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Heat shock proteins are ubiquitous, highly-conserved proteins that play a
central role in controlling cellular homeostasis in response to a wide range of
stresses including heat stress, oxidative stress, heavy metals and viral infection. Two
heat shock cognate protein 70 genes were isolated from liver of bighead catfish. The
length of complete cDNA sequences for bighead catfish HSC70-1 and HSC70-2
were identical with 2,278 bp, with the open reading frame of 1,950 bp encoding a
649 amino acid protein. Amino acid sequences of both proteins shared 94%
similarity with 38 substitutions. The two genes were different in genomic DNA
length, with 3,178 and 2,909 bp, respectively for HSC70-1 and HSC70-2. Seven
introns and eight exons were found in the genomic structure of both HSC70s.
Bacterial infection induced HSC70-2 expression in liver and muscle, but not in gills
and brain tissues. The increased transcription of HSC70-2 may indicate their
important roles as molecular chaperones under oxidative stress.

Reproductive cycle of female bighead catfish is normally interrupted by the
presence of a resting phase which precludes a year-round fry production, posing
problem to aquaculture of bighead catfish and their hybrid. This study demonstrated
the possibility of using temperature manipulation to stimulate ovarian activities
during the resting period for bighead catfish. Ovarian development and monthly
change in GSI of females held under pond conditions was monitored over a 1-year
period from April 2008 to March 2009. In October, thirteen-month old female fish
were collected from earthen pond and exposed to elevated temperatures at 30°C and
35°C under hatchery conditions for six weeks. Ovarian growth was determined at a
2-week interval. Significant variation of mean GSI values (P<0.05) was observed
among months with the highest value (13.91+3.63%) in July. Histological
examination of ovaries revealed that in females held under 30°C and 35°C, the
number of vitellogenic oocytes progressively increased from 0.5 and 4.7% at week 2
to 4.6 and 19.7% at week 6, whereas in the earthen pond, ovaries remained in resting
stage. Exposure to warm temperatures resulted in significant elevations of plasma
cortisol but not glucose concentrations. The progression of ovarian development was
likely due to the stimulatory effect of increased plasma cortisol on synthesis of yolk
protein as inferred from the increased numbers of vitellogenic oocytes. Although
fully matured females could not be obtained, the present study suggested that
temperature manipulation was probably the practical way to increase the number of
maturing females at the end of the reproductive season for bighead catfish.
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CHARACTERIZATION OF TWO CONSTITUTIVE
HEAT SHOCK PROTEIN 70 GENES IN BIGHEAD CATFISH
Clarias macrocephalus (Gunther, 1864): cDNA CLONING
AND THEIR RESPONSE TO HEAT STRESS AND
BACTERIAL CHALLENGE

INTRODUCTION

Stress in fish has been shown to impact their growth, reproduction, immune
system and viability both in the wild and in captivity. Stress is unavoidable and more
importantly, it is a major concern in aquaculture due to its negative impact on
production. Sources of stress include water quality conditions, exposure to crowding,
diseases, handling and transportation. Fish have the ability to respond to stress
depending on the severity and duration of the stressor. In general, response of fish to
stress can be measured at three levels of organization, including behavior response,
physiological response, and cellular response (Iwama et al. 2004). Behavior response
is the immediate sign of fish under stress conditions, in which fish display changes in
normal activities such as predator avoidance, prey capture and habitat selection.
Response at physiological level involves increase of stress hormones, mainly cortisol,
and glucose in the circulation. At the cellular level, stress response is determined by
the expression of heat shock protein (HSP) families in key tissues of fish (Iwama et al.
1999). Heat shock proteins play an important role in protecting organism from damage

after exposure to a wide variety of stressors.

As in other vertebrates, physiological stress response in fish can be categorized
into the primary, secondary, and tertiary responses. A primary response involves
releasing of a cascade of hormones, also known as the pituitary-interrenal axis
(Sumpter, 1997). The secretion of pituitary hormone, adrenocorticotropic hormone
(ACTH) in response to stress induces the release of catecholamines and cortisol into
the circulation. Catecholamines are synthesized in the chromaffin tissue in the head

kidney, whereas cortisol is produced in the interrenal tissue. In a secondary response,



cortisol activates a number of metabolic pathways including glucose production in the
circulation to provide support for the increased energy demand of the animals (Iwama
et al., 1999). Glucose is produced mainly in liver tissue through glycogenolysis and/or
gluconeogenesis. The stress hormones, adrenaline and cortisol play an important role
in increasing glucose production in fish resulting in increased plasma glucose
concentration. The tertiary response to stress can be described as changes in whole
animal and community level. Whole animal changes may occur when fish is unable to
acclimate or adapt to the stressor. As a result, fish will experience decreased
reproductive capacity and growth. Under stress conditions, energy demand in fish
increases and energy substrates are diverted from growth and reproduction processes
of the animals to cope with stress. This can have negative impacts on their growth and
reproduction. Moreover, decreased reproductive capacity of the animals can lead to

change in population size (Barton et al., 2002).

The cellular stress response in fish involves the synthesis of a highly conserved
family of heat shock proteins (HSPs). These proteins play a central role in controlling
cellular homeostasis in response to a wide range of stresses, including heat stress,
oxidative stress, heavy metal exposure and viral infection (Feder and Hofmann, 1999).
Exposure to stress induces an accumulation of denatured and mis-folded proteins
within the cell; HSPs act as molecular chaperones to mediate the assembly, correct
folding and localization of nascent proteins as well as degradation of denatured
proteins (Krone et al., 1997). Heat shock proteins are present in a wide range of
organisms from E. coli, Drosophila to humans. HSPs are characterized by their
molecular weights with the predominant classes being HSP90 (85-90 kDa), HSP70
(68-73 kDa), HSP60 (16-24 kDa) and the small HSP (MW< 40 kDa) (Feder and
Hofmann, 1999). Due to their significance functions in various aspects of fish
physiology, studies of HSP70s in fish and shellfish continue to increase. Most studies
have focused on molecular characterization and expression analysis of these proteins.
HSP70 is not expressed in most tissues, but is highly inducible under stress conditions.
Some members of the HSP families are constitutively expressed in cells under normal
conditions, such as the 70 kDa heat shock cognate protein (HSC70) (Iwama et al.,

1998). HSC70s have received attention in fish and shellfish due to increasing evidence



of the involvement of HSC70 in the immune system (Basu et al., 2002; Robert, 2003).
For example, HSC70 and HSP70 levels in liver and hepatopancreas tissues were
modulated during bacterial and viral infections (Leung and Hightower 1997; Deane
and Woo, 2004; Chuang et al., 2007; Ming et al., 2010; Rungrussamee et al., 2010;
Yue et al., 2011). It has been suggested that the role of HSC70 during infection is
associated with various pathways of protein translocation, whereas HSP70 is able to
stimulate innate immune response through the nuclear factor (NF)xb signaling
pathway (Basu et al., 2002; Robert, 2003; Deane and Woo, 2004). HSC70 genes have
been cloned from several fish species, including platyfish (Yamashita et al., 2004),
wuchang bream (Ming ef al., 2010), and grass carp (Zhang et al., 2011). In addition,
two HSC70 genes were identified in zebrafish Danio rerio (Graser et al., 1996;
Santacruz et al., 1997), common carp Cyprinus carpio (Ali et al., 2003) and yellowtail
Seriola quinqueradiata (Yabu et al. 2010).

Bighead catfish (Clarias macrocephalus) is a high priced food fish because of
its good taste and the beautiful meat color. Aquaculture of this species was established
in Thailand for more than 50 years. At present, however, farming of bighead catfish
nearly disappears due to the existence of problems including slow growth rate and low
disease resistance. Hybrid catfish (C. macrocephalus x C. gariepinus) has replaced the
culture of bighead catfish because they grow rapidly and are more resistant to diseases.
The production of hybrid catfish in 2009 were 130,100 ton valued 235,912,000 Thai
baht, respectively (DOF statistics, 2010). Demand for bighead catfish today is mostly
for use as broodstock to produce hybrid larvae. High quality female bighead catfish,
therefore, is required to support growing market of hybrid catfish. Under pond
conditions, bighead catfish reach maturity at the age of approximately 9-10 months.
Bighead catfish is asynchronous spawner, which can spawn several times in one
season. A female broodfish can be used to produce larvae approximately 2-3 times in a
year. In general, the onset of reproduction normally occurs at the beginning of rainy
season (May) and continues through October. The availability of ripe females is low at
the end of spawning season during December to February, when the temperature is 5-

10°C below average (28°C). To overcome the shortage of female broodfish in the



country, hybrid catfish breeders acquired wild broodfish from neighboring countries,

such as Cambodia and Viet Nam.

Reproductive cycle of C. macrocephalus resembles that of African catfish
(C. gariepinus) and can be divided into three different phases; a pre-spawning phase
(recrudescence of the ovary), a spawning phase, and a resting phase (Rodriguez et al.,
1995). Under pond conditions, bighead catfish generally exhibit regression of the
ovary at the end of spawning season during December to February, during which,
induced spawning at this period is difficult. Several techniques have been used to
induce ovarian development outside breeding seasons, including hormone injection,
photoperiod and temperature manipulation. It is suggested that in temperate zone
fishes, the reproductive cycle is strongly affected by seasonal changes in water
temperature and photoperiod (Amita and Bhavna. 2011). These environmental factors
may have direct or indirect effects on initiation of oogenesis, production of
vitellogenin, or secretion of pituitary and reproductive hormones (Rottmann
et al., 1991). Although temperature is considered less important in tropical species, a
number of studies have documented the influences of temperature on reproductive
maturation. For instance, in African catfish, ovarian development was enhanced and
the resting period was shortened from 4-7 months to 2 months when the fish were kept
at a constant 25°C water temperature compared to those kept in outdoor ponds with
ambient temperature (15 to 30°C) (Richter et al., 1987). In snakehead, a combination
of high temperature (30°C) and long photoperiod stimulated reproduction and
extended the spawning period (Andrew et al., 2011). Ovarian development of bighead
catfish has been well studied but less is known about the effects of heat stress on their

reproduction.

Disease outbreak is a major problem that catfish farmers facing when cold
weather moves in, especially at the end of breeding season. The common disease is
bacterial septicemia caused by Aeromonas hydrophila (Wei and Klesius, 2011).
During a breeding season, the outbreak can results in severe loss of broodfish. A.
hydrophila infections occur most during environmental changes, change in the

temperature, in contaminated environments, and when an organism is already infected



with a virus or another bacterium. Prevention and cure of the hemorrhagic septicemia
are relied on the conventional approaches such as antibiotic treatment (Jongjareanjai
et al., 2009). The repeated use of such treatment has led to increased bacterial
resistance to drug. Alternative treatment strategies have been developed such as
development of novel vaccination approaches and the search for new immune
stimulating treatments. Recently, the potential of heat shock protein 70 as a new
prevention method was demonstrated in platyfish (Yamashita et al., 2004). The study
reported that the fish received an injection with recombinant bacterial HSP70 puritfied
from E. coli had reduced rate of mortality when challenged with Yersinia ruckeri

compared to the control (Kartik et al., 2010).

With the discovery of heat shock protein genes in C. macrocephalus, research
on cellular stress response is now possible. Three major families of heat shock
proteins, HSC90, HSC70, and low molecular HSP25, have been identified in the liver
cDNA library of female C. macrocephalus (Panprommin et al., 2007). EST sequences
of these heat shock protein genes have been deposited in GenBank. Molecular
characterization, including cDNA and genomic cloning as well as expression analysis
of heat shock proteins will provide basic knowledge of their role and function in
physiological stress response in walking catfish. The partial cDNA sequence
information can be used to obtain complete cDNA sequences of heat shock protein

genes by rapid amplification of cDNA ends (RACE) techniques.

The goal of this research is to determine the molecular characteristics of
HSC?70 genes and their response to heat stress and bacterial infection. From
background and problems of bighead catfish aquaculture, it is interesting that despite
the negative impacts on health and growth, elevated temperature and heat stress can
also exert stimulating effects on reproduction of the fish. In this study, I used water
temperature (30 and 35°C) to induce ovarian growth of bighead catfish for six weeks
and measured the response to heat stress. Because heat shock protein research in C.
macrocephalus is in its early stage compared with those in other teleosts, this study

provides information on molecular biology of HSC70 genes and their relationship



between the expression levels and the temperature stress response of this species.
Furthermore, it contributes to better understanding of heat shock protein effects on
reproductive biology of female broodfish. Finally, information of differential tissue
expression of HSC70 genes against bacterial infection is useful for further studies to

develop new measures for prevention of bacterial diseases in bighead catfish.



OBJECTIVES

1. To clone complete cDNA sequences of two heat shock cognate
(HSC70-1 and HSC70-2) genes from C. macrocephalus by rapid amplification of
cDNA ends (RACE).

2. To examine the seasonal expressions of heat shock cognate protein 70
(HSC?70) and heat shock cognate protein 90 (HSC90) in tissues of C. macrocephalus

cultured under natural pond conditions.

3. To determine the effects of elevated temperatures on ovarian development

of female C. macrocephalus.

4. To investigate the response of HSC70 and HSC90 to heat stress in female

C. macrocephalus.

5. To determine the expression of HSC70-1 and HSC70-2 genes in response

to bacterial infection in key tissues of C. macrocephalus.



LITERATURE REVIEW

1. Fish stress and response

Stress has been recognized to cause detrimental effects on health, growth as
well as reproduction of fish under either natural or aquaculture conditions. Stress can
be defined as threat or disturbance of homeostasis produced by environmental or other
factors (Barton, 1997). For intensive aquaculture, sources of stress include water
quality conditions, diseases, fish density, nutrition, handling and transportation. Fish
respond to stress according to the severity and duration of the stressors, i.e., acute or
chronic. The effects of stress can be examined from the physiological responses to one
or more of these stressors, by measuring the levels of hormones or other related
metabolic enzymes. Stress responses are considered adaptive that promote the best
chance of survival of the animal in the threatening situation. In response to short-term
or acute stressors, energy resources are diverted from immediately non-essential
processes, e.g., growth and reproduction to increase probability of survival of the
animals. The detrimental effects of stress are more prominent for continuous or

chronic stressors when the adaptive response is compromised (Wendelaar, 1997).

Stress responses in fish can be divided into three levels of organization
including, behavior response, physiological stress response, and cellular stress
response (Iwama et al., 2004). Behavior response is the immediate sign of fish stress
as indicated by changes of several activities that are important to survival of the
animals, such as food acquisition, predator avoidance, migration and habitat
preference (Schreck et al., 1997). These behaviors are closely correlated with
physiological responses and tend to return to normal in the shortest time to increase
chances of survival for that individual and the population. In general, behavioral
response to stressors helps lessening the energy demand on the physiological systems
to response to such stress (Schreck et al., 1997). The physiological mechanisms, on
the other hand, are responsible for initiating, and maintaining the behavioral reaction

(Iwama et al., 2004).



The physiological response of fish can be categorized into the primary,
secondary and tertiary responses (Iwama et al., 1997) (Fig. 1). Primary response or
generalized stress response comprises the production of neuroendrocrine hormones.
Stress hormones, catecholamines and cortisol are released into the circulation in
response to several pituitary hormones, mainly adrenocorticotrophic hormone
(ACTH). Catecholamines are released from the chromaffin tissue situated in the head
kidney of teleosts whereas cortisol is released from the interrenal tissue of the head
kidney..The measure of cortisol is generally used as an indicator for primary response.
Cortisol also is important for carbohydrate metabolism which stimulates
gluconeogenesis in liver to increase the protein disintegration for energy (Carl and
Alena, 2011). Animals lacking cortisol cannot use carbohydrate and are not tolerance

to stress.
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Figure 1 Three stages of physiological stress response in fish; primary, secondary and

tertiary.



10

Secondary response is largely mediated by cortisol, which activates a number
of metabolic pathways causing changes in blood chemistry and haematology (Iwama
et al., 2004). In fish, adaptive secondary response includes increased gill perfusion,
elevated blood sugar (hyperglycemia), and reduced blood-clotting time (Barton et al.,
2002). Plasma glucose concentration has been used as an indicator of secondary
(metabolic) response to stressors in fish (Iwama et al., 1997). Glucose is produced
primarily in liver of the animal under stress to provide energy substrates to other
tissues such as brain, gills and muscles, in order to cope with the increased energy
demand. It is well understood that cortisol is important for glucose production in fish
and plays an important role in the stress associated increase in plasma glucose
concentration (Iwama et al., 1999). In addition, cortisol helps maintaining plasma
glucose levels in post-stress fish. Other common indicators for the secondary response
are haematocrit, erythrocyte (RBC) numbers, and plasma chloride and sodium

concentration (Iwama et al., 1997).

The tertiary response to stress can be described as changes in whole animal and
population level. Decreased reproductive capacity, growth and disease resistance are
used as the indicators for tertiary stress response (Barton ef al., 1997). Whole animal
changes may occur when fish is exposed to long-term exposure to a stressor and is
unable to acclimate or adapt. When fish is under stress, its energy demand increases
and energy substrates are diverted from vital processes such as growth and
reproduction. Consequently, decreased reproductive success and growth of the animals

can lead to change in population size and diversity (Barton ef al., 1997).

2. Cellular stress response: heat shock proteins (HSPs)

The cellular stress response is described by a synthesis and the expression of a
family of proteins referred to as the heat shock proteins (HSPs). Heat shock proteins
are ubiquitous, highly-conserved proteins that play a central role in controlling cellular
homeostasis in response to a wide range of stresses including heat stress, oxidative
stress, heavy metals and viral infection (Iwama et al., 1998). Stress conditions which

induce the synthesis of heat shock proteins results in an accumulation of denatured and
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aberrantly folded proteins within the cell. HSPs act as molecular chaperones to assist
the correct assembly and localization of intracellular and secreted polypeptides and
oligomeric protein structures (Krone et al., 1997). Several heat shock proteins are
constitutively expressed in normal and stressed cells indicating their importance role

in the protein folding pathway.

2.1 Characterization of heat shock proteins in fish and shellfish

Heat shock proteins are classified into three major families based on
molecular weight: HSP90 (85-90 kDa), HSP70 (68-73 kDa), and low molecular
weight HSP (MW< 40 kDa) (Iwama et al., 1998). Hsp70 is known to assist the folding
of newly synthesized polypeptide chains, act as a molecular chaperone, and mediate
the repair and degradation of altered or denatured proteins (Fig 2). HSP90 is active in
supporting various components of cell signaling, including the cytoskeleton, enzymes,
and steroid hormone receptors. The low molecular weight HSPs have diverse
functions that are species specific and unlike other HSPs, these proteins have no
known constitutive function and seem to only be induced during stress (Iwama et al.,

2004).

Studies of heat shock proteins in fish indicate that HSP70 and HSP90
exist in constitutive and inducible forms (Feder and Hofmann, 1999). Under stressed
conditions, these protein isoforms are differentially expressed in various tissues. For
example, HSC70 is the constitutively expressed form and only slightly induced during
stress conditions while HSP70 is highly inducible upon exposure to stress. In addition,
two isoforms of HSP90 have been characterized in common carp Cyprinus carpio,
HSP90a and HSP90p. The HSP90p was constitutively expressed in brain, liver and
kidney and was slightly inducible by high temperature (Hermesz et al., 2001). In

contrast HSP90a was highly inducible in brain tissue following heat stress.
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ribosome

protein being synthesised

chaperonin

finished protein

Figure 2 Role of heat shock proteins as molecular chaperone in protein folding.

Three heat shock protein families, HSC90, HSC70 and HSP25 were
identified in liver tissues of C. macrocephalus (Panprommim et al., 2007) by
expressed sequence tag (EST) techniques. Among them, heat shock cognate protein
70 (HSC70) was the most abundant with the highest number of transcripts. Partial
cDNA sequences of the three heat shock protein genes have been deposited in EST

database in GenBank.

Most studies revealed that the expression of heat shock proteins in teleost
fish were different across tissues, developmental stages and species level. Palmisano
et al. (2000) reported that the 5-hour exposure of chinook salmon Oncorhynchus
tshawytscha to elevated temperature (mean 21.6°C £ 10.6°C over ambient) induced a

significant increase in HSP90) mRNA accumulation in heart, brain, gill, muscle, liver,



13

kidney, and tail fin tissues. An increase of approximately 35-fold was detected in heart
tissue whereas heat shock induced no increase in plasma cortisol. However, there were
no increases of HSP90 mRNA level or plasma cortisol after the overnight exposure to
seawater. In other study, exposure of juvenile Atlantic salmon Salmo salar to hatchery
stressors, other than heat stress, failed to up-regulate expression of HSP90, HSP7(0 and
HSP30 (Zarate and Bradley, 2003). The results indicated that all three isoforms of
HSPs present in the larvae were least sensitive to stress. In contrast, the rapid response
of HSPY90 and HSP70 was detected in brain tissue of channel catfish Ictalurus
punctatus exposed to low temperature when temperature was reduced from 24 to 12°C
(Ju et al., 2002). By using cDNA microarray, they found that gene expression
occurred within 2 hours of the temperature shift. Genes encoding proteins involved in
signal transductions and chaperones such as HSP70 and HSP90 were highly expressed
in brain. Several genes, primarily ribosomal protein genes, were down-regulated,
indicating reduced metabolic activities after extended incubation at the low
temperature. Results supported the significant role of heat shock proteins for

adaptation and tolerance of catfish to low environmental temperature.

A study in tiger shrimp Peneaus monodon suggested that HSP7(0 might be
an indicator of acclimation temperature stress in this species (Doungpunta et al.,
2000). Differential expression of HSP60 and HSP70 were detected at 35°C whereas
both protein families were expressed at 30°C. On the other hand, there was no
significant difference of glucose levels in haemolymph at water temperature of 30°C

and 35°C.

In other studies, the potential for using HSP70 as a biomarker has been
demonstrated in black bullhead (4Ameiurus melas) and bluegill sunfish (Lepomis
macrochirus) (Yoo and Janz, 2003). The fish were exposed chronically to sub-lethal
concentrations of cadmium and zinc. The fish were collected from two creeks during
spring (pre-spawning season and average water temperature of 26.5 = 0.95°C) and
winter (water temperature ranged from 4.8 to -0.80 °C). The HSP7() expression was
examined in head kidney, liver, gill, including ovarian tissues to determine the

reproductive physiological responses in female fishes. Significant seasonal differences
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were observed in expression of HSP70 in gill tissue of both species, in ovarian and

liver tissue of bluegill sunfish and in head kidney of black bullhead.

The generalized stress response at the cellular level of HSP70 in whole
fish and cell lines has been extensively reviewed by Iwama et al. (1998). A number of
studies have focused on the relation between HSP70 and stress hormones adrenaline
and cortisol. Evidence from cultures of rainbow trout hepatocytes revealed that
adrenaline caused an increase in HSP70. In contrast, cortisol did not directly affect
HSP70 levels in fish tissues. The relationship between stress hormones and HSP70
induction may be modulated by several factors in vivo. For instance, Mazur (1996) has
shown physical handling of rainbow trout (45 s dip-net stress) which caused an
increase in plasma cortisol concentration significantly reduced the heat shock-related
increase of HSP70 in the gill tissue. These findings were contrast with the results of
Vijayan et al. (1994), which show that physical handling, which caused an increase in
circulating cortisol levels, did not cause an increase in liver HSP70 levels. Most
studies suggested that further investigations are required to understand the relationship

between the cellular HSP response and the physiological stress response in fish.

2.2 Structure of heat shock protein 70

HSP70/HSC70 have two structural domains, an N-terminal nucleotide
binding domain (NBD) and a C-terminal protein substrate binding domain (SBD).
Both domains are connected by a conserved linker that mediates communication
between the two domains (Babak et al., 2007). The NBD which has ATPase activity
binds ATP and hydrolyzes it to ADP (Fig. 3). The exchange of ATP drives
conformational changes in the substrate binding domain that contains a groove with an
affinity for neutral, hydrophobic amino acid residues. The groove can interact with
peptides up to seven residues in length. The C-terminus has alpha helical structure and

is also referred to as the crystalline domain (Basha et al., 2006).
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main substrate  ——» < palical lid
binding domain region

Figure 3 Schematic of the domain structures of E. coli HSP70 including two major
domains: N-terminal NBD (red) and C-terminal substrate binding domain
(orange and green). This region comprises the main substrate binding
domain (orange; 18 kDa) and helical lid region (green; 10kDa). Both
molecules have a linker region (blue) that is thought to mediate

communication between the major sub domains.

Source: Babak et al. (2007).

The amino acid sequences are highly conserved at the N-terminal domain. In
addition, glycine residues are highly conserved in the middle domain of the protein.
The sequence conservation in the middle domain signifies its importance in efficient
interaction between HSP70 and substrate (Desai et al., 2010). In contrast the amino
acid sequences are very more variable at the C-terminal domain. The beta sheets
dominate the HSP 70 homologue structures compared to the helical structures (Desai
et al., 2010). The beta sheet structure plays a major role in providing stability to the

proteins and maintaining homeostasis in the cell during stress condition.

2.3 Molecular mechanisms of heat shock protein expression

A review of molecular processes involved in heat shock protein
expression is provided by Iwama et al. (1998). The expression of heat shock proteins
is mediated by heat shock transcription factor (HSF). Under stress conditions, HSF is

activated and binds to heat shock element (HSE) located upstream of the heat shock
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genes. A heat shock factor contains DNA-binding domain located about 100 amino
acids at the amino-terminus and three leucine zippers (trimerization domain) located
nearby the DNA-binding domain (Fig. 4). Yeasts and Drosophila are known to contain
only one HSF, while mice and humans have multiple distinct HSFs (HSF1, HSF2, and
HSF3) with different functions. HSF1 is the major isoform and important in regulating
the cellular response to thermal and oxidative stress. In response to stress, HSF1
undergoes the transition from an inactive monomeric form to a homotrimer form and

binds to the promoter region to activate transcription.

i’ |
—Dvibntng = 213 | ———F24
Negative Trans-activation
regulation domain
domain

Figure 4 Diagram of heat shock factor (HSF1) structure showing DNA binding
(carboxyl-terminus), leucine zippers (Z) 1-3, and leucine zipper 4 structures.

Thick bars indicate areas of constitutive phosphorylation.

Source: Iwama et al. (1998).

The vertebrate HSFs have highly conserved amino acid sequences at the
DNA-binding and leucine zipper 1-3 domains. For example, there is 85-95% amino
acid sequence identity between human, mouse and chicken HSF1 (Morimoto et al.,
1994). In Drosophila and higher eukaryotes, HSF1 contains an additional leucine
zipper 4 at the carboxyl-terminus. The quantity of HSF1 in a cell does not vary with
stress. On the other hand, stress induces conversion of the inactive form of HSF1 to an
active protein which subsequently regulates the expression of HSP70 (Rabindran et
al., 1991). However, the mechanism of HSF1 activation and the nature of the sensor of

the stressor in the cell are still not known.
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To understand the regulation of heat shock protein expression, a model
based on proteotoxicity was proposed (Morimoto et al., 1996; Voellmy, 1996). In this
model, stressors would cause damage to native proteins inside the cell resulting in
HSP production (Fig. 5). In the cytosol of normal cells, HSF1 is found as a monomer
or forms a complex with HSP70 to facilitate releasing from DNA. In stressed cells, the
damaged proteins sequester HSP7(0 and other chaperone proteins such as HSC70, and

HSP40, to assist their repair or destruction.

The initiation of HSP expression occurs with dissociation of HSP70 from
the monomeric form of HSF1 in the cytosol (Morimoto ef al., 1996). As a result,
HSF1 moves to the nucleus and changes to a trimeric form which can bind to the
promoter regions of the HSP genes. The trimeric HSF1 remains inactive until stress-
induced phosphorylation of the HSF1 takes place (Cotto ef al., 1996; Morimoto et al.,
1996). The production of HSP70 occurs through the normal transcription and
translation processes. When the translation of HSP70 is complete, free HSP70 binds to
HSF1 to release HSF1 from heat shock element (HSE) of the DNA. In addition, the
binding of free HSP70 to HSF1 aids in the dissociation of the trimeric form back to the
inactive monomers and the relocation of monomeric HSF1 back into the cytoplasm.
During recovery from stress, the increased amount of HSP70 in the cell is from the
newly synthesized proteins and those that bound by denatured proteins which are

released after repair process.
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Figure 5 The model of the role of heat shock factor (HSF1) in the regulation of heat

shock protein expression. (1) Latent monomeric form of HSF1 in cytoplasm

or nucleus. (2) Activation by stressor leads to trimerization of HSF1, which

facilitates binding to heat shock element of the HSP70 gene promoter. (3)

Phosphorylation and activation of HSP70 transcription results in HSP70

expression. (4) Increase in cytosolic HSP70 repairs misfolded proteins,

along with other HSPs. (5) Subsequent repair of damaged proteins results in

higher levels of free HSP70 in cytosol. (6) Higher concentration of HSP70

results in binding to HSF1, facilitating release from DNA, and dissociation

of HSF1 back to the monomeric form.

