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Abstract 
Heat shock protein 90 family, a class highly conserved protein and important 
molecular chaperone and its plays a role in enhancing animal adaptability to 
environmental stress and improving immunity. In this study, a full-length HSP90β 
cDNA (ToHSP90β) sequence was identified from Trachinotus ovatus. The cDNA of 
ToHSP90β was 2648 base-pairs (bp) long and contained a 5′-terminal untranslated 
region of 130 bp, a 3′-terminal untranslated region of 334 bp, and the open reading 
frame length 2184 bp, which can encode 728 amino acids. The ToHSP90β has a heat 
shock protein 90 family signature. The ToHSP90β amino acid sequence has high 
homology with other fish HSP90β amino acids (92.5-99.17%) and contains five 
conserved signal regions and a structural feature of the cytoplasmic HSP90 family. 
Phylogenetic tree analysis indicated that ToHSP90β was most closely related to 
Seriola dumerili HSP90β. Tissues expression analysis showed that the ToHSP90β was 
expressed in all nine tissues of T. ovatus, and its expression was the highest in the 
intestine. The stocking density significantly affected the expression of ToHSP90β in 
the kidney and brain tissues, and its expression levels increased significantly with 
increasing stocking densities, indicating that it plays an important regulatory role in 
the process of T. ovatus’ chronic stress response. After Cryptocaryon irritans 
infection, the mRNA expression of ToHSP90β was significantly increased in liver and 
kidney tissues, indicating that ToHSP90β would be involved in the immune regulatory 
response. This study was the first to analyze the expression pattern of HSP90β mRNA 
in T. ovatus tissues and their expression responses to stocking density stress and C. 
irritans infection. To provide a theoretical basis for further study of the function of 
fish HSP90 and its physiological mechanism in environmental stress and parasite 
infection. 

Introduction 
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Heat shock proteins (HSPs), also known as stress proteins, are a class highly conserved 
family of cellular proteins and important molecular chaperones that are widely found in 
living organisms and divided into two types of constitutive and inductive (Gao et al., 2008; 
Roberts et al., 2010; Yebra-Pimentel et al., 2019; Zahedi et al., 2019). Heat shock proteins 
play an important role in protecting fish from stress injuries (Jun et al., 2015). Synergistic 
effects of genetic characteristics and external factors affect the regulation of heat shock 
proteins in fish (Iwama et al., 1999). Under adverse stress conditions, the body will 
synthesize heat shock proteins through physiological and biochemical reactions to protect 
itself from damage to the stressors (Pierce et al., 2013; Lin et al., 2018). Yebra-Pimentel 
et al. (2019) showed that proteins are misfolded and accumulated in the cytoplasm due to 
unfavorable stress, resulting in a highly conserved heat shock response to maintain protein 
stability. Lin et al. (2018) stated that HSPs protect proteins and cells from damage under 
unfavorable stress conditions. In addition, HSPs also play an important role in immune 
response, apoptosis, and inflammation (Roberts et al., 2010). Some scholars believe that 
HSPs are indicators of stress and are important biomarkers for a variety of abiotic variables 
(Sanders, 1993; Song et al., 2018; Vargas-Chacoff et al., 2019). 
 According to molecular size and sequence homology, heat shock proteins can be divided 
into five families: HSP110, HSP90, HSP70, HSP60 and low molecular weight Heat shock 
proteins (Csermely et al., 1998). Heat shock protein 90 family (HSP90), one of the 
important members of the heat shock proteins family, accounting for about 1%-2% of total 
cell soluble protein under non-stress conditions (Csermely et al., 1998; Sreedhar et al., 
2004). In recent years, HSP90 has received considerable attention in aquatic animal 
research. As a stress protein and molecular chaperone, HSP90 plays an important biological 
role in biological tolerance to various adversity stressors (Young et al., 2001; Fu et al., 
2011). HSP90 expression levels are up-regulated by a series of stressors such as changes 
in salinity, temperatures, heavy metals and ammonia nitrogen as well as bacterial 
infections (Deane et al., 2002; Qin et al., 2016; Shin et al., 2018). In the stress response 
of cells, HSP90 interacts with proteins that change their conformation due to environmental 
stimuli, ensuring proper folding of proteins and preventing non-specific aggregation of 
proteins, and enhancing the ability of animals to adapt to environmental stimuli (Zhang et 
al., 2009; Lin et al., 2018). Simultaneously, HSP90 is involved in the regulation of 
apoptosis or necrosis as well as signal transduction of various hormones and growth factor 
receptors (Pratt, 1998; Sreedhar et al., 2004). In addition, HSP90 also maintains key 
proteins by forming a specific complex, such as protein kinases and steroid receptors 
(Csermely et al., 1998). The HSP90 family can be divided into five subfamilies: the 
mitochondrial HSP90 homolog tumor necrosis factor regulatory protein 1(TRAP1), the 
chloroplast HSP90 subtype, the cytosolic HSP90α (HSP90AA) and HSP90β (HSP90AB), the 
endoplasmic reticulum HSP90B subtype glucose-regulated protein 94 (Grp94) and high-
temperature protein G (HtpG) in bacteria (Song et al., 1995; Patel et al., 2015; Du et al., 
2019). At present, the most extensive studies on HSP90α and HSP90β in the cytoplasm. 
Some scholars believe that HSP90β is a subtype of the HSP90 family that has undergone 
a long time of cell evolution and adaptation, while HSP90α is a rapidly responding subtype 
of cell protection, and HSP90β is more suitable for the study of chronic stress than HSP90α 
(Kim et al., 2013). To date, the HSP90 genes were isolated and identified in many teleosts 
such as Solea senegalensis (Manchado et al., 2008), Epinephelus coioides (Chen et al., 
2010), Ctenopharyngodon idella (Wu et al., 2012), Miichthys miiuy (Wei et al., 2013), 
Botia reevesae (Qin et al., 2016), Channa argus (Zhou et al., 2017) and Megalobrama 
amblycephala (Song et al., 2018). 
 The success farming of commercial fish depends on the provision of appropriate 
environmental factors to maintain the health of the fish (Kim et al., 2013). The health and 
welfare of farmed fish is of widespread concern in society, such as the stocking density. 
Stocking density is considered to be an important factor in determining fish production and 
economic benefits in fish farmed practices (Kim et al., 2013; Refaey et al., 2018). It is well 
known that high stocking densities can lead to chronic stress and reduce fish welfare in 
intensive aquaculture (Vazzana et al., 2002). Zahedi et al. (2019) showed that high 
stocking density as a chronic stress source had multiple effects on the physiology and 



