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Expression Profile of Heat Shock Protein Gene Transcripts
(HSP70 and HSP90) in the Nerve Ganglia of Pacific abalone,
Haliotis discus hannai Exposed to Thermal Stress

Zahid Parvez Sukhan, Kang Hee Kho

Department of Fisheries Sciences, Faculty of Aquatic Biology, Chonnam National University, Jeonnam 59626, Korea

Heat shock proteins (HSPs) are highly conserved cellular proteins that contribute to adaptive
responses of organisms to a variety of stressors. In response to stressors, cellular levels
of HSPs are increased and play critical roles in protein stability, folding and molecular
trafficking. The mRNA expression pattern of two well-known heat shock protein transcripts,
HSP70 and HSP90 were studied in two tissues of nerve ganglia, cerebral ganglion and
pleuropedal ganglion of Pacific abalone (Haliotis discus hannaj). It was observed that
both HSP70 and HSP90 transcripts were upregulated under heat stress in both ganglion
tissues. Expression level of HSP70 was found higher than HSP90 in both ganglia whereas
cerebral ganglion showed higher expression than pleuropedal ganglion. The HSP70 and
HSP90 showed higher expression at Day-1 after exposed to heat stress, later decreased at
Day-3 and Day-7 onwards. The present result suggested that HSP70 and HSP90 synthesize
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in nerve ganglion tissues and may provide efficient protection from stress.

Keywords: Heat shock protein, HSP70, HSP90, Heat stress, Pacific abalone, Haliotis discus

hannar

Introduction

Abalone is a gastropod shellfish belongs to the family Haliotidae.
It is distributed worldwide along coastal waters of the tropical
and temperate areas (Gordon and Cook, 2004). In the coasts of
North-west Pacific Ocean, it is generally distributed in Korean
Peninsula, Shandong and Liaodong Peninsula of China, Japan and
Far East water of Russia (Lv, 1978; Gordon and Cook, 2004; Hara
and Sekino, 2005). Among the abalone species, Pacific abalone
(Haliotis discus hannaj) is the most important invertebrate species
in Korea as well as in the south-east Asian countries. It is widely
used in commercial aquaculture because of its food value and
high price (Park and Kim, 2013). Large-scale farming in sea cages
has spread along small bays and islands of the south-west coast of
Korea (Choi et al, 2015). The growth and development of abalone
is influenced by various environmental factors, such as tempera-
ture, oxygen, CO, and salinity. Among these factors, water tem-
perature is the most important, having higher effect on growth
as well as increase of summer mortality (Kang et al, 2019). Water

temperature changes causes various effect on aquatic organisms,
such as, increase in temperature reflected in the decreased oxygen
solubility in coastal waters, which creates hypoxic conditions, thus
causing internal energy imbalance (Mateus et al, 2017). This stress
condition makes them highly susceptible to pathogens, and in-
crease the mortality. The optimum temperature tolerance of Pacific
abalone is 20°C. The deviations from the optimal temperature
resulted in suppressed lysozyme activity, reducing immune activity
against bacterial infection and leading to high mortality (Ding et
al, 2016).

The Heat shock proteins (HSPs) are one of the highly conserved
groups of proteins, found in nearly every species from bacteria to
humans. HSPs mediate the homeostatic cellular response to stress
(Breitburg et al,, 2018). HSPs are molecular chaperones, in that
they interact with other proteins and facilitating protein synthesis,
promoting productive folding pathways and ultimately stabilizing
cellular proteins and membranes. Other than cellular stress; HSPs
are present in cells constitutively, such that under normal growth
conditions HSPs help to guide protein folding and movement
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throughout the life of the cell, performing important housekeeping
functions associated with protein synthesis and maturation (Nam
et al, 2017; Wang et al, 2011). Although thermal stress plays
important role to stimulate the expression of HSPs, other environ-
mental stressors such as hypoxia, osmotic stress, heavy metals
and ultraviolet damage and physical trauma (such as infection,
oncogenesis, inflammation, ischemia and reperfusion) can stimulate
the expression of HSPs (Craig, 1994; Jolly and Morimoto, 2000).