Source: Morimoto ef al. (1996) and Iwama et al. (1998).
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The regulation of HSP production involves signal transduction
mechanisms for sensors of the stressors such as redox changes in the cell (Voellmy,
1996). For example, reducing agents are found to prevent the activation of HSF in
HeLa cells exposed to stressors such as mild heat shock, hypoxia, hydrogen peroxide
or dinitrophenol (Huang et al. 1994). In addition, it is suggested that the mitogen-
activated protein (MAP) kinase cascades in the cell may involves in the HSP
production (Bensaude ef al., 1996). The intracellular signal transduction cascades are
triggered by an increase in calcium concentration and the stimulation of enzymes such
as phospholipases C and A2 caused by stressors and may affect the phophorylation of
the HSF1.

2.4 Functions of heat shock cognate protein 70 (HSC70)

A comprehensive review on functions of the human HSC70 has been
provided by Liu et a/ (2012). Members of the heat shock protein 70 family, HSP70
and HSC?70 share high levels of amino acid similarity, have similar functions and
interact with each other in an ATP-dependent manner. Significant differences between
the two forms were found in the carboxyl-terminal domain which mediates substrate

specificity and particular biological functions.

HSC70 acts as molecular chaperone in facilitating folding of newly
synthesized proteins and stabilizing their normal structures under stress conditions
(Fig 6). In addition, HSC70 is suggested to involve in translocation of protein across
endoplasmic reticulum and antigen presentation. Details of the cellular functions of
HSC?70 have been described as follows (Liu et al., 2012). (1) HSC70 functions as an
ATPase to dissociate coat proteins from clathrin coated vesicles (CCVs) to facilitate
endocytosis (Chang et al., 2002). (2) HSC70 facilitates transportation of receptors
between nucleus and cytoplasm (Kose ef al., 2005). (3) HSC70 maintains protein
homeostasis (protein folding, translocation, assembly, disassembly, and degradation)
in both normal and stress conditions. (4) HSC70 suppresses protein aggregation and
reactivates heat denatured proteins. (5) HSC70 is involved in facilitating maturation of

newly synthesized proteins and interacts with nascent polypeptides in the process of
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translocation into organelles. (6) HSC70 can regulate the translocation of proteins into
different cellular organelles such as endoplasmic reticulum and mitochondria. (7)
HSC70 can recognize misfolded proteins and delivers them to lysosomes for
degradation. (8) HSC70, together with other molecular chaperones, is involved in
regulating cellular signaling and functions. (9) HSC70 is needed for the activation of
heat shock factor 1 (HSF1) in mammalian cells. (10). HSC70 can regulate apoptosis
and is required for prevention of apoptosis induced by white spot syndrome virus

(WSSV) infection (Yan et al., 2010).

oK RN

Figure 6 Model of molecular chaperon functions of the HSP70 family.
HSP70/HSC70 function as intracellular chaperones for other proteins and

mediate protein folding, translocation and degradation.

Source: Yamashita et al. (2004).
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3. Reproductive development of tropical fish

Ovarian development in most teleost fish has been characterized as
synchronous or asynchronous, according to stages of oocyte development during
reproductive cycle. In synchronous spawners, there are two strategies for the egg
production. In the first strategy, egg production occurs only once in the fish’s life as in
Pacific salmon and the fish die after spawning. A second strategy is called group
synchronous with several cycles of oocyte development and spawning as in brown
trout and striped bass. In asynchronous spawners, oocyte development is continuous
and spawning occurs several times throughout the breeding season. Bighead catfish is
identified as asynchronous spawners and contain oocytes of different stages of

development.

Oocyte development for bighead catfish can be broadly classified into four
stages according to Lehri (1968): immature oocyte, maturing oocyte, mature oocyte
and atretic oocyte. The immature oocytes stain dark blue cytoplasm and light pink
germinal vesicle with Hematoxylin and Eosin with large sized nucleus and germinal
vesicle located in the center of the cell. Oocytes in the maturing stage start to produce
yolk vesicle and accumulate yolk granule in cytoplasm. In mature oocytes,
vitellogenesis stops and the germinal vesicle migrates to the animal pole. Atretic or
degenerate oocytes can be characterized by the presence of enlarged granular cell wall

with no nuclei.

Stress can have a profound effect on gamete development and quality, as well
as on egg and larval development and viability in fish. Stress affects circulating levels
or change seasonal patterns of reproductive hormones (Pankhurst and Van Der Kraak,
1997). Stress is known to effect changes of plasma gonadotropins which can result in
reduction of plasma levels of testosterone and/or estrogen. In female fish, the
reduction of plasma estrogen due to stress is found to be associated with a higher
incidence of ovarian atresia. In some cases, the effects of stress resulting in ovary

degeneration were irreversible during the reproductive season. Further, stress can
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result in delayed ovulation and reduced egg size in females and lowered sperm counts

in males. Progeny from stressed fish have lowered survival rate.

The release of cortisol into the circulation during the primary stress response is
believed to affect reproductive capacity of fish. Reduced ovary size and lower levels
of plasma estradiol and vitellogenin were observed in mature females treated with
exogenous cortisol. The lower levels of estradiol can have direct effect on the
synthesis of vitellogenin in the hepatocytes which results in reduced egg size (Pacoli

et al., 1990).

4. Important diseases in bighead catfish culture

During the culture period, bighead catfish have been found to suffer from a
number of bacterial diseases, in particular, Aeromonas hydrophila. Bacterial
septicemia caused by the Gram-negative intracellular bacterium 4. hydrophila also
commonly affects other freshwater teleosts (Areerat, 1987). A. hydrophila is a rod
shaped bacterium, mainly found in areas with a warm climate. This bacterium can also
be found in fresh, salt, marine, estuarine, chlorinated, and un-chlorinated water. A.
hydrophila can survive in aerobic and anaerobic environments. A. hydrophila was
isolated from humans and animals in the 1950s (Jongjareanjai et al., 2009). It is also

highly resistant to multiple medications, chlorine, and cold temperatures.

Because of A. hydrophila’s structure, it is very toxic to many organisms. When
it enters the body of fish, it travels through the bloodstream to the first available organ.
It produces Aerolysin Cytotoxic Enterotoxin (ACT), a toxin that can cause tissue
damage (Rodriguez et al., 1993). And it is considered to be opportunistic pathogens,
meaning it rarely infect healthy individuals. A. hydrophila is widely considered a
major fish and amphibian pathogen, and its pathogenicity in humans has been

recognized for decades (Angka et al., 1995)
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The pathogenicity of Aeromonas spp. is mediated by a number of extracellular
proteins such as aerolysin, lipase, chitinase, amylase, gelatinase, hemolysins and
enterotoxins. However the pathogenic mechanisms of Aeromonas spp. are unknown.
The recently proposed type III secretion system (TTSS) has been linked to Aeromonas
pathogenesis. TTSS is specialized protein-secretion machinery that exports virulence
factors directly to host cells (Yu et al., 2005). These factors subvert normal host cell
functions to the benefit of invading bacteria. In contrast to the general secretory
pathway, type III secretion system is triggered when a pathogen comes in contact with
host cells. ADP-ribosylation toxin is one of the effector molecules secreted by several
pathogenic bacteria and translocated through TTSS and delivered into the host
cytoplasm leads to interruption of NF-xB pathway (Hideaki et al., 2008), cytoskeletal

damage and apoptosis which can cause disease both in human and fish.

A. hydrophila infections occur most during environmental changes, stressors,
change in the temperature, in contaminated environments, and when an organism is
already infected with a virus or another bacterium (Eissa et al., 1994). A. hydrophila is
associated with diseases mainly found in fish and amphibians, because these
organisms live in aquatic environments. When infected with 4. hydrophila, fish
develop ulcers, tail rot, fin rot, and hemorrhagic septicemia. Hemorrhagic septicemia
causes lesions that lead to scale shedding, hemorrhages in the gills and anal area,

ulcers, exophthalmia, and abdominal swelling (Gado, 1998).
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MATERIALS AND METHODS

Part 1

Molecular characterization of HSC70 genes

1. Clone HSC70 cDNAs and HSC70 genes

1.1 Cloning of two HSC70 cDNAs

1.1.1 Total RNA extraction and purification of mRNA

Total RNA was extracted from liver tissue of female bighead
catfish (152 g) which stocked in 800 m’ earthen ponds using TRIzol reagent
(Molecular Research Center, Cincinnati, OH, USA) according to the manufacturer’s
instruction. The extracted RNA was purified using a QuickPrep™ Micro mRNA
Purification kit (Amersham Biosciences, Buckinghamshire, UK). The quantity of
mRNA was determine by measuring OD at 260 nm and electrophoresed on 1%

formaldehyde-agarose gel.
1.1.2 Rapid amplification of cDNA ends (RACE)

The 371 bp HSC70 EST clone (EB360505) containing partial
open reading frame and the 3" untranslated region (UTR) was obtained from the
previous work (Panprommin et al., 2007), therefore, only 5" RACE was performed.
The 5" RACE-technique was utilized to recover the 5" information of target cDNA
using a BD Smart™ RACE ¢cDNA Amplification kit (BD Biosciences ClonTech, San
Jose, CA, USA) according to the manufacturer’s instruction. Approximately 1 pg of
mRNA was used for first strand cDNA synthesis. For the 5'-RACE-Ready cDNA, 1
nug of mRNA, 1 ul of BD Smart IT A-oligo (5'-AAGCAGTGGTATCAACGCAGAG
TACGCGGG-3") and 1 pl of 5'-CDS primer (5'-(T)2sVN-3', N=A,C,Gor T; V=A,
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G or C) were used to generate the nucleotide sequences at the 5" end. Sterile water was
added in each reaction to a final volume of 5 pl and the reaction was spun briefly in a
microcentrifuge. The tube was incubated at 70°C for 2 min and cooled on ice for 2
min. The tube was spun briefly to collect the contents at the bottom. Two pl of 5x
first-strand buffer, 1 pl of 20 mM of dithiothreitol, 1 pl of 10 mM of ANTP Mix and 1
ul of BD PowerScript Reverse Transcriptase were added to each reaction tube. The
contents was mixed gently and spun briefly to collect the contents at the bottom. The
tube was incubated at 42°C for 1.5 hrs in a hot lid thermal cycle. The first-strand
reaction product was diluted with 250 pl of Tricine EDTA buffer and incubated at
72°C for 7 min.

After first strand cDNA synthesis, the 5'-RACE-Ready cDNA
was used as templates to generate the nucleotide sequences at the 5’ ends. For the
RACE PCR reaction, a 50 pl PCR reaction mixture consisted of 2.5 ul of 5'-RACE-
Ready cDNA, 5 pul of 10x BD Advantage 2 PCR buffer, 1 ul of 10 mM dNTP mix
(each at 2.5 mM), 1 pul of 50x BD Advantage 2 polymerase mix, 5 pl of 10x Universal
Primer Mix (UPM: Long (0.4 uM), 5'-CTAATACGACTCACTATAGGGCAAGCA
GTGGTATCAACGCAGAGT-3' and Short (2 uM), 5'-CTAATACGACTCACTATA
GGGC-3") and 1 pl of 10 uM gene specific primer (Table 1). The 5 RACE was
carried out using reverse primers in the PCR for 25 cycles as follows: 94°C for 3 min,
94°C for 30 sec, 60°C for 30 sec and 72°C for 3 min. The positions of primer are

shown in Figure 7 and Figure 8.
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Table 1 Nucleotide sequences and positions of primers used in 5’ RACE cloning of
cDNA HSC70-1 and HSC70-2 genes.

Position

Name Primer sequence (5’ to 3")
HSC70-1 HSC70-2

HSC70-1R1 CCAATGCCTGGTTTGCCTTGAA 2210-2231
HSC70-1R2 GTCTCTGCTGTTGACAAGAGC 1495-1515
HSC70-1R3 CCAGTATTGAGATCGACTCCC 872-892
HSC70-1R4 GCTCTGAGAGAAATGTCCTTATTT  602-629
TCGA
HSC70-2R1 CCAATGCCTGGTTTGCCTTGAA 2210-2232
HSC70-2R2 GGAGTTCCTCAAATCGAAGTG 1441-1461
HSC70-2R3 CTACAGCAGGAGACACTCACC 695-715
HSC70-2R4 CTCAGCGTCAAGCCACAAAAGAT 491-518
GCTGG

* Nucleotide positions are based on C. macrocephalus sequence submitted to GenBank
(Accession number JX112294 of cDNA for HSC70-1 and accession number JX12295
of cDNA for HSP70-2).

1 2278

HSC70R3

HSC70R2 HSC70R1
872 +—
1495 2210

HSC70R4
602

Figure 7 Positions of primers for amplification of C. macrocephalus HSC70-1 cDNA
(thick black line). The orientations of amplification are indicated by arrows
with the primer’s name on the top and the first position for amplification is

represented by the number under the arrow.
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Figure 8 Positions of primers for amplification of C. macrocephalus HSC70-2 cDNA
(thick black line). The orientations of amplification are indicated by arrows
with the primer’s name on the top and the first position for amplification is

represented by the number under the arrow.

1.2. Genomic cloning of two HSC70 DNAs

Two heat shock cognate cDNAs obtained in this study were called
bighead catfish HSC70-1 and HSC70-2. Primers for genomic cloning of bighead
catfish HSC70-1 and HSC70-2 were designed based on the full length cDNAs (Fig. 9
and Fig. 10). Genomic DNA was extracted from liver tissue (20-30 mg) of female fish
using Genomic DNA purification kit (Fermentas, Germany). The extracted DNA was
subjected to PCR amplification using primers (Table 2 and 3). A 25-ul PCR mixture
consisted of 1ul of genomic DNA, 2.5 ul of 10x Taq buffer, 0.75 ul of MgCl,, 1.5 ul
each of ANTPs, 1 pl each of forward and reverse primers, 0.2 ul of 1 U Tag DNA
polymerase, and 17.05 pl of sterile water under the following conditions for 25 cycles:
95 °C for 30 s, 58 °C for 30 s, 72 °C for 1 min 30 s. PCR products were cloned and
sequenced. The genomic nucleotide sequences were compared to cDNA sequences to

determine the exon-intron boundaries of the genes.
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Table 2 Nucleotide sequences and positions of primers used in genomic cloning and

5" RACE of HSC70-1 gene.

Name Primer sequence (5’ to 3") SR
Position bp

HSC70F1 CAGATTGAGGTCACATTTGAC 2085-2105 1046
HSC70R1 CCAATGCCTGGTTTGCCTTGAA 3111-3132
HSC70F2 GCTATTGCCTATGGGTTG 800-817 1351
HSC70-1R2 GTCTCTGCTGTTGACAAGAGC 2130-2150
HSC70F3 CCAGCTGTTGGCATTGATCTG 46-66 1165
HSC70-1R3 CCAGTATTGAGATCGACTCCC 1190-1210
HSC70-1R4 GCTCTGAGAGAAATGTCCTTATTT  602-629
(5’ RACE) TCGA

Table 3 Nucleotide sequences and positions of primers used in genomic cloning and

5" RACE of HSC70-2 gene.

Name Primer sequence (5’ to 3") sednene®
Position bp
HSC70F1 CAACCTGCTCGGGAAGTTTGA 1824-1844 1110
HSC70R1 CCAATGCCTGGTTTGCCTTGAA 2911-2933
HSC70F2 GCTATTGCCTATGGGTTG 800-817 1094
HSC70-2R2 GGAGTTCCTCAAATCGAAGTG 1873-1893
HSC70F3 CCAGCTGTTGGCATTGATCTG 46-66 921
HSC70-2R3 CTACAGCAGGAGACACTCACC 946-966
HSC70-2R4 CTCAGCGTCAAGCCACAAAAGAT  491-518
(5" RACE) GCTGG

* Nucleotide positions are based on C. macrocephalus genomic sequence submitted to
GenBank (Accession number JX273642 for HSC70-1 and Accession number
JX273643 for HSP70-2).



29

2 >
1
3
HSCTOF3 HSCT70R3
P  E——
a6 1180
HSCTOF2 HSCTOR2
TG b ———
800 2130
HSC70F1 HSC70R1
—_— -—
2085 3

Figure 9 Positions of primers for amplification of C. macrocephalus HSC70-1
genomic DNA (thick black line). The orientations of amplification are
indicated by arrows with the primer’s name on the top and the first position

for amplification is represented by the number under the arrow.

HSCTOF3 HSCTOR3
— i —
46 946
HSCTO0F2 HSCT0R2
E— -—
800 1873
HSCTOF1 HSCTOR1
1824 2011

Figure 10 Positions of primers for amplification of C. macrocephalus HSC70-2
genomic DNA (thick black line). The orientations of amplification are
indicated by arrows with the primer’s name on the top and the first position

for amplification is represented by the number under the arrow.
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2. Cloning and sequencing

2.1 Gel purification

The RACE product and PCR products of genomic DNA were gel
purified using theWizard®SV Gel and PCR Clean Up System kit (Promega, USA) and
GeneJET' " Plasmid Miniprep kit (Fermentas, Germany) according to the
manufacturer’s instruction. The total product was loaded and run on 1% agarose gel
with 1x TBE buffer. The run gel was stained with ethidium bromide and visualized
under UV light. The DNA fragment of interest was excised from gel slice and
transferred to a 1.5 ml microcentrifuge tube. The membrane binding solution was
added at a ratio of 10 pul per 10 mg of gel slice. The mixture was vortexed and
incubated at 65°C for 10 min. Dissolved gel slice was transferred to SV Minicolumn
and incubated for 1 min at room temperature. The column was centrifuged at 14,000
rpm for 1 min and washed by adding 700 pl of membrane wash solution and
centrifuge for 1 min. The column was washed with 500 pl of membrane wash solution
and centrifuge for 5 min. The SV Minicolumn was transferred to a clean 1.5 ml
microcentrifuge tube. The DNA fragment was eluted by adding 50 pl of Nuclease free
water directly to the center of the column. The column and tube was incubated at room

temperature for 1 min and centrifuged for 1 min.

2.2 cDNA cloning

The DNA fragment was ligated into vector using pPGEM®-T Easy
Vector (Promega, USA). The 10 pl ligation reaction consisted of 5 pl of 2x Rapid
Ligation Buffer, 1 ul of pPGEM®-T Easy Vector, 3 ul of PCR product and 1 pl of T4
DNA ligase. The reaction was mixed by pipetting and incubated overnight at 4°C. The
ligation reaction was transformed into E. coli strain JM109 high efficiency competent
cells. The tube containing the ligation reaction was centrifuged to collect contents at
the bottom of the tube. Ten pl of ligation reaction was transformed to 100 pl of
competent cells. The mixture was mixed and placed on ice for 20 min. Cells were heat

shock for 45-50 sec in water bath at exactly 42°C and immediately returned to ice for
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2 min. Nine hundred pl of SOC medium with ligation reaction was added to the tube
containing transformed cells and incubated for 1.5 hrs at 37°C with shaking. The
mixture was centrifuged at 1,000 x g for 10 min, resuspended in 100 pl of SOC
medium, plated on LB/ampicillin/IPTG/X-Gal plates and incubated overnight at 37°C.
White colonies which contained recombinant plasmids was picked up to the fresh LB

ampicillin agar plates and incubated overnight at 37°C.

2.3 Determination of positive clones by colony PCR

Insert size of white colonies was determined by colony PCR. The 20 pl
PCR reactions contained 1 U of Taq DNA polymerase, 1x Taq buffer, 0.2 mM of each
dNTP, 0.5 uM of each primer and 1.25 mM of MgCl,. White colonies were scraped by
the micropipette tip and mixed in the mixture reaction. The colony PCR was
performed for 30 cycles: 95°C for 30 sec, 55°C for 30 sec and 72°C for 1 min and 30
sec. the PCR products were electrophoresed on 1.5% agarose gel in 1x TBE buffer at
100 volts. A DNA ladder 100 bp was used as a DNA marker. The run gel was stained
with ethidium bromide and visualized with UV light.

2.4 Preparation of plasmid DNA

Positive clones were selected for extraction of the plasmid using
GeneJET" Plasmid Miniprep kit (Fermentas, Germany) according to the
manufacturer’s instruction. Colonies were cultured in 3 ml of LB ampicillin broth and
incubated overnight at 37°C with shaking. The plasmid containing bacterial cells were
centrifuged at 12,000 x g for 1 min at room temperature. The cell pellets were re-
suspended in 250 pl of re-suspension solution. Two hundred and fifty pl of lysis
solution were added and the reaction was mixed by inverting the tube 6-8 times. The
solution was mixed with 350 pul of neutralization solution by inverting the tube 6-8
times. The neutralized lysate was centrifuges for 5 min. The supernatant was removed
to the plasmid mini column by pipetting. The column was centrifuged for 1 min and
the flow through was discarded. The column was washed by adding 750 pul of wash

solution and centrifuged for 1 min and the flow through was discarded. The column
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was centrifuged for 1 additional min to remove residual wash solution. The plasmid
mini column was transferred to a 1.5 ml microcentrifuge tube. Fifty pul of elution
solution were added to the column to elute plasmid. The column was let stand for 1

min and centrifuged for 1 min.

2.5 Restriction enzyme digestion

After plasmid preparation, restriction enzyme digestion was used to
confirm the size of DNA inserts. The EcoRI enzyme was used to cut the inserts
cDNA. The reaction was performed in 10 pl reaction containing 2 ul of DNA plasmid,
0.7 ul of EcoRI enzyme, 0.7 ul of BSA and 1 pl of EcoRI buffer and incubated
overnight at 37°C. Four pl of 6x loading dye solution were added to the reaction and
loaded in 1.5% agarose gel and run in 1x TBE buffer at 100 volts. The gel was stained
with ethidium bromide and visualized under ultraviolet light. A DNA ladder 100 bp

was used as a DNA marker.

3. Sequencing data analysis

Three pl of the extracted plasmid DNA was sequenced using Thermo
Sequence Fluorescent Labeled Primer Cycle Sequencing kit (Amersham Pharmacia
Biotech, Uppsala, Sweden). The M13 forward and reverse primers were used for
sequencing the 5" and 3’ ends of the cDNA. After sequencing, the vector sequences
were removed using the computer program Genetyx version 7.0. The nucleotide and
deduced amino acid sequences were searched for homology using the BLAST
programs (NCBI, http://www.ncbi.nlm.nih.gov) (Altschul ef al., 1997). BLASTn
program was used to search for nucleotide sequences homology and BLASTx program

was used to search for translated amino acids homology.
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4. Phylogenetic Analysis

The 5" and 3" UTR sequences of the full length of HSC70-1 and HSC70-2
cDNA were removed using Genetyx version 7.0. Only the open reading frames of
genes were analyzed. Computer program Clustal W (Thompson et al., 1994) was used
for multiple sequence alignment to determine the longest possible consensus sequence,
protein alignment and alignment consensus sequence. Sequence alignment was carried
out on HSC70 from other fishes and vertebrates. The HSC70 rooted phylogenetic tree
was constructed for the amino acid sequences by neighbor joining method (Saitou and
Nei, 1987) and bootstrapped for 1000 replicates using computer program MEGA
version 3.1 (Kumar et al., 2004).
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Part 11

Seasonal expression of HSC70 and HSC90 genes and gonad development under

pond culture

1. Experimental fish

1.1 Tissue collection

Fish used in this study were produced by hormone injection and
artificial fertilization of 120 females (weight 210426 g) and 30 males (weight 202+12
g) in August 2007 and were obtained from the hatchery of the Pathumthani Inland
Fisheries Research and Development Center, Pathumthani Province. Larvae were
reared in concrete tanks (2x3x1 m) at stocking density of 3,000/m” for two months
(length = 5-7+1.6 cm). Thereafter, juveniles were stocked in 800 m’ earthen ponds and
reared until six month of age. They were fed commercial catfish pellet with 25%
protein (2% body weight) twice daily at 0700 and 1600. Water quality was measured
every month throughout the experiment. Fifteen females were collected from the
earthen pond monthly from April 2008 (age = 8 months) to March 2009, measured and
weighed. Total length and body weight of each fish were measured. Ovary tissues
were measured for calculating the gonadosomatic index, GSI (total gonadal weight x
100/ total fish weight). Gills, liver, brain and muscle tissues were placed immediately

in TRIzol reagent (Molecular Research Center) for extraction of total RNA.

Ovarian tissues were fixed in Bouin’s solution for 24 hr, washed in 79%
ethanol, and dehydrated using the automated tissue processor. The tissues were
embedded in paraffin, sectioned to 5-10 um, mounted on slides and stained with
Haematoxylin and eosin. At least three hundred oocytes from the anterior, middle and
posterior parts of the ovary of a female were examined using light microscope.
Oocytes were classified into six stages of maturation according to Groman (1982) as
follows: stage I: oocytes are undifferentiated and occur in nests with large nuclei and

acidophilic cytoplasm; stage II: oocytes increase in size, each contains a large nucleus
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with basophilic chromatin; stage III: oocytes show a well defined follicular epithelium
and basophilic cytoplasm; stage IV: oocytes are characterized by the appearance of
euvitellin nucleoli along the nuclear membrane, the presence of yolk granules in the
cytoplasm, and a more distinct zona radiata in the cell membrane; stage V: oocytes are
larger with abundant yolk vesicles, showing fewer euvitellin nucleoli in the nucleus
and a degenerating nuclear membrane; stage VI: oocytes are fully grown, containing

large amount of acidophilic yolk granules in the cytoplasm.

1.2 Data analysis

Data of GSI were presented as means + S.E. Statistical differences
between groups were analyzed by one-way analysis of variance (ANOVA), followed
by Duncan’s multiple range tests for comparisons of means by month. For all

statistical tests, significance was set at P < 0.05.

2. Tissue expression by RT-PCR

2.1 Total RNA extraction and first strand cDNA synthesis

Total RNA was extracted from gill, liver, brain and muscle tissues of
five bighead catfish (150£5.3 g in weight) using TRIzol reagent (Molecular Research
Center) according to the manufacturer’s instructions. The quantity and quality of total
RNA was calculated using the absorbance at 260 nm and electrophoresed on 1%
formaldehyde-agarose gel. Approximately 1 pg of total RNA was used for first strand
cDNA synthesis using iScript™ Select cDNA Synthesis kit (BIO-RAD) according to

the manufacturer’s instructions.

2.2 Design of primers

The gene specific primers were designed from the EST partial

sequences of HSC70 and HSC90 (Panprommin et al., 2007) (Table 4).
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Table 4 Nucleotide sequences and positions of primers used in semi-quantitative

RT-PCR for HSC70 and HSC90 expression.

HSC70, HSC90
Name Primer sequence (5’ to 3")
Position bp

RTHSC70F CTGTAGAGGATGAGAAGCTA 1688-1707 281
RTHSC70R GATCTTCTGGTCCCACCATC 1949-1968
RTHSC90F CACCATGGGTTACATGATGG 567
RTHSC90R AGGCTGGTGTATGTTCAGTG

IpB-actin-F  AGAGAGAAATTGTCCGTGACATC 414

Ipp-actin-R  CTCCGATCCAGACAGAGTATTTG

* Nucleotide positions are based on C.macrocephalus sequence submitted to GenBank
(Accession number JX112294 for HSC70-1 and accession number JX12295 for
HSP70-2). ° Primers for B-actin are based on GenBank sequence (Accession number

AY555575)
2.3 RT-PCR

First strand cDNA from each tissue was used as template. PCR
amplifications were performed using primers listed in Table 3. Primers for the B-actin
gene was based on information obtained from channel catfish Ictalurus punctatus
(AY555575) (Kocabas et al., 2002). PCR was carried out in a 25 pl reaction mixture
containing 1x Tagq buffer, 0.75 mM MgCl,, 0.2 mM of each ANTP, 0.4 uM of each
forward and reverse primer, 1 U Tag DNA polymerase (Fermentas) and 0.5 pl of first
strand cDNA. PCR amplification was carried out under the following conditions: pre-
denaturation at 96°C for 3 min, 26 cycles consisted of denaturation at 95°C for 30 sec,
annealing at 58°C for 30 sec and extension at 72°C for 1 min. The last extension at
72°C was extended for 5 min. The level of expression of B-actin was used as an

internal control. Ten pl of each PCR product was subjected to electrophoresed on
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1.5% agarose gel in 1x TBE buffer at 100 volts. A DNA ladder 100 bp was used as a
DNA marker. The gel was stained with ethidium bromide (0.5 mg/ml).

3. Quantification of HSC70 and HSC90 mRNA in gills, liver and brain tissue
by semi-quantitative RT-PCR

3.1 Semi-quantitative RT-PCR analysis

Total RNA was extracted from muscle, gill, liver and brain tissue by
using the TRIzol reagent (Molecular Research Center) according to the manufacturer’s
instructions. First strand cDNA synthesis was carried out using RevertAid™ First
Strand cDNA Synthesis kit (Fermentas) according to the manufacturer’s instructions.
Approximately 1pg of total RNA was incubated with 1 pl of oligo(dT);s at 70°C for 5
min. Four pl of 5x reaction buffer, 1 pl of RiboLock™ Ribonuclease inhibitor and 2 ul
of 10 mM dNTP mix was added and the reaction was incubated at 37°C for 5 min.
One micro-liter of RevertAid™ M-MuLV Reverse Transcriptase was added and the

mixture was incubated at 42°C for 60 min followed by 70°C for 10 min.

