothermic organisms (Vosloo
et al., 2013b). In the Antarctic intertidal limpet
Nacella concinna, signiﬁcant enhancement in
superoxide dismutase (SOD) and catalase (CAT)
activities was observed in gills and digestive tissues
when water temperature increased from 0°C to 4°C
and 9°C (Abele et al., 1998). SOD and CAT are key
enzymatic players in antioxidant defenses that
detoxify Oˉ2 and H2O2, respectively (Hermes-Lima et
al., 1998). Other immune enzymes and terminal
products such as acid phosphatase (ACP), which is a
typical lysosomal enzyme involved in degrading
foreign particles in bivalves (Chen et al., 2007); and
malondialdehyde (MDA), which is formed during the
process of lipid peroxidation (Kehrer, 1993), also
seem to be sensitive to water temperature ﬂuctuations.
SODs (EC 1.15.1.1) are classiﬁed into three distinct
groups depending on their redox-active metals: iron
SOD (Fe-SOD), manganese SOD (Mn-SOD) and
copper/zinc SOD (Cu/Zn-SOD). Cu/Zn-SOD is very
signiﬁcant because of its physiological function and
therapeutic potential (Ni et al., 2007). Thermal stress
has been considered a serious stimulator that regulates
the expression of the Cu/Zn-SOD gene. In disk
abalone, Haliotis discus, the mRNA levels of Cu/ZnSOD genes were highly modulated in gill, muscle and
hepatopancreas from juvenile abalones by thermal
treatment (Kim et al., 2007). However, little is known
about the Cu/Zn-SOD gene responses of Yesso scallop
to water temperature ﬂuctuations.
In this study, the physiological activities (oxygen
consumption and ammonia-N excretion rates),
enzyme parameters (SOD, CAT, ACP and MDA), and
Cu/Zn-SOD gene expression were analyzed while
Yesso scallops were exposed to acute temperature
changes. Understanding the physiological and
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biochemical responses of Yesso scallops to
temperature stressors in summer will provide further
information about their thermal tolerance mechanism
and may contribute to the management of scallop
mortality.