The HSPs are categorized into 6 major families based on their
molecular weight, such as HSP100, HSP90, HSP70, HSP60, HSP40
and small HSPs (Jolly et al., 2018). Among them, HSP70 and HSP-
90 are the most well characterized HSP and have diverse roles
that are still being identified. These proteins have been reported
to function to protect trigeminal ganglion neurons from thermal
stress and to play role in neuronal polarization, as well as a role in
neuronal disease (Turturici et al, 2011). HSP90 is the most abun-
dant among the heat shock proteins. HSP90 functions as molecular
chaperone in maturation and activation of the proteins that are
important for growth and development (Pratt, 1997; Keppler et
al., 2006). The HSP70 family represents one of the largest family
of HSP distributed across organisms. HSP70 prevents proteins
from aggregating by binding tightly to partially synthesized poly-
peptides, assists in the transmembrane transport of proteins and
participates in the removal of damaged or defective proteins
(Mayer and Bukau, 2005; Wegele et al., 2004).

Both HSP70 and HSP90 play a role in neuronal development
and cellular maintenance, however these HSPs can also promote
disease pathology (Walsh et al, 1997; Sidera et al, 2004). HSP70
acts to protect the nervous system from toxic effects that develop

from neurodegenerative disease in mammals (Magrane et al,, 2004).

On the other hand, HSP90 is thought to repair disease conditions
of several neurodegenerative disorders characterized by the de-
position of abnormal tau protein in the brain (Bohush et al, 2019).
HSP90 can also act to repress HSP70 and other heat shock pro-
teins. Thus heat shock protein plays important role to protect the
central nervous system (CNS) and other tissues by both positive
and negative transcriptional regulations. Several researches have
been conducted on the expression and role of HSP70 and HSP90
in central nervous system so far. In the central nervous system,
these proteins may be required for axonal regeneration after
molting in lobster (Spees et al, 2002), and it also helps to recover
the damaged nervous tissue of crustaceans (Rochelle et al,, 1991;
Bittner, 1988; Bittner, 1991). A gastropod species, Lymnae stagnalis,
showed higher expression of HSP70 in the central nervous system
when exposed to thermal stress (Foster et al., 2015). In Pacific
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abalone, both HSP 90 and HSP 70 have been reported and
observed their expression in different tissues other than nerve
ganglia (Zhang et al, 2011; Cheng et al, 2007). With the above
discussion, using quantitative real-time polymerase chain reaction
(gRT-PCR), we analyze the mRNA expression of HSP70 and HSP90
in the two tissues of nerve ganglia, cerebral ganglion (CG) and
pleuropedal ganglion (PPG) of Pacific abalone after exposed to
temperature stress.

Materials and Methods
1. Abalone collection and rearing

Pacific abalone, H. discus hannai were collected from cages of
abalone sea cage aquaculture of East sea of Wando-gun,
Jeollanam-do, South Korea in June. The water temperature of
sampling site was 20°C. Collected abalones were transported to
the Tou-Jeong Soosan abalone hatchery in Dolsan-eup, Yeosu-si,
Jeollanam-do, and reared in indoor tank with recirculating sea
water for conditioning under natural photoperiod for two weeks.
The water temperature during conditioning period was similar to
that in sampling site.

2. Experimental design

Experiments under different temperature condition were con-
ducted in June 2020. Pacific abalones were exposed to low (15°C),
ambient or normal (20°C) and high (25°C) water temperature. To
acclimatize the Pacific abalone to low and high temperature,
temperature was gradually decreased or increased (A1°C per 24 h)
from normal water temperature to target temperature conditions.
After reaching at target water temperature, abalone samples were
exposed to the target temperature. After exposed to target tem-
perature, abalones were sampled at 1, 3, and 7 days, which served
as day-1, day-3, and day-7 groups, respectively (n = 5 for each
group). In addition, a set of abalone was sampled just before
start of the experiment in changing water temperature condition
and this group was served as initial control (IC).

3. Abalone husbandry and monitoring
Water temperature of experimental tank was maintained using
electric cooling and heating system unit using electronic thermo-

stat (DHE, South Korea) with a water flow rate at 1.5 ¢ min™.
Water quality parameters such as dissolved oxygen, salinity, tem-
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Table 1. Lists of Haliotis discus hannai gene specific primers for heat shock protein gene transcripts (HSP70 and HSP90) and housekeeping

gene Hdh-B-Actin used in qRT-PCR

Gene name GenBank Sequence Amplicon size

Fw: AACAGTACATCTGGGAGTCG

HSP90 GU014545 216
Rv: CCTCCTTGTCTCTTTCCTTCT
Fw: CAGAGAACACAATCTTCGATGC

HSP 70 DQ324856 217
Rv: CGTTGAGAGTCGTTGAAGTAAG
Fw: CCGTGAAAAGATGACCCAGA

Hdh-B-Actin AY380809 204

Rv: TACGACCGGAAGCGTACAGA

perature and pH were measured daily with YSI professional
plus digital water quality meter (Pro 10102030; Xylem Inc,, USA).
Abalones were fed daily to satiation with sea weed, Laminaria
religosa.

