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INTRODUCTION

The damage of aquaculture industry caused by natural 

disasters, such as frequent typhoon, global warming and 

abnormal change of weather, is on the rise (Harvell et al., 

2008; Lejeusne et al., 2010). Recently, Lee et al. (2018) 

reported that the causes of mass mortality of cultured fish in 

the south coasts of Korea are harmful algal blooms (37.4%), 

high water temperature (31.0%), and low water temperature 

(26.5%) of total 1,367 outbreak cases from 1998 to 2016. 

The importance of the water temperature tolerance of fish 

is increasing because of climate change caused by global 

warming. Because of the changes in aquatic environment 

such as climate change, the number of diseases in marine 

organisms is increasing. Particularly, in the summer of 2012, 

mass mortality occurred in black rockfish, Sebastes schlege-

li, raised in floating fish cages along the coast of Gyeong-

sangnam-do in Korea. A rapid rise in water temperature was 

confirmed to be the cause of damage to 1,802,000 fishes (Lee 

et al., 2013). The cause of this abnormal mortality being just 
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the high temperature in summer, with no obvious indication 

of disease, is doubtful. Water temperature can cause signifi-

cant changes in the physiology of ectothermic organisms and 

thus affect their immunity and sensitivity to pathogens. A 

pathogen itself is insufficient for a disease outbreak, without 

interference of environmental factors (Bowden, 2008). Also, 

Karvonen et al. (2010) demonstrated the effect of increasing 

water temperature on aquatic disease dynamics in northern 

Finland from 1986 to 2006. The experiment animals were 

exposed to a ‘heat wave’ of 28℃ for 2 weeks, which result-

ed in long lasting immune disorders. The study suggested 

when such events occur naturally, they may result in animals 

becoming immune-compromised, which could facilitate the 

spread of infectious disease within these populations (Dittmar 

et al., 2013).

Streptococcus sp. is a significant rockfish pathogen respon-

sible for considerable losses in aquaculture in Korea (Choi et 

al., 2010; Jung et al., 2012). Particularly, Streptococcus iniae 

is a pathogen in fish, capable of causing invasive disease and 

outbreaks in global aquaculture farms (Agnew and Barnes, 

2007). Also, it is known that the growth of the S. iniae de-

pends on the temperature and the nutritional ingredients in 

the water (Jeun et al., 2017).

This study was designed to examine the immune response 

of both S. iniae and black rockfish during water tempera-

ture fluctuation in order to elucidate the factors contributing 

to streptococcal pathogenesis in cultured black rockfish S. 

schlegeli. 

MATERIALS AND METHODS

1. Fish acclimations and thermal stress

Black rockfish (S. schlegeli; body mass 39.7±5.8 g, 

body length 17.1±0.9 cm) were obtained from a commer-

cial farm (Namhae, South Korea). Fish specimens were 

maintained in one-ton aerated PVC tanks in the 12/12 light 

cycles and were fed daily with a commercial diet at a rate 

of 3% body weight/day. Also, fish were held for 3 weeks in 

seawater at 23℃ to ensure that all individuals were healthy 

and being fed, and also to reset the thermal history of the 

animals prior to initiating temperature acclimations. The 

water temperature was adjusted from ambient at a rate of ±

1℃/hour until the final temperature of 28℃ was reached. 

One percent of the fish were randomly selected to perform 

bacterial isolation to ensure that they were streptococcus 

iniae-free. 

Acclimated fish were divided into 3 experiment groups 

containing 30 fish per group, which were comprised of (1) 

group maintained at 23℃, (2) group exposed at 23℃ and 

28℃ with 12 hours intervals exchange, and (3) group ex-

posed at 28℃ water temperature. The water temperature 

experiment groups used in this study was selected accord-

ing to the “Real-Time Water Temperature Information” of 

Tongyeong on the south coast and Hyeopjae on Jeju Island 

in KOREA (the maximum water temperature 28.4℃, the 

minimum water temperature 21.2℃ in July~August, 2018; 

the high-water temperature period of the year) (https://www.

nifs.go.kr/ risa/main.risa). The experiment of thermal stress 

lasted for 48 hours in one-ton aerated PVC tanks. The water 

temperature was controlled by an electrical thermostat and 

checked twice daily. 