2 MATERIAL AND METHOD
2.1 Animals and rearing conditions
In July 2015, healthy adult P. yessoensis, with
average shell height of 5.91±0.69 cm and body weight
of 24.63±5.73 g, were collected from Xunshan
Fishery Group (Weihai, Shandong, China). Scallops
were cleaned of epibionts, and maintained in ﬂowthrough rearing systems containing 750-L grit-ﬁltered
seawater (salinity, 30.00; pH, 7.97±0.20) for 7 days
before the challenge experiments at 23±0.5°C.
Animals were fed daily with Phaeodactylum
tricornutum during the period of acclimation.
2.2 Experimental design
For acute temperature decrease treatment (Tdec
treatment), scallops were cold-shocked for 72 h by
transferring them from 23°C to 15°C. Thereafter, the
same animals were moved abruptly from 15°C to
23°C in the following 72 h (acute temperature increase
treatment, Tinc treatment). Design of the acute
temperature change treatments was based on the
abnormal water temperature ﬂuctuations in the Yellow
Sea caused by the NYSCWM in June 2014, which
caused water temperature variations of about 8°C in
72 h (unpublished data). Simultaneously, scallop
culture has suﬀered from severe mortalities in
Zhangzidao Fishery Group, a leading Chinese
company in scallop aquaculture. Three replicate tanks
were set up for each treatment. After each temperature
ﬂuctuation, ﬁve scallops were arbitrarily selected at 0,
6, 24, 48 and 72 h for the oxygen consumption and
ammonia-N excretion rates analyses, and another ﬁve
scallops were sampled randomly to evaluate ingestion
rate. Nine scallops were sampled at 0, 3, 6, 9, 12, 24,
48 and 72 h to examine the activities of SOD, CAT
and ACP; the content of MDA in the hepatopancreas;
and the Cu/Zn-SOD gene expression in the gills.
Scallops acclimated to the constant temperature of
23°C were sampled as controls.
2.3 Measurement of physiological parameters
One scallop from each replicate was placed in a
sealed plastic respirometric chamber containing 2-L
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seawater, and kept in a water bath at 23°C or 15°C for
2 h. At the end of the experiment, the concentration of
dissolved oxygen (DO) in each respiration chamber
must be kept in a relatively high level no less than
60% of the initial DO concentration (based on a
preliminary experiment) to avoid a negatively eﬀect
on normal physiological activities. DO was measured
with a smarTROLL Multiparameter Handheld (InSitu Inc., Andersonville, USA). Ammonia-N was
determined colorimetrically according to the Chinese
National Standard (GB/T 12763.4-2007). The soft
tissue of each scallop was excised and dried for 48 h
to constant weight at 60°C. Oxygen consumption and
ammonia-N excretion rates were detected by the
diﬀerence between the experimental and control
(without animals) chambers.
Oxygen consumption rate (O2 mg/(g·h)) and
ammonia-N excretion rate (μmol/(g·h)) were
calculated by multiplying the diﬀerence in dissolved
oxygen (mg/L) and ammonia-N (μmol/L) by the
volume of seawater in each respirometric chamber
(L), and by dividing the result by the dry weight of
soft tissue (g) and time lapse (h). The atomic ratios of
oxygen to nitrogen (O/N) were calculated by dividing
the amount of oxygen consumed by the ammonium
nitrogen excreted in each scallop (Mayzaud and
Conover, 1988).
2.4 Enzyme activity assays
The hepatopancreas samples were dissected from
scallops, shock-frozen in liquid nitrogen and then
stored at -80°C for subsequent enzyme activity
analysis. A portion of 500 mg of the hepatopancreas
was homogenized in 10 volumes of 0.01 mol/L
phosphate buﬀered saline (pH 7.4) on ice with a
chilled glass homogenizer. The samples were
centrifuged at 10 000×g at 4°C for 30 min. After
centrifugation, the supernatants were obtained and
used immediately for determination of the activities
of diﬀerent enzymes.
SOD, CAT and ACP activities, and MDA content,
were measured using assay kits (Nanjing Jiancheng
Chemical Industries, Nanjing, Jiangsu, China).
Details of the assays have been described previously
(Góth, 1991; Cong et al., 2008; Wang et al., 2008).
2.5 Tissue expression analyses
2.5.1 Tissue sampling, RNA extraction and cDNA
synthesis
Gills were removed from three individuals and
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pooled together as a replicate sample. Three replicates
were used per treatment. Tissues samples were stored
in liquid nitrogen until RNA extraction.
Total RNA was isolated from gills using Trizol
Reagent (Invitrogen, Carlsbad, CA, USA) following
the manufacturer’s protocols. The quality and purity
of RNA were checked by agarose gel electrophoresis
and absorbance spectrophotometry to conﬁrm
suitability for cDNA synthesis. Total RNA (1 μg)
was reverse transcribed by using Anchoredoligo(dT)18 primers and the Transcriptor First Strand
cDNA Synthesis Kit (Roche Applied Science,
Mannheim, Germany) according to the manufacturer’s
protocol. cDNA mix was diluted 3-fold and stored at
-80°C until subsequent real-time PCR analyses were
made.
2.5.2 Quantiﬁcation of Cu/Zn-SOD gene expression
levels
Primers for Cu/Zn-SOD gene and Gapdh used in
this study were described by Jiang et al. (2011) and
Bao et al. (2011), respectively. Cu/Zn-SOD-F: ATG
TAA TGG CTG GAA ACG ATG G; Cu/Zn-SOD-R:
ATC ACC AAG GTT CTG CCG ATG; Gapdh-F:
TGG TAT GGC TTT CCG TGT GC; Gapdh-R: TCC
TCT GTG TAA CCA AGG AAC C. Gapdh was used
as an endogenous control for its expression stability.
cDNA (1 μL of a 1:3 dilution) was subjected to
quantitative real-time PCR on the LightCycler 480 II
system (Roche Diagnostics, Basel, Switzerland) by
using SYBR Green I Master (Roche Applied Science,
Mannheim, Germany), containing 5 μL Master Mix,
0.5 μL each primer and 3 μL water, PCR-grade. A
real-time PCR program was performed as follows:
initial denaturation at 95°C for 5 min, 45 cycles at
95°C for 10 s, 55°C for 15 s and 72°C for 10 s. Each
quantitative real-time PCR ampliﬁcation was
performed in triplicate. Transcript levels of the Cu/
Zn-SOD gene were calculated relative to Gapdh
transcript levels by using the 2-ΔΔCt method, and the
value indicated an n-fold change relative to the control
group.
2.6 Statistical analysis
All data were presented as mean±standard
deviation, and subjected to analysis of variance
(ANOVA) followed by Duncan’s multiple range test.
The enzyme activities and Cu/Zn-SOD gene
expression levels were analyzed by two-way ANOVA.
A value of P<0.05 was considered signiﬁcant.
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Fig.1 Changes in oxygen consumption rates (a), ammonia-N excretion rates (b) and O/N ratios (c) of
Patinopecten yessoensis suddenly exposed to
water temperature changes
Values were expressed as means±SD. Bars without shared
letters for the same time indicate significant differences from
each other (P<0.05). Tdec: acute temperature decrease; Tinc:
acute temperature increase.
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3 RESULT