PCR reactions were performed using different sets of gene-specific
primers as shown in Table 1. Primers were designed from EST sequences of these
genes obtained from the liver cDNA library of C. macrocephalus (Panprommin ef al.,
2007). Primers for f-actin gene was obtained from channel catfish (Ictalurus
punctatus). PCR amplification was carried out in a 25 ul reaction volume containing
0.5 ul of cDNA first strand template, 0.2 mM of each dNTPs, 1x Tagq buffer, 1 U of
Taq DNA polymerase, 1 uM of forward primer, and 1 uM of reverse primer. PCR
profiles were as follows: denaturation at 95°C for 30 sec, annealing at 55°C for 30 sec
and extension at 72°C for 1 min. The optimal cycle numbers were determined by
performing PCR reactions in triplicates between 22 and 35 cycles to generate a

product within the exponential range.
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The PCR products were separated and visualized on 1.5% agarose gel
containing ethidium bromide. The density of bands was measured by FluorChem™
8000 Advanced Fluorescence, Chemiluminescence and Visible Light Imaging (Alpha
Innotech Corporation) which corresponds to pixel density values (Integrated Density
Value, or IDV). The pixel density value of each product was used to calculate ratio of
the selected gene expression relative to f-actin expression. The expression of f-actin
was normalized to 100. Differential expression of the selected genes between different

sample groups was evaluated according to the pixel density values.

3.2 Data analysis

Data of ratio of the target gene: f-actin was presented as means + S.E.
Statistical differences between groups were analyzed by one-way analysis of variance
(ANOVA) using SPSS 11.0, followed by Duncan’s multiple range tests for
comparisons of means by stage of development. For all statistical tests, significance

was set at P < 0.05.
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Part 11

Oocyte development and expression of HSC70 and HSP 90 genes in response to
elevated temperature

1. Experimental fish and experimental design

Three hundred female fish (age = 13 months; weight = 108+£12.7 g) were
collected from the earthen pond during October 2008 and transferred to 5x10x1m
concrete tanks seven days prior to the experiment. One hundred and eighty fish were
stocked randomly over fifteen 50-1 aquaria (length, 90 cm; width, 45 cm; depth, 45
cm.) at a density of twelve fish per aquarium. The fish were divided into three groups.
Fish in the first group were maintained at an ambient temperature of 25°C and served
as a control. Fish in the second and third groups were raised in the aquaria containing
aerated water heated by immersion heater to 30°C and 35°C respectively. The
experimental fish were fed commercial pellets containing 25% protein at 2% body
weight twice daily and maintained for six weeks. Dissolved oxygen and pH were
measured daily. Blood samples and ovaries were collected from fifteen individuals

each of control and test groups after two, four and six weeks of rearing.

Based on information from the preliminary study, the range of temperature
and duration of exposure were non-lethal for this species under hatchery conditions.

Oocyte development and GSI was determined as described in experiment 2.
2. Plasma analyses: cortisol and glucose
2.1 Blood samples
Before tissue and blood collection, fish were anesthetized with 2-
phenoxyethanol (0.75 mg/1). Blood samples were taken from the caudal vein using 1-

ml syringes coated with Na,-EDTA (Titriplex III, Merck, Darmstadt, Germany),
placed into 1.5 ml microcentrifuge tubes, and centrifuged at 1,500 rpm at 4°C for 10
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min. Plasma was stored at -20°C until use. Cortisol levels were quantified by
radioimmunoassay (RIA) using a commercial kit (Cortisol Bridge kit, TKCO1, L&R
Enterprise Co. Ltd, Thailand). Plasma glucose was measured by colorimetric test using

a commercial kit (no. RA 122-10: End point, BIOTECH, Bangkok, Thailand).
2.2 Data analysis
Data for plasma cortisol and glucose were presented as means + S.E.
Statistical differences between groups were analyzed by one-way analysis of variance
(ANOVA), followed by Duncan’s multiple range tests for comparisons of means by
month. For all statistical tests, significance was set at P < 0.05.

3. Semi-quantitative RT-PCR

As described in experiment 2.
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Part IV

Expression of two HSC70 genes in response to Aeromonas hydrophila infection

1. Bacterial infection

One hundred four-month old healthy fish (body weight =29.7+6.4 g) were
collected from the earthen pond at the Department of Aquaculture, Kasetsart
University, and transferred to a 6x4 m” concrete tanks seven days prior to the
experiment. The fish were stocked randomly over two 250 L fiber glass tank 26-28 °C
at fifty individuals each. Fish in the first group were injected intraperitoneally with 0.1
ml of 0.85% NaCl and served as a control. Fish in the second group were injected with
0.1 ml of 10° CFU/ml of A. hydrophila by the same route as control. The experimental
fish were fed commercial pellets containing 25% protein at 5% body weight twice
daily. Tissue samples, including brain, gills, liver and skeletal muscle, were randomly
collected from injected and control fish at 6, 12, 24 and 48 h post-injection, for total

RNA extraction.

2. Tissue analysis quantification of HSC70s mRNA by semi-quantitative
RT-PCR

Total RNA was extracted from muscle, gills, liver and brain tissues using
the TRIzol reagent (Molecular Research Center) according to the manufacturer’s
instructions. First strand cDNA synthesis was carried out using a RevertAid™ First
Strand cDNA Synthesis kit (Fermentas) according to the manufacturer’s instructions.
Approximately 1pg of total RNA was incubated with 1 pl of oligo(dT);s at 70°C for 5
min. Four pl of 5x reaction buffer, 1 pl of RiboLock™ Ribonuclease inhibitor and 2 pl
of 10 mM dNTP mix was added and the reaction was incubated at 37°C for 5 min.
One micro-liter of RevertAid™ M-MuLV Reverse Transcriptase was added and the

mixture was incubated at 42°C for 60 min followed by 70°C for 10 min.
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Primers were designed from full-length cDNA of HSC70-1 and HSC70-2

obtained in part I. The f-actin gene was used as internal control.

Table 5 Nucleotide sequences and positions of primers used in semi-quantitative

RT-PCR for HSC70-1 and HSC70-2 expression.

HSC70
Name Primer sequence (5 to 3") Position bp
RTHSC70-1F  GCTATTGCCTATGGGTTGGAC 571-591 945
RTHSC70-1R  GTCTCTGCTGTTGACAAGAGC 1495-1515
RTHSC70-2F GCTATTGCCTATGGGTTGGAC 571-591 522
RTHSC70-2R  CAGAAACTTCTGCAGGACTTC 1072-1092
IpB-actin-F AGAGAGAAATTGTCCGTGACATC 414

IpB-actin-R CTCCGATCCAGACAGAGTATITG

* Nucleotide positions are based on C. macrocephalus sequence submitted to GenBank

(Accession number JX112294 for HSC70-1 and accession number JX12295 for

HSP70-2). ° Primers for B-actin are based on GenBank sequence (Accession number

AY555575)

PCR reactions were performed using different sets of gene-specific primers
as shown in Table 5. PCR amplification was carried out in a 25-pl reaction volume
containing 0.5 pl of cDNA first-strand template, 0.2 mM of each dNTPs, 1x Taq
buffer, 1 U of Tag DNA polymerase, 1 uM of forward primer, and 1 uM of reverse
primer. PCR profiles were as follows: denaturation at 95°C for 30 sec, annealing at
58°C for 30 sec and extension at 72°C for 1 min. PCR profiles for 26 cycles were as
follows: denaturation at 95°C for 30 sec, annealing at 58°C for 30 sec and extension at

72°C for 1 min. The level of expression of B-actin was used as an internal control.
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The PCR products were separated and visualized on a 1.5% agarose gel
containing ethidium bromide (0.5 mg/ml). The density of bands was measured by
FluorChem™ 8000 Advanced Fluorescence, Chemiluminescence and Visible Light
Imaging (Alpha Innotech Corporation) which corresponded to pixel density values
(Integrated Density Value, or IDV). Expression of the HSC70-1 and HSC70-2 genes
was measured as pixel density values. The pixel density value of each product was
used to calculate the ratio of the selected gene’s expression relative to f-actin
expression. The expression of f-actin was normalized to 100. Expression of the

HSC70s genes was measured as pixel density values.

3. Statistical analysis

Data on relative expression levels of the two HSC70 genes at four time
points were presented as means = S.E. for each tissue, where n = 20 fish. Statistical
differences in gene expression levels between groups were analyzed by one-way
analysis of variance (ANOVA) using SPSS 11.0, followed by Duncan’s multiple range
tests for comparisons of means in the same gene and tissue across four different time
points. A student’s 7-test was used to compare means between groups of HSC70 genes

at the same time point. For all statistical tests, significance was set at P < 0.05.
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RESULTS

Part |

Molecular Characterization of HSC70 gene

1. Cloning of two full-length HSC70 cDNAs

1.1 HSC70-1

The full-length cDNA of C. macrocephalus HSC70-1 was shown in
Figure 11 and 12 together with the deduced amino acid sequence. The 2,278 bp
sequence contained 33 bases of 5'-untranslated region, the open reading frame of
1,950 bp encoding a 649 amino acid protein, 295 bases of 3'-untranslated region and a

poly(A) tail of 33 nucleotides. The 3'-untranslated region included the termination

signal (TAA) and a conserved polyadenylation signal (AATAAA) located 19 bases
before the poly(A) tail (Fig. 12). Molecular mass determined from the deduced amino
acid sequence was approximately 71.24 kDa and was submitted in GenBank database

with accession number of JX112294.

ORF
5 UTR 1950tp 3 UTR
33bp ......'I-" ||.-.-"u|.“." 295bp
'|. ..' ".."r"..--l" "ll-..,'lu--.“"““ . ..-
. I l.-" Ten,, ) ]

Figure 11 Schematic structure of cDNA of C. macrocephalus HSC70-1 gene.
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1.2 HSC70-2

The 2,278 bp of complete cDNA sequence for bighead catfish HSC70-2
contained 33 bases of 5'-untranslated region, the open reading frame of 1,950 bp, 295
bases of 3'-untranslated region (Fig. 13) and a poly(A) tail of 13 nucleotides. The 3'-
untranslated region included the termination signal (TAA) and a conserved
polyadenylation signal (AATAAA) located 19 bases before the poly(A) tail. The
cDNA sequence is shown in Figure 14, together with the deduced sequence of 649
amino acids with a predicted molecular mass of 71.27 kDa and was submitted in

GenBank database with accession number of JX112295.

ORF
5 UTR 1950 bp 3 UIR
33bp '"“.-.n- lnn-.".“"l. 295bp
. .l .'.'....i' l-iq.....-.... l' '.l

Figure 13 Schematic structure of cDNA of C. macrocephalus HSC70-2 gene.
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AACTTTCTARRGTGCTCGARGRATTTTGTARCCA ! CRGCTETTGEGCATT &0
v G 2
GATCTGGEGACCRCATAC SRRRTCATT 120
P T & 7T 3 E I T 29
GCTRARTGRCCRL LGCCERALGG 180
A WM D Q S E R 29
TTEATTGETGATGCAGTCAR SGT R CARTCTTTGAT z40
L I G D W ] I F D &9
GCCARACGTCTGAT TG ATGRARCAT 300
A ¥ R L E M K H as
T T TEGETG EATATREARGCR 380
W P F K G ¥ K & 109
GAGACTARGRACTT BGGRRR ATCRAGGRR 420
E T K N F T B M K E 129
ATTGCTGRRGCCTATCTT = T 480
I 2 E 2 ¥ L E B r 129
TTCARTGRCTCTCRAGCS el ATGCTGEGE RTGTC 540
F W Do = Q =X D A G W 169
CTECGRATTATTRER TAC GCTATTGC ARG 00
L R I I W T = A T 2 B 189
AARRCAGRGCGCARRCTCCTTATTT CTTGECEGET ! CATC &80
K T E R K L L [I_F D L & & G T ¥ _D T zos9
CTEACCATTOATGATGECATCTTTEARGTGARAGC TACACGCAGELGRCR TGGET 720
L Jr T p b ¢ I F E Vv K B T A G D T G 229
GGRGRAGRCTTTGACARCCETATGETCACCCACTTITGTGEAGGARTTTAS CRC 780
G E D F D K H F VvV E E F E R H z49
AAGRRRGRCATCR CTGAGGAGGCTSCETRCRGCCT FXer B40
B OK I_s L R R L R T & C 53 z€9
RACCC AGCCAGCATTGARATTIGATTCOCC GRG 00
T L A S I E I D S5 L E 289
TTTT AGCACGCTTTEAGGRAGCTGTETTCAGACCTS 960
F ¥ E F E E L € 5 D L 309
CTARGAGATGCCARRRTGERCRARRT 1020
L R D A K M D K S 329
z ACARGARTCCCCARGATCCAGRARCTT 1080
I H WL W T P B I © ¥ L 329
CTECAGGRCTTICTITARTGEAT CRARCCCAGATGRAGGCAGTT 1120
L ¢ D F F N G R MoP E =& W 369
GCTTATGETGCTECATTCCAGET CACTTCTGGRARCGTCCAG 1200
n G Q = T S M vV Q 339
Ga GCT TGTGEC TGAGACAGCAGGRAGGRGTC 1280
e} L L v on E T A & G W 409
ATGACCCCACTCATCARRCGCA? AARCRAGACACRARCCTTTAGC 1320
M T P L I ® R N o T Q@ T F S az9
co GCACACRATCTECCCGE TGAAGETCARRGAGCCATG 1330
T ¥ A D N L P G ¥ E 6 E R B M 429
ACCRARGE el GGCATCCCACCTECACCTOGE 1440
T K D M N L L G G I P P & P R 489
GGARGTTCCTCARATCGRARGTGAC AACGECATTCTGRACGTCOTAT 1500
G ¥V P Q I E W T N ¢ I L N W ¥ 489
GALGCTGRCRAGRGT. GGCALA ATCACTARTGACRARGGTART 1580
E G D K 5 T G K I I T W D K G W 509
TTEAGTARGGAGGEACATTGAGT G TEAGARATACARAGCTGAGGAT 1820
L 5 K E D I E R E E K ¥ K E D 529
GATGTGCAGCGTGATARGETGTC G GEAGSTCTT 1830
D vV ¢ R D K ¥V S » K N 6 L E S ¥ B F H M 529
AAGTCCACTCTAGACGATGAGRAGCTARAGGATAR AR TCAGTGATGAGEATARCCAGALG 1740
K S T ¥ E D E K L K D K I S D E D 569
ATTCTTGACARGTGCARTGARGTARTCAGCTGGCT TEACAAGARCCAGRCCGCCGRAGAR 1800
I L b KE ¢ W E ¥V I 5 W L D K W Q T 589
GRARGAG CRARCATARGCAGC TGGAGARGETCTGTARCC z 1850
E E ¥ C H E E L E K == I T 609
CTETACCRG TEETGETATGCCAGETGETATGCCTEATGEER GETEETTTC 1520
L ¥ Q G G M P G G M oD 5 M G = F 629
CCRGGRAG TGCTCCCESETEGE0GE T GREETTGR 1530
P G A L P = G G E W D 49
TARGCCH CTCTRCC G 2040
*
TGEAGRCCCTATTAATGTET TGEEGCTTTAGATTTTTTCTECTGCAGRGTEARTSCTTATT 2100
TATARATARR AN AGEGECECAGATTARGGEEATCACTTCATCACAGGEARCAGTTTTATTT 2180
TATACTTGARTGTTGCACARCTTCTCAATTATAGATGT TAAGCCTTTTGCCARTECCTGES 2220
TTTGCCTTGAACTARATCTCALTARAGTOARACTTTTTCCOCCCTCARRARAARARIARD 2278

Figure 14 Nucleotide and deduced amino acid sequence of C. macrocephalus
HSC70-2. Three signatures of HSP70 family are shown in boxes, a
putative nuclear localization signal is underlined and consensus sequence
EEVD at the C-terminus is indicated in italics. The numbers on the right
are positions of the nucleotides and amino acid. The polyadenylation

signal (AATAAA) is underlined.
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1.3 Analysis of amino acid sequences

Amino acid sequence analysis identified three signature sequences of
the HSP70 family: IDLGTTYS in the N-terminal domain, IFDLGGGTFDVSIL, and
IVLVGGSTRIPKIQK in the middle domain, and the EEVD cytoplasmic motif at the
C-terminus for both HSC70-1 and HSC70-2. One repeat of the tetrapeptide motif
(GGMP) was present in the C-terminal region of HSC70-1, while HSC70-2 contained
two GGMP motif repeats. HSC70-1 and HSC70-2 amino acid sequences were 96%
similar (Table 6) and 94% identical (Table 7), with 38 substitutions between the two
predicted proteins (Fig. 15).
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C. macrocephalus H3CT0-1 MSEGPAVRIDLGTTY S|CVEVEQHGEVEI IANDQGHRTTPSYVAFTDSERL 50
C. macrocephalus HSCT0-2 MSEGPAVRIDLGTTY S|CVEVEQHGEVEI IANDQGHRTTPSYVAFTDSERL 50
- - R E RN FE NN R RN AR NN T RN R R RN A AR N AR RN N AR W wER
C. macrocephalus H3CT70-1 IGDARKNOVAMNETNTIFDAKRLIGRRFEDSVVOSIMEAWEFEVISDGER 100
C. macrocephalus H3CT0-2 IGDARKNQVAMNETNTIFDAKRLIGRRFEDSVVOSLL FEVISDGGR 100
- - FRER AT T ERA AT R A w b b w ke b r ek w kb bR w kb wekwrwmk
C. macrocephalus HSCT70-1 PEVEVEYRRAETKNFYPEEI SSMVLVEMEEIAEAYLGETVINAVITVERYF 150
C. macrocephalus H3CT70-2 PEVEVEYFRETKNFYPEEISSMVLVEMEEIAEAYLGEIVINAVITVERYF 150
TR E RN AT A RN N AT RN NIRRT R RN AR RN AT EN AT R AN E NN
C. macrocephalus H3CT0-1 HDSQROATKDAGTISGLNVLRIINEFTARRTAYGTLDKEVGSERNVIIFDL 200
C._ﬁac-ocephalus_HS C70-2 NDSQROATKDAGTISGLNVLRIINEFTARATAYGTDKGENTERELITFDLY 200
FRER AT T EREA TR AT AT R bk r ek Rk AWk oW vH W e W WHEK
C. macrocephalus HSCT70-1 GGGTFDVSILTIEDGT
C. macrocephalus HSCT0-2 [GGGTFDVSILTIDDGT
HHEERANTATERNNE 2 kW
C. macrocephalus H3CT0-1 KDISDNERAVRERLRTACERAKRTLSSSTQASIEIDSLYEGVDFYTSITRA 300
C. macrocephalus H3CT0-2 EDISONERALRRLRTACERAKRTLSSSSQASIEIDSLYEGIDFYTSITRA 300
- FHEN e A HEN e AHRENN AT ERNRNTEERNNT o RNNTHERNTRER AT ENANTER
C. macrocephalus H3CT70-1 RFEELNADLFRGTLDPVEESLRDAKLDKSQIHOIVLVGEGSTRIPEIQELL 350
C. macrocephalus H3CT70-2 RFEELCSDLFRGTLDFVEEALRDARMDKSQIHEIVLVGESTRIPEIQELL 3350
FEE NN :rhl'\l'n.k#*irrt:*r.rrl’_-\f.r.i‘**r:.rhl'-v.r**ir.r#iirrt
C. macrocephalus H3CT0-1 QDFFNGEELNESINPDEAVAYGAAVOARTTL.SGDESENVQDLLLLDVIPLS 400
C. macrocephalus HSCT70-2 CDFFNGRELNESINPDEAVAYGAAFQAATILSGDTSENVODLLLLDVAPLS 400
- FEERAF o ERNNRERNNTERNNTEE FHEERANTH & RAEANATENN oK
C. macrocephalus H3C70-1 LGIETAGGVMTALIKRNTSIFTEQTQTFTTYSDNQPGVLIQVYEGERAMT 450
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C. macrocephalus H3CT70-2 KDNNLLGEFDLTIGIPPAPRGVPQIEVIFDIDANGILNVYEGDESTGEENE 500
TR W W W RN e kW W Wk Wi e e ok ook ik wwE kW wEk
C._macrocephalus H5CT70-1 ITITHDEGELSEEDIERMVOEAEEYKAEDDVORDKVSAENGLESTAFNME 550
C. macrocephalus H3C70-2 ITITNDEGHLSKEDIERMVQEAEEYKARDDVQRDEVSAENGLESYAFNME 550
vx:#ivvtli\lvx#iivx##ivp'l'l"l\-.-'.-'#ivv.-'hl\-v.-'#*ivt#iiv.-’l’
C. macrocephalus HSC70-1 STVEDEKLEDKISDEDEQTILDECHEVISWLDENQTAEKEEYERQHEELE &00
C. macrocephalus HSCT0-2 STVEDERLEDEISDEDEQEILDECHEVISWLDENQTAEKEEYERQHEELE &00
HEERAATENNNRENNNTE WA T AR RN R A ENNAAENN AR ENNNAENNATEN
C. macrocephalus H3C70-1 JCNPIITELYQSAGOMPGGMEDGMEGEFPGAGALPGEEISEETIERVI| 645
C. macrocephalus H3C70-2 !.'.’CL'.::_TKLYQSr.C-_-I-IP..1JHPDGH_:'GGFPGAGA}_?GGGSSCPT: 645
W W W W ok Wk Wi i e ok o ki ke W i W Wil

Figure 15 Alignment of amino acid sequences of C. macrocephalus HSC70-1 and
HSC70-2. Identical amino acids are marked with asterisk (*), highly related
amino acids with a colon (:), and related amino acids with single dot (.).

Numbers refer to the amino acid sequence.
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2. Genomic DNA structure of HSC70-1 and HSC70-2

2.1 HSC70-1

Band doubles at 1,000 bp were observed on the agarose gel, therefore,
two bands were cloned separately. Initially, primers (HSC70F1-R1) were designed
based on information of a 371 bp EST clone (EB360505) of C. macrocephalus which
contained the 3’ UTR. These primers were used to clone a fragment of 1,048 bp.
Subsequently, primers HSC70F2-1R2, and HSP70F3-1R3 were designed and were
used to clone a 1,351 bp and a 1,165 bp fragment respectively. Finally, the 5'end was
cloned using a reverse primer HSC70-1R4. After removal of overlapping nucleotide
sequences, a genomic sequence of HSC70-1 (3,179 bp) was obtained. The coding
region consisted of seven introns (901 bp) which including 144, 85, 89, 198, 119, 122,
and 144 bp respectively, and eight exons (1,950 bp) which including 205, 206, 153,
556,203, 199, 233, and 195 bp respectively. The genomic sequence of walking catfish
HSC70-1 gene was deposited in GenBank under accession number JX273642
(Fig. 16).

B A6 133 5% a3 199 2l [} I

% L 198 1 (2 Wy

Figure 16 Schematic structure of full-length genomic DNA of C. macrocephalus
HSC70-1 gene. Black boxes represent exons, white boxes are untranslated
regions, and lines represent introns. The sizes (base pairs) of each exon
and intron are indicated. The start codon (ATG) and stop codon (TAA) are

also indicated.



51

2.2 HSC70-2

The same set of primers (HSC70F[-R1, HSC70F2-2R2, and HSC70F 3-
2R3) was used to clone three genomic fragments (921 bp, 1,094 bp, and 1,110 bp
respectively) of HSC70-2. Finally, the 5'end was cloned using a reverse primer
HSC70-2R4. After removal of overlapping nucleotide sequences, a genomic sequence
of HSC70-2 (2,980 bp) was obtained. The coding region consisted of seven introns
(702 bp) which including 144, 85, 22, 64, 117, 126, and 144 bp and eight exons (1,950
bp) including 205, 206, 172, 539, 201, 213, 219, and 195 bp respectively. The
genomic sequence of bighead catfish HSC70-2 gene was deposited in GenBank under
accession number JX273643 (Fig. 17).

3 A 26 172 n 21 213 217 1% 29

TG 144 85 2 4 17 126 144 &

Figure 17 Schematic structure full-length of genomic DNA of C. macrocephalus
HSC70-2 gene. Black boxes represent exons, white boxes are untranslated
regions, and lines represent introns. The sizes (base pairs) of each exon
and intron are indicated. The start codon (ATG) and stop codon (TAA) are

also indicated.

The comparisons genomic structure revealed that the exon and intron
sizes of the two genes were different for exons 3, 4, 5, 6 and 7 and for introns 3, 4, 5

and 6 (Fig. 18).
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Figure 18 Alignment genomic sequences of walking C. macrocephalus HSC70-1 and

HSP70-2. Identical sequences are marked with asterisk (*), highly related

sequences with a colon (:), and related sequences with single dot (.).