 Analysis of heat shock protein 90β from golden pompano 3 

The Israeli Journal of Aquaculture – Bamidgeh • IJA.73.2021.1531108 
 

welfare of farmed fish, in primary, secondary and tertiary stress responses. The mRNA 
synthesis of encoding "stress-related proteins" is a primary response, and its expression 
can be measured by real-time fluorescence quantitative PCR (Gornati et al., 2004). Terova 
et al. (2005) pointed out that molecular biomarkers that indicate gene activity can serve 
as important early indicators of response to stress in organism. As a specific anti-stress 
protein, HSP90 plays an important role in enhancing animal adaptation to environmental 
stressors (Lin et al., 2018). Studies have shown that the expression level of HSP90 mRNA 
was significantly changed in some tissues of fish under high stocking density stress, such 
as Dicentrarchus labrax (Gornati et al., 2004), Takifugu obscurus (Kim et al., 2013), 
Acipenser schrenckii (Ni et al., 2014) and Paralichthys adspersus (Valenzuela et al., 2019). 
In this study, we investigated the expression responses of HSP90β gene in golden pompano 
under high stocking density stress. 
 The non-specific response caused by the adverse stimulation of external environmental 
factors is called a stress response. Stress responses are applicable to a wide range of 
physiological mechanisms. In teleosts, the kidney and liver are important immune tissues 
(Press and Evensen, 1999). Yang et al. (2020) showed that the expression of HSP90α in 
the liver and kidney tissues of golden pompano was increased after Cryptocaryon irritans 
infection. Wang et al. (2017) showed that the HSP90 mRNA level of Hyriopsis cumingii was 
significantly regulated by changes in temperature, cadmium and Aeromonas hydrophila. 
Therefore, HSP90 is involved in regulating the cellular stress response and plays a key role 
in protecting organisms from external environmental stress. 
 The golden pompano (Trachinotus ovatus, Linnaeus 1758), belongs to Trachinotus and 
Carangidae, and is widely distributed in tropical and subtropical waters of Southeast Asia 
and the Mediterranean. Due to its rapid growth, delicious meat quality and high nutritional 
value, and has become a most important cultured marine fish in the southeast coast of 
China (Tutman et al., 2004; Liang et al., 2018). However, due to the increasing stocking 
density and parasites, affecting their growth, and even causing economic losses. This study 
was to analyze the cDNA structure and characterization of the HSP90β, and to investigate 
the expression and distribution of the HSP90β mRNA in various tissues of T. ovatus and its 
expression in three different stocking densities and C. irritans, to further study the 
molecular mechanism of HSP90β gene under environmental stress to provide basic data.
    