2. Bacterial strain 

The pathogen, Streptococcus iniae (FP5228 strain) used in 

this study was originally isolated from a diseased fish during 

streptococcosis outbreak in Jeju. The bacterial species was 

identified with standard biochemical assays and the identity 

was confirmed by PCR analysis targeting 16S rRNA, and the 

bacteria were stored at -70℃ until use (Nho et al., 2009). 

For experiments, bacteria were cultured at 37℃ overnight us-

ing Tryptone soya agar (TSA; Difco, USA) with 2% NaCl(w/

v). A single colony to an OD610nm of 1.0 was washed with 

phosphate buffered saline (PBS), and suspended to 1 ×107 

CFU in PBS.

3. Serum bactericidal activity assay

Fish were sampled at 3, 6, 12, 24 and 48 hours after 

thermal stress. Blood sample were collected within 35~40 

s through the caudal vein of fish in 0.5 mL disposable hepa-

rinized syringes using a 30-gauge needle. The syringes were 

kept at room temperature for a while. Serum was obtained 

by centrifuging at 3,000 g for 15 min at 4℃ and then kept 

in the refrigerator until use. Five fish from each treatment 

were sampled for serum. 

Serum bactericidal activity was determined as described 

previously with some modifications (Rao et al., 2005). 

Briefly, S. iniae bacterial culture was centrifuged and the 

pellet was washed and suspended in PBS. Optical density 
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(O.D) of the suspension was adjusted to 0.5 at 546 nm. This 

bacterial suspension was serially diluted (1 : 10) with PBS 

five times. Serum bactericidal activity was measured by 

incubating 2 μL of this diluted bacterial suspension with 

20 μL of serum for 0 and 1 hour at 27℃. In the bacterial 

control group, PBS replaced the serum. After incubation, 

the number of viable bacteria was determined by counting 

the colonies grown on nutrient agar plate for 24 h at 27℃. 

Serum bacterial activity was calculated by the following 

method. 

Bacterial activity =  colony count after 1 hour incubation / 

colony count after 0 hour incubation

4. Immunological response analysis

Organs of fish were sampled at 3, 6, 12, 24 and 48 hours 

after thermal stress. Fish were deeply anesthetized using 

benzocaine, and the spleen and head kidney were removed 

and stored at -80℃ until analysis. Total RNA was isolated 

from tissues pooled from five individual fish using QIAzol 

(Qiagen, USA), per the vendor’s protocol, and further pu-

rified by the RNeasy Mini kit (Qiagen, USA). One micro-

gram of total RNA was converted to the first-strand cDNA 

using an Omniscript RT kit (Qiagen, USA). 

The gene-specific primers used for mRNA quantifica-

tion by real-time qPCR were shown in Table 1. The genes 

of heat shock protein 70 (HSP 70), Interleukin-1 beta (IL1 

β), Lysozyme g-type (Lyg) and Thioredoxin-like 1 (Txnl1) 

were selected in this study to evaluate immune response 

in fish, because it is well known that pathogen or thermal 

stress-derived genes are targets used by the host immune 

responses to control infection (Engelsma et al., 2002; Sha-

koori et al., 2019; Yu et al., 2020). Ribosomal protein L17 

gene, a housekeeping gene whose expression was found to 

be unaffected by the treatment in the present experiment, 

was used as an endogenous reference to normalize the tem-

plate amount. The real-time qPCR analysis was performed 

using Applied BiosystemsTM QuantStudioTM 5(Thermo 

Fisher Scientific, America) in a 20 μL reaction volume 

containing AccuPower GreenStarTM RT-qPCR Master Mix 

(Bioneer, Korea). The real-time qPCR temperature profile 

for all genes was 95℃ for 5 min after 60℃ for 15 min fol-

lowed by 40 cycles of 15 s at 95℃, 30 s at 62℃. After the 

final cycle of PCR, the melting curves were systematically 

monitored (65℃ temperature gradient at 0.5℃ / 10 s from 

65 to 95℃). During the detection, each sample was run in 

triplicate. PCR-grade water in place of the template served 

as the negative control. The 2-△△ method was used to an-

alyze real-time qPCR data (Livak and Schmittgen, 2001). 