Numbers refer to the nucleotide sequence. The 5" and 3" UTRs are shown

in boxes, the start codon (ATG) and stop codon (TAA) are underlined and

the highlighted sequences are exons.
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3. Phylogenetic analysis
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Alignment of the amino acid sequences of C. macrocephalus HSC70-1 and

HSC70-2 with those of HSC70, HSC71 and HSP70 from other species (Fig. 19)

revealed that the three signature sequences of heat shock protein 70 family and the

EEVD motif were highly conserved. The two HSC70 proteins of bighead catfish

contained 649 amino acids, similar to those of zebra fish HSC70, channel catfish

HSC71 and Wuchang bream HSC70. The HSC70 amino acid sequences of all fish
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species varied from 612 to 650 residues, whereas, clawed frog, chicken and human
HSC?70 contained 646 amino acids. The amino acid sequences of bighead catfish
HSC70-1 and HSC70-2 shared 82-95% and 82-91% identity of amino acids with other

teleosts, chicken and human. (Table 7)

The organism name and GenBank accession number are as follows:
HSP70 Salmo, Salmo salar, ACI34374.1; HSP70_Acanthopagrus, Acanthopagrus
schlegelii, AAX07834.1; HSP70 Megalobrama, Megalobrama amblycephala,
ACG63706.; HSP70 Carassius, Carassius auratus, BAC67184.2; HSP70 Fundulus,
Fundulus heteroclitus, ABB17041.1; HSP70 Paralichthys, Paralichthys olivaceus,
ABGS56390.1; HSC70-1_Clarias, Clarias macrocephalus, HM044876; HSC70-
2 Clarias, Clarias macrocephalus, IN258960; HSC71 Ictalurus, Ictalurus punctatus,
P47773.1; HSC70 Fundulus, Fundulus heteroclitus, DQ202278;
HSC70 Acanthopagrus, Acanthopagrus schlegelii, AAX07833.1;
HSC71 Paralichthys, Paralichthys olivaceus, AB006814.1; HSC70 Pimephales,
Pimephales promelas, AAS46619.1; HSC70 Megalobrama, Megalobrama
amblycephala, EU623471.2; HSC70 Danio, Danio rerio, CAA72216.1;
HSC70_Cyprinus, Cyprinus carpio, AAP51388.1; HSC70 Carassius, Carassius
gibelio, AAO43731.1; HSC70_Gallus, Gallus gallus, NP_990334.1; HSC70 Homo,
Homo sapiens, NP_006588.1; HSC70 Xenopus, Xenopus laevis, AAH41201.1;
HSP70 Xenopus, Xenopus laevis, NP_001079632.1; HSC70_Salmo, Salmo salar,
BT059361.1; HSP70 Gallus, Gallus gallus, AAN18282.1; HSP70 _Homo, Homo
sapiens, NP_005518.3
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MSSARGPSIGIDLGTTY SCVGEVEQHGEVEI IANDQGNRT TP SYVAFTDTERLIGDARENG
MAPARGVAIGIDLGTTYSCVGVEQHGKVEI IANDOGNRTTE 3YVAFTDTERLI GDAAKNH
MSSARGVALGIDLGTTY SCVGEVEQHGEVEL IANDQGNRTI TP 3YVAFTDTERLIGDARKNQ
MSSARGVAIGIDLGTTY SCVGYEQHGEVEI IANDQGNRT TP 3YVAFTDTERLIGDARENQ
MSSAKGISIGIDLGTTYSCVGVEQHGEVEI TANDQGNRTTP 3YVAFTDTERLIGDARKNQ
MSSARGISIGIDLGTTY SCVGVEQHGEVEL IANDQGNRT TP SYVAFTDTERLIGDARENQ
-M5-KEGPAVGIDLGTTYSCVGVEQHGKVEI IANDOGNRT TP 3YVAFTDSERLIGDARENQ
-MS-KEGPAVGIDLGTTY SCVGEVEQHGEVEL IANDQGNRT TP SYVAFTDSERLIGDARENQ
-MS-KGPAVGIDLGTTY SCVGVEQHGEVEI IANDQGNRT TP SYVAFTDSERLIGDARENQ
-MS-EGPAVGIDLGTTY SCVGVEQHGEVEI TANDQGNRT TP 3YVAFTDTERLIGDARKNQ
-MS-KEGPAVGIDLGTTY SCVGVEQHGEVEI IANDQGNRTTP SYVAFTDSERLIGDARKNQ
-M5-KEGFAVGIDLGTTY SCVGVEQHGKVEI IANDQGNRT TP SYVAFTDSERLIGDARENQ
-MS-KGPAVGIDLGTTY SCVGEVEQHGEVEL IANDQGNRTI TP SYVAFTDSERLIGDARKNQ
-MS5-KEGPAVGIDLGTTY SCVGVEQHGEVEI IANDQGNRT TP 3YVAFTDTERLIGDARENQ
-MS-KEGPAVGIDLGTTY SCVGVEQHGEVEI TANDQGNRT TP 3YVAFTDTERLIGDARKNQ
——————— AVGIDLGTTYSCVGVEQHGEVEI IANDQGNRT TP SYVAFTDTERLIGDARENQ
-M5-KEGPAVGIDLGTTY SCVGVEQHGKVEI IANDOGNRT TP SYVAFTDTERLI GDARKNQ
-MS-EGPAVGIDLGTTY SCVGVEQHGEVEI IANDQGNRT TP SYVAFTDTERLIGDARENQ
-M5-KEGPAVGIDLGTTY SCVGYEQHGEVEI IANDQGNRT TP SYVAFTDTERLIGDARENQ
-MS-EGPAVGIDLGTTY SCVGVEQHGKVEI TANDQ GNRTTP 3YVAFTDTERLIGDARKNQ
-MS-KGPAVGIDLGTTY SCVGVEQHGEVEI IANDQGNRT TP SYVAFTDTERLIGDARENQ
-M5-KEGTAVGIDLGTTYSCVGVEQHGKVEI IANDOGNRT TP SYVAFTDSERLIGDARENQ
-MSGEGPALGIDLGTTY SCVGEVEQHGEVEI IANDQGNRTITP SYVAFTDTERLIGDAAKNQ
MATARGIAIGIDLGTTYSCVGVEQHGEVEI IANDQGNRT TP 3YVAFTDTERLIGDARENQ
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VAMNENNTVEDAKRLIGREFNDQVVOADMEHWPFEVVSDGGEEEVQVDYKGENKSFNEFEE
LALNESNTVFDAKRL IGREMDDQVVOACDMEHWEPFEVVGDGGEFE IQVEYKGEDKTFYFEE
VAMNENNTVEDAKRLIGREFDDEVVOSCMEHWSFEVVSDGGEFEVOVEYKGENKTFNFEE
VAMNENNTVEDAKRLIGRKFEDPVVOSIMEHWSFQVISDGGEFEVOVEYKGENKTFYPEE
VAMNPTHTIFDAKRLIGRREDDAVVOSCMELWEPFEVINDNGEEEVOVEYEGEIKTFCEFEE
VAMNFTNTIFDAKRLIGREFNDS IVOSCMELWEFEVISCNGEFEVOVEYKGETEAFYFEE
VAMNETNTIFDAKRLIGRRFEDSVVOSIMEHWPFEVISDGGREFEVEVEYKAETENFYFEE
VAMNFTHTIFDAKRLIGRRFEDSVVOSCMEHWEPFEVISDGGREEVEVEYKAETENEYFEE
VAMNFTNTIFDAKRLIGRRFEDSVVOACMEHWPFEVISDGGRFRLEVEYKGEAKNE YPEE
VAMNETHTVFDAKRLIGRREF DDAV SCMEHWPFNVINDS TREEVQVEYKGESKSFYPEE
VAMNETNTVEDAKRLIGRRFDDAVVOSCMEHWEFNVINDNTREFRAQVEYKGESKSFYFEE
VAMNETNTVFDAKRLIGREFDDAVVOSCMEHWEFNVINDS TREEVOVEYKGESKSFYPEE
VAMNFTHTVFDAKRLIGRRFDDTVVOSCMEHWEEF TVINDNTREEVOAEYKGETEAFYFEE
VAMNETHNTVFDAKRLIGRRFDDGVVQSCMEHWEPFNVINDNTREEVOVEYKGETKSFYPEE
VELNPYNTVFDAKRLIGAKEDDPVVOVIMEHWEPENVINDNSREEVOVEYKGESKSFYPEE
VVMNETDTVFDAKRLIGREFDDGVVQSCMEHWPFNVINDNTREEVOVEYKGETKSFYPEE
VAMNETNTVEDAKRLIGRRFDDGVVOSCMEHWEFNVINDNTREEVOVEYKGETKSFYPEE
VAMNFTHTVFDAKRLIGRRFDDSVVOSCMEHWEE TVVHDAGREEVOVEYKGETESFYFEE
VAMNETNTVFDAKRL IGREF DDAVVOSCMEHWPFMVVNDAGRFEVOVEYKGETKSFYPEE
VAMNPTHTVFDAKRLIGRRFELAVVOSCMEHWPFNVVSDS GREEVOVEYKAETKSFYPEE
VAMNETNTVEFDAKRLIGRRFEDAVVOSCMEHWEE TVVSDGGREEVOVEYKAETESFYFEE
VAMNPCHNTVEFDAKRLIGRRFEDTVVOSCMEHWEPFNVISDS GREEVEVEYKGETESFYFPEE
VAMNETNTIFDAKRLIGREYDDEIVOSIMEHWEFRVVNEGGEFEVOVEYEGEMETFFFEE
VAMNPONTVEDAKRL IGREFNDPVVOADMELWPFQVINEGGEFEVLVS YKGENKAFYPEE
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HSP70-2 and other fishes and vertebrates. Identical amino acids are
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Figure 19 Alignment of amino acid sequences of C. macrocephalus HSC70-1 and

marked with asterisk (*), highly related amino acids with a colon (:), and

related amino acids with single dot (.). Numbers refer to the amino acid

sequence.
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HSPT0_Salmo
HSP70_Acanthopagrus
HSP70_Megalokbrama
H5PT70_Carassius
HSP70_Fundulus
HSPT0_Paralichthys
H5CT70-1_Clarias
H5CT70-2_Clarias
H5C71_Ictalurus
HSCT70_Fundulus
HSCT0_Acanthopagrus
H5CT71_Paralichthys
HSCT0_Pimephales
HSCT0_Megalocbrama
HSC70_Danic
HSCT0_Cyprinus
HSC70_Carassius
HSCT0_Gallus
HSC70_Homo
HSCT0_Xencpus
HSP70_Xencpus
HSC70_Salme
HSPT0_Gallus
HEP70_Homo

HSPTO_Salmo
HOSP70_Acanthopagrus
HSPT0_Megalobrama
HSPTO_Carassius
HSP70_Fundulus
HSPTO_Paralichthys
HSCT70-1_Clarias
HSCT70-2Z2_Clarias
HS5CT71l_Tctalurus
HSCT70_Fundulus
HSCT70_Acanthopagrus
HSCT71l_Paralichthys
HSCT70_Pimephales
HSCT0_Megalobrama
HSCT70_Danic
HSCT70_Cyprinus
HS5CT0_Carassius
HSCT70_Gallus
HSCT70_Homo
H5C70_Xencpus
HSP70_Xencpus
HSCTO_Salmo
HSP70_Gallus
HSP70_Homo

HSP70_Salmo
HOSP70_Acanthopagrus
HOSP70_Megalobrama
HSPTO_Carassius
HSP70_Fundulus
HSP70_Paralichthys
H5CTO-1_Clarias
HSCTO0-2_Clarias
HS5CT71_Ictalurus
HSCT70_Fundulus
HSCT0_Acanthopagrus
HS5CT71_Paralichthys
H5CT70_Pimephales
HSCT0_Megalobrama
HS5CTO_Danic
H5CT70_Cyprinus
HSCTO_Carassius
HSCT70_Gallus
HSCT70_Homo
HSCTO_Xenocpus
HSP70_Xenopus
HS5CT70_Salmo
HSPTO_Gallus
HSP70_Homo

Figure 19 (Continued)

ISSMVLVEMREIAEAYL.GOEVSNAVITVPAYFNDSQROATEDAGVIAGLNVLEIINEFTA
ISSMVLIVEMEEIAEAYLGOOVSNAVITVPAYFNDESQROATEDAGVIAGLNVLEIINEFPTA
ISSMVLVEMEEIAEAYLGOEVTNAVITVPAYFNDSQROATEDAGVIAGLNVLEIINEFTA
ISSMVLVEMEEIAEAYL.GOEVTNAVITVPAYFNDSQROATEDAGVIAGLNVLEIINEFTA
ISSMVLVEMREIAEAFLGOSVSNAVITVPAYFNDSQROATEDAGVISGINVLEIINEFTA
ISSMVLVEMEEIAEAYL.GOEVSNAVITVPAYFNDSQROATEDAGVI SGLNILEIINEFTA
ISSMVIVEMEEIAEAYL.GKTVTNAVITVPAYFNDSQROATEDAGTI SGLNVLEIINEPTA
ISSMVLVEMEEIAEAYL.GKTVTNAVITVPAYFNDSQROATEDAGTI SGLNVLEI INEFTA
ISSMVILVEMEEIAEAYL.GESINNAVITVPAYFNDSQRORTEDAGTI SGLNVLEIINEPTA
ISSMVLTEMEEIAEAYL.GKTVHNNAVITVPAYFNDSQROATEDAGTI SGLNVLEIINEFTA
VSSTVLTEMEEIAEAYLGETVHNNAVITVPAYFNDSQROATKDAGTI SGLNVLRI INEF TR
ISSMVLTEMEEIAEAYLGETVNNAVVIVPAYFNDSQROATEDAGT I SGLNVLEIINEFTA
ISSMVLTEMEEIAEAYL.GKTITNAVVTVPAYFNDSQROATEDAGTI SGLNVLEIINEF TR
ISSMVLTEMEEIAEAYL.GKTVSNAVITVPAYFNDSQROATEDAGTI SGLNVLEIINEF TR
ISSMVLTEMEEIAEAYLGETVSNAVITVPAYFNDSQROATEDAGVLAGLNVLEIINEFTA
ISSMVLTEMEEIAEAY.GEKTVSNAVVTVPAYFNDSQROATEDAGTI SGLNVLGIINEPTA
ISSMVLTEMEEIAEAYL.GKTVSNAVVTVPAYFNDSQROATEDAGTI SGLNVLEIINEFTA
ISSMVLTEMEEIAEAYL.GKTVTNAVVTVPAYFNDSQROGTEDAGTIAGLNVLEIINEFTA
VSSMVLTEMEEIAEAYLGETIVINAVVIVPAYFNDEQROATKDAGT IAGLNVLEIINEFPTA
ISSMVLTEMEEIAEAYL.GKTVTNAVVTVPAYFNDSQROATEDAGTI SGLNVLEI INEF TR
VSSMVLTEMEEIAEAYLGETIVINAVVIVPAYFNDEQROATKDAGTI SGLINVLRIINEFPTA
ISSMVLVEMEEIAEAYLGETVSNAVVIVPAYFNDSQROATEDAGT I SGLNVLEIINEFTA
ISSMVLTEMEEIAEAYL.GEKEVONAVITVPAYFNDSQROATEDAGTITCGLNVMEI INEE TR
ISSMVLTELEETAEAFLGHPVTNAVITVPAYFNDSQROATEDAGVIAGLNVLEIINEFTA

sk ke sk ewk dhkks ok sk w b kdededeok bk dededkr ek owowshe ke n bk e dedk ok

AATAYGMDEG--MSRERNVLIFDLGGGTFDVSILTIEDGIFEVEATAGDTHLGGEDFDNRE
AAIAYGLDEG—-KIGERNVLIFDLGGGTFDVSILTIEDGIFEVEATAGDTHLGGEDEFDNR
AATAYGLDKG--KARERNVLIFDLGGGTFDVEILTIEDGIFEVEATAGDTHLGGEDFDNE
AATAYSLDKG--KASERNVLIFDLGGGTFDVSILTIEDGIFEVEATAGDTHLGGEDFDNR
AATAYGLDKG--KRGERNVLIFDLGGGTFDVEILTIEDGIFEVEATAGDTHLGGEDFDNE
AATAYGLDKEG-—-KRGERNVLIFDLGGGTFDVSILTIEDGIFEVEATAGDTHLGSGEDFDNE
AAIAYGLDEKE--VGSERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGGEDFDNR
AATAYGLDKG-——-KKTERKLLIFDLGGGTFDVEILTIDDGIFEVEATAGDTHLGGEDFDNE
AATAYSLDEKE--VGSERNVLIFDLGGGTFDVSILTIEDGIFDLESTAGDTHLGGEDFDNER
AAIAYGLDEE--VGSERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGGEDFDNR
AATAYGLDEK--VGEERNVLIFDLGGGTFDVEILTIEDGIFEVESTAGDTHLGGEDFDNE
AAIAYGLDEE--VGSERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGGEDEFDNR
AATAYGLDEK--VGEERNVLIFDLGGGTFDVEILTIEDGIFEVESTAGDTHLGGEDFDNE
AATAYGLDEK--VGAERNVLIFDLGGGTFDVEILTIEDGIFEVESTAGDTHLGGEDFDNE
AAIAYGLDEE--VGAERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGGEDEFDNR
AATAYGLDEK—--VGRAERNVLIFDLGGGTFDVEILTIEDGIFEVESTAGDTHLGGEDFDNE
AATAYSLDEKE--VGAERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGGEDFDNR
AATAYGLDEKE--VGAERNLLIFDLGGGTFDVEILTIENGIFEVESTAGDTHLGGEDFDNE
AATAYGLDEK--VGRAERNVLIFDLGGGTFDVEILTIEDGIFEVESTAGDTHLGGEDFDNE
AAIAYGLDEE--VGAERNVLIFDLGGGTFODVSILTIEDGIFEVESTAGDTHLGGEDEFDNR
AATAYGLDEK--VGWVERNVLIFDLGGGTFDVEILTIEDGIFEVESTAGDTHLGGEDFDNE
AATAYGLDEK--VGAERNVLIFDLGGGTFDVSILTIEDGIFEVESTAGDTHLGGEDFDNE
AATAYGLDEKEGTRAGERKNVLIFDLGGGTEFDVSILTIEDGIFEVESTAGDTHLGGEDFDNE
AATAYGLDKEG--GOGERHVLIFDLGGGTFDVEILTIDDGIFEVEATAGDTHLGGEDFDNE

ok ke kek ok k Krpakkh ok kk ko ko kk ko hk ks sk ko sk sk kk ko ko ke ok ko

LVSHEVEEFKRKHEEDI SONERALRRLETACERAKRTLSSSS0ASTIEIDSLFEGIDEYTS
MVNHEVEEFKREHEEDI SHNKRALERLRTACERAKRTLSSSSQASIEIDSLEEGVDEYTS
MVNHEVEEFKRKHEEDI SONERALRERLRTACERAKRTLSSSSQASLEIDSLYEGIDEYTS
MVNHEVEEFKRKHEEDI SONERALRRELETACERAKRTLSSSS0ASIEIDSLYEGIDEYTS
MV SHEVEEFKREHEEDI SONKRAVERLRTACERAKRTLSSSTQASIEIDSLEEGIDEYTS
MV SHE LEEFEREYEEDI SONERAVERELETACERAKRTLSSSTOASIEIDSLEFEGIDEYTS
MVNHF IAEFKREYKEDI SCHNERAVERLRTACERAKRTLSSSTOASIEIDSLYEGVDEYTS
MVIHEVEEFERKHEEDISONERALRRLRTACERAKRTLSSSSQASTIEIDSLYEGTORFYTS
MVINHE IREFKRKHEEDI SDNERAVERLATACERAKRTLSSSTOASIEIDSLYEGVDEYTS
MVNHE IAEFKREYEEDI SDNERAVERLRTACERAKRTLSSSTOQASIEIDSLYEGVDEYTS
MVNHE IAEFKREYKEDI SDNERAVERLRTACERAKRTLSSSTOASIEIDSLYEGVDEFYTS
MVINHE IREFKREYKEDI SDNERAVERELETACERAKRTLSSSTOASIEIDSLYEGVDEYTS
MVNHE ISEFKREYEEDISDHNERAVERLRTACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVINHE ITEFEKRKHEEDI SDNERAVERLETACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVLDHF ITEFR-KHEEDISCHNERAVERLRTACERAKPTLSSSTOASIEIDSLYEGIDEYTS
MVNHE ITEFERKHEEDI SDNERAVERLRTACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVINHE ITEFKRKHEEDI SDNERAVERELETACERAKRTLSSSTOASIEIDSLYEGIDEYTS
LVNHF IAEFKREHEEDI SENKRAVERLRTACERAKRTLSSSTQASIEIDSLYEGIDEYTS
MVNHE IAEFKRKHEKDI SENFERAVERLRTACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVNHEVAEFKRKHEEDI IDNERAVERLETACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVNHEVAEFKRKHEEDI IDNERAVERLRTACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVINHE IREFKREYKEDI SDNERAVERLETACERAKRTLSSSTOASIEIDSLYEGIDEYTS
MVNHEVEEFKREHERDIAGHNKRAVERLRTACERAKRTLSSSTOASIEIDSLEEGIDEYTS
LVSHEVEEFERKHEEDI SONERAVERLRTACERAKRTLSSSTOANLEIDSLYEGIDEYTS
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H5P70_Salmo
HS5P70_Acanthopagrus
H5FP70_Megalobrama
H5P70_Carassius
H5P70_Fundulus
HSPT70_Paralichthys
H3CT70-1_Clarias
H5CT70-2_Clarias
HS5C71_Ictalurus
H5CT70_Fundulus
HSCT70_Acanthopagrus
H5CT71_Paralichthys
H5CT70_Pimephales
HSCT70_Megalobrama
H3CT70_Danio
HSCT70_Cyprinus
H3CT70_Carassius
H3CT70_Gallus
H3C70_Homo
HSCT70_Xencpus
HSP70_Xencpus
H5C70_Salmo
H3P70_Gallus
H3P70_Homo

HSP70_Salmo
HSPT70_Acanthopagrus
HSPT0_Megalokrama
HSP70_Carassius
HSP70_Fundulus
HSPT0_Paralichthys
HS5CT0-1_Clarias
HS5C70-Z2_Clarias
H5C71_Tctalurus
HS5C70_Fundulus
H5CT0_Acanthopagrus
H5C71_Paralichthys
HSCT0_Pimephales
HSCT0_Megalokbrama
H5CT0_Danic
HS5CT0_Cyprinus
HSC70_Carassius
HS5C70_Gallus
H5C70_Homo
H5CT70_Xenopus
HSPT70_Xenopus
HSC70_Salmo
HSPT70_Gallus
HSP70_Homo

HS5PT70_Salmo
HSPT70_Acanthopagrus
HEPT0_Megalokbrama
HSP70_Carassius
HS5PT70_Fundulus
HSPT70_Paralichthys
HSCT70-1_Clarias
HSCT70-2_Clarias
H5C71_Tctalurus
HS5C70_Fundulus
HSCT0_Acanthopagrus
HSCT71_Paralichthys
H5CT0_Pimephales
HSCT70_Megalobrama
HS5CT70_Danic
HSCT0_Cyprinus
HS5CT0_Carassius
H5C70_Gallus
HS5C70_Homo
H5CT0_Xenopus
HSPT70_Xenopus
H5C70_Salmo
HSP70_Gallus
HS5P70_Homo

Figure 19 (Continued)

ITRARFEEMC SDLFRGTLEPVEKALGDAKMDKAQT HOVVLYGGS TRIPKVOKLLO-DFFN
ITRARFEELCSDLFRGTLEPVEKALRDAKMDEAQIHDIVLVGGSTRIFPKIQKLLO-DFFH
ITRARFEEMCSDLFRGTLEPVEKALRDAKMDKS QI HDIVLVGGS TRIPKIQKLL]-DEFFN
ITRARFEEMCSDLFRGTLEPVEKALRDAGMDKS QI HOVVLVGGS TRIPKIQKLLY-DEFN
ITRARFEELNSDLFRSTLEPVEKALODAKLDKSKI HETVLVGGS TRIPKIQKLLO-DFFH
ITRARFEELNSDLFRSTLEPVEKALODSKMDKSKI HETVLVGGS TRIPKIQKFLO-DFFH
ITRARFEELNADLFRGTLDPVEKSLRDAKLDKSQI HDIVLVGGS TRIPKIQKLL]-DEFN
ITRARFEELCSDLFRGTLDPVEKALRDAKMDKS QI HETVLVGGS TRIPKIQKLL]-DEFN
ITRARFEELNADLFRGTLDPVEKALRDAKMDKAQVHDIVLVGGS TRIPKMEKLL]-DEFN
ITRARFEELNADLFRSTLDPVEKSLRDAKMDKGOI HDIVLVGGS TRIPKIQKLLO-DEFFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDKGOT HDIVLVGGS TRIFKIQKLLO-DFFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDKGOT HDIVLVGGS TRIFKIQKLLO-DFFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDKSQVHETIVLVGGS TRIPKIQKLLY-DEFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDKAQI HDIVLVGGS TRIFKIQKLLO-DYFN
ITRARFEELNADLFRGTLDPVEKALRDAKMDKAQT HDIVLVGGS TRIFKIQKLLOQDYFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDKAQT HDIVLVGGS TRIFKIQKLLO-DYFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDKAQT HDIVLVGGS TRIFKIQKLLO-DYFN
ITRARFEELNADLFRGTLDPVEKALRDAKLDKSQIHDIVLVGGS TRIFKIQKLL)-DFFH
ITRARFEELNADLFRGTLDPVEKALRDAKLDKSQIHDIVLVGGS TRIFKIQKLL)-DFFHN
ITRARFEELNADLFRGTLDPVEKSLRDAKLDKSQIHDIVLVGGS TRIFKIQKLL)-DFFHN
ITRARFEELNADLFRGTLDPVEKSLRDAKLDKSQTI HDIVLVGGS TRIFKIQKLLO-DFFN
ITRARFEELNADLFRGTLDPVEKSLRDAKMDKAQVHDIVLVGGSTRIPKIQKLL)-DFFH
ITRARFEELNADLFRGTLEPVEKALRDAKLDKGQIQEIVLVGGSTRIFPKIQKLL)-DFFH
ITRARFEELCADLFRGTLEPVEKALRDAKMDKAKI HDIVLVGGS TRIFEVQRLLO-DYFHN
kkdkkkdka o skkkkkhhrkkkk sk kasskk sasrakkhhkkkkekdwoarrkw ks
GRELNESINFDEAVAYGAATQAR ILSGDESENVODLLLLDVAPLSLGIETAGGVMTALIE
GRELNES INFDEAVAY GAAVOARTILSGDTSGNVODLLLLDVAPLSLGIETAGGVHMTELIE
SRDLNKS INPDEAVAY GAAVOAR ILMGEDT SGNVODLLLLDVAPL SLGIETAGGVMTALIK
GRDLNES INFDEAVAY GAAVOAR ITLMGDT SGNVODLLLLDVARLSLGIETAGGVHMTALIE
GRDLNES INFDEAVAY GAAVOAR ILMGDT SENVODLLLLDVAPLSLGIETAGGVMTELIE
GRELNES INFDEAVAY GAAVOAR ILMGDTSENVODLLLLDVAPLSLGIETAGGVHMTELIE
SKELNKS INPDEAVAY GAAVOARILSGDKSENVODLLLLDVTIPLSLGIETAGGVMTALIK
GRELNES INFDEAVAYGAAFQARTILSGDT SGNVODLLLLDVAPLSLGIETAGGVHMTELIE
GEELNES INFDEAVAY GAAVOAESSLGDESENVODLVLLDVIPLSLGIETAGGVMTVLIE
GEELNES INFPDEAVAY GAAVOAR ILSGDESENVODLLLLDVTIPLSLGIETAGGVHMTVLIE
GKELNKS INPDEAVAY GAAVOAR ILSGDKSENVODLLLLDVTPLSLGIETAGGVMTVLIK
GEELNES INFDEAVAY GAAVOAA TL SGDESENVODLLLLDVIPLSLGIETAGGVHMTVLIE
GEELNES INFDEAVAY GAAVOAR ILSGDESENVODLLLLDVIPLSLGIETAGGVMTILIE
GEELNES INFPDEAVAY GAAVOAR TLSGDESENVODLLLLDVTIPLSLGIETAGGVHMTVLIE
GKELNKS INPDEAVAY GAAVOAR TLSGDKSENVODLLLLDVTPLYLGIETAGGVMTVLIK
GEELNES INFDEAVAY GAAVOAR IL SGDESENVODLLLLDVIPLSLGIETAGGVHMTVLIE
GEELNES INFDEAVAY GAAVOAR ILSGDESENVODLLLLDVIPLSLGIETAGGVHMTVLIE
GEELNES INPDEAVAY GAAVOARTLSGDESENVODLLLLDVTPLSLGIETAGGVHMTVLIE
GKELNKS INPDEAVAY GAAVOAR ILSGDKSENVODLLLLDVTPLSLGIETAGGVMTVLIK
GEELNES INFDEAVAYGAAVOARILSGDESENVODLLLLDVIPLSLGIETAGGVHMTVLIE
GEELNES INFDEAVAY GAAVOAR ILSGDESENVODLLLLDVIPLSLGIETAGGVHTVLIE
GEELNES INPDEAVAY GAAVOARTILSGDESENVODLLLLDVTPLSLGIETAGGVHMTVLIE
GKELNKS INPDEAVAY GAAVOAR ILMGDK SENVODLLLLDVTPLSLGIETAGGVMTALIK
GRDLNES INFDEAVAYGAAVOAR ILMGDESEEVODLLLLDVAPLSLGLETAGGVHMTALIE
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ENTITIFSEQTOTFTTY SDMOPGVMIOVYEGERAMTEDNNLLGKFELSGIFPPAFRGVEQIE
ENITIFTEQTOVFTTY SDMOPGVLIOVYEGERAMTEDNNLLGKFELTGIFPPAFRGVEQIE
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Table 6 The similarity of HSC70-1, HSC70-2 and HSC70 amino acid sequences between C. macrocephalus and other species.

_ AN
species 213 4[5 (6|7 |8 (91011 J12[13[14)15)16(17 |18 )19 )20 (21222324 acd
1 | Clarias A5C70-1 06 (91|91 |91 (91|96 |95 (94195 | 97| 83|03 (94|96 |80 (89|50 |88 88|88 |03 |88 |58 649
2 | Clanias HSC70-2 B0 (89 (89|80 (9403|091 (89) 93 (80|91|91(93| 80|87 |87 |86 |87 8750|8887 649
3 | Salmo HSC70 02 (91|91 |91 (91|95 |90 91 |82(91 92|92 (90|80 |89 8390|9191 |88 (84| 612
4 | Fundulus_H5C70 Q0 (99 (97 |97 (97 (98| 90|90 |08 |03 |92 |95 (95|94 )94 (94 (94|98 |98 (93| 612
5 | Megalobrama H5C70 Q0 (97 (95 |98 (99 | 100 (98 |98 |08 (98 |94 |03 (95|95 |95 (94 |98 |98 (98| 649
§ | Paralichthys H5C71 Q7 (95|97 |98 | 90|00 (07 |93 |08 |95 (04|94 |94 (9419397939 | 612
7 | Ictalurus_HS5C71 05 (94 (96| 97 (96|05 (96|96 |96 (91|92 (91 (91|91 |95 |98 |97 | 649
8 | Pimephales HS5C70 Q4196 | 97 (97|96 |95 (96 (9591|9190 90|91 95|87 |85 630
9 | Damo HSC70 6| 96|94 (9495959091 |91 |90 (90|90 |95 (9395 649
10 | Cyprinus_HSC70 QO197[96 |97 |97 (9191|9291 (91|91 96939 | 644
11 | Carassus_H5C70 OB [96 (97|98 |91 |92 |92 (5292|9197 (95|95 | 649
12 | Acanthopagms H5C70 O5 (96|97 (91 (91|91 |91 (90|90 | 96|95 |92 | 630
13 | Gallus H5C70 90 (97 (9219219219292 |91 (95|91 (89| 646
14 | Homo HSC70 R |91 [93 93|92 |93 92|98 9193 648
15 | Xenopus_H5C70 Q192929191 (91|98 90|91 | 630

19



Table 6 (Continued)

aming

species 3 10|11 (12|13 |14 |15 (16 (17|18 |19 (20|21 |22 |25 (24 | acid
16 | Salmo HSP70 O1 (91 [ 91 |90 |92 96 (91|92 644
17 | Fundulus HSP70 05 (9694 |96 |92 |98 (97| 638
18 | Megalobrama_HS5P70 04 |98 |96 |92 |90 (91| 643
19 | Paralichthys HSP70 04 |04 |02 | 86|86 | 640
20 | Carassius HSP70 95|92 (89 (90| 643
21 | Acanthopagrs HSP70 a1 |92 90 638
22 | Xenopus HSP70 93 |92 [ o486
23 | Gallus HSP70 o4 [ 634
24 | Homo H5P70 641
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Table 7 The identity of HSC70-1, HSC70-2 and HSC70 amino acid sequences between C. macrocephalus and other species.

