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Abstract

We examined the growth performance, immune parameters and the
susceptibility to Vibrio parahaemolyticus in the clam Cyclina sinensis, which had
been reared at different salinity levels of 10%o, 20%0 and 30%o for 60 days.
At the end of the feeding experiment, the biggest shell length and body weight
was found in 20%o, followed by 30%o0 and 10%o0. No significant differences in
superoxide dismutase (SOD) activity were observed among the clams held in
10%o0, 20%o0 and 30%o. Nat/K* -ATPase (NKA) activity of the clams held in
20%o0 and 30%o were significantly lower than that in group 10%o. The lowest
activities of lysozyme (LZM) and glutamic-pyruvic transaminase (GPT) were
found in group 10%o. The Integrated Biomarker Response index (IBR) values
of the clams had an inverse relationship with salinity: 11.28, 3.40 and 2.85 in
10%o0, 20%o0 and 30%o, respectively. At the end of the feeding experiment, the
clams were infected with V. parahaemolyticus. As time after infection goes on,
the survival rate of clams reared in 20%o0 was not significantly different with
the other two treatments from 24 to 48h after infection. However, from 72 to
120h after infection, it was significantly lower than those reared in 10%o, while
it was significantly higher than those reared in 30%eo. It is concluded that the
clam C. sinensis reared in 10%o0 seawater may reduce growth performance and
immune ability, whereas increase resistance against V. parahaemolyticus
infection.
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Introduction

In recent years, the demand for aquatic products including oysters, clams, and fish is
constantly growing. The clam Cyclina sinensis (genus Cyclina, family Veneridae) is one of
the most important economic clams which is abundant and widely distributed in the coast
areas of China, South Korea and Japan and the clam has a lot advantages as a popular
consumed seafood, including higher disease resistance, high survival rate and temperature
resistance (Ren et al., 2016). In recent years, researchers focused on genetic diversity,
disease resistance, and environmental stresses (Lin et al., 2013). Although C. sinensis
mostly live in seawater, they exhibit a wide tolerance to salinity (5-35%o0, with an optimum
of 15-25%o0) (Lin et al., 2013), especially during the rainy season or after flooding, when
they are not able to move quickly enough toward the sea, while exposed to inland low
salinity water.

Salinity is one of the most important environmental factors and salinity changes may affect
the growth performance and physiology of aquatic organisms. Although lots species of
marine animals inhabit wide ranges of salinity, salinity stress is likely to affect aquatic
organisms when they are not within their optimal salinity range. For example, it was
reported that the pacific white shrimp, Litopenaeus vannamei can inhabit wide ranges of
salinity from 1%o to 40%o0. And they have a better growth rate at ranges of 15%o0-20%o.
Therefore, some of the seasoned shrimp farmers usually add some fresh water to decrease
the salinity of the cultivation water to these levels (Pan et al., 2008; Maica et al., 2017).
However, changes in ambient salinity may be a stressor, which influences aquatic animal
metabolism, appetite, immune defence and growth performance (Nordlie et al., 2009).
Data available shows that salinity did not affect some euryhaline fish species growth, while
other species have their growth enhanced in low or high salinities. Therefore, the link
between the growth performance and immune defence of aquatic animals and environment
salinity has received considerable attention and several studies in recent years have been
conducted regarding the influence of different salinities on growth performance and
nonspecific immunity of marine animals (Shekhar et al., 2013). The relationships between
salinity and growth performance and immune defence of organism have been widely
studied in crustaceans (Sang et al., 2014), marine fish (Sidhu et al., 2018), however, they
are poorly understood in case of clams. Vibrio parahaemolyticus is the pathogenic Vibrio
which has been shown to cause serious infection in mollusk and crustaceans (Raszl et al.,
2016; Liang et al., 2017). Whereas there have been very limited studies that have explored
the growth and resistance of the clam against V. parahaemolyticus infection in response
to long-term salinity stress. The present study aimed to better understand the effects of
long-term salinity stress on growth performance in the clam C. sinensis, and its effects on
physiology of the clam C. sinensis.