The mRNA levels of target genes were shown at the n-fold 

difference relative to the calibrator.

5.  Cumulative mortality of fish affected by 
thermal stress

Black rockfish (n=90) affected by previous thermal stress 

were employed in a challenge test to determine the host sus-

ceptibility to S. iniae infection. Bacteria used in this experi-

ment had been passaged in vivo of fish at least one time prior 

to starting the artificial infection test. Fish were inoculated 

intra-peritoneally with either 3 ×105 CFU bacterial cells in 

PBS or PBS alone (control). The fish were divided into 3 

groups containing 20 fish per group, which were comprised 

Table 1. Primers sequence for RT-qPCR in this study.

Gene Sequence (5ʹ-3ʹ) Target size (bp) Reference

Heat shock protein 70 gene 
(HSP70)

F: AGAGCCGGTGGAGAAAGC 
R: CCTCGTCTGGGTTGATGC

161 Mu et al. (2013)

Lysozyme gene, g-type (Lyg)
F: TGGGGACTGATGCAGGTTGA
R: TGTACCACTGAGCTCTGGCA

283 This study

Interleukin-1 beta gene (IL1β)
F: ACCTGAACATGTCGACCTAC
R: AGGTTGGATTGGCACCATTC

126 This study

Thioredoxin-like gene
(Txnl1)

F: ATTCCACTGCGCTACGTCAA
R: TACCGGAGTGCCTATGAATG

120
Modified from 
Kugapreethan et al. (2017)

Ribosomal protein L17 gene 
(Rpl17) 

F: AGGCGACGCACCTACCG
R: CCTCTGGTTTGGGGACGA

109 Liman et al. (2013)
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of (1) S. iniae challenged group after exposure to 28℃, (2) S. 

iniae challenged group after exposure to 23℃ and 28℃ with 

12-hour intervals exchange, and (3) S. iniae challenged group 

maintained at 23℃. The water temperature controlled by an 

electronic heater and checked twice daily during mortality 

test. After the challenge, clinical signs and mortalities were 

recorded for 2 weeks, while dead fish were removed rapidly 

to confirm whether S. iniae was the cause of mortality by 

using bacterial isolation. All experiments were performed in 

duplicate. No feed was provided during the challenge test pe-

riod.

6. Statistical analysis

Statistical analyses were performed using the SPSS/PC +  

statistical package (SPSS Inc, Chicago, IL, USA). Signifi-

cant differences between the groups were identified using 

one-way analysis of variance (ANOVA) and Duncan’s test 

for multiple comparisons. The significance level was set at 

P<0.05. 

RESULTS AND DISCUSSION

Although various studies have predicted relationships be-

tween climate change and outbreaks of infectious diseases 

in fishery (Alborali, 2006; Marcos-Lopez et al., 2010), the 

effects of a combination of marine environmental stressors 

in an intensive aquaculture remains elusive. Also, despite 

the fact that the daily water temperature changes in the 

summer of Gyeongnam area in Korea are more than 5~6℃, 

the effect of sudden temperature changes within a few 

hours has not been investigated. Therefore, in this study, it 

is examined the effect of thermal stress, including sudden 

temperature changes, on the immune response and disease 

resistance of black rockfish, S. schlegeli. 

1. Serum bactericidal activity assay

The serum bactericidal activity assay carried out in this 

study assesses the complement-dependent bactericidal activi-

ty of antibodies in sera against bacterial isolations. This assay 

is the method of choice to evaluate the complement-mediated 

functional activity of both infection- and vaccine-induced 

antibodies (Boyd et al., 2014). The effects of thermal stress 

on serum bactericidal activity of S. iniae are presented in Fig. 