_ anuno
species 2034|567 (8|0 |10 12|13 [14[15[16|17 |18 )19 2021|2223 |24 ]acid
1 | Clarias HSC70-1 9419595 (9595|9493 |91 |93 (04 (04 (00|91 |93 |83 |84 |86 (84 |85(83 |04 |88 |82 649
2 | Clarias_H5C70-2 90 |90 |91 (90 (90 |89 |87 |90 |91 |89 |87 |87 (89 |84 |84 |B7 |84 |86 (84018582 649
3 | Salmo_HSC70 951959592 |94 |92 |93 |95 |93 (03 (04095 | 85|85 |87 |85 |86(85|94(87 (83| 612
4 | Fundulus H5C70 97 |98 |94 (96 (94 (95|97 |98 |93 | 95|95 (8586 |87 |85 |87 |85|94|89 |84 612
5 | Megalobrama_H5C70 96|93 (96 (96|97 |99 |96 |94 |95|95 |86 (86|88 |86 |87 |85|95|89 (85| 649
6 | Paralichthys H5C7] 93 |96 (93 |94 (95|97 |93 |04 |04 B4 (85 (86|85 |86 84|04 |88 |84 612
7 | Ictalurus_HSC7] 02189 (91(92|92|89|90 |91 8282 (84 (82|83|82|90|85|81| 649
g | Pimephales H5C70 9219597 (94 (93 |94 |94 | B3 | B4 |85 (84 (B3 [83 |04 |87 |82 630
9 | Damo HSC70 03194 (91 (91|92 |91 |83 |83 |84(82(83(83|91|86|82| o649
10 | Cyprimus HSC70 OF |94 (92 (93 (94 |83 |83 |B5|B3 |84 (82 (935(85 (82| 6M
11 | Carassins_H5C70 905193 (94 (95|84 |85 |86 |84 |85 |84 (95(88|83| odo
12 | Acanthopagrus H5C70 91|93 |93 |82 (83 |84 |83 |82 |83 |93|87 81| 630
13 | Gallus HSC70 97195 |84 (83 |86 |83 |84 |82|95|87 (82| 645
14 | Homo H5C70 06 |84 |84 |87 (B4 [ 85|83 |06 |38 |82 ad6
15 | Xenopus_H5C70 B4 |84 |86 |84 |86(84|07 88|82 630

€9



Table 7 (Continued)

amung
species 10 (1T (12|13 |14 (15 (16 (17 |18 |19 |20 (20 (22|23 )24 | anud
16 | Salmo HSP70 57|92 |87 |89 |89 |54 |83 |84 &M
17 | Fundulus F5P70 BO |91 (88 (87 |84 85| 84| 638
18 | Megalobrama_H5F70 BT |96 |91 |86 |86 (85| 643
19 | Paralichthys H5P70 86 | B4 | B4 8483 &40
20 | Carassins HSP70 B9 | B5 |85 (85| 643
21 | Acanthopagrus HSP70 84|83 (83| 638
22 | Xenopus_HSP70 88 (82| 646
23 | Gallus HSP70 82| 634
24 | Homo HSP70 641

12
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Phylogenetic analysis was performed based on 15 amino acid sequences of
HSC70 and HSC71. A phylogenetic tree showed two distinct braches for fishes and
clawed frog, chicken and human (Fig. 20). Among teleosts, the HSC70-1 and
HSC70-2 sequences of C. macrocephalus were clustered with 1. punctatus HSC71,
which would be expected given their membership in Order Siluriformes. A second
group of teleost sequences comprised members of Family Cyprinidae, including C.
carpio, C. gibelio, M. amblycephala, D. rerio, and P. promelas, and sequences from P.
olivaceus and F. heteroclitus. The two clusters joined the sequence from S. salar. The
second major branch consisted of sequences from higher vertebrates, including human,

chicken and clawed frog.

53 —— M. amblycephala HSC70

D. rerio HSC70

C. carpio HSC70

64 C. gibelio HSC70

P. promelas HSC70

F. heteroclitus HSC70

99 b— P. olivaceus HSC71

I. punctatus HSC71

. macrocephalus HSC70-1
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93 98

. macrocephalus HSC70-2
. salar HSC70

. gallus HSC70

. sapiens HSC70

. tropicalis HSC71
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100

X X I o » oo

Figure 20 A phylogenetic tree of the amino acid sequences of HSC70-1 and HSP70-2 in

C. macrocephalus and other vertebrates.
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Part Il

Seasonal expression of HSC70 and HSC90 genes and gonad development under
pond culture

1. HSC70 and HSC90 expression and seasonal changes of gonad development

Monthly change in GSI of mature females was monitored over a 1-year
period from April 2008 to March 2009 (Fig. 21). Water temperatures during the period
varied from 24 to 30° C, with the lowest temperatures in December and January (24-
25.5° C). The amount of rainfall varied from 0 mm during December to February to
313 mm in July. Significant variation of mean GSI values (P < 0.05) was observed
among months. From April until August, mean GSI values ranged from 5.7+ 2.0% to
11.3+6.3% with the highest value (13.943.6%) in July. The GSI decreased in
September and October and remained low in November and December (0.4 + 0.2% to
0.9£0.5%). From January to March, the GSI steadily increased from 2.2+1.5% to
9.3+2.1%.
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Figure 21 GSI values, temperature and rainfall (mm) throughout the reproductive

season of female bighead catfish.
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[A]

[B]

Figure 22 Ovarian growth of female bighead catfish throughout the reproductive

season in April [A] and November [B].

Stage VI

]

e ' Loy Stage IV

Stage V

Stage I1
Stage 111

Figure 23 Oocytes at different developmental stages (II-VI) in the ovary of a mature

female bighead catfish (scale bar = 200 um).
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Oocyte development of mature females in the earthen pond was examined
monthly. The stage I oocytes were undifferentiated and occurred in nests with large
nuclei and acidophilic cytoplasm. Oogonia and oocytes were connected or close to
ovigerous lamellas (Fig. 24). Stage II oocytes showed increase in size, each contained
a large nucleus. Oocytes were loosely associated with ovigerous lamellas. Oocytes
were surrounded by follicle cells. Oocyte cytoplasm changed from basifilicus to
acidofilifus (Fig. 25). Stage III oocytes showed a well defined follicular epithelium or
follicle fully formed with basophilic cytoplasm. Many cytoplasmatic structures or
globules of proteins were present (Fig. 26). Stage IV oocytes were characterized by
the appearance of euvitellin nucleoli along the nuclear membrane. Nucleus was
centrally positioned with many nucleoli. Yolk granules were present in the cytoplasm.
A more distinct zona radiata was observed in the cell membrane (Fig. 27). Stage V
oocytes were larger with abundant yolk vesicles. Nucleus or germinal vesicle appeared
small compared to large cytoplasm. Cytoplasm filled with yolk vacuoles and yolk
granules (Fig. 28). Stage VI oocytes were fully grown, containing large amount of
acidophilic yolk granules in the cytoplasm. Nucleus migrated to the periphery of the
cytoplasm (Fig. 29). Oocytes of C. macrocephalus can be classified as immature or
pre-vitellogenic (stages I to III), maturing or vitellogenic (stages IV and V), and

mature or post-vitellogenic (stage VI).
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Figure 24 Stage I oocytes. Oogonia and oocytes are connected or close to ovigerous

lamellas.

Figure 25 Stage II oocytes. Oocytes are loosely associated with ovigerous lamellas
and surrounded by follicle cells. Oocyte cytoplasm changed from

basifilicus to acidofilifus.
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provitelline
nucleoli

Figure 26 Stage III oocytes. Follicles are fully formed. Many cytoplasmatic structures

or globules of proteins are present.

Figure 27 Stage IV oocytes. Nucleus is centrally positioned with many nucleoli close

to the nuclear membrane.
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Figure 28 Stage V oocytes. Nucleus or germinal vesicle appears small compared to

large cytoplasm. Cytoplasm is filled with yolk vacuoles and yolk granules.

Figure 29 Stage VI oocytes. Nucleus migrated to the periphery of the cytoplasm.
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Developing ovaries of mature females exhibited oocytes in all stages
(Fig. 30). From April to September when fish were 8 to 13 months old the females
contained the highest percent of stage 6 or post-vitellogenic oocytes (34.1+0.7 to
59.0+ 1.3%). In October and November, the oocytes remained at stages 2 to 4 with the
highest percent in stage 3 (46.8+1.4 to 63.1£1.5 %). Eggs in stages 5 and 6 were
observed in December and the proportions of eggs at advanced stages gradually
increased until March when ovaries of females contained oocytes at all stages, with

high percentage at stages 3 and 4.
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Figure 30 Proportion of oocytes at different developmental stages throughout the

reproductive season of female bighead catfish.
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2. Expression of HSC70 and HSC90 under pond culture conditions

HSC70 and HSC90 expression, with product sizes of 281 and 567 bp
respectively, were highly expressed in gills, brain and liver but only lightly expressed
in muscle tissues (Fig. 31). Expression of 3-actin was observed in all tissues with
product size of 414 bp. Because HSCs were only lightly expressed in skeletal muscle,
further analysis of expression of these proteins was performed in brain, gills and liver

tissues.

HSC 70 HSC 90 B-actin

Figure 31 RT-PCR assay for HSC70 and HSC90 expression on various tissues.
Samples were as follows: skeletal muscle (M), gills (G), brain (B), and
liver (L). Lane Marker was a 100 bp DNA marker. B-actin was used as an

internal control for relative gene expression.

Relative levels of HSC70 and HSC90 mRNA in gills, liver and brain of
females varied from 50% to 150% across tissues. Liver showed highest levels of the
two HSC70 and HSC90 transcripts throughout the breeding season. Percent expression
of HSC70 and HSC90 was similar in all tissues, with a higher level of HSC70 from
September until March. Despite the lowest temperature (25°C) and no precipitation in
December and January, the levels of HSC70 and HSC90 did not differ from those of
other months (Fig. 32).
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Part 11

Expression of HSC70 and HSC 90 genes in response to elevated temperature

The effects of heat exposure (30 and 35°C) on ovarian growth were tested in
fish held under hatchery conditions during October to November when water
temperature in the earthen pond was 25°C. At 14 days, percentage of eggs at stages 2
to stages 4 was nearly identical between control and the treated fish. At 28 days,
oocyte development of females held at warm temperatures proceeded into stage 5
while, oocytes of the females in earthen ponds remained at stages 2 to stages 4. The
difference of ovarian growth was pronounced at 48 days, with increased percentage of
eggs at stage 5 (19.7£1.1%) in fish held at 35°C compared to 6.5+0.6 and 4.6+1.7% in
the control and at 30°C, but ovaries of females in earthen ponds were unchanged and

contained only eggs at stages 3 and stages 4 (Fig. 33).
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Figure 33 Proportions of eggs at different developmental stages in females held

under elevated temperatures for different durations.



76

Figure 34 Oocytes at different developmental stages (IV-VI) in the ovary of a mature

female bighead catfish under ambient (25°C) and elevated temperatures (30
and 35°C) at 14, 28, and 42 days.
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Plasma cortisol levels were higher at elevated temperatures across the
experimental period, and remained unchanged at 25 and 30°C. However, at 35°C,
cortisol concentration was highest at week 4 (Fig. 35). Although glucose levels were
highest at 35°C, the values did not differ significantly across temperature levels or

through the experimental period.
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Figure 35 Plasma cortisol and glucose levels in females held under elevated

temperatures.

Expression of HSC70 and HSC90 with product sizes of 281 and 567 bp
respectively was shown in Fig. 36. Expression of f-actin was observed in all tissues

with product size of 414 bp.
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Figure 36 RT-PCR assay for HSC70 and HSC90 expression on gills tissues [A] and
liver tissue [B] of a mature female bighead catfish under ambient (25°C)

and elevated temperatures (30 and 35°C). B-actin was used as an internal

control for relative gene expression.
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The relative levels of HSC70 and HSC90 mRNA in gills and liver were

similar at different water temperatures at week 2. The expression levels of the HSC70

and HSCY0 increased with higher temperature after 4 weeks of exposure. However, at
week 6, the levels of HSC70 and HSCY0 decreased significantly (>60 %) in tissues of
females held at 35°C (Fig. 37).
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Figure 37 Relative expression of HSC70 and HSC90 in tissues of bighead catfish
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histogram bars with the same letters do not differ significantly at P<0.05.
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Part IV

Expression of HSC70s in response to Aeromonas hydrophila infection

The temporal expression of HSC70-1 and HSP70-2 after a bacterial challenge
was analyzed in brain, gills, liver and muscle. 4. hydrophila challenge resulted in
differential expression of the two genes in bighead catfish tissues during 48 h
(Fig. 38-41). The expression levels of the HSC70-1 and HSC70-2 in the brain were
similar at each time point (P < 0.05). However, slight but significant differences in
HSC70-1 mRNA levels were observed in the brain at 12 h, with 0.5-1.0 fold increase
(P < 0.05) in comparison with the control. The HSC70-2 was up-regulated
significantly in gills at 24 h post-injection and remained unchanged at 48 h, whereas
the mRNA level of HSC70-1 changed only slightly during a 48-h period. In the liver,
results of #-test showed that the expression levels of HSC70-1and HSC70-2 were
significantly different at each time point. While the mRNA levels of HSC70-1 in liver
tissue increased slightly at 12 h and remained unchanged at 48 h, the HSC70-2 was
significantly up-regulated at 24 h and decreased markedly at 48 h post-injection. In
skeletal muscle, the HSC70-2 concentration increased gradually from 6 h and peaked
at 48 h post-injection, with 3-fold increase compared to that of the control. In contrast,

the mRNA level of HSC70-1 changed only slightly during a 48-h period.
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Figure 38 Expression of HSC70-1 and HSC70-2 in brain after A. hydrophila

challenge.
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challenge.
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DISCUSSION

1. Cloning cDNA and genomic DNA of HSC70-1 and HSC70-2

In the present study, I isolated and characterized two cognate heat shock
protein 70 cDNAs from liver tissue of bighead catfish. Because band doubles at 70
kDa were observed on agarose gel for purification of cDNA, I cloned two bands
separately. I obtained two complete cDNAs and designated HSC70-1 and HSC70-2.
The lengths of HSC70-1 and HSC70-2 cDNAs were 2,278 bp, with ORFs of 1950 bp
encoding 649 amino acids. HSC70 was placed in the heat shock protein 70 family

according to homology with other heat shock proteins.

Characterization of genomic sequences revealed that the bighead catfish
HSC70-1 and HSC70-2 genes were different in genomic DNA length, with 3,178 and
2,909 bp, respectively and composed of eight exons, and seven introns. Differences in
exon and intron sizes were observed between the two loci. The major difference was
in the size of intron 4, which was larger (198 bp) in HSC70-1 than that of HSC70-2
(64 bp). The presence of introns is a major characteristic of the constitutive forms of
the HSP70 family, whereas the inducible forms do not contain introns (Iwama et al.,
1998; Basu et al., 2002). The absence of introns enables a rapid translation of mRNA
into nascent protein following exposure to stressor. In the HSP70 family, introns are
generally found only in constitutively expressed genes, but not the inducible forms. It
has been suggested that the major heat shock genes do not contain introns and so the
mRNA can be immediately translated into new proteins within minutes of exposure to
the stressor (Iwama et al., 1998). Since most of the inducible heat shock protein genes
do not contain introns, the mRNA is rapidly translated into nascent protein within
minutes following exposure to a stressor (Basu et al., 2002). In common carp, the
similarities of HSC70-1 and HSC70-2 were 88% and 78% at protein and DNA level
respectively (Ali et al., 2003). There were 69 substitutions between the two common

carp proteins, 31 of which located in the C-terminus.
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Genomic structures of the two loci were similar to those of other teleost fish,
including Rivulus marmoratus (Park et al., 2001), common carp (Ali et al., 2003), and
Wuchang bream (Ming et al., 2010) and mammals. Interestingly, exon sizes were
identical between walking catfish HSC70-1 and Wuchang bream HSC70, but the
intron sizes were different (Ming et al., 2010). The functional significance of this
similarity, however, is not known (Basu et al., 2002). The presence of introns is a
major characteristic of the constitutive forms of the HSP70 family, whereas the
inducible forms do not contain introns (Iwama et al., 1998). The lack of introns in the
inducible HSP70s allows rapid translation of mRNA into nascent protein during stress

(Basu et al., 2002).

2. Differential expression of HSC70-1 and HSC70-2 in response to bacterial
challenge

The heat shock protein (HSP70) family contains both inducible and
constitutively expressed members. The role of inducible HSP70 in immune system of
fish is well characterized, but the function of HSC70 during bacterial infection has yet
to be elucidated. Until recently, studies reported that bacterial challenge modulated the
mRNA levels of the cognate HSC70 in various tissues of fish and shellfish. Ramaglia
et al. (2004) reported an increase in protein levels of heat shock cognate, HSC73 in
liver and brain of the western painted turtle infected with Citrobacter spp. the
causative agent of septicemic cutaneous ulcerative dermatitis. Deane and Woo (2004)
reported an increase in expression of HSC70 in liver of silver sea bream after Vibrio
alginolyticus challenge. Wuchang bream received an injection of A. hydrophila
showed that the HSC70 levels in liver tissue was peaked at 6 h and decreased to
baseline after 24 h (Ming et al., 2010). Tiger prawn (Penaeus monodon) exposed to
V. harveyi had increased levels of heat shock cognate HSP70 in gill tissue after 12 h of
treatment and the expression returned to the same levels as that of controls after 72 h
(Rungrussamee et al., 2010). In addition, Yue et al. (2011) reported the HSC71 mRNA
levels in hepatopancreas of gill of Asiatic hard clam were significantly increased at

12 h post injection of V. parahaemolyticus and decreased to the baseline at 24 h.
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In this study, bacterial infection differentially induced the expression of both
HSC?70s in bighead catfish tissues during a 48-h period following A. hydrophila
challenge. The HSC70-1 was constitutively expressed at low levels and was slightly
induced by bacterial infection in most tissues. The HSC70-2 however, was slightly
expressed in brain and gills and moderately up-regulated with stress caused by
bacterial challenge in liver and skeletal muscle. The mRNA levels of HSC70-2 was
peaked at 24 h and returned to the same levels as that of the control after 48 h. In
contrast, the HSC70-2 transcript in skeletal muscle gradually increased after 6 h and its
level was highest at 48 h. Stress-inducible HSC70 isoforms have been reported in
zebrafish, common carp, and yellowtail. The previous studies have demonstrated that
bacterial challenge stimulates up-regulation of the inducible HSP70 in various immune
tissues of teleost fish, including and tissues (haemocytes, hepatopancreas, and muscle)
of shellfish (oyster, scallop, and shrimp). Expression patterns of these genes were
different under various stressed conditions, e.g., heat stress, cold shock, and heavy
metal treatment, and appeared to be tissue-specific. For instance, common carp
HSC70-1 was expressed at high levels in liver after cadmium exposure, while the
expression of common carp HSC70-2 was induced by cold shock in muscle (Ali ef al.,

2003).

The bacteria A. hydrophila is a causative agent of hemorrhagic septicemia, the
important disease in freshwater fish. Systemic infection results in mortality within
24-48 h. The most common clinical signs and lesions are hemorrhage in skin, fins, oral
cavity and muscles. Histological changes include focal cellular necrosis in the liver
and haemopoietic cells, heart and skeletal muscles. With the septicemia, there may be

depletion and necrosis of the renal hematopoietic tissue.

Liver plays a significant role in homeostasis and defense mechanism. Ming
et al. (2010) reported variable levels of HSP70 and HSC70 induction in liver tissue of
Wuchang bream in response to bacterial injection. It has been suggested that
dramatically increased transcription of HSC70 may indicate their important roles as
molecular chaperones under oxidative stress. In cultured cells, yellowtail HSC70-1

was constitutively expressed under normal and heat-shock conditions whereas the
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yellowtail HSC70-2 was up-regulated by heat shock treatment (Yabu ef al., 2010). My
study showed similar findings with these reports, suggesting that HSC70-1was
constitutively expressed in most tissues whereas the expression of HSC70-2 was

induced by bacterial infection in a tissue-specific manner.

The role of HSP70 in mediating the initiation of an immune response as a
result of bacterial infection has been implicated in aquatic species (Triantafilou et al.,
2001). Several stimuli that result from bacterial infection and wounding induces an
acute phase response (APR) of fish immune system (Bayne and Gerwick, 2001). The
APR involves the increase in synthesis and secretion by the liver of several plasma
proteins, including the pro-inflammatory cytokines such as IL-1, IL-6, IL-12 and
TNFa. During infection, fish macrophages respond by up-regulating the expression
and secretion of cytokines to activate a stress response. HSPs have been reported to
directly induce macrophages to secrete inflammatory cytokines. Studies demonstrated
that lipopolysaccharide (LPS) or endotoxin, the major component of the outer
membrane of gram-negative bacteria, induces HSP70 in rat heart. Recombinant
Trypanosoma carassii HSP70 is found to induce up-regulation of inflammatory
cytokines and chemokines in macrophages of goldfish (Oladiran and Belosevic, 2009).

In addition, HSPs are thought to be involved in antigen processing and presentation

(Kaufmann, 1990).

In this study, the significant increase in the expression of HSC70-2 in bighead
catfish liver and muscle may correlate with the role of HSC70-2 in immune response
of these tissues after bacterial infection. Ming et al. (2010) reported that A. hydrophila
injection modulated the expression of HSC70 and HSP70 in liver of wuchang bream in
a time-dependent pattern. Both HSC70 and HSP70 mRNA levels significantly
increased at 6 h and returned to baseline at 24 h. The similar pattern of HSP70
expression was observed, after walking catfish were infected with A. hydrophila in this
study. The HSC70-2 mRNA concentrations were peaked at 24 h and decreased to the
same level of the control at 48 h. Unlike liver, the HSC70-2 mRNA level was very
high in skeletal muscle at 48 h. Because fish infected with A. hydrophila showed
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severe skin and muscle lesions at the injected site, the high level of HSC70-2 in

muscle may suggest the involvement of HSC70-2 in cell protection and survival.

The expression of HSP70-2 in gills of bighead catfish was slightly increased
after injection with 4. hydrophila at 24 h. It was likely that HSC70-2 was insensitive
to the bacteria at the early hours of injection. The increased levels of HSC70-2 in gills

may correlate with the osmotic regulation in bighead catfish.

The A. hydrophila infection did not modulate the expression of both HSC70
isoforms in brain of bighead catfish. The absence of an increase of HSC70s in
response to bacterial injection might be ascribed to the function of brain tissue.
Because brain is the important organ of fish, it is well-protected from pathogenic
bacteria. There has been no report on the role of HSC70 in brain tissues of other
teleosts under infectious challenge. Nevertheless, a study in western painted turtle
(Chrysemys picta bellii) reported that bacterial infection induced the significant
mRNA levels of constitutive HSP73 in the brain (Ramaglia et al., 2004). The
concentration of HSP70 was very high in brain compared to other tissues such as liver,
heart and muscle. This correlates well with the high level of HSP73 expression
reported in mammalian brain by Manzerra ef al. (1997). They suggest that high levels
of HSP73 in neuronal tissue could reflect its involvement in axonal translocation of
proteins and synaptic vesicle recycling. In tilapia (Oreochromis mossambicus), Y ang
et al. (2009) reported that hyperosmotic stress induced transient expression of brain

HSP70, which suggested its role in facilitating adaptation to seawater environment.

3. Oocyte development under pond conditions and chronic heat stress

Bighead catfish has a long spawning period due to its asynchronous oocyte
development. As a result, the fish can spawn several times in one season (Jalabert,
2005). Reproductive seasonality of tropical freshwater fishes — including bighead
catfish — is stimulated by environmental cues, particularly rainfall. Reproductive
development of bighead catfish, which can be measured by gonadosomatic index

(GSI), usually is associated with seasonal rainfall (Panprommin et al., 2008).
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Generally, the onset of reproduction occurs at the beginning of rainy season (May) and
continues through October. Results in this study indicated that the highest reproductive
investment of 11-month old female fish reared in earthen ponds was in July (GSI =
13.91£3.63%) when the amount of rainfall was highest (313 mm). At the end of the
rainy season from October until January, the GSI significantly decreased, with the
lowest value in November (0.41+0.26%). Fluctuations in water temperature in the

earthen pond, however, did not appear to relate with changes of GSI.

The reproductive cycle of bighead catfish resembles that of African catfish and
can be divided into three different phases; a pre-spawning phase (recrudescence of the
ovary), a spawning phase, and a resting phase (Jarimopas et al., 1995). In the present
study, bighead catfish displayed a long breeding season from February to September,
during which recruitment of ovarian follicles to maturation resulted in a 115% increase
in GSI. The highest numbers of post-vitellogenic (stage VI) oocytes (58.8+1.3%) were
observed as the GSI value peaked in July. At the end of breeding between October and
November, GSI was lowest, with the absence of advanced-stage eggs (stages V and
VI) in the ovaries. Based on GSI values and distribution of oocytes, induced breeding
by hormone injection for bighead catfish can be performed as early as February
through September. Induced spawning, however, would be difficult outside the natural
reproductive season, i.e., from October to January, when previtellogenic oocytes
dominate the ovaries. As in other teleost species, endogenous mechanisms of
reproduction are well understood in bighead catfish, but little is known about
environmental control of their reproductive cycle Nevertheless, results of the present
study implied that endogenous mechanisms rather than environmental factors
synchronized regression of the ovary in bighead catfish. The inference is based on the
observation that ovarian regression occurred in October and November despite
favorable conditions to oocyte development, i.e., moderate amount of rainfall and
optimal temperature. In some species, ovarian regression coincides with the presence
of a refractory period during which ovarian recrudescence is suppressed regardless of
environmental conditions and their origin. It has been well recognized that in
temperate fishes, the reproductive cycle is strongly affected by seasonal changes in

water temperature and photoperiod. These environmental factors may have direct or
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indirect effects on initiation of oogenesis, production of vitellogenin, or secretion of

pituitary and reproductive hormones.

Although temperature is considered less important in tropical species, several
studies have documented the influences of temperature on reproductive maturation.
For instance, in African catfish, ovarian development was enhanced and the resting
period was shortened from 4-7 months to 2 months when the fish were kept at a
constant 25°C water temperature compared to those kept in outdoor ponds with
ambient temperature (15° to 30°C). Additionally, the authors suggest that water
temperature plays a more significant role in regulating the ovarian cycle than
photoperiod. In snakehead, a combination of warm temperature (30°C) and long
photoperiod stimulated reproduction and extended the spawning period during the
annual reproductive cycle. In this study, ovarian recrudescence was stimulated at least
one month ahead of season in the fish kept in the hatchery compared to those kept in
earthen pond. Increased quantities of vitellogenic eggs were observed in females held
at warm temperatures after six weeks of exposure. Moreover, ovaries of the control
fish held at 25°C also contained low proportions of vitellogenic eggs (6.5+0.6%). In
contrast, no vitellogenic oocytes were observed in fish held in earthen pond under
seasonal temperature regime (27+2.5°C) during October and November. As in other
teleost species, endogenous mechanisms of reproduction were well understood in
tropical species, but little is known about environmental control of their reproductive
cycle. It is not clear how temperature exerts its effects on recrudescence and regression
of the ovary in bighead catfish. Studies suggest that temperature may have direct or
indirect effects on initiation of oogenesis, production of vitellogenin, or secretion of
pituitary and reproductive hormones. For tropical species, warm temperatures were
found to stimulate the formation of yolk vesicles in maturing oocytes. Nevertheless,
results of the present study implied that endogenous mechanisms rather than
environmental factors synchronized regression of the ovary. The inference is based on
the observation that ovarian regression occurred in October and November despite
favorable conditions to oocyte development, i.e., moderate amount of rainfall and

normal temperature. In some species, ovarian regression coincides with the presence
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of a refractory period during which ovarian recrudescence is suppressed regardless of

environmental conditions.

4. Primary stress response and heat shock protein expression

Bighead catfish exposed to constant temperature at 35°C had higher levels of
cortisol compared to fish held at 25°C (control) and 30°C and the cortisol
concentration in fish held at 35°C remained high throughout the experiment.
Generally, a fish has the ability to adapt to altered environments caused by long-term
stress (Barton, 1997). However, a slight reduction in cortisol levels after 6 weeks of
heat exposure implied that stress due to high temperature may exceed the adjustment
ability of bighead catfish. In such a case, a longer period of thermal stress would
severely affect growth, reproduction and immune response in fish (Iwama et al., 1997,
Barton, 1997). In addition to its role in physiological stress response, cortisol is known
to mediate the effects of stress on fish reproduction (Pankhurst and Van Der Kraak,
1997). The release of cortisol into the circulation can have either stimulatory or
inhibitory effects on the reproductive capacity of fish, depending on the stage of
gametic development (Pankhurst and Van Der Kraak, 1997). Cortisol is thought to
accelerate vitellogenesis, which is inferred from a higher level of plasma cortisol in
maturing females than in fully mature females (Billard ez al., 1981). In some species,
long-term elevation of cortisol suppressed the production of mature oocytes
(Pankhurst and Van Der Kraak, 1997). For bighead catfish, increased levels of cortisol
may enhance the production of vitellogenin, which was inferred by an increase in

number of stage-V oocytes in ovaries of females kept in the hatchery.