Materials and Methods 
Experimental materials and design. The experimental golden pompano was obtained from 
the Tropical Fisheries Research and Development Centre, South China Sea Fisheries 
Research Institute, Chinese Academy of Fishery Sciences, Xincun Town, Lingshui, China. 
The experimental fish were kept for one week before the experiment to adapt to the rearing 
environment in the sea cages of Xincun Town. After one week, the experimental fish 
(weight: 9.75 ± 0.11g) were randomly assigned to the corresponding cages (specification: 
1 m x 1 m x 1 m) according to 100, 200 and 300 fish, marked as low stocking density 
(LD), medium stocking density (MD) and high stocking density (HD), three replicates each 
experimental group. The experiment lasted for 10 weeks, observed, and record the survival 
status of the fish every day. The design and results of the stocking density experiment 
were previously described by Yang et al (2020). 
 At the end of the experiment, fish were fasted for one day and were anaesthetized with 
100 mg / L eugenol (Shanghai Medical Devices Co., Ltd., Shanghai, China). The liver, 
kidney, brain, and muscle of three fish were collected in each cage and immediately placed 
in liquid nitrogen for freezing. The samples of the liver, spleen, intestine, kidney, gill, brain, 
fins, blood, and muscle tissues from three healthy golden pompano (non-experimental 
fish) were collected and frozen in liquid nitrogen and stored at -80 °C until total RNA was 
isolated. 
 Healthy T. ovatus with an average body weight of 98 ± 15 g were purchased from 
Lingshui Marine Fish Farm in Hainan Province, China, where no outbreaks of infection had 
emerged during the breeding period. 200 fishes were randomly selected and examined; 
no parasites were identified on their gills, fins, or skin. The selected fishes were acclimated 
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in two fiberglass aquariums with 1000L water volume for two weeks and fed twice times a 
day (8:00 and 17:00) with commercial feed prior to infection. The experiment was 
maintained in fresh seawater at 28 ± 2 °C with 30‰ salinity. 100 healthy fish were 
infected with C. irritans at a dose of 600 theronts / fish in the experimental group (EG), 
and 100 healthy fish were used as a control group (CG), and no infection treatment was 
performed under the same reared conditions. The experiment lasted three days. The C. 
irritans used in this study were isolated from the naturally diseased T. ovatus and 
subcultured in the laboratory. After C. irritans challenge for 0, 6, 12, 24, 48 and 72h, the 
liver, kidney, and gill of six fish were collected in the EG. The same tissues were collected 
from six healthy fish as a negative control in the CG. Fish were anaesthetized before 
collecting samples. All samples (liver, kidney, and gill) were collected in 2 mL cryotubes 
and rapidly frozen in liquid nitrogen. 
 All the experiments in this study were approved by the Animal Care and Use Committee 
of South China Sea fisheries Research Institute, Chinese Academy of fishery Sciences 
(no.SCSFRI96-253) and performed according to the regulations and guidelines established 
by this committee. 
       Total RNA extraction and cDNA synthesis. Total RNA was isolated from the liver, 
kidney, brain, muscle, gill, and fin tissues of the experimental fish and nine tissues of the 
healthy fish according to the instructions of HiPure Universal RNA Mini kit (Magen, 
Guangzhou, China). The RNA quality and concentration were measured by 1.0% agarose 
gel electrophoresis and NanoDrop 2000 (Thermo Scientific, USA), respectively. The better 
isolated RNA was reverse transcribed into cDNA for qPCR using the PrimeScriptTM RT 