1. No significant differences were observed in serum bacteri-

cidal activity in the group of control and 23↔28℃ (P>0.05). 

After 24 h heat stress (28℃), serum bactericidal activities 

were significantly increased. Bactericidal activity in general 

has been found to be increased by the rise in temperature 

(Cooper and Haines, 1928), but S. iniae is reported to be able 

to withstand the bactericidal activity of the macrophages 

and can trigger apoptosis to facilitate its exit (Zlotkin et al., 

2003).

2. �Cumulative mortality of fish affected by thermal 

stress

In Black rockfish, S. schlegeli, the sudden water tempera-

ture change (23↔28℃) increases the severity of strepto-

coccosis in this study (Fig. 2). The fish in the control group 

(23℃) survived at 48% during the whole experimental pe-

riod after S. iniae, bacterial challenge. The combined stress 

by bacterial challenge in fish exposed to higher (28℃) and 

fluctuation (23↔28℃) of water temperature lowered the 

survival rate than that of control group (23℃) after 6 days. 

After 14 days, the cumulative mortality in the group of con-

trol, 28℃ and 23↔28℃ is 24%, 24% and 40% (P<0.05), 

respectively (Fig. 2). 

Generally, stressors could either directly affect fish mor-

tality or indirectly by suppressing their immunity, allowing 

for disease outbreak following the invasion by bacteria. 

Fig. 1. Effects of thermal stress on serum bactericidal activity of 
S. iniae. The values represent the mean±S.D of three replicates. 
Vertical bar denotes a standard error (n = 10). Values with different 
superscripts are significantly different (P<0.05) as determined by 
Duncan’s multiple range test. 
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Abrupt temperature fluctuations cause severe physiological 

stress in fish, which affects their immune system (Mariana et 

al., 2019). Previous studies have shown that fish exposed to 

high temperature have protein damage, hormonal changes, 

and high mortality due to thermal stress (Basu et al., 2002; 

Nakano et al., 2014; Ahn et al., 2019). Also, thermal stress 

mediate oxidative damages in liver, which affects survival 

rate of fishes (Roychowdhury et al., 2020). However, this 

study shows that not only high-water temperature but also 

rapid fluctuations in water temperature have a significant 

impact on the survival rate of fish after the invasion by bac-

teria. Lillehaug et al. (1993) reported that rapid temperature 

changes cause severe physiological stress on fish, so any tem-

perature change affects the immune system badly. In tilapia 

under temperature stress of 19℃ and 35℃ as of 27℃, tilapia 

decreased its resistance against S. iniae (Qiang et al., 2013). 

Kayansamruaj et al. (2014) also reported that elevated tem-

perature increases the severity of Streptococcus agalactiae in 

Nile Tilapia, Oreochromis niloticus. Their results suggest that 

the increase of S. agalactiae pathogenicity to fish induced 

by elevated temperature is associated with inflammatory re-

sponses such as IL-1β, TNF-α and COX-2, which may lead 

to acute mortality. 

3. Immunological response analysis

In this study, the effect of thermal stress on the gene ex-

pression of heat shock protein 70 (HSP 70), Interleukin-1 

beta (IL1β), Lysozyme g-type (Lyg) and Thioredoxin-like 1 

(Txnl1) in the spleen and head kidney of black rockfish is 

shown in Figs. 3~6. 

1) Heat shock protein 70 (HSP70)

The gene expression of HSP 70 significantly increased in 

spleen and head kidney of black rockfish exposed to ther-

mal stress compared to the control (P<0.05). The higher 

level of HSP 70 transcript was detected in the group of ex-

treme water temperature changes (from 23℃ to 28℃) than 

in the group exposed to high temperature (28℃) consis-

tently. Also, our results showed that thermal stress was able 

to stimulate the level of HSP 70 gene expression within 12 

hours in black rockfish (Fig. 3). HSP 70 played key roles in 

protein folding, protein targeting for degradation, apoptosis, 

etc. (Srinivasan et al., 2018). It had been widely proved that 

HSP 70 was significantly induced by heat stress in aquatic 

species (Yan et al., 2017; Huo et al., 2019; Yu et al., 2020). 