The present study demonstrated that temperature played a major role in
stimulating ovarian development of bighead catfish during a resting period of their
reproductive cycle. The results of this study indicated that ovary recrudescence and
formation of mature oocytes were stimulated at least one month ahead of the natural
season, when females were kept in the hatchery at constant temperatures (30 and
35°C) for six weeks. Increased plasma levels of cortisol due to heat exposure and the

proportions of vitellogenic oocytes implied a stimulatory effect of cortisol on synthesis
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of yolk proteins. Although fully matured females could not be obtained by short-term
exposure to warm temperatures in the hatchery, the present study suggested that
temperature manipulation was probably the most practical way to increase the number
of maturing female broodstock at the end of breeding season. Further research is
required to determine the effects of cortisol on final maturation as well as the
possibility of manipulations of other environmental factors to enhance year-round

breeding for breeding catfish.

5. Stress response to heat exposure

Response to stress caused by a 6-week exposure to high temperature was
assessed by measuring plasma cortisol and glucose concentrations, and tissue
expression of heat shock proteins HSC70 and HSC90. Increased levels of plasma
cortisol, which represented initial response to stress were observed in fish held at
elevated temperatures and were highest at 35°C after 4 weeks of exposure, followed
by a slight decrease at week 6. Cortisol concentrations, however, did not differ at
control (25°C) and 30°C and were unchanged throughout the experiment. Cortisol is
known to play a role in activating glucose production, particularly in liver by
gluconeogenesis and glycogenolysis, to meet increased energy demand of fish (Iwama
et al., 1999). Lack of reduction in cortisol levels following 6 weeks of heat exposure
implied that chronic heat stress may exceed the adjustment ability of bighead catfish.
In such a case, a longer period of heat stress would severely affect growth,
reproduction and immune response in fish. Generally, a fish has the ability to adapt to
altered environments caused by chronic stress. Adaptation involves a series of
physiological responses in metabolic pathways that promote survival of fish under
extreme conditions, and varies according to species, developmental stage, nutritional

state, as well as severity and duration of stress (Barton, 1997).

In addition to its role in physiological stress response, cortisol is known to
mediate the effects of stress on fish reproduction (Pankhurst and Van Der Kraak,
1997). The release of cortisol into the circulation can have either stimulatory or

inhibitory effects on the reproductive capacity of fish, depending on the stage of
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gametic development. Cortisol is thought to accelerate vitellogenesis, which is inferred
from a higher level of plasma cortisol in maturing females than in fully mature females
(Billard et al., 1981). In bighead catfish, increased levels of cortisol due to heat stress
may enhance the production of vitellogenin, which was inferred by a tremendous
increase in yolk granules of stage-V oocytes. However, augmentation of cortisol using
implants in mature tilapia Oreochromis mossambicus resulted in depression of plasma

levels of estrogen and reduced ovary size (Foo and Lam, 1993).

Expression analysis revealed that HSC70 and HSCY0 proteins were
constitutively expressed at high levels in liver tissue under normal pond conditions.
The abundance of HSP transcript there would be expected because liver is a vital
organ regulating homeostasis in the fish body. Similar expression profiles for HSC70
and HSC90 were observed in gills, muscle, and brain of female bighead catfish,
suggesting that these proteins have a significant functional role in a wide range of
normal cells (Deane et al., 1999; Basu et al., 2002; Deane et al., 2002). Fluctuations in
HSC70 and HSC90 gene expression during a 12-month period indicated that seasonal
changes in water temperature and rainfall may affect the response of HSC70 and
HSCY90. In the present study, chronic heat stress induced accumulation of HSC70 and
HSC90 mRNA, with the highest levels in liver tissue following 4 weeks of exposure at
35°C. However, the HSC70 and HSC90 transcript decreased markedly at week 6 and
then was lower than that of control fish. The reduction in HSP synthesis during heat
exposure has been related to a regulatory role of stress hormones on heat shock
proteins. For instance, an increased level of plasma cortisol was found to reduce
HSP70 expression in gill tissue of rainbow trout (Basu ef al., 2001). In such a case,
plasma cortisol and heat shock proteins are thought to interact through the role of
HSC70 and HSC90 in regulating the activity, folding, and transportation of nascent
glucocorticoid receptor (Pratt, 1993). Under stressful conditions, cortisol binds to
glucocorticoid receptor and forms a complex with heat shock proteins. The increase in
plasma cortisol results in a decreased amount of unbound glucocorticoid. Therefore,
an excess amount of ASPs may exert a negative feedback on heat shock protein

transcription (Basu et al., 2001).
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CONCLUSIONS AND RECOMMENDATIONS

Stress in aquaculture is unavoidable and can have negative impacts on
production. Among sources of stress, infectious diseases are major problem which can
result in high mortality during developmental and growth stages. The common disease
found in bighead catfish culture is bacterial septicemia caused by A. hydrophila. The
infection occurs most during change in the temperature when cold weather moves in,
especially at the end of breeding season. Prevention and cure of this disease are relied
on the conventional approaches such as antibiotic treatment. Until recently, alternative
treatment strategies based on DNA vaccine derived from heat shock proteins (HSPs)
have been demonstrated. These findings have encouraged research on heat shock
proteins in other fish and shellfish. In this thesis, I cloned two heat shock cognate
protein 70 (HSP70) and determined their expression in response to A. hydrophila

injection in bighead catfish.

Stress due to increased water temperature is found to have stimulatory or
inhibitory effects on fish reproduction. Although temperature is considered less
important in tropical species, temperature manipulation has been used to enhance
reproductive maturation in a number of farmed fish. In addition, a year round
production of fry is possible when a spawning phase can be extended by controlled
temperatures. In this thesis, I demonstrated the possibility of using increased
temperature to stimulate ovarian development of bighead catfish during post-spawning
season. In addition, the manipulation of temperature may induce stressful conditions
for the fish. Therefore, the indicators of stress were measured at the physiological and

cellular levels.

The first and fourth experiments were conducted to obtain the cDNA
sequences and genomic structures of HSP70-1 and HSP70-2 in bighead catfish and to
determine their expression in response to bacterial infection. The complete cDNA
sequences of these two genes were 2,278 bp in length which contained the open
reading frame of 1,950 bp, encoding a 649 amino acid protein. The molecular mass

was 71.24 kDa for HSC70-1 and 71.27 kDa for HSC70-2. HSC70-1 and HSC70-2
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shared 94% similarity in amino acid sequences. The amino acid sequences of bighead
catfish HSC70-1 and HSC70-2 shared 82-95% and 82-91% identity of amino acids
with other teleosts, chicken and human. The genomic structure of HSC70-1 (3,179 bp)
consisted of seven introns (901 bp) and eight exons (1,870 bp) while that of HSC70-2
consisted of seven introns (702 bp) and eight exons (1,950 bp). Genomic structures of
the two loci were similar to those of other teleost fish and mammals. The presence of

introns is the characteristic of the constitutive forms of heat shock protein 70.

An infection by A. hydrophila differentially induced the expression of both
HSC70s in bighead catfish tissues during a 48-h period. The expression of HSC70-1
was low in most tissues while HSC70-2 was moderately up-regulated in liver and
skeletal muscle. The increased expression of HSC70-2 in these tissues may correlate
with the role of HSC70-2 in immune response after bacterial infection. Research on
heat shock protein in bighead catfish is in its early stage compared with those in other
teleosts. This study provides information on molecular biology of HSC70s and
contributes to better understanding of the heat shock protein effects on bacterial

infection in this species.

The second and third experiments demonstrated the use of increased water
temperature to stimulate ovarian growth of bighead catfish and the effects of heat
stress to fish body. Oocyte development was examined in females raised under pond
conditions during April 2008 to March 2009 and was used as baseline information.
From April to September 2008, the gonadosomatic index (GSI) increased 115%. The
GSI value peaked in July and was lowest at the end of breeding period between
October and November. In October, 13 month-old female fish were randomly
collected from an earthen pond and exposed to different temperatures at 25, 30 and
35 °C under hatchery conditions for 6 weeks. The stimulatory effect of heat stress
resulted in an increased proportion of vitellogenic (stage V) oocytes in females held
under 30-35°C after 4 to 6 weeks. At the same time, only immature oocytes were
observed in ovaries of females held under pond conditions. Nevertheless, it is
important to measure the stress indicators during the experiment. In this study, fish

exposed to constant temperature at 35°C had higher levels of cortisol which remained
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high throughout the experiment. The increased levels of cortisol may enhance the
production of vitellogenin, resulting in an increase in number of stage V oocytes in
ovaries of females kept in the hatchery. However, the unchanged cortisol levels
following 6 weeks of increased temperature may become adversary to the fish if they

were to be held under this condition for a longer period.

The measurement of cellular stress response indicated that chronic heat stress
induced accumulation of HSC70 and HSC90 mRNA, with the highest levels in liver
tissue following 4 weeks of exposure at 35°C and decreased markedly at week 6. The
reduction in heat shock protein synthesis during heat exposure has been related to a
regulatory role of cortisol through transportation of nascent glucocorticoid receptor.
Under stressful conditions, cortisol binds to glucocorticoid receptor and forms a
complex with heat shock proteins. The increase in plasma cortisol results in a
decreased amount of unbound glucocorticoid. Under pond conditions, HSC70 and

HSC90 were constitutively expressed at a higher level in liver.

Finally, the findings in this thesis have provided recommendations for the
application of knowledge on bighead catfish HSC70s and the use of temperature

manipulation to enhance reproduction of female brood fish as follows:

1. The role of HSP70 is well characterized and its functions in immune
response have been determined in many species of fish and shellfish.
Therefore, it would be useful to determine the molecular structure of

this inducible form of heat shock protein 70 in bighead catfish.

2. The role of HSC70s in response to other stressors such as heat, heavy
metals and other infectious diseases such as viral infection and parasites
should be investigated for better understanding of the cellular functions

of these stress proteins.
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3. New prevention methods to infectious diseases in bighead catfish such
as DNA vaccine can be developed based on knowledge of the gene

information of HSC70s.

4. The findings of this study suggest the practicality of using warm
temperature to extend spawning period of bighead catfish. To obtain
higher percent of mature oocytes, fish should be exposed to increased
temperature (30-35°C) at least one month before the end of spawning

s€ason.

5. Due to the increased levels of cortisol in fish under prolonged heat
stress, care must be taken to adjust temperature level and stocking

density in the aquaria.

6. Because the reproductive cycle of bighead catfish resembles that of
African catfish, it is likely that the methods used to extend spawning
period in African catfish can be practiced in bighead catfish. For
instance, the experiment can be designed to keep females at a constant
30°C water temperature year round and comparison of ovarian growth
monthly should be made to those kept in outdoor ponds with ambient

temperature.



99

LITERATURE CITED

Ali, K.S., L. Dorgai, M. Abraham and E. Hermesz. 2003. Tissue and stressor specific
differential expression of two Asc70 genes in carp. Biochem Biophys Res
Commun. 307: 503-509.

Altschul, S.F., W. Gish, W. Miller, E:-W. Meyers and D.J. Lipman. 1997. Basic local
alignment search tool. J Mol. Biol. 215: 403-410.

Amita S. and U. Bhavna. 2011. influence of photoperiod and temperature on
reproduction and gonadal maturation in goldfish: CARASSIUS AURATUS. Appl
Biol and Pharmaceutical Technol. 2 (4): 352-359.

Andrew, M., L.N. Gascho, W. R. Lapointe and P.L. Angermeier. 2011. Individual
growth and reproductive behavior in a newly established population of northern

snakehead (Channa argus). Hydrobiol. 661: 123—131.

Angka, S.L., T.J. Lam, and Y.M. Sin. 1995. Some virulence characteristics of
Aeromonas hydrophila in bighead catfish (Clarias gariepinus). Aquaculture.
130: 103-112.

Areerat, S. 1987. Clarias culture in Thailand. Aquaculture. 63: 355-362.

Barton, B.A. 1997. Stress in finfish: Past, present, and future a historical perspective,
pp. 1-34. In G. K. Iwama, A. D. Pickering, J. P. Sumpter, and C. B. Schreck,
eds. Fish Stress and Health in Aquaculture. Cambridge University Press,

Cambridge.

Barton, B.A., J.D. Morgan and M.M. Vijayan. 2002. Physiological and condition-
related indicators of environmental stress in fish, Chapter 4. In S. M. Adams,
editor. Biological Indicators of Aquatic Ecosystem Stress. American

Fisheries Society, Bethesda, Maryland.



100

Basu, N., A.E. Todgham, P.A. ackerman, M.R. Bibeau, K. Nakano, P.M. Schulte and
K.I. George. 2002. Heat shock protein gene and their functional significance

in fish. Gene. 295: 173-183.

Basu, S., J.A. Nagy, S. Pal, E. Vasile and [.A. Eckelhoefer. 2001. The
neurotransmitter dopamine inhibits angiogenesis induced by vascular

permeability factor/vascular endothelial growth factor. Nat. Med. 7: 569-574.

Bayne, C.J. and L. Gerwick. 2001. The acute phase response and innate immunity of

fish. Dev. Comp. Immunol. 25: 725-743.

Bensaude, O., S. Bellier, M.F. Dubois, F. Giannoni and V.T. Nguyen. 1996. Heat-
shock induced protein modications and modulation of enzyme activities. /n
Feige, U., Morimoto, R.I., Yahara, I. and Polla, B., eds. Stress-Inducible
Cellular Responses. Basel: BirkhaEuser, pp. 199-219.

Billard, R., B. Breton, and M. Richard. 1981. On the inhibitory effects of some
steriods on spermatogenesis in adult rainbow trout (Salmo gairdneri). Can. J.

Zool. 59: 1479-1487.

Carl Monder and Alena Coufalik. 2011. Influence of cortisol on glycogen synthesis
and gluconeogenesis in fetal rat liver in organ culture. Anim Sci. 89: 3272-

3285.

Chang, H.C., S.L. Newmyer, M.J. Hull, M. Ebersold, S.L. Schmid and I. Mellman.
2002. Hsc70 is required for endocytosis and clathrin function in Drosophila.

J Cell Biol. 159: 477-487.

Chuang, K.H., S.H. Ho and Y.L. Song. 2007. Cloning and expression analysis of heat
shock cognate 70 gene promoter in tiger shrimp (Penaeus monodon). Gene.

405: 10-18.



101

Cotto, J.J., M. Kline and R.I. Morimoto. 1996. Activation of heat shock factor 1
DNA binding precedes stress-induced serine phosphorylation. Biol. Chem.
271: 3355-3358.

Deane, E.E., S.P. Kelly, J.C.Y. Luk, N.Y.S. Woo. 2002. Chronic salinity adaptation
modulates hepatic heat shock protein and insulin-like growth factor 1

expression in black sea bream. Mar. Biotechnol. 4: 193-205.

Deane, E.E., S.P. Kelly, C.K.M Lo, and N.Y.S Woo. 1999. Effects of GH, prolactin
and cortisol on hepatic heat shock protein 70 expression in a marine teleost

Sparus sarba. J Endocrine. 161: 413-421.

Deane, E.E. and N.Y.S Woo. 2004. Differential gene expression associated with
euryhalinity in sea bream (Sparus sarba). America J Physiol. 287: R1054-

R1063.

Doungpunta, K., N. Puanglarp and P. Menasveta. 2000. Determination of stress
response in black tiger shrimp, Penaeus monodon, by detecting heat shock
proteins and glucose level, p. 531. In 28th Congress of Science and
Technology of Thailand 24-26 October 2002, Queen Sirikit National
Convention Center, Bangkok, Thailand.

Eissa, I., A.F. Badran, M. Moustafa and H. Fetaih. 1994. Contribution to hareketlie
Aeromonas septicemie in some cultured and wild freshwater fish. Vet Med J

Giza. 42:63-69.

Feder, M.E., G.E. Hofmann. 1999. Heat-shock proteins, molecular chaperones, and
the stress response: Evolutionary and ecological physiology. Annu. Rev.
Physiol. 61: 243-282.



102

Foo, J.T.W.and T.J. Lam. 1993. Retardation of ovarian growth and depression of
serum steroid levels in the tilapia, Oreochromis mossambicus, by cortisol.

Aquaculture. 115: 133-143.

Gado, M.S.M. 1998. Studies on the virulence of Aeromonas hydrophila in Nile
Tilapia (Oreochromis niloticus). Assiut Vet Med J. 40: 190-200.

Graser, R.T., D. Malnar-Dragojevic and V. Vincek. 1996. Cloning and
characterization of a 70 kDa heat shock cognate (hsc70) gene from the

zebrafish (Danio rerio). Genetica. 98: 273-276.

Groman, D.B. 1982. Histology of the Striped Bass. American Fisheries Society:
Department of Pathobiology. Bethesda. Maryland. pp 53-58.

Hermesz, E., M. Abraham and J. Nemcsok. 2001. Identification of two HSP90 genes
in carp. Comp. Biochem. Physiol. Part C. 129: 397-407.

Hideaki, T., N. Masahiro, O. Masataka, I. Shinobu, U. Hiroko, E.M. Victor, K.
Nobuhiko, N. Mugio and S. Jun. 2008. Structural basis of actin recognition and
arginine ADP-ribosylation by Clostridium perfringens toxin. PNAS. 105(21):
7399-7404.

Huang, L.E., H. Zhang, S.W. Bae and A.Y.C. Liu. 1994. Thiol reducing reagents
inhibit the heat shock response. Biol. Chem. 269: 30718-30725.

Iwama, G.K., L.O.B. Afonso, A. Todgham, P. Ackerman and K. Nakano. 2004. Are
hsps suitable for indicating stressed states in fish?. J. Exp. Biol.
Commentary. 207: 15-19.

Iwama, G.K., A.D. Pickering, J.P. Sumpter and C.B. Schreck. 1997. Fish Stress and
health in aquaculture. Soc. Exp. Biol. Series. 62: 73- 80.



103

Iwama, G.K., P.T. Thomas, R.B. Forsyth and M.M. Vijayan. 1998. Heat shock
protein expression in fish. Rev. Fish Biol. Fish. 8: 35-56.

Iwama, G.K., M.M. Vijayan, R.B. Forsyth, P.A. Ackerman. 1999. Heat shock
proteins and physiological stress in fish. Amer. Zool. 39: 901-909.

Jalabert, B. 2005. Particularities of reproduction and oogenesis in teleost fish

compared to mammals. Reprod. Nutr. Dev. 45: 261-279.

Jarimopas, P., A. Tavarutmaneegul., S. Chinabut and U. Wongummarit. 1995.
Gonadal deverlopment of Clarias macrocephalus. Technical Paper. No. 170.

National Inland Fisheries Institute, Bangkok.

Jongjareanjai, M. Assawawongkasem N. and C. Nantarika. 2009. In vitro antibiotic
susceptibility of Aeromonas hydrophila isolated from disease ornamental fish.

J. Vet. Med. 39(3): 225-229.

Ju, Z., R.A. Dunham and Z. Liu. 2002. Differential gene expression in the brain of
channel catfish (Ictalurus punctatus) in response to cold acclimation. Mol.

Genet. Genomics. 268: 87-95.

Kartik, B., R. Jayant, S. Patrick and B. Peter. 2010. Efficacy of heterologous and
homologous heat shock protein 70s as protective agents to Artemia franciscana

challenged with Vibrio campbellii. Fish & Shellfish Immunol. 29: 733-739.

Kaufman, S. 1990. Heat shock proteins and the immune response. Immunol. 11:
129-136.

Kocabas, A.M., P. Li, D.F. Cao and C.B.A. Karsi. 2002. Expression profile of the
channel catfish spleen: analysis of genes involved in immune functions. Mar.

Biotechnol. 4: 526-536.



104

Kose, S., M. Furuta, M. Kioke, Y. Yoneda and N. Imamoto. 2005. The 70-kD heat
shock cognate protein (hsc70) facilitates the nuclear export of the import

receptors. J Cell Biol. 171: 19-25.

Krone, P.H., J.B. Sass and Z. Lele. 1997. Heat shock proteins gene expression during
embryonic development of the zebrafish. Cell. Mol. Life Sci. 53: 122—129.

Kumar, S., K. Tamura and M. Nei. 2004. MEGA3: integrated software for molecular

evolutionary genetics analysis and sequence alignment. Brief Bioinform. 5:

150-163.

Lehri, G.K. 1968. Cyclical changes in the ovary of the catfish Clarias batrachus
(Linn.). Acta Anat. 69: 105-124.

Liu, T., K.D. Christopher and C. Shousong. 2012. Comprehensive review on the
HSC70 functions, interactions with related molecules and involvement in
clinical diseases and therapeutic potential. Pharmacology & Therapeutics.
http://dx.doi.org/10.1016/j.pharmthera.2012.08.014.

Leung, S.M. and L.E. Hightower. 1997. A 16-kDa protein functions as a new
regulatory protein for Hsc70 molecular chaperone and is identified as a
member of the Nm23/nucleoside diphosphate kinase family. J Biol Chem.
272:2607-2614.

Manzerra, P., S.J. Rush and [.R. Brown. 1997. Tissue-specific differences in heat
shock protein Asc70 and hsp70 in the control and hyperthermic rabbit. J Cell
Physiol. 170: 130 —137.

Mazur, C.F. 1996. The Heat Shock Protein Response and Physiological Stress in

Aquatic Organisms. Doctoral thesis, Univ. British Columbia.



105

Ming, J., J. Xie, P. Xu, W. Liu, X. Ge, B. Liu, Y. He, Y. Cheng, Q. Zhou and L. Pan.
2010. Molecular cloning and expression of two HSP70 genes in the Wuchang
bream (Megalobrama amblycephala Yih). Fish & Shellfish Immunol. 28:
407-418.

Morimoto, R.I., A. Tissieres and C Georgopoulos. 1994. The Biology of Heat Shock
Proteins and Molecular Chaperones (Cold Spring Harbor Monograph Series,
Vol. 26). Plainview, NY: Cold Spring Harbor Laboratory Press. 496 pp.

Morimoto, R.I., P.E. Kroeger and J.J. Cotto. 1996. The transcriptional regulation of
heat shock genes: a plethora of heat shock factors and regulatory conditions. /n
Feige, U., Morimoto, R.I., Yahara, I. and Polla, B., eds. Stress-Inducible
Cellular Responses. Basel: BirkhaEuser, pp. 139-164.

Oladiran, A. and M. Belosevic. 2009. Trypanosoma carassii hsp70 increases
expression of inflammatory cytokines and chemokines in macrophages of the

goldfish (Carassius auratus L). Dev. Comp. Immunol. 33 (10): 1128-1136.

Pacoli, C.Q., J.M. Grizzle and J.T. Bradley. 1990. Seasonal levels of serum
vitellogenin and oocyte growth in the channel catfish, Ictalurus punctatus.

Aquaculture. 90: 353-367.

Palmisano, A.N., J.R. Winton and W.W. Dickhoff. 2000. Tisue-specific induction of
Hsp90 mRNA and plasma cortisol response in chinook salmon following heat

shock, sewater challenge, and handling challenge. Biotechnol. 2: 329-338.

Pankhurst, N.W. and Van Der Kraak, G. 1997. Effects of stress on reproduction and
growth of fish. /n Iwama, G. K., Pickering, A. D., Sumpter, J. P. Schreck, C.
B., eds. Fish Stress and Health in Aquaculture. Society for Experimental

Biology Series. pp. 73-93. Cambridge, Cambridge University Press.



106

Panprommin, D., S. Poompuang and P. Srisapoome. 2007. Characterization of
expressed sequence tags from liver and muscle tissues of bighead catfish,

Clarias macrocephalus. Scie Asia. 33: 561-568.

Panprommin, D., S. Poompuang and P. Srisapoome. 2008. Molecular
characterization and seasonal expression of the vitellogenin gene from

Giinther's bighead catfish Clarias macrocephalus. Aquaculture. 276: 60-68.

Park, J.H., J.J. Lee, S. Yoon, J.S. Lee, S.Y. Choe, L. Choe, E.H. and C.G. Kim. 2001.
Genomic cloning of the Hsc71 gene in the hermaphroditic teleost Rivulus
marmoratus and analysis of its expression in skeletal muscle: identification of
a novel muscle-preferred regulatory element. Nucleic Acids Res. 29: 3041-
3050.

Pratt, W.B. 1993. The role of heat shock proteins in regulating the function, folding,
and trafficking of the glucocorticoid receptor. J. Biol. Chem. 268: 21455—
21458.

Rabindran, S.K., G. Giorgi, J. Clos, and C. Wu. 1991. Molecular cloning and
expression of a human heat shock factor, HSF1. Proc. Natl 9 Acad. Sci. 88:
6906-6910.

Ramaglia, V., G.M. Harapa, N. White and L.T. Buck. 2004. Bacterial infection and
tissue-specific Hsp72, -73 and -90 expression in western painted turtle. Comp.
Bioche. Physiol., Part C. 138: 139-148.

Richter, C.J.J.; W.J.A.R. Viveen, E.H.M EdingSukkel; A..J. Rothuis; M.F.P.M. van
Hoof, F.G.J. van den Berg and P.G.W.J. van Oordt. 1987. The significance of
photoperiodicity, water temperature and an inherent endogenous rhythm for the
production of viable eggs by the African catfish, Clarias gariepinus, kept in
subtropical ponds in Israel and under Israeli and Dutch hatchery conditions.

Aquaculture. 63: 169-185.



107

Robert, J. 2003. Evolution of heat shock proteins and immunity. Dev Comp
Immunol. 27:449-464.

Rodriguez, J.N., Z.J. Otémé and S. Hem. 1995. Comparative study of vitellogenesis
of two African catfish species Ch ysichthys nigrodigitatus (Claroteidae) and
Heterobranchus longifilis (Clariidae). Aquat. Livirig Resour. 8: 291-296.

Rodriguez, L.A., A.E. Ellis and T.P. Nieto. 1993. Effects of the acetylcholinesterase
toxin of Aeromonas hydrophila on the central nervous system of fish.
Microbial pathogenesis. 4 (5): 411-415.

Rottmann, R.W., J.V. Shireman and F.A. Chapman. 1991. Hormonal Control of
Reproduction in Fish for Induced Spawning. SRAC. 424: 4 p.

Rungrussamee, W., R. Leelatanawit, P. Jiravanichpaisal, S. Klinbunga and N.
Karoonuthaisiri. 2010. Expression and distribution of three heat shock protein
genes under heat shock stress and under exposure to Vibrio harveyi in Penaeus

monodon. Dev. Comp. Immunol. 34: 1082-1089.

Saitou, N. and M. Nei. 1987. The neighbor joining method: a new method for
reconstructing phylogenetic trees. Mol. Biol. Evol. 4: 406-425.

Santacruz, H., S. Vriz and N. Angelier. 1997. Molecular characterization of a heat
shock cognate cDNA of zebrafish, hsc70, and developmental expression of the
corresponding transcripts. Dev. Gen. 21: 223-233.

Schreck, C.B., B.L. Olla and M.W. Davis. 1997. Behavioural responses to stress, pp.
145-170. In Iwama, G. K., Pickering, A. D., Sumpter, J. P. and Schreck, C. B.,
eds. Fish Stress and Health in Aquaculture. Cambridge University Press,

Cambridge.



108

Sumpter, J.P. 1997. The endocrinology of stress. In G. K. Iwama, A. D. Pickering, J.
P. Sumpter, and C. B. Schreck (eds.), Fish stress and health in aquaculture.
pp 95-118.

Thompson, J.D., D.G. Higgins and T.J. Gibson. 1994. CLUSTAL W: improving the
sensitivity of progressive multiple sequence alignment through sequence
weighting, position-specific gap penalties and weight matrix choice. Nucleic

Acids Res. 22: 4673—-4680.

Triantafilou, K., M. Triantafilou and R.L.A. Dedrick. 2001. CD14-independent LPS
receptor cluster. Nat Immunol. 2: 338-345.

Vijayan, M.M. and T.W. Moon. 1994. The stress response and the plasma
disappearance of corticosteroid and glucose in a marine teleost, the sea raven.

Can. J. Zool. 72: 379-386.

Voellmy, R. 1996. Sensing stress and responding to stress. /n Feige, U., Morimoto,
R.I., Yahara, I. and Polla, B., eds. Stress-Inducible Cellular Responses. Basel:
BirkhaEuser. pp 121-138.

Wei, P.Y. and P.H. Klesius. 2011. Virulence of Aeromonas hydrophila to channel
catfish Ictalurus punctatus fingerlings in the presence and absence of bacterial

extracellular products. Diseases of Aquatic Organisms. 95:209-215.

Wendelaar Bonga, S.E. 1997. The stress response in fish. Physiol. Rev. 77: 591-625.