reagent kit with gDNA Eraser (TaKaRa, Dalian, China). The synthesized cDNA samples were 
stored at -80 °C until use. 
       Cloning and sequencing. T. ovatus HSP90β genomic sequences was obtained by whole 
genome sequencing, assembled, and annotated (Accession No. PRJEB22654 under ENA; 
Sequence Read Archive under BioProject PRJNA406847) in our laboratory. The cDNA 
sequence was obtained by random sequencing technique and found to be highly 
homologous with HSP90β mRNA, complete CDS in other fish by comparison in GenBank 
database, named ToHSP90β. Primers ToHSP90β-F/R were designed by Primer Premier 5.0 
software to validated open reading frame (ORF). The target fragment was amplified by 
using cDNA as templates, and the target fragment was purified and ligated with a vector 
(pMDTM18-T vector cloning kit, TaKaRa) to transform competent cells. Cloning and 
screening of white colonies, then PCR reaction and sequencing (Beijing Ruibo Xingke 
Biotechnology Co., Ltd., Beijing, China.). 
       Bioinformatic analysis. The sequencing results were aligned in BLAST of the Genbank 
database (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The open reading frame is predicted 
by ORFfinder (https://www.ncbi.nlm.nih.gov/orffinder/) and speculated on the amino acid 
sequence. The molecular weight (Mw) and isoelectric point (pI) values were calculated by 
the ExPASy program (https://web.expasy.org/compute_pi/). Signal peptides, 
glycosylation sites, and protein phosphorylation sites on the amino acid sequence were 
predicted using the ExPASy (http://prosite.expasy.org/), NetNGly 
(http://www.cbs.dtu.dk/services/NetNGlyc/) and Kinasephos program 
(http://kinasephos.mbc.nctu.edu.tw/), respectively. The signal peptides were predicted to 
useing SignalP 4.1 (http://www.cbs.dtu.dk/services/). The conserved domain was 
speculated by SMART software (http://smart.emblheidelberg.de/). Protein secondary 
structure prediction using the GOR method (https://npsa-prabi.ibcp.fr/cgi-
bin/npsa_automat.pl?page=/NPSA/npsa_phd.html). Meanwhile, the three-level structure 
prediction was performed using the SWISS-MODEL software 
(http://swissmodel.expasy.org/). The HSP90β sequences of other species were obtained 
from the NCBI database. Multiple sequence alignments by using the Clustal Omega 
program (https://www.ebi.ac.uk/Tools/msa/clustalo/), and phylogenetic trees were 
constructed using MEGA7.0 software. 
       Quantitative real-time PCR. Based on the cDNA sequence of ToHSP90β, the upstream 
and downstream specific primers (ToHSP90β-qF/qR) of ToHSP90β were designed using the 
Primer Premier 5.0 software and the reference gene elongation factor 1 alpha (EF-1α F/R) 
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(Table 1). The qPCR reaction was performed on the Roche LightCycler® 480 II (Roche 
Diagnostics, Shanghai, China) according to the TB GreenTM Premix Ex TaqTM II (TaKaRa) 
instructions. A 12.5 µL reaction volume contained 6.25 µL 2 x TB Green Premix Ex Taq II 
(Tli RNaseH Plus) (TaKaRa), 1µL cDNA template, 0.5 µL each primer of forward and reverse 
and 4.25 µL of Milli-Q water. The thermal profile for qPCR was 94°C for 30s, followed by 
40 cycles at 94°C for 5s, 60°C for 20s. Assay of all samples was repeated three times. The 
relative expression of ToHSP90β in the liver, kidney, brain and muscle tissues of the 
experimental fish and nine tissues of the healthy fish were calculated by the 2-ΔΔct method 
(Livak and Schmittgen 2001). All data were analysed according to one-way analysis of 
variance (ANOVA) and Tukey's post hoc test in this study using SPSS 22.0 software (IBM, 
New York, USA). Results are expressed as mean ± SE (mean ± standard error). Significant 
difference was considered at P < 0.05. 
 