Materials and Methods

The Clam source, nursery and feeds

Healthy juvenile clams were obtained from a clam hatchery in Weifang City, Shandong
Province and the water salinity for seed rearing was 20%o0. The average shell length and
body weight of the clams were 0.46 £ 0.01 mm and 0.06+0.005 g, respectively. Clams
were reared in concrete pond (0.8x0.8%x0.4m) and sterilized muddy sand were sanded on
bottom of the pond and the thickness of the mud sand was 5 cm and the depth of water
was 0.2 m. The water had been disinfected with chlorine. Clams were kept at a salinity of
20%o0, water temperature of 25 £1°C, pH of 7.8+0.23. And water was aerated to maintain
the dissolved oxygen (DO) level above 5.0 mg/ L. The salinity, pH, water temperature and
DO were monitored daily using an YSI Model Handheld Instrument (YSI Incorporated,
Yellow Springs, Ohio, USA). Clams were fed a mixture of Chlorella vulgaris and Chlorella
pyrenoidosa daily. Partial rearing water (1/3) was changed daily.

Experimental design
The experiment was conducted in concrete pond (0.8mx0.8mx0.4m) and sterilised muddy
sand were sanded on bottom of the pond and the thickness of the mud sand was 5 cm and
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the depth of water was 0.2 m. The water had been disinfected with chlorine. As the clams
can survival in the salt concentration between 5%o0-35%o0 (Lin, 2012), so approximately
two weeks later, clams (0.64+0.013 mm shell length, 0.08+0.008 g body weight) were
then separated randomly into three groups: a low salinity treatment (10%o0), a medium
treatment (20%o0) and a high salinity treatment (30%o). Salinity in each treatment was
adjusted with fresh water or seawater by about 2%o daily until the salinity in each
treatment had reached the desired level. Each group contained three replicates (50 clams/
replicate).

During the experiment, water temperature ranged 24-26 °C, pH fluctuated 7.5-8.1, DO
concentration ranged 5.1-5.5 mg/ L. Clams were fed a mixture of Chlorella vulgaris and
Chlorella pyrenoidosa at densities of 5x10* and 1x10* cells/ml, respectively. To maintain
water quality, partial rearing water (1/3) was changed daily. During the two-month test,
we counted the surviving clams as well as and 20 clams from each pond were collected
randomly to measure the body weight and shell length every 15 days. After the rearing
test, 45 clams in total (three ponds with five clams in each group) were selected randomly
for enzyme activities analysis. The gill tissues were separated from the bodies of the clams,
washed with precooled Phosphate Buffer solution (PBS) and then preserved at -80 °C
refrigerator, respectively.

Enzyme activity

The gill tissues were diluted with PBS at a ratio of 1:9 for the gill tissues weight (g) relative
to PBS (mL). The diluted gill tissues homogenate was then used to determine the enzyme
activity, including LZM, SOD, NKA and GPT. The total protein contents and the activity of
LZM, SOD, NKA and GPT in the diluted tissue sample were measured with an Assay kit
respectively (Nanjing Jiancheng Bioengineering Engineering Institute, China), and referring
to the kit instruction, the total protein contents and the activity of LZM, SOD, NKA and ACP
in the diluted tissue sample were measured (Ge et al., 2019a).

Integrated biomarker response index (IBR)

IBR is used to integrate all the measured biomarker responses into one general stress
index can directly indicate the size of the exposed under the condition of multiple
biomarkers of comprehensive response (Beliaeff et al., 2002), and according to
Pytharopoulou et al. (Pytharopoulou et al., 2008) the four gill enzyme activities (LZM, SOD,
NKA and GPT) were used as biomarkers to calculate the IBR values, where the IBR data
was expressed as the area of the triangle formed by two adjacent biomarkers radiation in
the star chart. In the star chart with the four enzyme activities represent the direction
axes, respectively.

Data processing:

a. The mean values (Xi) and standard deviation (S) of the duplicates of each biomarker
measured in each test group were calculated;

b. The total mean values (X) of each biomarker measured in each test group were
calculated;

c. Data normalization: Xi'= (Xi-X)/S, and Xi’ is the normalized value;

d. If there is a positive correlation between biomarkers and pollutants, Z= Xi’; If negative
correlation, Z=-Xi;

e. Obtain the minimum value (Min) of standardized data at all test levels for each biomarker
and take the absolute value, and the add its absolute value to Z, then obtain A, Ai=Z+|Min
|, A=0;

f. Draw the star chart: The magnitude of the score (A)) for each biomarker at a given
concentration level is represented by the length of the radial lines in the star chart. The
star chart was drawn with the concentration as the radial coordinate with Excel.