Yabu, T., S. Imamura, M.S. Mohammed, N. Touhata, T. Minami, M. Terayama and
M. Yamashita. 2010. Differential gene expression of HSP70/HSC70 in
yellowtail cells in response to chaperone-mediated autophagy. FEBS Journal.

278: 673-685.



109

Yamashita, M, K. Hirayoshi and K. Nagata. 2004. Characterization of multiple
members of the HSP70 family in platyfish culture cells: molecular evolution of

stress protein HSP70 in vertebrates. Gene. 336(2):207-218.

Yan, F., D. Xia, J. Hu, H. Yuan, T. Zou, and Q. Zhou. 2010. Heat shock cognate
protein 70 gene is required for prevention of apoptosis induced by WSSV
infection. Arch Virol. 155: 1077-1083.

Yang, Y.X., X.F. Sun, A.L. Cheng, G.Y. Zhang, H. Yi, Y. Sun, H.D. Hu, P. Hu, F. Ye,
Z.C. Chen and Z.Q. Xiao. 2009. Increased expression of HSP27 linked to
vincristine resistance in human gastric cancer cell line. J Cancer Res Clin

Oncol. 135: 181-189.

Yoo, J. L. and D.M. Janz. 2003. Tissue-Specific HSP70 Levels and Reproductive
Physiological Responses in Fishes Inhabiting a Metal-Contaminated Creek.
Department of Zoology, Oklahoma State University. USA.

Yu, HB., Y.L. Zhang, YL Lau, F. Yao, S. Vilches, S. Merino, J.M. Tomas, S.P.
Howard and K.Y. Leung. 2005. Identification and characterization of putative

virulence genes and gene clusters in Aeromonas hydrophila. Appl Environ

Microbiol. 71(8): 4469-4477.

Yue, X., B. Liu, L. Sun. and B. Tang. 2011. Cloning and characterization of a hsp70
gene from Asiatic hard clam Meretrix meretrix which is involved in the immune

response against bacterial infection. Fish & Shellfish Immunol. 30: 791-799.

Zarate, J. and T.M. Bradley. 2003. Heat shock proteins are not sensitive indicators of

hatchery stress in salmon. Aquaculture. 223: 175-187.



110

Zhang, D., L. Ke, K. Mackovicova, J.J. Der Want, O.C. Sibon, R.M. Tanguay, G.
Morrow, R.H. Henning, H.H. Kampinga and B.J. Brundel. 2011. Effects of
different small HSPB members on contractile dysfunction and structural changes
in a Drosophila melanogaster model for Atrial Fibrillation. J. Molec.

Cell. 51(3): 381-389.



APPENDICES

111



112

Appendix A
Effects of Warm Temperatures on Ovarian Development of Walking Catfish

Clarias macrocephalus (Glinther, 1864) During Post-Spawning Season



113

Kasetsart J_ (Nat. Sci) 46 : 759 - 768 (2012)

Effects of Warm Temperatures on Ovarian Development
of Walking Catfish Clarias macrocephalus (Giinther, 1864)
During Post-Spawning Season

Pornpun Poompoung!, Supawadee Poompuang'-* and Wongpathom Kamonrat®

ABSTRACT

This study aimed to determine the possibility of using temperature manipulation to stimulate
ovarian activities of Clarias macrocephalis during the post-spawning season. The ovarian development
and monthly change in the gonado-somatic index (GSI) of females held under pond conditions was
monitored over a 1 yr period from April 2008 to March 2009. In October, 13 mth-old female fish (weight
+SD=108+12.7 g) were randomly collected from an earthen pond and exposed to different temperatures
at 25, 30 and 35 °C under hatchery conditions for 6 wk. The results indicated that the change in the GSI
appeared to be correlated with the amount of rainfall. but not to the variation in seasonal temperature.
A significant (P < 0.05) variation of mean GSI values was observed among months with the highest
value £ SE (13.91 £ 3.63%) in July. Histological examination of ovaries revealed that in females held
under 25, 30 and 35 “C, the number of vitellogenic cocytes progressively increased from 0.5—4.7% at
week 2 to 4.6-19.7% at week 6, whereas in females held in the earthen pond, ovaries contained only
immature oocytes. Exposure to warm temperatures resulted in significant elevations of plasma cortisol
but not glucose concentrations. Although fully matured females could not be obtained, the present
study suggested that temperature manipulation was probably the practical way to increase the number
of maturing females during the off reproductive season for walking catfish.

Kevwords: Clarias macrocephaliis, gonado-somatic index, ovarian development, reproductive season,
vitellogenesis

INTRODUCTION

Aquaculture of catfish Clarias
macrocephalus (Clariidae) is well established
in Thailand and it has been a popular species for
domestic consumption for more than 40 yr (Na-
Nakom ef al., 1993). Since the early 1990s. a
hybrid catfish (C. macrocephalus » C. gariepiniis)
has replaced the culture of C. macrocephalus
because it grows rapidly and is more resistant to

diseases (Nukwan ef al., 1990). In 2009, hybrid
catfish production was ranked second behind
tilapia production with a total of 130,064 t valued
at THB 4.9 billion (Department of Fisheries,
2009). The expansion of hybrid catfish farming
has led to increased demand for C. macrocephalus
broodstock. Moreover, the availability of ripe
females is low at the end of the breeding season,
precluding year-round fry production.
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Female C. macrocephalus reach sexual
maturity at about one year of age. In Thailand,
the spawning season starts at the begimmning of
the ramny season in May and continues through
September (Jarimopas ef al., 1995; Panprommin
ef al . 2008). It 15 well understood that mduced
spawning of catfish by hormone injection outside
the natural breeding season is difficult due to low
numbers of maturing oocytes (Tan-Fermin ef al.,
1997a; Panpromunin ef al., 2008).

Temperature is the important
environmental factor influencing the reproductive
cyele and maturation in fish. Long-term
manipulation of water temperature has been
employed successfully to stimulate ovarian
development and to extend the spawning period
in African catfish C. gariepinus (Richter et al .
1987), snakehead Channa puncratus (Srivastava
and Singh, 1991), and m cold water species such
as striped bass Morone saxatilis (Clark et al .
2005). However, temperature mampulation, has
not been practiced to enhance the reproduction
capacity of C. macrocephalus. The present
study determuned the possibility of usimng warm
temperatures to stumulate oocyte development at
the end of the breeding season. In October 2008,
13 mth-old female walking catfish were randomly
selected from an earthen pond and subjected
to warm temperatures at 30 *C and 35 °C in
the hatchery for 6 wk. The fiming and duration
of exposure comncided with the post-spawnmng
period of the catfish. The seasonal changes of
reproductive development under pond conditions
were monitored over 1 yr from April 2008 to
March 2009 by measuring the gonado-somatic
index (GSI) and histological examination of
ovaries. Because exposure to mcreased water
temperatures may be stressful, plasma cortisol
and glucose concentrations were measured and
compared among different groups of females to
deternune their responses to temperature stress.

MATERIALS AND METHODS

Fish rearing

Fish used mn this study were produced
by the artificial fertilization of 40 females (weight
+ SD= 210+ 26 g) and 10 males (weight £ SD =
202 £ 12 g) in August 2007 and were obtained
from the Pathumthani Inland Fisheries Research
and Development Center, Pathum Thami province.
Larvae were rearad in concrete tanks (2 = 3 = 1 m)
at a stocking density of 3,000 m? for 2 mth (length
+SD=357=16cm) Thereafter, 3 000 2 mth-old
Juvenile females were stockedina 20 < 40 = 1m
earthen pond. They were fed commercial catfish
pellets with 25% protein (2% bodyweight) twice
daily at 0700 and 1600 hours. Water quality was
measured every month throughout the experiment.
Fifteen females were collected from the earthen
pond monthly from April 2008 (age = 8 mth) to
March 2009, measured and weighed. Ovaries were
collected and weighed for calculating the GSI
{zonad weight per bodyweight = 100).

Ovarian tissues were fixed 1n Bouin
solution for 24 hr, washed m 79% ethanol and
dehydrated using an automated tissue processor.
The tissues were embedded in paraffin, sectioned
to 5—10 pm, mounted on slides and stamed with
haematoxylin and eosin. At least 300 oocytes
from the anterior, middle and posterior parts of
the ovary of each female were examined using a
light microscope. Oocytes were classified info six
stages of maturation according to Groman (1982):
stage I, oocytes are undifferentiated and occur in
nests with large nuecle1 and acidophuilic cyvtoplasm;
stage I, oocytes mncrease in size, each contamns a
large nucleus with basoplulic chromatin; stage IIT,
oocytes show a well defined follicular epithelum
and basophilic cytoplasm; stage IV, oocytes are
characterized by the appearance of euvitellin
nucleol: along the nuclear membrane, the presence
of yolk granules in the cytoplasm and a more
distinet zona radiata in the cell membrane; stage
V. oocytes are larger with abundant yolk vesicles,
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showing fewer euvitellin nucleoli in the nucleus
and a degenerating nueclear membrane; stage VI,
oocytes are fully grown, contaming large amount
of acidophilic yolk granules in the cytoplasm.
Additionally, oocvtes of C. macrocephalus can be
classified as immature or pre-vitellogenic (stages I
to ITT), maturing or vitellogenic (stages IV and V),
and mature or post-vitellogenic (stage VI) (Richter
etal. 1987).

Ovarian development under warm
temperatures

Three hundred female fish (age = 13
mith; weight + SD = 108 + 12.7 g) were collected
from the earthen pond during October 2008 and
transferred to 5 = 10 » 1 m conerete tanks 7 d
prior to the experiment. One hundred and eighty
fish were stocked randomly over fifteen 50 L
aquaria (length, 90 cm; width, 45 em; depth, 45
cm) at a density of 12 fish per aquarium. The fish
were divided mnto three groups. Fish in the first
group were maintained at an ambient temperature
of 25 + 2°C. Fish in the second and third groups
were raised in aquaria contamning aerated water
heated by an immersion heater to 30 and 35 °C,
respectively. The experimental fish were fed
commercial pellets containing 25% protein at 2%
bodyweight twice daily and maintained for 6 wlk.
The dissolved oxygen and pH were measured
daily. Blood samples and ovaries were collected
from 15 imndividuals from each group after 2, 4 and
6 wk of rearing. Based on information from the
preliminary study, the range in temperature and
the duration of exposure were nonlethal for this
species under hatchery conditions.

Before tissue and blood collection, fish
were anesthetized with 2 phenoxyethanol (0.75
mg 1) Blood samples were taken from the caudal
vein using 1 mL syringes coated with Na)-EDTA
(Titriplex III; Merck; Darmstadt, Germany),
placed into 1.5 mL microcentrifuge tubes, and
centrifuged at 1,500 rpm at 4 *C for 10 min. The
plasma was stored at -20 °C until use. Cortisol

levels were quantified by radionmumunoassay using
a commercial kit (Cortisol Bridge kit, TKCO1;
L&ER. Enterprise Co. Ltd.; Bangkok. Thailand).
Plasma glucose was measured by a colorimetric
test using a conunercial kit (no. RA 122-10: End
point; BIOTECH; Bangkok, Thailand).

Statistical analysis

Data on GSI, the percentage of eggs
i different stages and the glucose and cortisol
levels were presented as means = SE. Statistical
differences between groups were analyzed by one-
way analysis of variance, followed by Duncan’s
multiple range tests for comparisons of means by
the stage of development. Simple linear regression
analysis was used to evaluate the relationship
between GSI and ramnfall as well as between
GSI and the proportion of post-vitellogenic eggs.
Analyses were performed using the Statistical
Package for Social Sciences (SPSS 11.0; Chicago
IL, USA). Results were tested for sigmficance at
the 95% level and highly significant results at the
9994 level.

RESULTS

Reproductive cycle of walking catfish under
pond conditions

Monthly changes in the GSI of mature
females. the water temperature and rainfall were
monitored over 1 yr(Figure 1). Water temperatures
varied from 25 to 30 °C, with the lowest temperature
i December and January. The amount of rainfall
varied from 0 mm during December to February to
313 mmm July. Significant varation of mean GSI
values was observed among months. From April
until August, mean GSI values ranged from 5.7 =
2.0% to 11.3 = 6.3% with the highest value (13.9
+ 3.6%) in July. The GSI decreased in September
and October and remamed low in November
and December (0.4 = 0.2% to 0.9 = 0.5%). From
Januvary to March, the GSI gradually increased
from22+15%t093+21%.
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Figure 1 Gonado-somatic index (GSI) values, temperature (°C) and rainfall (nun) throughout the
reproductive seasonality of female wallking catfish. GSI levels associated with histogram bars
with the same letters do not differ significantly (P < 0.05). Vertical bars represent = SE.

Histological analysis of ovaries exhibited
seasonal patterns of cocyte development that were
classified mnto six stages. Mean oocyte diameters
were 0.046, 0.062, 0.185, 0.35 and 1.0 mm for
stages II to VI, respectively (Figure 2). During the
natural breeding season from April to September,
the ovaries contained large quantities of post-
vitellogenic (stage VI) oocytes (34.1 = 0.7 to
59.0+ 1.3%; Figure 3). During the post-spawning
season in October and November, no advanced
cocytes (stages V and VI) were observed,
but the ovaries contamned high proportions of
previtellogenic (stage III) oocytes (46.8 + 1.4 to
63.1 £ 1.5 %). In December, oocytes in stages V
(12.8=+1.6%)and VI{1.9=0.4%) were observed
and the proportions of stage VI oocytes gradually
increased until March (26.7 = 1 4%) when ovaries
of females contained oocytes at all stages. A
posifive correlation was found between the GSI
and the proportion of stage VI oocytes (r=0.803, Higre. ;
P<0.01, Figure 4). Figure 2 Qocytes at different developmental

stages (II-VI) in the ovary of a mature
female walking catfish: (A) Stages
II-IV. (B) Stages IV-VI.
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Oocyte development under warm
temperatures

Oocyte development was examined in fish
exposed to different levels of warm temperature
and at an ambient temperature of 25 *C (Figure 5).
Atweek 2, the percentage of oocytes at stages IT to
IV was nearly identical among groups. At week 4,
the oocyte development of females in the treated
groups proceeded nto stage V. while oocytes of
females held at 25 °C as well as those of females in
the pond remained at stages IT to IV. The difference
in ovarian growth was pronounced at week 6, with
an increased percentage of vitellogenic (stage
W) oocytes (19.7 = 1.1%) mn fish held at 35 °C
compared to 6.5 0.6 and 4.6 + 1.7% 1n the 25 and
30 ®C groups, respectively, but ovaries of females
in the earthen pond were unchanged and contained
only previtellogenic oocytes (Figure 4). Sinularly,
at week 6, the GSI values were higher (0.64—0.68
%5) for fish in the 30 and 35 °C groups compared
to 0.42-0.47% for those in the pond and fish held
at 25 °C.

Plasma cortisol levels were higher
at elevated temperatures during the 6 wk of
exposure (Table 1). The cortisol concentration
was unchanged at 25 °C and 30 °C. However,
at 35 °C, the cortisol level was highest at week
4 (313.6 = 30.5 ng mL-!) and slightly decreased
to 251.5 = 18.5 ngmL-! at week 6 Although
olucose concentrations (123 4 = 12.7 mmol L-1)
were highest at 35 °C in week 6, the values did
nof differ significantly across temperature levels
throughout the experimental period.

DISCUSSION

Reproductive seasonality of tropical
freshwater fishes—including walking catfish—is
synchronized by environmental cues, particularly
rainfall (Freund er al . 1995; Tan-Fermin et al_,
1997b). In Thailand, the onset of C. macrocephalus
reproduction occurs at the beginning of the rainy
season (May) and continues through October.
The results in the current study indicated that the

highest reproductive investment of female catfish
reared in an earthen pond was in July (GSI =
13.91 = 3.63%) when the amount of rainfall was
highest (313 mm). At the end of the ramny season
from October until January, the GSI sigmificantly
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Figure 5 Proportions of oocytes at different
developmental stages (II-V) in females
held under elevated temperatures
for different durations. Values with
different letters for each developmental
stage indicate significant differences (P
< 0.05). Vertical bars represent + SE.
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decreased. with the lowest value in November
(0.41 £ 0.26%). These results were in agreement
with those of Panprommuin ef a/.. {2008). However,
the GSIvalues in the present study were lower than
those reported by Tan-Fermin et al.. (1997b), most
likely due to the differences 1n age and size of the
females and the culture conditions.

During February to September,
recruitment of ovarian follicles to maturation
resulted in a 115% mncrease in the GSI. The highest
numbers of post-vitellogenic (stage VI) oocytes
(58.8 £ 1.3%) were observed as the GSI value
peaked in July. At the end of breeding between
October and November, the GSI was lowest,
with the absence of advanced-stage eggs (stages
WV and VT) in the ovaries. Based on the GSI values
and distribution of oocytes, mnduced spawning
by hormone njection can be performed as early
as February and continue through September.
However, imnduced spawning would be difficult
from October to January, when pre-vitellogenic
oocytes dominate the ovaries. Generally, only
stage VI eggs can be induced by hormone
treatment in which ovulation occurs within 16-18
hr post injection (Ngamvongchon er al. 1988). A
study by Tan-Fermin et al. (1997a) reported that
induced spawning of 2 yr-old females throughout

the reproductive cycle was possible, because the
ovaries contain a large number of post-vitellogenic
oocytes for which development 1s arrested during
the off-season.

As in other teleost species, endogenous
mechanisms of reproduction are well understood
in walking catfish, but little 1s known about the
environmental control of their reproductive cycle
(Ngamvongchon er al., 1988; Freund er al., 1995;
Tan-Fermin et al.. 1997a; Tan-Fermun ef al..
1997b). Nevertheless, the results of the present
study implied that endogenouns mechanisms
rather than environmental factors may suppress
reproductive activity. The inference is based on
the observation of reduced ovarian size in October
and November despite favorable conditions for
oocyte development. that is. a moderate amount of
ramfall and optimal temperature. In some species,
ovarian regression comncides with the presence
of a refractory period during which ovarian
recrudescence 1s suppressed regardless of the
environmental conditions and their origin (Lam,
1983: Rachter et al., 1987; Freund er al., 1995).

Although temperature is considered
less important in tropical species (Lam, 1983),
several studies have documented the influence
of temperature on reproductive maturation. For

Table 1 Cortisol and glucose data (mean + SE) for female walking catfish exposed to different

temperatures for 14, 28, and 42 d.

Cortisol (ng. mL1) Glucose (mmol. L)

Week 2

25°C 15746 9.53 7957+ 501

30 °C 12143+ 3.14 8186+11.12

35°C 299 67 £ 20 30% 101.25+ 8.17
Week 4

25°C 19972 = 10.75 6172546

30 °C 133.69x17.18 7913+ 398

35°C 313.61 £30.50% 9267383
Week 6

25°C 10493+ 501 73841053

30°C 133.16 £ 5.18 7192+ 7.19

35°C 251.54+£18.62% 12341 +£12.70

* = Significant difference (P < 0.03) within week.
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instance, in African catfish (C. gariepinus),
ovarian development was enhanced and the resting
period was shortened from 4-7 mth to 2 mth
when the fish were kept at a constant 25 °C water
temperature compared to those kept in outdoor
ponds with ambient temperature fluctuations of
15% to 30 °C (Rachter ef al.. 1987). Additionally,
the authors suggested that water temperature
plays a more substantial role in regulating the
ovarian cycle than photoperiod. In snakehead
fish, a combination of warm temperature (30 °C)
and long photoperied stimulated reproduction
and extended the spawning period during the
annual reproductive cycle (Srivastava and Singh,
1991). In the present study, increased quantities of
vitellogenic eggs were observed in females held at
warm temperatures after 6 wk exposure. Moreover,
ovaries of fish held at 25 °C also contained low
proportions of vitellogenic eggs (6.5 £ 0.6%). In
contrast, no vitellogenic oocytes were observed
in fish held in the earthen pond under a seasonal
temperature regime (27 = 2.5 °C) during October
and November. It is not clear how an elevated
temperature exerts its effects on oocyte recruitment
in walking catfish. Studies have suggested that the
temperature may have direct or indirect effects
on the initiation of oogenesis, the production
of vitellogenin or the secretion of pitwitary and
reproductive hormones (Lam, 1983; Rachtereral.,
1987). For tropical species, warm temperatures
were found to stimulate the formation of yolk
vesicles in maturing oocytes (Lam, 1983). In
snakehead fish, high temperatures were reported
to mnduce a release of gonadotropin, resulting in
complete maturation of the ovary (Srivastava and
Smgh, 1991).

Wallking catfish exposed to a constant
temperature at 35 °C had higher levels of
cortisol compared to fish held at 25 and 30 °C
and the cortisol concentration in fish held at
35 °C remained high throughout the experiment.
Generally, a fish has the ability to adapt to altered
enviromments caused by long-term stress (Barton,
1997). However, a slight reduction in cortisol levels

after 6 wk of heat exposure implied that stress due
to high temperature may exceed the adjustment
ability of walking catfish. In such a case, a longer
period of thermal stress would severely affect
growth, reproduction and the immune response m
fish (Barton, 1997; Iwama er al . 1997). Cortisol
1s known to mediate the effects of stress on fish
reproduction in addition to 1fs role mn physiological
stress response (Pankhurst and Van Der Kraak.
1997). The release of cortisol into the circulation
can have either stimulatory or inlubitory effects
on the reproductive capacity of fish, depending
on the stage of gametic development (Pankhurst
and Van Der Kraak, 1997). Cortisol 1s thought to
accelerate vitellogenesis, which 1s nferred from a
higher level of plasma cortisol in matuning females
than i fully mature females (Billard er al., 1981).
In somie species, the long-terin elevation of cortisol
suppressed the production of mature cocytes
(Panlkhurst and Van Der Kraak, 1997). For walking
catfish, increased levels of cortisol may enhance
the production of vitellogenin, which was inferred
by an increase in number of stage-V oocytes in the
ovartes of females kept in the hatchery.

CONCLUSION

The present study demonstrated the use of
warm water temperatures to stunulate the ovarian
development of female catfish at the end of the
natural breeding season. Significant proportions of
vitellogenic oocytes were observed when females
were kept in the hatchery at constant temperatures
(30 and 35 °C) for 6 wk compared to fish held at
25 *C. Increased plasma levels of cortisol in treated
fish may have a stimulatory effect on yolk protem
synthesis. Although post-vitellogenic eggs could
not be obtained by short-term exposure to warm
temperatures in the hatchery, this study suggested
that temperature manipulation was probably the
practical way to increase the proportion of maturing
oocytes during the off-season. It would be useful
to determine whether long-term exposure, that 1s
3 mth of heat stress during the dry season, can
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induce the formation of post-vitellogenic oocytes.
However, factors such as stocking density and
water quality also can cause additional stress in fish
and may affect their reproductive performance.
Further research 1s required to determine the
effects of cortisol on final maturation as well as the
possibility of manipulating other environmental
factors to enhance the year-round breeding of
walking catfish.
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Abstract

Two different cDNAs encoding heat shock cognate
protein 70 genes were isolated from the lver of
walking catfish, The complete ¢cDMNA sequences for
walking catfish HSC70-1 and HSCFO-2 were of
identical length (2278 bp), with an open reading
frame of 1950 bp and a predicted 649 aminoe acld
protein. Genomic sequences of the walking catfish
HSC70-1 and HSC70-2 genes were composed of
elght exons and seven introns, but exon and intron
sizes were different. Aminoe acld sequences of both
proteins shared 94% similarity with 38 substitu-
tions. The walking catfish HSC70-1 and HSC70-2
proteins shared 82-93% identity of amino acids
with those of other teleosts, chicken and human.
Phylogenetic analysis revealed that walking catfish
HSC70-1 and HSCT70-2 clustered with channel cat-
fish HSC71. Under normal conditions, HSC70-1 and
HEC70-2 transcripts were expressed at similar levels
in lwver, gills, brain and skeletal muscle of walking
catfish. Bacterial infection by Aeromonas hydrophila
differentially induced the expression of HSC7(s in
these tissues during 48 h. HSCF0-1 was constim-
tively expressed at low levels im most tissues,
whereas HSCT0-2 was up-regulated at moderate
and high levels in liver and skeletal muscle respec-
tively . The significant increase In the expression of
HSCT-2 in these tissues may relate to the role of
HSC70-2 in the immune response of walking catfish,

Kevwords: Clarias macrocephalus, HSCT70, Aero-

maorias hydrophila, ¢DMNA cloning, genomic clon-
ing, bacterial infection

i@ 2012 Blackwell Publishing Lid

Introduction

Exposure to siress caunses protein disruption and
results in an accumulation of denatared and aber-
rantly folded proteins within the cell (Krone, Sass
& Lele 1997). Heat shock or stress proteins (HSPs)
are nbiguitons, highly conserved proteins that play
a central role In controlling cellular homecstasis
in response to a wide range of stresses, Including
heat stress, oxidative stress, heavy metals and bac-
terial infection (Iwama, Thomas, Forsyth & Vija-
yan 1998). HSPs are found in all organisms from
bacteria to fish and mammals, among which heat
shock protein 70 (HSP70) is the most widely stud-
fed group of HSPs (Feder & Hofmann 1999),
HSP7 is not expressed in most tissues, but is
highly inducible under stress conditions. Howewver,
some members of the HSP families are constito-
tively expressed in cells under normal conditions,
such as the 70-kDa heat shock cognate protein
(HSC70) (Iwama et al. 1998). HSC70 acts primar-
ily as molecular chaperone for other proteins to
facilitate protein synthesis, folding, translocation,
assembly and degradation (Feder & Hofmann
1999), HEC70D and HSP70 have received attention
in fish and shellish due to Increasing evidence of
their involvement in the immune system (see
reviews by Basu, Todgham, Ackerman, Bibean,
Makano, Schulte & Iwama 2002; Robert 2003;
Roberts, Agins, Saliba, Bossier & Sung 20104
Sung, MacRae, Sorgeloos & Bossler 2011). HSCT0
and HSP70 levels in liver and hepatopancreas tis-
sues were modulated during bacterial and wviral
infections (Deane, Li & Woo 2004; Ming, Xie, Xu,
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Lin, Ge, Liu, He, Cheng, Fhou & Pan 2010; Run-
prussamee, Leelatanawit, Jiravanichpaisal, Klin-
bunga & Karoonuthaisiri Z010; Yue, Lio, Sun &
Tang 2011; Zhang; Deane, Jia, Qu, Chen, Fhang &
Woo 2012). It has been suggested that the role of
HSC70 during infection is associated with various
pathwavs of protein translocation, whereas HSP70
is able to stimulate innate and adaptive immune
response and protect cells against apoptosis (Baso
et al. 2002; Robert 2003; Deans ot al 2004,
2012).