3.1.3 O/N ratio

3.1 Physiological activities

The O/N ratios of P. yessoensis were estimated to
be 13.44−30.52 under diﬀerent water temperature
treatments (P<0.05; Fig.1c). Scallops presented
signiﬁcantly higher O/N ratios in response to an acute
temperature change from 23°C to 15 than did those in
the control groups at 0 and 72 h (P<0.05). However,
no diﬀerences were found between the Tinc treatment
and the control groups at 6, 24, 48 and 72 h (P>0.05).

3.1.1 Oxygen consumption
Oxygen consumption rates of P. yessoensis
decreased signiﬁcantly with an acute decrease in
ambient water temperature, and increased with a
sudden rise in water temperature (Fig.1a). Oxygen
consumption rates of P. yessoensis in the Tdec treatment
were signiﬁcantly lower than those in control groups
at 0, 6, 48 and 72 h (P<0.05). By contrast, the highest
oxygen consumption rate was observed at 6 h in the
Tinc treatment, which was signiﬁcantly higher than
that of all other groups (P<0.05). No diﬀerences were
found between the Tinc treatment and the control
groups at 0, 24, 48 and 72 h (P>0.05).
3.1.2 Ammonia-N excretion
Ammonia-N excretion rates of P. yessoensis were
dramatically inﬂuenced by water temperature
ﬂuctuations (Fig.1b). Scallops exposed suddenly to
15°C had a signiﬁcantly lower ammonia-N excretion
rate than those in the control groups (P<0.05), but this
increased gradually thereafter and reached the
maximum at 24 h. The ammonia-N excretion rate
initially decreased signiﬁcantly as temperature
changed rapidly from 15°C to 23°C (P<0.01), but
increased signiﬁcantly at 6 h and 72 h (P<0.05).