Similar result was displayed in this study with significantly 

upregulated HSP 70 expression after thermal stress. The en-

hanced expression of HSP 70 induced by stress was mainly 

involved in environmental stress protection, improving cell 

survival and disease resistance (Deane and Woo, 2005; Ryc-

kaer et al., 2009; Julia et al., 2017). 

2) Interleukin-1 beta (IL1β)

Likewise, the gene expression of IL1β significantly in-

creased in head kidney of fish exposed to fluctuation water 

temperature within 12 hours (P<0.05) (Fig. 4). However, 

after 24 hours of thermal stress, the immune responses, 

such as overexpression of HSP 70 and IL1β, were no longer 

observed. The Lyg also showed strong expression in head 

kidney after thermal stress (Fig. 5). In particular, high levels 

of Lyg were continuously observed in the head kidney of 

severely changed group (from 23℃ to 28℃) even after 48 

hours of thermal stress (P<0.05), but no significant levels 

were observed in spleen even after 48 hours. These sup-

pressions of immune response may lead to increase in the 

mortality rate of black rockfish infected with the S. iniae (Fig 

2). The present results indicated a correlation between the 

immune response and survival rate against bacterial infec-

tion upon exposure to thermal stress. 

The IL1 family is an expanding family of pro-inflamma-

tory cytokines and an early cytokine in the inflammatory re-

sponse with a cascade of effects, many of which is mediated 

through up- or down-regulation of other cytokines (Dunn et 

al., 2001). Constitutive mRNA expression of IL1β in fish is 

Fig. 2. Accumulated mortalities of Korean rockfish infected with S. 
iniae after thermal stress. The values represent the mean±S.D of 
three replicates. Vertical bar denotes a standard error (n = 2). 
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primarily observed in the immune organs of head kidney and 

spleen (Engelsma et al., 2001). In this study, although the 

expression of IL1β is observed both head kidney and spleen, 

a dramatic increase occurred only in head kidney after heat 

stress (Fig. 4). In trout, the Lipopolysaccharide-induced IL1 

expression was shown to be temperature-dependent; a lower 

temperature in vitro resulted in lower expression (Engelsma 

et al., 2002.). Also, injection of carp recombinant IL 1 could 

enhance the agglutinating antibody titers against bacteria, 

Aeromonas hydrophila, and the IL1β expression peaks ap-

proximately 2 h to 4 h after the start of stimulation (Zou et al., 

2000; Engelsma et al., 2001). 

3) Lysozyme g-type (Lyg)

As a non-specific immune factor of fish, the g-type lyso-

zyme is closely related to the immune function of fish against 

bacterial infection. It is a natural endogenous antitoxin and 

helps improve the immunity of the body through its anti-bac-

terial, anti-viral, and anti-inflammatory activities (Shakoori 

et al., 2019). Zhang et al. (2018a) reported that the Lyg ex-

pression in spleen, gill and intestine tissues of the largemouth 

bass, Micropterus salmoides, increased significantly under 

heat stress and A. hydrophila injection with the maximum 

levels attained at 12 and 24 hours. Furthermore, they all de-

creased significantly and the expression in gill returned to 

Fig. 3. Expression of the immune response gene; the heat shock 
protein 70 were measured in spleen (A) and head kidney (B) in 
the exposed fish to thermal stress for 48 hours by real-time PCR 
analysis. Ribosomal protein L17 gene was used as an internal con-
trol for real-time PCR and the relative expression level of 0 hours 
post-thermal stress was set to one. Deviation bars represented the 
standard errors of three experiments at each temperature point. The 
comparison among different time shocked by thermal stress was 
performed one-way ANOVA, followed by Duncan’s multiple. Dif-
ferent superscripts indicate significant difference (P<0.05).