4. Ethics statement

Animal experiments were conducted in accordance with the
guidelines of the Institutional Animal Care and Use Committee
of Chonnam National University (CNU IACUC) with a permission
number of CNU IACUC-YS-2020-5 and according to Article 14%
of the Korean Animal Protection Law of the Korean government,
and the animals were cared for in accordance with the Guidelines
for Animal Experiments of Chonnam National University.

5. Sample collection

After each water temperature exposer, abalones were collected
and anesthetized and sacrificed before sample collection. The
total length and width were measured using digimatic caliper
and weight was taken using electric balance in nearest mm and g
respectively. From each abalone of each set of samples, cerebral
ganglion (CG), pleuropedal ganglion (PPG), were collected; snap
frozen in liquid nitrogen and stored at -80°C until total RNA
extraction.

6. Total RNA extraction and cDNA synthesis

Total cellular RNA from all sampled tissues of Pacific abalone
were extracted using a RNeasy mini kit (Qiagen, Hilden, Germany),
then any possible contamination of genomic DNA was eliminated
by treating with RNase-free DNase (Promega, Madison, WI, USA).

Quality and quantity of total RNA was evaluated by electro-
phoresis and spectrophotometry (NanoDrop® NP1000). First-strand
cDNA was synthesized from total RNA using Oligo (dT) primer
(OdT) (Sigma) and Superscript® Il First-Strand cDNA synthesis
kit (Invitrogen, USA). All steps of the RNA extraction and cDNA
synthesis were conducted as per the manufacturer's instructions.

7. Quantitative real time PCR (qRT-PCR) analysis
of abalone heat shock protein gene transcript, HSP-
70 and HSP90

The quantitative real-time PCR (qPCR) assay was carried out
using 2x gPCRBIO SyGreen Mix Lo-Rox kit (PCR Biosystems Ltd.,,
UK) as describe previously (Sukhan et al., 2020). Briefly, the gPCR
reaction mixture was prepared with 1 pl of cDNA template, 1 pl
(10 pmol) of forward and reverse primer (Table 1), 10 ul of SYBR
Green Mix, and dH,O with a final volume of 20 pl. Triplicate
reactions were performed for each tissue sample of the target
and reference genes. The PCR amplification conditions were pre-
incubation at 95°C for 3 min, followed by 40 cycles of a three-step
amplification at 95°C for 30 sec, 60°C for 30 sec, and 72°C for
30 sec. The melting temperature was used as prescribed default
setting. At the end of each cycle, a fluorescence reading was
recorded for quantification. A LightCycler® 96 System (Roche,
Germany) was used for amplification and data analysis. Specific
amplification of each subtype cDNA was verified by melting curve
analysis and gel electrophoresis of the product. The relative gene
expression was quantified on the basis of the cycle threshold 2-4¢
method with B-actin gene (GenBank accession no. AY380809) as
an internal reference gene (Livak and Schmittgen, 2001).
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Fig. 1. Changes in relative mRNA express level (224 of HSP70
gene in cerebral ganglion of Pacific abalone under low (15°C),
normal (20°C) and high (25°C) water temperature stress (25°C)
condition. For each bar, n=3, the error bar represents standard
deviation of the mean. Different letters on the bar indicate sig-
nificant differences among different treatment (p < 0.05).

8. Statistical analysis

The mRNA values were analyzed statistically and expressed as
mean + SD. The changes in relative mRNA expression in different
tissues were analyzed by one-way analysis of variance (ANOVA)
followed by Tukey's post hoc test to assess statistically significant
differences among the different temperature-days conditions. Sta-
tistical significance was set at p < 0.05, different letters in figures
show significant differences between different temperature. All
data were analyzed and graphs were generated with GraphPad
Prism 5.1 software (GraphPad Software, San Diego, CA, USA).