3.2 Enzyme activities
3.2.1 Antioxidant enzymatic activity enhanced by
acute water temperature change
Signiﬁcant increases in activities of antioxidant
enzymes were observed in P. yessoensis exposed to
abrupt water temperature changes (P<0.05) (Fig.2).
The activity of SOD increased signiﬁcantly for
scallops transferred from 15°C to 23°C for exposures
of 3, 6, 9, 24 and 48 h, and reached the maximum of
13.63 U/mg prot (P<0.05; Fig.2a). CAT activity
ranged from 9.52 to 13.22 U/mg prot (Fig.2b). A
signiﬁcant increase in CAT activity occurred in the
Tdec treatment after 12 h exposure, whereas CAT
activity decreased signiﬁcantly at 12 h in the Tinc
treatment (P<0.01). No diﬀerences in CAT activity
levels were observed between the Tdec treatment and
the control group after 3, 6, 9 or 48 h exposures
(P>0.05).
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Fig.3 Changes in acid phosphatase (ACP) activities of P.
yessoensis suddenly exposed to water temperature
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Values were expressed as means±SD. Bars without shared letters
for the same time indicate signiﬁcant diﬀerences from each other
(P<0.05).

3.2.2 Immune enzymatic activity stimulated by acute
water temperature change
Figure 3 shows that the levels of ACP activity in
the hepatopancreas of all experimental scallops were
signiﬁcantly increased compared with the control
(P<0.05). Signiﬁcant increases in hepatopancreatic
ACP activity were found in scallops after 6 h exposure
in the Tdec treatment, and reached the maximum value
of 67.98 U/g prot at 24 h (P<0.01). In the Tinc treatment,
signiﬁcantly higher values of ACP activity were also
observed at 3, 9, 12, 24 and 48 h in scallops as
compared with those of the control (P<0.01), and then
returned to near the initial level.
3.2.3 Oxidative damage augmented by acute water
temperature change
The change in MDA concentration in the
hepatopancreas was more sensitive to acute water

The content of MDA (nmol/mg prot)

Values were expressed as means±SD. Bars without shared letters for the same time indicate signiﬁcant diﬀerences from each other (P<0.05).
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Fig.4 Changes in malondialdehyde (MDA) content of P.
yessoensis suddenly exposed to water temperature
changes
Values were expressed as means±SD. Bars without shared letters
for the same time indicate signiﬁcant diﬀerences from each other
(P<0.05).

temperature decrease (Fig.4). Compared with the
control, MDA content in the Tdec treatment increased
signiﬁcantly after evisceration, and the maximum
value (12.11 nmol/mg prot) occurred after 6 h
exposure (P<0.01). Furthermore, there was a
signiﬁcant increase in MDA content in the Tinc
treatment following 3, 9, 12 and 24 h exposures to
23°C (P<0.01), and no signiﬁcant diﬀerence was
found at 6, 48 and 72 h, respectively (P>0.05).
3.3 Cu/Zn-SOD gene expression levels
The temporal expressions of the Cu/Zn-SOD gene
in gills from the control and all treated groups were
relatively quantiﬁed by real-time PCR with Gapdh as
internal control (Fig.5). Results showed that the Cu/
Zn-SOD gene expression levels in scallops changed
signiﬁcantly in response to acute water temperature
changes (P<0.05). Cu/Zn-SOD gene expression in
gills increased signiﬁcantly compared with those in
the control group and reached the maximum at 6 h

The relative expression of Cu/Zn-SOD gene
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Values were expressed as means±SD. Bars without shared letters
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(P<0.05).

(23.12-fold of the control group) in the Tdec treatment
(P<0.01). Scallops exposed to 72 h heat shock from
15°C to 23°C also exhibited signiﬁcant increases in
the expression levels of Cu/Zn-SOD gene after 3 h
recovery (P<0.01).