(A)

(B)

Fig. 4. Expression of the immune response gene; interleukin-1β 
were measured in spleen (A) and head kidney (B) in the exposed 
fish to thermal stress for 48 hours by real-time PCR analysis. 
Ribosomal protein L17 gene was used as an internal control 
for real-time PCR and the relative expression level of 0 hours 
post-thermal stress was set to one. Deviation bars represented the 
standard errors of three experiments at each temperature point. The 
comparison among different time shocked by thermal stress was 
performed one-way ANOVA, followed by Duncan’s multiple. Dif-
ferent superscripts indicate significant difference (P<0.05).

(A)

(B)
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nearly the basal value within 72 hours. They suggested that 

the Lyg gene perhaps played an important role in the immune 

responses against bacterial invasion. Their study, like our re-

sults, supports the suggestion that immune response actually 

decreases when the limit of stress that fish could endure is 

exceeded. 

4) Thioredoxin-like 1 (Txnl1)

The immune related responses of the Txnl1 indicate the 

impact of pathological stimulation on thioredoxin pathway. 

ROS may interact with the biomolecules, leading to severe 

cell damage or cell death. The Txnl1 activity protects the 

cells from the damage via redox balance and it expressed 

in various tissues. In addition, the Txnl1 helps the organs to 

maintain cellular redox homeostasis related to antioxidant 

activity (Liyanage et al., 2018). Furthermore, the thioredoxin 

transcripts of the scallop were up-regulated under bacteri-

al stress Vibrio parahaemolyticus in scallop (Zhang et al., 

2018b), and may produce higher Txnl1 to eliminate the gen-

erated ROS from harmful invaders (Liyanage et al., 2018). In-

deed, it is well known that heat stress causes oxidative stress, 

resulting in increased disruption of the balance of antioxidant 

enzymes (Mujahid et al., 2005, 2007; Montilla et al., 2014). 

In this study, after thermal stress, although the overexpression 

of Txnl1 were observed in several experimental groups, no 

Fig. 5. Expression of the immune response gene; lysozyme g-type 
were measured in spleen (A) and head kidney (B) in the exposed 
fish to thermal stress for 48 hours by real-time PCR analysis. 
Ribosomal protein L17 gene was used as an internal control 
for real-time PCR and the relative expression level of 0 hours 
post-thermal stress was set to one. Deviation bars represented the 
standard errors of three experiments at each temperature point. The 
comparison among different time shocked by thermal stress was 
performed one-way ANOVA, followed by Duncan’s multiple. Dif-
ferent superscripts indicate significant difference (P<0.05).

(A)

(B)

Fig. 6. Expression of the immune response gene; thioredoxin-like 
1 were measured in spleen (A) and head kidney (B) in the exposed 
fish to thermal stress for 48 hours by real-time PCR analysis. 
Ribosomal protein L17 gene was used as an internal control 
for real-time PCR and the relative expression level of 0 hours 
post-thermal stress was set to one. Deviation bars represented the 
standard errors of three experiments at each temperature point. The 
comparison among different time shocked by thermal stress was 
performed one-way ANOVA, followed by Duncan’s multiple. Dif-
ferent superscripts indicate significant difference (P<0.05).

(A)

(B)
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regularities or a series of trends in its expression were found 

in both the kidney and spleen (Fig. 6). In the study of Duan 

et al. (2018), the expression of the thioredoxin gene showed 

significant variations after 24-72 hours of thermal stress in 

whiteleg shrimp, Litopenaeus vannamei. They insisted that 

thermal stress disrupt the balance between oxidants and anti-

oxidants, causing a loss in compensatory mechanisms due to 

excessive ROS in shrimp. 

CONCLUSION

In conclusion, thermal stress modulated the mRNA level 

of immune-related genes, such as HSP 70, IL1β, Lyg and 

Txnl1, and they may play an important role in the immune 

defense against bacteria challenge after thermal stress in 

the black rockfish. This study indicates that a high and sud-

den water temperature change affects immune responses 

and reduces the disease resistance in Korean rockfish. This 

provides basic information on whether the gene expression 

of immunological parameters changes the survival rate of 

black rockfish infected with bacterial disease in response to 

thermal stress. 
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