Table 1 Primers used in this study. 

Primer name primer sequences (5'-3') application 

ToHSP90β-F CATTTCCCTGCGTCAGAGAG verify open 
reading frame ToHSP90β-R TCAGGGGGGTGGGTAGATTT 

ToHSP90β-qF GTTTCTACTCTGCCTACCTTGTG qRT-PCR 
ToHSP90β-qR TCTCCTTGACCCTCTTCTCC 

EF-1αF CCCCTTGGTCGTTTTGCC Reference gene 
EF-1αR GCCTTGGTTGTCTTTCCGCTA 

 
Results 

The cDNA sequence characteristics of ToHSP90β. As shown in Figure 1, the full-length 
ToHSP90β cDNA was 2648 base-pairs (bp) (GenBank accession number: MN641479), 
including a complete open reading frame with the start codon ATG located 131-133 and 
the stop codon TAA located 2315-2317. 5′-terminal untranslated region (5′-UTR) of 130 
bp, open reading frame (ORF) length 2184 bp, and a 3′-terminal untranslated region (3′-
UTR) of 334 bp. The ORF finder program predicts that the ORF encodes a protein of 728 
amino acids. Its theoretical molecular weight of 83.681 kDa, theoretical isoelectric point of 
4.90, and no signal peptide sequence was detected at the N-terminal. Fourteen 
phosphorylation sites (7 serine sites, 1 threonine site, and 6 tyrosine sites, respectively) 
were predicted by the kinasephos program, and no glycosylation sites were detected 
(Figure 1). The Heat shock protein 90 family signature (YsNKEIFLRE) sequence was 
predicted at 32-41 by ExPASy program and using the SMART program to predict that 
ToHSP90β has a histidine kinase-like ATPases domain at 34-188 (Figure 1). According to 
the multiple alignment of the amino acid sequences of T. ovatus and other fishes, it was 
found that there were five conserved signal regions of the HSP90 family, and the cytosolic 
HSP90 family signature MEEVD (Figure 2). The above analysis indicates that it is indeed 
a member of the HSP90 family. 
 The prediction of the secondary structure of ToHSP90β amino acid sequences by GOR 
method, showed that its secondary structure consisted of 46.57% alpha helix, 13.60% 
extended strand and 39.84% random coil. A three-dimensional construction model of the 
ToHSP90β protein was constructed by the SWISS-MODEL program (Figure 3). The results 
showed that the ToHSP90β protein consisted of 21 α-helices and 22 β-sheets and 
connected random coils. 
 Homology analysis of ToHSP90β. Multiple alignment analysis of amino acid sequences 
using the Clustal Omega program (Table 2), showed that the amino acid sequence of the 
ToHSP90β has high homology with other osteichthyes (92.51-99.17%), which has the 
highest homology with S. dumerili (99.17%), followed by E. naucrates (98.90%), and it 
has the lowest homology with S. salar (92.51%). The homology of amino acid sequence of 
the ToHSP90β with mammals, aves, amphibia and reptiles are 90.97-91.25%, 90.56-
91.11%, 91.52% and 89.47%, respectively. The Poisson Correction distances of the 
ToHSP90β amino acids and other osteichthyes, mammals, aves, amphibia and reptiles are 
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0.008-0.074, 0.086-0.089, 0.086-0.092, 0.081, 0.103, respectively. The closest pairwise 
distance between T. ovatus and S. dumerili is 0.008, and the furthest pairwise distance 
with O. hannah is 0.103. 
 

 
 
Figure 1 Sequence of cDNA and predicted amino acid sequence of the ToHSP90β. The initiation 
codon (atg) is underlined. The stop codon (taa)is indicated by a thick line. The heat shock proteins 
90 family signature sequence (YsNKEIFLRE) is indicated by a shade of yellow. The serine site is 
marked by a shade of red. The threonine site is represented by a circle. Tyrosine sites are indicated 
by boxes. The ToHSP90β histidine kinase-like ATPases domain is indicated by a dashed underline. 
The black and green numbers on the right side of the figure are indicate the number of bases and 
amino acids, respectively. 
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Figure 2 Alignment of the HSP90β amino acid sequences of T. ovatus and other fishes. The yellow 
shades represent the five conserved signaling regions of the HSP90 family. The cytoplasmic HSP90 
signature MEEVD is indicated by a turquoise shade. The number on the right indicates the number 
of amino acids. 

 
Figure 3 Three-dimensional structure model of the ToHSP90β gene protein of T. ovatus. The purple 
and green colors in the figure are α-helix and β-fold. 
 

Table 2 Multiple alignments and phylogenetic tree construction of the desired species sequence. 

Species Order Gene 
isoform 

Accession No. 
(NCBI) 