4 DISCUSSION
Water temperature changes aﬀect the physiological
and biochemical activities of marine mollusks, as
described for the mussel Dreissena polymorpha,
Paciﬁc oyster Crassostrea gigas and South African
abalone H. midae (Vosloo and Vosloo, 2010). Results
of the present study support previous conclusions and
show the signiﬁcant eﬀects of temperature change on
Yesso scallops. The signiﬁcantly lower oxygen
consumption and ammonia-N excretion rates in the
Tdec treatment might be related to the eﬀect of water
temperature on the activities of enzymes involved in
normal metabolism (Bougrier et al., 1995). Indeed,
the increased normal enzyme metabolic rate would be
synchronous with the increasing water temperature.
On the other hand, oxygen consumption rates of P.
yessoensis in the Tinc treatment were signiﬁcantly
increased at 6 h (P<0.05; Fig.1). Saucedo et al. (2004)
showed that some mollusks are capable of performing
metabolic compensation in oxygen consumption as a
response to acute water temperature ﬂuctuation over
moderate temperature changes, especially at warmer
temperatures. The increases in oxygen consumption
rates in the Tinc treatment may be explained by partial
metabolic compensation (Tian et al., 2004).
Interestingly, a signiﬁcant decrease in the ammonia-N
excretion rate was detected in the Tinc treatment at 0 h
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(P<0.01; Fig.1b), suggesting that an acute temperature
increase could induce the ammonia eﬄux regulation
of scallops. According to Sadok et al. (1999), reducing
the ammonia eﬄux rate under environmental stress is
a strategy for energy conservation. In this study, to
some extent the conserved ammonia or energy seemed
to be important in restoring the normal levels of some
amino acids in scallops after exposure to diﬀerent
thermal stressors.
Identiﬁcation of energy storage and use is usually
determined by tissue biochemical composition
analysis, but can also be provided by the O/N ratio of
the organisms (Corner and Cowey, 1968). Mayzaud
(1973) and Ikeda (1974) reported a minimum value of
O/N ratio is 7 for strictly proteinic catabolism, and an
O/N ratio is about 24 for metabolizing protein and
lipid catabolism. An O/N ratio between 24 and inﬁnity
corresponds to a carbohydrate- and lipid- dominated
catabolism, as indicated by Mayzaud and Conover
(1988). In the present study, an O/N ratio between
13.44 and 23.41 from 6 h to 24 h is indicative of a
protein and lipid metabolism. Interestingly, scallops
presented signiﬁcantly higher O/N ratios in response
to an acute temperature decrease from 23°C to 15°C
at 0 h and 72 h (P<0.05; Fig.1c), suggesting that the
level of carbon-based substrate metabolism increases
after an acute temperature decrease.
The ability of mollusks to increase antioxidant
enzymatic activity is an indication of their capacity to
tolerate environmental stressors (Regoli and
Principato, 1995; Wang et al., 2012; Vosloo et al.,
2013a). In our study, the activities of antioxidant
enzymes (i.e., SOD and CAT) in the hepatopancreas
were signiﬁcantly inﬂuenced by water temperature
ﬂuctuations. Similar results have also been reported
in the mussel Mytilus edulis (Power and Sheehan,
1996; Lesser et al., 2010), indicating that SOD and
CAT activities (to some degree) play a considerable
role in protecting scallops against oxidative damage
caused by thermal stress. The antioxidant enzyme
SOD converts superoxide anion Oˉ2 to H2O2, after
which CAT catalyzes H2O2 to H2O and O2 (Matés and
Sánchez-Jiménez, 1999).
A rising oxygen consumption rate increases the
release of mitochondrial reactive oxygen species
(ROS), as reported by Boveris et al. (1976). In the Tinc
treatment, the signiﬁcant trend of increased
hepatopancreatic SOD activity with increased oxygen
consumption levels may indicate that more ROS were
present (Lurman et al., 2007). Signiﬁcant increases in
SOD and CAT activities were also found in the Tdec
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treatment (P<0.01; Fig.2), which has been
demonstrated for other marine invertebrates such as
the Zhikong scallop Chlamys farreri (Chen et al.,
2007) and the sea cucumber A. japonicus (Wang et
al., 2008). The high antioxidant enzymatic activities
would serve to prepare the organisms for potential
oxidative stress upon re-oxygenation (Hermes-Lima