g. Calculate the IBR value directly: The score Ai for each biomarker (each radius coordinate
in the star chart) is multiplied by the score Ai+1 for the next biomarker and then divided by
2 as a set of data. The sum of n sets of data is IBR, IBR= (A1*A2)/2+ (A2*A3)/2+...+(An-
1+An)/2, n is the number of radii, i.e., the number of biomarkers.
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Vibrio parahaemolyticus challenge tests by immersion

In order to reduce injection injury, immersion challenge tests were adopted. V.
parahaemolyticus was isolated from diseased clams. It was cultured in 2216E fluid nutrient
medium at 25 °C for 48 h. The stock cultures were centrifuged at 7200xg for 15 min at 4
°C. The pellet was re-suspended in 10%o0, 20%o0 and 30%o at 5.2x108 CFU/mL as the stock
bacterial suspension for soak infection.

At the end of the feeding experiment, 90 of the remaining clams were randomly
selected from each treatment (30 clams/ replicate) and the clams were immersed in the
stock bacterial suspension respectively for 12h. Then the clams were washed with sterilized
seawater and then transferred to 10%o0, 20%0 and 30%eo0. At 0, 24, 48, 72, 96 and 120h,
the survival clams were counted.

Statistical analysis

Results are shown as means * standard deviation, and data were analyzed by SPSS 19.0
statistical software. Data met the assumptions of normality and homogeneity of variance
was assessed with the Shapiro-Wilk test for normality and Levene's test for homogeneity
of variance. Then data were analyzed with one-way ANOVA. Differences between
experimental groups were determined by a Tukey test with a significance level of 5%.

Results
Effect of salinity on growth performance of the clam.
During the experiment, the shell length continued to grow (Figure 1). There were no
significant differences in shell length of the clam among the treatments on the first day
and 15™ day. However, the differentiation of shell length emerged from the 30™ day to the
end, and the biggest shell length was found in 20%o, followed by 30%o0 and 10%o, and
there were significant differences in shell length between each other (P<0.05).
As shown in Figure 2, on the 30™ day and 45% day, there were no significant differences
in body weight among 20%o0 and 30%o (P>0.05), however, they were significantly higher
than that in 10%o0 (P<0.05). On the 60" day, the biggest body weight was found in 20%o,
followed by 30%o0 and 10%o0 (P<0.05).

Effect of salinity on gill enzyme activities of the clam.

As shown in Table 1, Significant differences in LZM activity were observed between the
group 10%o and 30%o0 (P<0.05), however, there were no significant differences in LZM
activity were observed between the group 10%o0 and 20%o0 (P>0.05) and there was also
no difference between the group 20%o0 and 30%o0 (P>0.05).

No significant differences in SOD activity were observed among the clams held in 10%o,
20%o0 and 30%o (P>0.05), and the mean SOD activities varied from 45.67 +£1.53 to
50.33+3.22 U/mg prot.

No significant differences in NKA activity were observed among the clams held in 20%o
and 30%o (P>0.05), however, they were significantly lower than that in group 10%o
(P<0.05). Significant differences were observed in GPT activity was observed among the
clams held in 10%o0, 20%0 and 30%o (P<0.05). The lowest GPT activity was found in group
10%o0, and the highest GPT activity was found in group 20%eo.

Effect of salinity on IBR of the clams reared in different salinities.

The IBR values were calculated using the gill enzyme activities (LZM, NKA, SOD and GPT)
(Figure 3). The IBR values of the clams had a tendency to increase with salinity decreased
and they were 11.28, 3.40 and 2.85 in 10%o0, 20%o0 and 30%o, respectively (Table 2).
The biomarker star chart for IBR of the clams reared in different salinities (LZM, NKA, SOD
and GPT in gills) as is shown in Fig. 3 and the IBR value of the clams under the salinity
stress was the area formed by each radius coordinate. In group 10%o0, GPT made the
biggest contributor to IBR, followed by LZM, NKA and SOD. In group 20%o0, LZM made the
minimum contributor, followed by SOD and the contributions of GPT and NKA were similar.
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In group 20%o0, GPT made the minimum contributor, and the other three indicators were
similar.

Survival rate (%) of the clams under V. parahaemlyticus exposure.