Trachinotus ovatus 
Identity 

(%) 
Pairwise 
distance 

Trachinotus ovatus Perciformes HSP90β MN641479 100.00 0 

Seriola dumerili Perciformes HSP90β XP_022619895.1 99.17 0.008 

Echeneis naucrates Perciformes HSP90β XP_029351674.1 98.90 0.011 

Siniperca chuatsi Perciformes HSP90β AJP74821.1 98.21 0.015 

Stegastes partitus Perciformes HSP90β XP_008274978.1 98.07 0.017 

Lates calcarifer Perciformes HSP90β AEH27541.1 98.07 0.018 

Collichthys lucidus Perciformes HSP90β TKS76250.1 97.79 0.018 

Salmo salar Salmoniformes HSP90β AAD30275.1 92.51 0.074 

Paralichthys olivaceus pleuronectiformes HSP90β ABG56394.1 97.10 0.03 

Danio rerio Cypriniformes HSP90β NP_571385.2 94.06 0.054 

Clarias batrachus Siluriformes HSP90β AGI03840.2 94.63 0.051 

Numida Meleagris Galliformes HSP90β XP_021245225.1 91.11 0.086 

Corapipo altera Passeriformes HSP90β XP_027497163.1 90.56 0.092 

Ophiophagus Hannah Squamata HSP90β ETE64918.1 89.47 0.103 

Homo sapiens Primates HSP90β NP_031381.2 91.11 0.087 

Pongo abelii Primates HSP90β NP_001126444.1 91.11 0.087 

Equus caballus Perissodactyla HSP90β NP_001075407.1 91.25 0.086 

Cavia porcellus Rodentia HSP90β XP_003473881.1 90.97 0.089 

Xenopus tropicalis Anura HSP90β NP_001025655.1 91.52 0.081 
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 The phylogenetic trees of each species were constructed by neighbor-joining (NJ) 
method of MEGA6.0 (Figure 4), and the analysis showed that amphibia, aves, reptiles, 
mammals and osteichthyes were clustered into one branch respectively. Perciformes are 
grouped as a single branch in osteichthyes, and T. ovatus forms a small cluster with S. 
dumerili, E. naucrates and L. calcarifer, and has the highest correlation with HSP90β 
evolution of S. dumerili. Therefore, it can be determined that the ToHSP90β should belong 
to the cytosolic HSP90β subfamily. 
 

 
Figure 4 Neighbor-joining (NJ) phylogenetic tree constructed based on amino acid sequence 
encoded by the ToHSP90β gene. 
 
 Genomic structures analysis of ToHSP90β. The genomic sequences of ToHSP90β 
(GenBank accession number: MN708358) were amplified and confirmed (Figure 5). We 
found that the ToHSP90β genomic sequences length is 6946 bp, containing 12 exons and 
11 introns, and all the introns and exons boundary sequences follow the GT-AG rule. The 
first exon (130bp) is an untranslated region, the last exon consists of a coding sequences 
(116bp) and a non-coding sequences (334bp), and the other exons are translation regions. 
Comparison of exons and introns structures of HSP90β genomic sequences of different 
species indicated that their HSP90β genomic structures containing 12 exons and 11 introns 
(Figure 6). The genomic structures of T. ovatus ToHSP90β is highly similar to S. dumerili. 
The exons differences of all species are mainly concentrated in the first and twelfth, and 
the other exons are basically the same, therefore, the protein encoded by this gene is 
highly conserved. The length of introns larger difference. 
 Expression pattern of ToHSP90β in different tissues. The tissue expression 
characteristics of ToHSP90β mRNA in healthy T. ovatus was analyzed by qRT-PCR is shown 
in Figure 7. The results showed that the relative expression of ToHSP90β mRNA was 
highest in the intestine tissue compared to other tissues (P < 0.05). Secondly, the 
expression levels of this gene were relatively high in the kidney, gill, fin, and liver, and 
were relatively low in the spleen, brain, muscle, and blood. 
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Figure 5 The genomic sequence of ToHSP90β. The yellow shaded portion indicates the exon 
sequence. The two special sites (GT-AG rule) for each intron splicing are represented by a rectangular 
box. 
 

 
Figure 6 Comparison of the structure of introns and exons of the ToHSP90β gene with other species. 
Black lines and rectangles represent introns and exons, respectively. The numbers in parentheses in 
the figure indicate the number of exon base pairs. The accession number of HSP90β gene sequence 
of the species in GenBank: S. dumerili (NW_019174280.1), H. sapiens (NC_000006.12), N. 
Meleagris (NC_034411.1), X. tropicalis (NW_016684028.1). 
 

 
Figure 7 Tissues expression characteristics of the ToHSP90β mRNA in healthy T. ovatus. Different 
letters indicate significant difference between groups (P < 0.05). Vertical bars denote standard error. 
Mu, muscle; Bl, blood; Sp, spleen; Br, brain; Li, liver; Fi, fin; Gi, gill; Ki, kidney; In, intestine. 
 
 Expression levels of ToHSP90β mRNA at the density stress and C. irritans infection. The 
differential expression of ToHSP90β mRNA in liver, kidney, brain, and muscle of T. ovatus 
under density stress by qRT-PCR is shown in Figure 8. The results showed that the relative 
expression levels of ToHSP90β mRNA in the kidney and brain were significantly up-
regulated as increasing stocking density (P < 0.05). However, the relative expression of 
ToHSP90β mRNA in the liver was not statistically significant among groups (P > 0.05). The 
relative expression levels of ToHSP90β mRNA in the LD and HD groups were significantly 
higher than those in the MD group in muscle (P < 0.05). The differential expression of 
ToHSP90β mRNA in liver, kidney, and gill of T. ovatus after C. irritans infection by qRT-
PCR is shown Figure 9.  
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Figure 8 Relative expression levels of ToHSP90β mRNA in the liver (a), kidney (b), brain (c) and 
muscle (d) of juvenile golden pompano cultured at different stocking densities for 10 weeks. Data 
are expressed as the mean ± SE (n=3 per cage). Different letters indicate significant differences 
between groups (P < 0.05). Vertical bars denote standard error. LD, low stocking density; MD, 
medium stocking density; HD, high stocking density. 