Results and Discussions

In the present study, mRNA expression pattern of two shock
protein transcripts, HSP70 and HSP90 were analyzed in cerebral
ganglion and pleuropedal ganglion of H. discus hannai. The
mRNA expression of HSP70 was rapidly increased and showed
higher expression in the cerebral ganglion at the first day when
exposed to high water temperature (25°C, 5 degrees higher than
normal water temperature), on the other hand, it was also showed
increased expression when exposed to lower water temperature
stress (15°C, 5 degrees higher than normal water temperature).
The elevation of HSP70 was lower in low water temperature than
high water temperature stress. However, the changes of expres-
sion between low and high water temperature was not statistically
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Fig. 2. Changes in relative mRNA express level (2229 of HSP70
gene in pleuropedal ganglion of Pacific abalone under low (15°C),
normal (20°C) and high (25°C) water temperature stress (25°C)
condition. For each bar, n=3, the error bar represents standard
deviation of the mean. Different letters on the bar indicate sig-
nificant differences among different treatment (p < 0.05).

significant. On the Day-3 and Day-7, the level of mRNA expres-
sion of HSP70 was decreased significantly than Day-1 sample
(Fig. 1). The mRNA expression of HSP70 in the pleuropedal
ganglion was also showed elevated expression when exposed to
both low and high water temperature stress compared to normal
water temperature (Fig. 2). In both ganglion, expression of HSP70
showed unchanged expression at normal water temperature (20°C)
during the experimental period.

The expression of HSP90 mRNA showed higher expression at
the first day when exposed to high water temperature (25°C, 5
degrees higher than normal water temperature) in the cerebral
ganglion. At low water temperature (15°C, 5 degrees higher than
water normal temperature) stress, the expression of HSP90 was
also showed elevated expression (Fig. 3). The changes of expression
between low and high water temperature was not significant. On
the day-3 and day-7, the level of mRNA expression of HSP90 was
decreased moderately, however it was not statistically significant.
The mRNA expression of HSP90 in the pleuropedal ganglion was
also showed elevated expression when exposed to both low and
high water temperature compared to normal water temperature
(Fig. 4). The changes of expression of HSP90 in pleuropedal
ganglion among Day-1, Day-3 and Day-7 was not significant. The
expression level was observed lower in the pleuropedal ganglion
than cerebral ganglion. In both ganglion, expression of HSP90
showed similar expression pattern at normal water temperature
(20°C) during the experimental period.
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Fig. 3. Changes in relative mRNA express level (2224 of HSP90
gene in cerebral ganglion of Pacific abalone under low (15°C),
normal (20°C) and high (25°C) water temperature stress (25°C)
condition. For each bar, n=3, the error bar represents standard
deviation of the mean. Different letters on the bar indicate sig-
nificant differences among different treatment (o < 0.05).

The central nervous system is sensitive to thermal stress and
heat shock response in many forms of neurons may contribute
in this process. In the present study, it was observed that both
HSP70 and HSP90 level was significantly elevated in the nerve
ganglia after exposed to thermal stress. In Lymnae stagnalis,
HSP70 was rapidly increased in the central nervous system within
30 min of the end of the thermal stress, later it was decreased
gradually (Foster et al,, 2015). In cray fish, Procambarus clarkia, it
was reported that both HSP70 and HSP90 showed increased
expression in the nervous system when exposed to heat stress
(Jolly et al, 2018; Liang et al., 2013). Several studies showed that
motor neurons have high efficiency to induce heat shock response
that accredited to active heat shock transcription factor 1 (Manzerra
and Brown, 1992; 1996). Other studies showed that the protection
of motor neurons partly depended extracellular HSPs, suggesting
that HSP70 and HSP90 could contribute to the thermal stress
response in the nervous system (Sarge et al., 1993; Batulan et al,
2006). They also hypothesized that motor neurons synthesize
HSP70 and HSP90 to that extent which is necessary for main-
tenance of cell function and survival, but do not increase the
amount in response to the demands of environmental stress. In
this study, it was observed that the expression of HSP70 and
HSP90 in nerve ganglia increased at Day-1 after exposed to heat
stress, later at Day-3 and Day-7 the expression level was decreased
gradually when the abalones are acclimatized to thermal stress.
These results of present study coincide with above hypothesis on
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Fig. 4. Changes in relative mRNA express level (2229 of HSP90
gene in pleuropedal ganglion of Pacific abalone under low (15°C),
normal (20°C) and high (25°C) water temperature stress (25°C)
condition. For each bar, n=3, the error bar represents standard
deviation of the mean. Different letters on the bar indicate sig-
nificant differences among different treatment (o < 0.05).

synthesis of HSP in motor neurons and HSPs in motor neurons

may provide efficient protection from stress.
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