As time after infection goes on, the survival rates showed a decreasing trend along with
the increase in salinity (Figure 4). For the clams held in 30%o0, mass mortality was
observed in 48h, and the survival rates were significantly lower than those held in 10%o
and 20%o0 (P<0.05) from 24 to 120h. For the clams held in 20%o, the survival rate had
not significant difference with the other two treatments from 24 to 48h. However, it was
significantly lower than those reared in 10%o (P<0.05), whereas it was significantly higher
than those reared in 30%o0 (P<0.05).
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Figure 1 Shell length of the Venus clam reared in different salinities. Values are indicated as mean
+ SEM and N=60 individuals. Statistical significances (P<0.05) are indicated by similar letters (a, b,
c).
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Figure 2 Body weight of the Venus clam reared in different salinities. Values are indicated as mean
+ SEM and N=60 individuals. Statistical significances (P<0.05) are indicated by similar letters (a, b,
c).

Table 1 Gill enzyme activities of Venus clam reared in different salinities

Salinity LZM(U/g prot) SOD(U/mg prot) NKA(U/mg prot) GPT (U/g prot)
10%o0 39.23+2.70° 47.67+2.892 1.46+0.14b 56.33+1.532
20%o0 44.00+3.613 50.33+3.222 1.20+0.05° 86.67+4.12¢
30%o0 47.33£3.06° 45.67+1.532 1.22+0.06° 70.20+2.99°
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Note: Within the same columns, Values are indicated as mean+SEM and N=15 individuals. Statistical
significances (P<0.05) are indicated by similar letters (a, b).

—10%0
GPT —20%o
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SOD

Figure 3 The biomarker star chart for IBR of the Venus clam reared in different salinities (LZM, NKA,
SOD and GPT in gills). Values are indicated as mean = SEM and N=15 individuals. Statistical
significances (P<0.05) are indicated by similar letters (a, b, c).

Table 2 IBR of the Venus clam reared in different salinities (LZM, NKA, SOD and GPT in gells)
Salinity 10%o 20%o0 30%o0
IBR 11.28 3.40 2.85
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Figure 4 Survival rate of the clams reared in different salinities after V. parahaemolyticus
challenge. Values are indicated as mean £ SEM and N=90 individuals. Statistical significances
(P<0.05) are indicated by similar letters (a, b, c).

Discussion .
Salinity stress affects aquatic animal when it is not in its optimal salinity range (Arnason
et al., 2013) and stress conditions decrease its growth performance (Abou Anni et al.,
2016). In the present study, the biggest shell length was found in 20%o, followed by 30%o
and 10%o on 6.30, 7.15 and 7.30. As for the slow growth of the clams in group 30%o and
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10%o, this might result from that uncomfortable salinity decreased the oxygen
consumption, feeding rate and filtration of the clams. This indicated that 10%o0 and 30%o0
were probably not the optimal salinity of the clams (Mattioli et al., 2017). Stress conditions
increase energy demand required for aquatic animals (Devreker et al., 2009). In fact, the
isosmotic point for lots of marine animals such as L. vannamei and the clam Pinctada
margaritifera are repotted to nearly be 20 %o (Andrew et al., 2017) and 24 %o
(Shakhmatova et al., 2006). Salinities approaching the isosmotic point, marine animals
don’t have to expend lots of energy hypoosmoregulating or hyperosmoregulating to
maintain their haemolymph osmolality. For example, L. vannamei have to
hyperosmoregulate at the lower salinities and they have the best growth performance at
approximately 20 %o (Maica et al., 2017). Other sea animals such as Atlantic cod (Gadus
morhua) (Arnason et al., 2013), pompano Trachinotus marginatus (Anni, 2016) and other
sea animals have the similar phenomena. This has the advantage of lower energetic costs
of osmoregulation, lower standard metabolic rate and a larger proportion of ingested
energy being directed towards growth (Barman et al., 2005). The optimum salinity for the
clams is 15-25%o0 (Lin et al., 2013), and the biggest body weight was found in 20%o,
followed by 30%o0 and 10%eo at the end of the feeding trial. Therefore, salinities approaching
the isosmotic point can improve aquatic organisms’ growth, and this agrees with the result
of the present study.

LZM is one of the most impotent nonspecific immunities of the mollusk and it is a
commonly used biomarker in immunotoxicity studies (Shekhar et al., 2013). Previous
studies have demonstrated that too low salinity could decrease LZM activity and it is
generally recognized that reduced LZM activities may result in decreased resistance to
bacterial challenge (Hart et al., 2016). In the present study, we found that the LZM
activities were reduced along with the salinity decreased. This fact indicated that LZM
activity may reduce for the clams reared in low salinity water.