 

 
Figure 9 Relative expression levels of ToHSP90β mRNA in the liver (a), kidney (b) and gill (c) of 
juvenile golden pompano cultured after Cryptocaryon irritans infection. Data are expressed as the 
mean ± SE (n=3 per cage). Different letters indicate significant differences between groups (P < 
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0.05). Vertical bars denote standard error. 
 

Discussion 
Heat shock protein 90 is a class highly conserved protein and important molecular 
chaperone, and plays a role in enhancing animal adaptability to environmental stress 
(Zhang et al., 2009). In this study, the complete cDNA sequence of ToHSP90β gene was 
obtained for the first time, with a total length of 2648 bp. The ORF of 2184 bp can encode 
a protein of 728 amino acids. Analysis indicated that it has the Heat shock proteins 90 
family signature (YsNKEIFLRE) (Mo et al., 2018). The ToHSP90β has a histidine kinase-like 
ATPases domain (Figure 1), which is the major structural and functional domains in HSP90 
family, this region is highly conserved and has the activity of hydrolyzing ATP (Wei et al., 
2013). Multiple sequence analysis of the ToHSP90β amino acid revealed that it has five 
conserved signal regions of the HSP90 family with other fish in Figure 2 (Gupta, 1995). 
The C-terminus of HSP90β has a conserved MEEVD structure that is a feature shared in all 
the cytosolic Heat shock protein 90 family (Scheufler et al., 2000; Qin et al., 2016; Zhou 
et al., 2017; Rahimi et al., 2018). Scheufler et al. (2000) suggested that MEEVD can be 
recognized by the TPR domain of HOP (HSP70 and HSP90 organizing protein) and form a 
molecular chaperone complex with heat shock protein 70. From the above, it is known that 
the HSP90 gene is highly conserved during evolution.  
 Amino acid homology analysis showed that the amino acid sequence of ToHSP90β of T. 
ovatus has higher homology with other known fishes (92.5-99.17%) and the highest 
homology with S. dumerili (99.17%). Wei et al. (2013) showed that Miichthys miiuy HSP90 
has 91.7%-99.5% homology with other species, especially the large yellow croaker 
HSP90β amino acid sequence is as high as 99.5%, which is similar to our results. The 
Poisson Correction distances of the HSP90β amino acids of T. ovatus and other osteichthyes 
teleost fish are 0.008-0.074, respectively. The closest distance between T. ovatus and S. 
dumerili is 0.008. Phylogenetic tree results showed that T. ovatus scorpion formed a small 
cluster with S. dumerili, E. naucrates and L. calcarifer, and had the highest correlation with 
S. dumerili evolution. In summary, the ToHSP90β is highly consistent with HSP90β of other 
species, and it is indicated that ToHSP90β should belong to the HSP90β subfamily. 
The expression analysis of T. ovatus ToHSP90β showed that it had different degrees of 
expression in the nine tissues examined, and the highest expression in the intestine, 
followed by the kidney, gill, fin and liver. Generally, intestine, kidney, and liver of fish are 
regarded as immune organs and central to the immune responses (Alvarez-Pellitero.2008). 
Qin et al. (2016) showed that the HSP90β mRNA of B. reevesae was expressed in the 
tissues studied, and the expression was significantly higher in the skin and kidney. Song 
et al. (2018) showed that the HSP90β mRNA of M. amblycephala has the highest 
expression level in the hindgut, and its expression level was different between tissues, 
indicating that it may play a protective role through tissue-specific mechanisms. Wei et al. 
(2013) showed that the highest expression of HSP90β mRNA was observed in the liver of 
M. miiuy, which was specifically expressed between tissues, which may be caused by 
different protein synthesis in different tissues. Different expression patterns of HSP90β in 
fish indicate that it may be involved in various physiological processes of fish. 
 The environmental changes cause the aquatic animals to respond to stress and cause 
changes in the body's physiological mechanisms and biochemical reactions. Stocking 
density, an important environmental stress factor and is also one of the important factors 
affecting fish welfare (North et al., 2006; Calabrese et al., 2017). To maintain the 
homeostasis of the body, adaptive physiological responses occur in the aquatic animal body 
to cope with adverse environmental stresses such as the HSP90 family of “molecular 
chaperone” is involved (Zhang et al., 2009; Lin et al., 2018). Studies have shown increased 
expression of stress-related genes in the brain of D. labrax at high stocking densities such 
as HSP90 (Gornati et al., 2004). Ni et al. (2014) showed that HSP90 expression levels 