and Zenteno-Savı́n, 2002; Vosloo et al., 2013a).
Signiﬁcant depressed CAT activity was also found in
the Tinc treatment (Fig.2b, P<0.01). These results
probably suggest that CAT activity in scallops was
greater in the Tinc treatment after 12 h exposure
(sensitive to an increase in water temperature), and
that lengthy exposure to high temperatures would
cause cell damage (Wang et al., 2012).
Phagocytosis is considered one of the most
important mechanisms of internal defense in bivalve
mollusks (Wootton et al., 2003). As a typical enzyme
in lysosomes of phagocytes, ACP activity in thermally
stressed scallops was signiﬁcantly higher than that in
the control group (P<0.05; Fig.3), and could help to
destroy and clear foreign particles more eﬀectively.
This result is consistent with a reported rise in
haemocyte lysate in the Zhikong scallop C. farreri
(Chen et al., 2007). Moreover, the activity of ACP in
the Tdec treatment was signiﬁcantly higher than that in
the Tinc treatment. When animals are exposed to a low
temperature, unsaturated lipids will increase in the
membrane components, resulting in more permeability
to the exogenous or endogenous substrates (Camus et
al., 2000; Zhang et al., 2006). The enhanced ACP
activity in scallops challenged at 15°C might be due
to the destabilized lysosomal membrane (Camus et
al., 2000).
Lipid peroxidation (measured as MDA) is considered
a biomarker of oxyradical stress and the level of
oxidative damage in an organism (Wei and Yang,
2015). In the present study, the content of MDA in
thermally stressed scallops increased signiﬁcantly after
evisceration (P<0.05; Fig.4), suggesting that acute
water temperature ﬂuctuations had induced a disordered
antioxidant system and caused oxidative damage. From
the above discussion it is clear that extreme water
temperature changes can activate the antioxidant
defense system and the acute phase response system,
including increasing SOD and CAT activities in Yesso
scallop, P. yessoensis, to maintain homeostasis.
However, when scallops were acutely exposed to 23°C
again, signiﬁcantly depressed CAT activity, together
with signiﬁcantly increased MDA content, was
observed at 12 h (P<0.01; Figs.2, 4), indicating that
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lengthy exposure to thermal stress may lead to lipid
peroxidation and cell damage (Wang et al., 2012).
To compare sensitivity to thermal stress, the gills
were selected to study P. yessoensis Cu/Zn-SOD gene
expression after exposure to diﬀerent temperature
stressors. Real-time PCR analysis demonstrated that
the Cu/Zn-SOD transcripts in gills had increased
signiﬁcantly compared with those in the control group
(P<0.01; Fig.5). The up-regulation in the Cu/Zn-SOD
gene is likely linked to its role in protecting against
oxidative damage caused by thermal stress. The
expression pattern of Cu/Zn-SOD gene in this study is
similar to data reported for disk abalone, H. discus
(Kim et al., 2007), but diﬀerent from that of bay
scallop, Argopecten irradians, for which the highest
expression was observed in hemocytes (Bao et al.,
2009). In aquatic organisms, gills are the primary
organ for respiration and osmoregulation (Havas and
Rosseland, 1995), and present a large surface area in
direct contact with the external environment. The upregulated expressions of Cu/Zn-SOD gene occurred
in gill tissue of P. yessoensis, suggesting that Cu/ZnSOD is a constitutive protein that may also play a
considerable role in gills.

5 CONCLUSION
The variations in physiological and biochemical
activities found in Yesso scallop, P. yessoensis, seem
closely correlated with water temperature changes in
summer. Oxygen consumption and ammonia-N
excretion rates of P. yessoensis decreased signiﬁcantly
with an acute decrease in ambient water temperature
and increased with a sudden rise in water temperature.
Enzymatic activities, including SOD, CAT and ACP
activities, can be induced by acute water temperature
changes. However, lengthy exposure to thermal stress
may lead to lipid peroxidation and cell damage.
Moreover, the overexpression of the Cu/Zn-SOD
gene in gills can also be triggered by thermal stress.
These data provided valuable insights into the possible
thermal mechanisms of scallop mass mortalities.
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