SOD is responsible for scavenging superoxide radicals and SOD can be affected by the
aquatic environmental factors such as dissolved oxygen, salinity and pH in aquatic animals
(Zheng et al., 2017). In the present study, the clams when transferred to 10%o0 decreased
SOD activity, as compared to which reared in 20%o0. However, it was higher than which
reared in 30%o. This fact indicated that a decrease in the activity of SOD may be
responsible for the release of superoxide anion when the clams reared in low salinity water.
This is consistent with that L. vannamei when transferred to 5%o and 15%o decreased
SOD activity, as compared to the white shrimp reared in 25%o0 and 30%o0 (Maica et al.,
2017). In the present study, no significant differences in SOD activity were observed
among the clams held in 10%o, 20%o0 and 30%o. The results indicated that the clams might
be with a higher tolerance capacity to salinity change (20%o0 to 10%o0 or 20%o0 to 30%o).
This is probably because that the clam faced salinity associated stresses, they can alter
their biochemical mechanisms such as increasing their antioxidant defenses to deal with
the higher oxidative stress resulting from salinity condition.

Gill NKA activity in aquatic animal plays an essential role in the processes of ion uptake
and ion excretion which are advantageous to regulation of cell osmotic pressure and
promote cell growth normally. Acute change of environmental factors can result in the
disorders of the regulation of osmotic pressure. In the present study, NKA activity in the
clams reared in 20%o0 and 30%o0 was observed significantly lower than that in 10%o.
According to Laiz-Carridn, any reduction in gill NKA activity might suggest a lower energy
cost for osmotic regulation and save energy for other metabolism, such as body growth
(Laiz-Carrién et al., 2005). This fact indicated that compared to 10%o, the salinity
fluctuation (20%o0 - 30%0) may be the salinity setting range. And this is consisted with the
present study that the clams reared in 20%o0 and 30%o0 had a better grow performance
than those in 10%eo.

GPT is one of essential enzymes in aquatic animals related to the transfer of amino
groups from one specific amino acid to another which involved in the synthesis and
catabolism of amino acids (Rathnakumaria et al., 2018). Significant differences were
observed in GPT activity was observed among the clams held in 10%o0, 20%0 and 30%o
and the lowest GPT activity was found in group 10%o, and the highest GPT activity was
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found in group 20%o in the present study. This fact indicated that salinity changes might
have a negative effect on the metabolism of amino acid. Han et al (Han et al., 2014) and
Tang et al (Tang et al., 2013) reported that dietary taurine, glutamin and tryptophan can
elevate GPT to promote the metabolism of amino acid. This indicated that we can regulate
GPT with in the clams reared in low salinity.

IBR complement to and enhance reliability on the toxicology experimental data, offer
more visualized and biologically relevant information on the potential impact of
environmental pollutants on the health of aquatic animals (Barda et al., 2014). Therefore,
we can obtain an integrated and visualized evaluation of the effects of environmental stress
factors in mollosc. IBR has been used to assess toxically-induced stress level of pollution
or describe the stress period of the pollution generally (Fossi et al., 2013). In addition, a
lot recent reports showed that the measurement of enzymatic activity biomarkers can be
a good illustration of stress exposure (Ge et al., 2019b). In the present study, the lowest
values of IBR were calculated in 30%o0, suggesting the minimum impact of this salinity on
the clams. The highest values of IBR were found in 10%o, indicating that the maximum
effect of the salinity on the clams. This is consistent with that 5%0-35%0 was the adaptable
salinity with the optimum of 15%o0-25%o0 for the clams (Lin, 2013).

V. parahaemolyticus has been recognized as one of the pathogens and it can lead to
massive mortalities in clams (Kang et al., 2017). In the present study, mass mortality of
the clams reared in different salinities after V. parahaemolyticus infection was recorded in
72h. This is probably because the vibrio multiplied in the body which may have a lot to do
with the deaths. It is known that environment parameters such as temperature and salinity
affect the growth of pathogens and their production of toxins (Pan et al., 2008). V.
parahaemolyticus can grow well in seawater containing NaCl from 5 %o to 45%0 with
optimum at 25%eo0 to 35%e0. For example, V. parahaemolyticus incubated in TSB containing
25%o0 NaCl displayed more virulence in Penaeus monodon (Sarter et al., 2011). In the
present study, as time after infection goes on, survival rates showed a decreasing trend
along with the increase in the salinity. This is probably because that V. parahaemolyticus
is halophiles that require salt for growth and various studies have reported on the
increment in the numbers and toxins of Vibrio as the water salinity increases (Kang et al.,
2017; Soto-Rodriguez et al., 2016).
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