increased significantly in the liver and spleen of Amur sturgeon under high stocking density. 
However, studies have shown that stocking density has no significant effect on HSP90 
mRNA expression (Salas-Leiton et al., 2010; Long et al., 2019). The reason for this 
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difference may be due to differences in the species themselves or different sampling time 
points. Although the above study revealed the expression pattern of HSP90 mRNA under 
density stress, it did not indicate which subtype of gene was used. In this study, the 
expression of HSP90β in the kidneys and brain tissues of T. ovatus under high stocking 
density stress was significantly up-regulated, indicating that HSP90β may be involved in 
the physiological process of T. ovatus against chronic stress. Similarly, Kim et al. (2013) 
found that the expression of HSP90β gene in the liver and brain of T. obscurus was 
significantly up-regulated under high stocking density stress, indicating that HSP90β can 
be used as a potential indicator to evaluate fish stress. Valenzuela et al. (2019) showed 
that the expression of HSP90β in skeletal and head kidney tissues of P. adspersus was up-
regulated under high-density stress. Then, our results show that the relative expression of 
ToHSP90β mRNA in the liver was not statistical significance among groups. This may be 
related to the protective role of fish tissue- or time-specific mechanisms (Song et al., 
2018). In summary, the expression of HSP90β mRNA in fish is closely related to the chronic 
stress of stocking density which may be that chronic stress causes protein damage in the 
body, thus inducing the increase of HSP90β expression. But the specific mechanism of 
HSP90β needs to be further studied. 
 In recent years, farmed fish has been strongly affected by various diseases and the 
mortality rate is directly related to pathogen infection (Yang et al., 2020). Studies on fish 
have shown that disease factors, such as bacterium, parasite and fungus could induce HSP 
expression (Ding et al., 2013; Song et al., 2018; Cheng et al., 2019). HHS90 can recognize 
pathogen-associated molecular pattern and participate in the host's innate immune 
response. HSP90 play important roles in resisting stress and defending against cellular 
pathogen infection (Ding et al., 2013; Wei et al., 2013). C. irritans is also called “white 
spot disease” in marine fish (Bai et al., 2020; Zhong et al., 2020). Under artificial breeding 
conditions, except for Chondrichthyes and Siganus that have certain resistance to C. 
irritans (Jiang et al., 2019). C. irritans has no specificity in host selection and it is 
pathogenic to almost all culture marine fish. Yang et al. (2020) showed that the expression 
of HSP90 was significantly increased in liver and kidney after C. irritans infection, 
suggesting that HSP90 would be involved in the immune response. Study have shown that 
the expression level of HSP90 in the skin of Siganus orami was significantly up-regulated 
12 h after infection with C. irritans, which indicated that C. irritans infection triggered the 
immune response of skin cells (Jiang et al., 2019). Therefore, the upregulation of HSPs 
may be a manifestation of immune enhancement. The mRNA expression of ToHSP90β in 
liver and kidney tissues was significantly increased at 6h or 12h after infection, but there 
was no difference in gill tissue. In this study, the expressions of ToHSP90β gene were 
significantly upregulated, which may be due to their involvement in the adaptive 
immunomodulatory response of T. ovatus. 
 

Conclusion 
The full-length cDNA sequence of ToHSP90β gene in T. ovatus was obtained and its 
molecular characteristics were analyzed. The amino acid sequence of ToHSP90β has high 
homology with the amino acid sequence of other teleosts. This study was the first to 
analyze the expression pattern of ToHSP90β mRNA in T. ovatus tissues and their 
expression responses to stocking density stress and C. irritans infection. This gene has 
varying degrees of expression in the tissues studied, with the highest expression in the 
intestine, followed by kidney, gill, fin and liver. The results showed that the expression 
level of ToHSP90β mRNA in kidney, brain and muscle tissues was significantly correlated 
with the stocking densities. The mRNA expression of ToHSP90β was significantly increased 
in liver and kidney tissues, but there was no difference in gill tissue after C. irritans 
infection. Those results indicated that it has an important regulatory role in the process in 
responses to stocking density stress and immune regulatory response process in responses 
to C. irritans infection of T. ovatus. 
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