Disease is a major problem in aguaculture caus-
ing economic losses worldwide, Prevention and
cure of infectious diseases are relied on the con-
ventional approaches such as antiblotic treatment.
Until recently, studies of HSP70s and infectious
diseases have suggested the potential of using heat
shock proteins dedved from fish and shellfish
pathogens as recombinant DMA vaccines (Plant,
LaPatra & Cain 2009; Sung, Ashame, Chen, Mac-
Ras, Sorgeloos & Bossier 2009 Baruah, Ranjan,
Sorgeloos & Bossier 2010; Roberts of al. 2010
Rwckaert, Pasmans, Tobback, Duchateau, Decoste-
re, Haesebrouck, Sorgeloos & Bossier 2010; Bar-
uah, Ranjan, Sorgeloos, MacRae & Bossier 2011;
Sung ¢ al. 2011). HSCF0 genes have been cloned
from several fish species, including platyfish Xipho-
phorus maculatus (Yamashita, Hirayoshi & Nakata
2004, Wuchang bream Megal obrama amiblycephala
(Ming et al. 20010, grass carp Ctenopharyngodon id
ella (Zhang, Zhou, Wang & Zhou Zhang, Zhou,
Wang, and Zhou 2011) and humphead snapper
Lutjartus sanguineus (Zhang, Wu, Yang, Pang, Jian,
and Lo 2011). In addition, two HSC70 genes were
identified in zebrafish Dario rerio (Graser, Malnar-
Dragojevic & Vincek 1996; Santacruz, Vriz & Ange-
lier 1997), common carp Cuyprinus carpio (All, Dor-
gai, Abraham & Hermesz 2003) and wvellowtail
Seriola guingueradiata (Yabu, Imamura, Mohammed,
Touhata, Minami, Teravama & Yamashita 2011,

Walking ecatfish Clarias macrocephalus ((Qaridae)
is an important species for domestic consumption
in Thailand. It commands high retail prices due to
its superior meat quality, Although C. mecroce -
lus is widely distibuted throughout Southeast
Asia, culture of this species is well established in
Thailand for more than 30 vears, However, during
the culture period, walking catfish may suffer from
hasmorrhagic septicasmia or ulcerative disease
caused by the Gram-negative bacterium Aerom oras
hydrophila (Angka, Lam & Sin 19931 The
outhreak of the disease appears to be secondary

infection of stressed fish., Aeromonas fgdrophila was
reported to be the cause of high mortality in walk-
ing catfish from nursing to grow-out periods,
resulting in heavy economic losses |Areerat 1987
Angka et al. 1993),

In this study, we cloned ¢dDMNA and genomic
sequences of two cognate HSC70s from walking
catfish to predict amino acid sequences and deter-
mine their evolutionary distances from those of
other telessts and higher vertebrates. The HSCT70
EST clone obtained from previous work (Panprom-
min, Poompuang & Srisapoome 2007) was used to
design primers for RACE techniques. To investigate
the role of HSC70s in the walking catfish immune
gystem, the fish were injected intraperitoneally
with A. hydrophila. The expression profiles of the
two HSCT0 genes determined using semi-quantita-
tive RT-PCR were compared in brain, gill, lver
and muscle tissues during 48 h post injection.
This iz the first report describing the cloning
and characterization of HSC70 genes in walking
catfish,

Materials and methods

Rapid Amplification of cDNA Ends (RACE)

The 371-bp HSC70 EST clone (EB3603035) con-
taining the partial open reading frame and the 3’
untranslated reglon (UTR) was obtained from the
previons work (Panprommin ef al. 2007); there-
fore, only 3" RACE was performed. Total ENA
was extracted from liver tissue of an adult female
1152 g) using TRIzol reagent (Molecular Research
Center, Cincinnati, OF, USA) according to the
manufacturer's instructions. The extracted RMA
was purified using a QuickPrep Micro mENA
Purification kit {Amersham Biosciences, Bucking-
hamshire, TUK). The 3" RACE technique was uti-
lized to recover the 3" information of target cDNA
using a BD Smart BACE cDNA Amplification kit
(BD Biosciences ClonTech, San Jose, CA, TSA)
according  to  the manufacturer's  instructions,
Approximately, 1 pg of mBRNA was used for
first-strand ¢DMNA  synthesis, For the 3-RACE-
ready cDMNA, 1 pg of mRMNA, 1 pl of BD Smart 11
A oligo (3“AAGCAGTGGTATCAACGCAGAGTACG
COGG-3) and 1 plL of 5'-CDS primer [3'-(T1, (V-
FN=A C GorT: V=A, G or ] were used
to generate the nucleotide sequence at the 3
end. After first-strand cDMA  synthesis, the 3'-
RACE-readv cDNA was used as a template to

@ 200 2 Blackwell Publisling Lid, Aguacudtune Hessrdy, 1-13
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penerate the nucleotide sequence at the 3 end.
For RACE PCR reactions, a 30-pL PCR reaction
mixture consisted of 2.5 pLof 53-RACE-ready cDMN A,
5 pLoof 10= BD Advantage 2 PCR buffer, 1 pL of
10 mM dNTP Mix (each at 2.5 mM), 1 pL of 30x
BD Advantage 2 Polymerase Mix, 5 pL of 10:=
Universal Primer Mix [UPM: Long (004 pM), 5-
CTAATACGACTCACTATAGGGCAAGCAGTGETAT-
CAAC G CACAGT-3 and Short (2 pM), 3-CTAATA
COACTCACTATA GOGC-37, and 1 pL of 10 pM of
pene-specific  primers, HSCAO-1R1, HSC70-1RZ,
HSC70-1R 3, HSC7O-1R4 for HSC70-1 and HSC70-
ZR1, HSCT7O-2ZRZ, HSCFO-2R3, HSCT0D-2R4 for
HEC70-2 (Table 1), under the following conditions
for 25 cycles: 94°C for 3 min, 94°C for 30 s, 6(0°PC
for 30 sand 72°Cfor 3 min,

The RACE products were gel-purified using the
Gene]ET Plasmid Miniprep kit (Fermentas, Ger-
many) according to the manofacturer's instruc-
tions, Band doubles at 1000 bp were observed on
the agarose gel; therefore, two bands were clonad
separately. The DNA fragment was ligated into
pGEM-T Easy WVector (Promega, Madison, WI,

U5A) and transformed into E. coli strain JM109,
The positive clones were selected for extraction of
the plasmid using Gene]ET Plasmid Miniprep kit
(Fermentas) according to  the manuofacturer's
instructions. Three microlitre of extracted plasmid
DMNA was sequenced using the Thermo Sequence
Fluorescent Labeled Primer Cyvele Sequencing kit
{Amersham Pharmacia Biotech, Uppsala, Sweden).
The M13 forward and reverse primers were used
for nucleotide sequencing of the inserts,

Genomic cloning of two HSCT0 cDNAs

The two heat shock cognate ¢DMNAs obtained in
this study were called walking catfish HSCFr-1
and HSC70-2, Prmers for genomic cloning of
walking catfish HSCF-1 and HSCFO-2  were
designed based on the full-length ¢cDMNAs (Table 11.
Genomic DMA was extracted from the liver tissue
(2030 mg) of a female fish using a Genomic DN A
purification kit (Fermentas). The extracted DMA
was subjected to PCR amplification using eght
primers (Table 1). A 25-pL. PCR mixture consisted

Table 1 List of gene-specific primers, nuckotide sequences and positions of primers used in this study

Fosition®
Primer Primer sequence (5' to 3 HECT-1 HESCT-2 Dbjective
HECTO-1R1 CCAATECCTAATTTACCTTGAA 0223 SRACE
HECTO-1R2 GTCTCTACTETTGACAAGAGT 1485-1515 SRACE
HECTO-1R3 CCAGTATTAGAGATCGACTOLE B2 882 SRACE
HECTO-1R4 GCTCTEAGAGARATATCCTTATTTTCGA B0E-529 SRACE
HSCTo-2R1 CCAATECCTAATTTACCTTGAA 22102232 SRACE
HECTo-2R2 GEAGTTCCTCARAATCOAAGTG 14411481 SRACE
HECTO-2R3 CTACAGCAGGAGACACTCACT 895-T15 S'RACE
HECTO-2R4 CTCAGCATCAAGCCACAAAAGATECTGE 491-518 SRACE
HECTOF CAGATTOAGGTCACATTTGAC 20B5-2106 18201841 Genomic coning
HECTOR1 CCAATECCTAETTTGCOTTGAA 3088-3110 ZHIZ-ZBA5 Genomic coning
HECToRz GCTATTACCTATAGGTTA B00-818 B00-818 Genomic coning
HECTO-1R2 GTCTCTACTATTGACAAGAGT 2119-2130 Genomic coning
HECTo-2R2 GEAGTTCCTCAAATCOAAGTA 18431885 Genomic coning
HECTOF3 CCAGCTATTEGAGCATTGATC TG A5-6T 4567 Genomic coning
HECTO-1R3 CCAGTATTOAGATCGACTOLE 11681150 Genomic coning
HECTO-2R3 CTACAGCAGGAGACACTCACT B0 G924 Genomic coning
RTHECTO-1F GCTATTACCTATAAGTTAGAC 571-581 Semi-guantitative RT-FCR
RTHECTO-1R GTCTCTACTATTGACAAGAGT 14951515 Semi-guantitative RT-FCR
RTHEFTO-2F GCTATTACCTATAAGTTAGAC 571-531 Semi-guantitative RT-FCR
RTHEFTO-2R CAGAARCTTCTACAGEACTTC 10721082 Semi-guantitative RT-FCR
Ipp-actin-F* AGAGAGARATTETCCATAACATC Semi-guantitative RT-FCR
Ipp-actin-R' CTCCOATCCAGACAGAGTATTTA Semi-guantitative RT-FCR

*Mucleotide positions ame based on walking catfeh DNA sequences submitted to GenRank [Accesdon mumber [X 273642 for HECTD-

! and accession number [X273643 for HEFA0-2).

"Primers for fractin are based on GenBank sequence [Accesson number AY555575).

& 2012 Blackwell Publishing Ltd, Aguaculture Hessarch, 1-13
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of 1pl of genomic DNA, 2.5 pL of 10= Tag buffer,
0,75 pL of MgCly, 1.5 pL each of ANTPs, 1 plL
each of forward and reverse primers, 0.2 pL of 1 1
Tag DM A polymerase, and 17.05 pL of sterile water
under the following conditions for 235 cveles: 93°C
for 30 s, 38°C for 30 s, 72°C for 1 min 30 s, PCR
products were cloned and sequenced as described
above, The genomic nucleotide sequences were
compared with cDMA sequences to determine the
exon-intron boundaries of the genes.

Sequence analvsis and phylogenetic analvsis

The nucleotide and deduced amino acid sequences
were searched for homology and compared using
the BLAST programs (NWCBI, http://www.nebi nlm.,
nih.gov) (Altschul, Gish, Miller, Mevers & Lipman
1997, The Clustal W program (Thompson, Hig-
ging & Gibson 1994) was used for multiple
sequence alignment of aminoe acids from HSC70
and HSC71 proteins of other telenst species. These
amino acid sequences were used to constract the
HEC 70 phylogenetic tree using the neighbour-join-
ing method (Saitou & Mel 1987) and bootstrapped
for 1000 replicates using MEGA wversion 3.1
(Kumar, Tamura & MNei 200 ).

Tissue distribution using RT-PCR

Total RMNA was extracted from gill, liver, brain and
muscle tissues of five walking catfish (130 + 5.3 g
in  weight) using TRIzol reagent (Molecular
Research Center) according to the manufacturer's
instructions. Approximately, 1 pg of total RNA was
nsed for firststrand cDNA synthesis using 1Script
Select cDMA Synthesis kit (Bio-Rad, Hercules, CA,
75A) according to the manufacturer's instructions.
PCR amplifications were performed using the
primers listed in Table 1. The level of expression of
fractin was used as an internal control, Primers
for the fractin gene were based on information
obtained from channel catfish Tefelurus purnctatus
[AY3535575). PCR was carried out in a 23-pl
reaction  mixture containing 1= Tag  buffer,
0.75 mM MgCly, 0.2 mM of each dNTP, 0.4 pM
of each forward and reverse primer, 1 17 Tag DMNA
polymerase (Fermentas) and 0.5 pl of first-strand
cDMA, The PCR was performed under the follow-
ing conditions: pre-denaturation at  96°C  for
3 min, and 2A cvcles of denaturation at 93°C
for 30 s, annealing at 38°C for 30 5 and 72°C for
1 min. The last extension at 72°C was extended

for 3 min. Ten microlitre of each PCR product was
subjected to electrophoresis through a 1.3% aga-
raEe gel in 1= TBE buffer at 100 volts, A 100-bp
DA ladder was used to estimate the molecular
welght., The gel was stained with ethidium bro-
mide (0.5 mg/mL) and amplification produacts were
observed under TV light.

Bacterial challenge

One hundred, 4-month-old healthy fish  (body
weight = 29.7 + 6.4 g) were collected from an
earthen pond at the Department of Aguaculture,
Kasetsart  University, and transferred t© a
6 x 4 m* concrete tanks 7 daws prior to the exper-
iment, The fish were stocked randomly into two
230-L fibreglass tanks at 26-28%C of 30 individu-
als each. Fish in the first group were injected intra-
peritoneally  with 0.1 mlL. of 0.83% MNaCl and
served as a control. Fish in the second group were
injected with 0.1 mlL of 10" CFU/mL of A. Frapedro-
phila by the same route as control. The experimen-
tal fish were fed commercial pellets at 3% body
weight twice daily. Tissue samples, including brain,
gllls, liver and skeletal muscle, were randomly col-
lected from injected and control fish at 6, 12, 24
and 48 h post injection for total RMA extraction,

Expression of HSC70-1 and HSC70-2 mRNA using
semi-quantitative RT-PCR

Total RMNA was extracted from brain, gills, liver
and muscle tissues using the TREol reagent
(Molecular Research Center) according to  the
manufacturer’s  instructions. Firststrand cDMA
swnthesis was carded out using a RevertAid First
Strand ¢cDMNA Svnthesis kit (Fermentas) according
to the manufacturer's instructions, Approximatel vy,
1 pg of total RNA was incubated with 1 pL of oli-
poldT)ye at 70°C for 3 min. Four microlitre of
5= reaction buffer, 1 pL of RiboLock Ribonuclease
inhibitor and 2 pL of 10 mM ANTPF mix were
added and the reaction was incubated at 37°C for
3 min. One microlitre of BRevertAid M-MulV
Reverse Transcriptase (Fermentas) was added and
the mixture was incubated at 42°C for 60 min,
followed by 70°C for 10 min,

PCR reactions were performed using two sets of
penespecific primers, RTHSC70-1F, RTHSC7O-1R,
RTHSC70-2F and RTHSC70-ZR (Table 1). PCR
amplification was carried out In a 25-pL reaction
volume containing 0.5 pL of ¢DNA  first-strand

i 2012 Hackwell Publishing Ltd, Aguaculture Besmroh, 1-13
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template, (L2 mM of each dNTPs, 1= Tag buffer,
117 of Tag DMNA polymerase, 1 pM of forward pri-
mer and 1 pM of reverse primer. PCR profiles for
2h cvcles were as follows: denaturation at 93°C
for 30 s, annealing at 38°C for 30 s and extension
at 72°C for 1 min. The level of expression of
firactin was used as an internal control.

The PCR products were separated and visualized
on a 1.5% agarose gel containing ethidinm bromide
(0.5 mg/mL). The density of bands was measured
using FluorChem B Advanced Fluorescence,
Chemiluminescence and  Visible Light Imaging
(Alpha Innotech Corporation, San Leandro, CA,
118A), which corresponded to pixel density values
(Integrated Density Value, or TDV). Expression of the
HSCF0-1 and HSC7 -2 genes was measured as pixel
density values. The pixel density value of each prod-
uct was used to calculate the ratio of the selected
gene's expression relative to f-actin expression. The
expression of f-actin was normalized to 100,

Statistical analvsis

Data on relative expression levels of the two HSCT0
genes at four time points were presented as means
+5E. for each tissue, where n = 20 fish. Statistical
differences in gene expression levels between groups
were analysed using one-way analysis of vardance
(anova) using spss 11.0 (Chicago, IL, USA) A sm-
dent's t-test was used to compare means between
groups of HSC70) genes at the same time point. For
all statistical tests, significance was set at P < (.05,

Results

Cloning of two full-length HSC70 cDNAs

The full-length cDNA sequences of the walking cat-
fish HSC70-1 and HSC70-2 genes were 2278 bp,
with an open reading frame of 1930 bp encoding
f49 amine acids, Both ¢DMNAs contained 33 and
295 bases of 3'- and 3I-untranslated regions
(Figs 1 and 2). The 3-untranslated region of both
DM As included the termination signal (TAA) and a
conserved polyadenylation  signal  [AATAAA)
located 19 bases before the poly(A) tail. Molecular
masses determined from the deduced amine acid
sequences  were  approxmately  71.24 and
71.27 kDa, respectively, for HSC70-1 and HSC70-2,
A homology search of these proteins using the
BLAST program revealed highest homology to the
cvtosolic and constituti vely expressed HSCT0 family.

@ 2012 Blackwell Publishing Ltd, Aguandiure Hesarch, 1-13

A T A O LA T T T T AT P T T ARG LTRSS T T TG CATT B3
Fa_:"%g_,\r'mmrxwmc:m#::rm;hu1mwnl I‘EEI
rﬂu-n.vruv_mrw.l.ﬂﬂwmrmnwwmfm-r-,p.-ru-r-_u,ur LR
mr:mmrmm”.mé:ﬁ_x:ﬁmm:ﬁ’mt :T?\Gi'.l' 2:;
[Pes FTTE Sl o P m:ar-ﬁmw;1:+r: rrra- ‘wfm -ur-uw A s;
mf*ww_;'cmm';cALcréxuWﬂmslcu;A!Laécl _'II:I:
:u; .;:.u.:uml'l-rt-u*am ToToCET -.J.w.m;.mwrﬁu :I-

T M E % 30
J.H“'/‘"l'l.l.lﬂ" I"IA.T'-'H'.!‘M"""I I'J.I"f J.L'l'.l"ﬂ' T‘"I.l.'f "'J: l"'h""lﬂ.""l-.r'-"y [ =)
1 A T & ¥ : & ¥ 5 & Liw

Mm.p.'nu 'n ACRRCAN R TET TV"’d‘fl'h m’ ThCoE n'r.'..un.:. [T
¥ K R A ¥V R A E Zur
u.—mmwn—x.:rvcmmmmT ni-rv-rn-n l:.us 902

ll’l- 'I'l'i'?h-i'l‘ P-\.l I.'|11 a:'r 'll""IIT'T'hii'I.lTT-JAMI\i TG’-bi‘11l 1340
nO¥ L L
IO CICAT A O TRAASETE un"v-uw.nm n:cu.l\.:ﬂw -:J.-oc 1323
T ALICLINT 10 &
H.'L'I_fm “LTJJFJ‘_UA_H.I‘T_MﬁmmmTﬁ.uT\; 13ae
T ¥ 2D 3 1 ' g ¥ B & E R L K e
A AR T T T AT TR T TERAT T TR TSR SE T a3
T ] G ET K I T
m:r'cwmmr:mmmtm:ﬁtmrrn 1848
T F 1 g
ll""l“;f"'.ldr'klf-l I."'!lll'mlllld..lf&’nhrl ilT#‘I“A"’?M‘T# mdl"-’h‘l 1568
¥ bN 3 & x » e
nﬂx*m-:mmmr me.:rmn :It"}
[3 b I B HYV QK T EY K K
R R T X B LAY oI O - TE VLA T :ea:
B [ D EY S A K 4a Y AF F K i3
m—r TOMRITAIAGAL -r_u:Am'-J.m:l.rA.\.u-r ] 1D
Y § 0 B K E K I S O LI K@ =
AmwmmeWMTm 188
' E M LD EM T A SE
IM'A- l."\nl"- A'I' J\J.'MM- -#i“lnh-hhlﬂ?m IIAHIIT I.II.I.H- 185
L ] E Y q L]
cm-rmmnncrmmnm mn::':;ra—'rr 1820
t ¥ g 5 A B M PGG oG KNP T &
o Ltwrumv:rrmwu_a AT mw 1¥0
B A 9 A A F O O @ F8 ]
TM '-).“mummrrumnrwx:uurrr soea
Tm-\cr_nmwtm.— TTIT TICTOCTOCAMAI TOARTTOCT TATT 2uae
THATEAAT LR ARER e A T‘w'-wﬁ.’-ﬁlw#frﬁ“a"ﬂ 2WEE
TATACTTGANTGT TG JII.I.M'I'T" TTRATTATAGATGT TAAMGCTT T TRGOCRATROCIGE 2220

______ AN TGANCTIT TTC000CT CARAARARRARAAL 278

TTTECCT TAAATGTAMAT IR

Fignre 1 Nucleotide and deduced amino acid
sequences of walking catfish HSCF70-1, Three signatures
of the heat shock protein 70 family are shown in boxes,
a putative nuckar localization signal is underlined and
A consmsus sequence FEVD at the C-terminus is indi-
cated in italics. The numbers on the right are positions
of the nucleotides and amino adds, The palyadenyls-
tion signal (AATAAA) is underlined.

Amine acid sequence analvais identified three
slgnature sequences of the heat shock protein 70
family: IDLGTTYS in the N-terminal domain, IF-
DLGGGTFDOVENL and IVIVGGSTRIPEIQE in the
middle domain, and the EEVD cyvtoplasmic motif
at the C-terminus for both HSC70-1 and HSC70-
2 (Figs land 2). One repeat of the tetrapeptide
motif (GGMP) was present in the C-terminal
region of HSCTR], whereas HSCT70-2 contained
two GGMP motif repeats. Owverall, HSC70-1 and
HSC70-2 sequences were 94% identical, with 38
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Figure 2 Nucleotide and deduced amino acdd
sequences of walking catfish HSC70-2, Thres signatures
al the heat shock protein 70 Family are shown in boxes,
a putative nuclear localization signal is underlined, and
A consensus sequence BEEVD at the C-lerminus is indi
cated in italics, The numbers on the right are positions
al the nudeotides and amino acids, The palyadenyls-
ton signal (AATAAA) is underlined

substitutions between the two predicted proteins
(Fig. 3).

Alignment of the amino acld sequences of
HSC70-1 and HSCT0-2 with HSC70 and HSCT1
from other species revealed that the three signa-
ture sequences of heat shock protein 70 family
and the EEVD motif were highly conserved. The
two HSC70 proteins of walking catfish contained
49 amino acids, similar to those of zebrafish
HSCT0, channel catfish HSC71 and Wuchang
bream HSC70. The HSC70 amino acld sequences
of all fish species varied from 12 to /30 residues,

whereas clawed frog HSC70 and human HSC70
contained 46 amino acids (Table 21, The HSC70-
1 and HSC70-2 shared 82-93% identity of amino
acids with other telepsts, chicken and human
(Table 3). The amino acid sequences of HSCT0-1
and HSC70-2 were submitted to the GenBank
database with accession numbers JX112294 and
JX112295 respectively.

Genomic DNA structure of HSC70-1 and HSC70-2

Initially, primers (HSCTOF1-R1) were designed
based on information of a 371-bp EST clone
(EB3R0505) of C. macrooephalus. These primers
were used to clone a fragment of 1048 bp.
Subsequently, primers HSC7OF2-HSC70-1R2 and
HSCTOF3-HSCTO-1R3  were designed and were
used to clone a 1351-bp and a 1165-bp fragment
respectively. A genomic sequence of HSCF0-1
(3179 bp) was obtained. The coding region con-
sisted of seven imtrons (144, 85, 89, 203, 199,
233 and 195 bp) and eight exons (203, 206, 153,
556, 203, 199, 233 and 195 bp) (Fig. 4). The
genomic sequence of the walking catfish HSC70-1
gene was deposited in GenBank under accession
number [X273642,

Primers HSC7OF1-R1, HSC7OF2-HSC70-2R2 and
HSCTOF3-HSC70-2R3 were used to clone three
genomic fragments (921 bp, 1094 bp and 1110 bp
respectively) of HSC70-2, A genomic sequence of
HSC70-2 (2980 bp) was obtained. The coding
region of HSCF0-2 conslsted of seven introns (144,
85,22, 64, 117, 126 and 144 bp) and eight exons
{205, 206, 172, 539, 201, 213, 219 and 195)
{Fig. 4). The genomic sequence of the walking cat-
fish HSC70-2 gene was deposited in GenBank under
accesston number [X273643, Comparsons of geno-
mic structure revealed that the exon and intron
sizes of the two genes were different for exons 3, 4,
3, b and 7 and for introns 3, 4, 5 and A,

Phvlogenetic analvsis

Phylogenetic analysis was performed based on 153
amino acid sequences of HSCT0 and HSC71. A
phylogenetic tree showed two distinet branches for
fish and clawed frog, chicken and human (Fig. 3).
Among  teleosts, the HSC70-1 and HSCT70-Z
sequences of walking catfish were clustered with
channel catfish HSC71, which would be expected
given thelr membership in Order Siluriformes. A
second group of teleost sequences comprised mem-
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Figure 3 Alipnment of amino acid - e

sequences of HSCF0-1 and HSP7D-
2. Mentical amino acids are
marked with asterisk (%), highly
related amino acids with a colon Bt
(2, and related amino acids with
single dot (). Numbers refer to the e.
position in amino acid sequence,

*. _macrassphalus Hee
*. mAcrassphaluE_HEC

. MASE

masescaphalus

bers of Family Cyprinidae, including common carp,
glbel carp, Wuchang bream, zebrafish and fathead
minnow, and sequences from Japanese flounder
and killifish. The two clusters joined the sequence
from Atlantic salmon., The second major branch
consisted of sequences from higher wertebrates,
including human, chicken and clawed frog.

Expression analysis of HSC70-1 and HSC70-2 in
response to A, hyvdrophila challenge

Under normal conditions, the mBNA levels of
HSC7r-1 and HSC70-2 were similar in lver, gills,
brain and skeletal muscle of walking cattish. The
temporal expression of HSC70-1 and HSPFO-2
after a bacteral challenge was analysed in the
same tlssues. To distingoish the twe HSC 70s

cDMNA sequences, gene-speciic  primers  were
designed  for HSCFO-1  (RTHSC70-1F  and
RTHSC70-1R) and HSC-2 (RTHSC70-2F  and

RTHSC70-2R) (Table 1). PCR products of size
945 bp and 322 bp were obtained, respectively,
for HECF0-1 and HECF0-2, The positions of these

1 2012 Blackwell Publishing Ltd, Aguandture Ressarch, 1-13
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primers were chosen to prevent amplification of
the HSP70 cDMNA. The A. hydrophila challenge
resulted in differential expression of the two genes
in walking catfish tissues during a period of 48 h
(Fig. #). The expression levels of the HECF0-1 and
HYC70-2 in the brain were similar at each time
point (P < 0.05), However, slight but significant
differences  in HSC70-1 mBEMNA  levels  were
observed in the brain at 12 h, with 0.5-1.0 fold
increase (P < 0.05) in comparson with the con-
trol. The HECF-2 was up-regulated significantly
in gllls at 24 h post injection and remained
unchanged at 48 h, whereas the mRNA level of
HSCF-1 changed only slightly during a 48-h per-
iod, In the liver, results of t-test showed that the
expression levels of HSC7-1 and HSCF0-2 were
significantly different at each time point. Whereas
the mBNA levels of HSC70-1 in liver tlssue
increased slightly at 12 h and remained unchanged
at 48 h, the HSC70-2 was significantly up-regu-
lated at 24 h and decreased markedly at 48 h post
injection. In skeletal muscle, the HECT0-2 concen-
tration increased gradually from 6 h and peaked at
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Table 2 Comparizon of HSCT0 amino acid sequence of
walking catfish with those of tdeosts and other spedes

Amino acid

Species ORF (bp) residues
Clanas macrocaphaius HSCT0-1 1950 -2 0=
Clanas macrocaphalus HSCT0-2 1950 -2 0=
lptalurus punctaius HECT 1950 649
Funduius heferocitus HSCTD 1830 612
Acanthopagrus gchisgsiil HSCT0 1953 650
Faralichthys ofivaceus HSCT 1839 812
Fimaphaies promeias HSCT0 1953 650
Mepalobrama ambiycephala HECTD 1950 49
Danio rero HECTO 1550 -2 1]
Cyprinus camib HSCT0-2 1935 Gl
Carassius auraius gibeio HSCT0 1950 -2 0=
Xenopus lasvis HECTO 1963 &50
Galius gaiius HECTO 151 -2 1]
Homo sapiang HECTO 1941 215

48 h post injection, with threefold increase com-
pared with that of the control. In contrast, the
mBMA level of HSCA-1 changed only slighty dur-

ing a 4&8-h period.

Discussion

In this studvy, we isolated and characterzed two
cognate heat shock protein 70 cDMAs from the
liver of walking catfish. Band doubles at 70 kDa
were observed on an agarose gel for purification of
cMA: therefore, the two bands were cloned sepa-
rately. We obtained two complete cDMAS and were
designated as HSC70-1 and HSCF0-2, The lengths

of HRC70-1 and HAC70-2 cDMAs were 2278 bp,
with ORFs of 1930 bp encoding 649 amino acids.
The walking catfish HSC70-1 and HSC70-2 pro-
teins shared high amino acid sequence identity
(B3-90%) with those of HSC70s from other fish
species and, therefore, were placed in the HSP70
pene family, The amino acid sequences of fish
HSC70s showed a high degree of similarity at the
M-terminus, whereas the sequences at the C-
terminus were more variable, Characterization of
genomic sequences revealed that the walking cat-
fish HSCF0-1 and HSCF0-2 genes were composed
of eight exons and seven introns. Differences in
exon and intron sizes were observed between the
two loci, The major difference was in the size of
intronn 4, which was larger (198 bp) in HSC70-1
than in HSC70-2 (64 bp). In common carp, the
similarities of HSC70-1 and HSC70-2 were BE%
and 78% at the protein and DMA levels respec-
tively (Ali ef al. 2003). There were &9 substitu-
tions between the two common carp profeins, 31
of which located in the C-terminus. Walking cat-
fish HSC70-1 and HSC70-2 sequences were 949
identical, with 38 substitutions between the two
pradicted proteins. Nucleotide sequences of the two
cDMNAs shared 91% identity.

Genomic structures of the two loci were similar
to those of other telepst fish, including Rividus
marmoratus (Park, Lee, Yoon, Lee, Choe, Choe,
Park & Kim 2001), common carp (All et al. 2003)
and Wuchang bream (Ming et al. 2010). Interest-
ingly, exon sizes were identical between walking
catfish HEC70-1 and Wuachang bream HSC70, but

Table 3 Per cent identity and similarity of walking catfish HSC70-1 and HSC7{0-2 amino add sequences to those of
other fish, clawed frog, chicken and human HSC70 and HSC71 amino acid sequences

HSCT0-1 HSCT0-2
Species Identity Similarity Identity Similarity Accession number
iptalurus punctaius HSCT 94 5 0 94 PaATTT3
Funduius heferocitus HSCTD o5 11 21 -] Do@e2Ts
Salmo gaiar HSCTD 95 - a0 aa BTo59361
Acanthopagrus schisgaell HSCT0 94 83 89 80 AANDTEES
Faralichthys ofivaceus HSCT 95 - a0 aa ABDOEE 14
Fimaphaies promelas HECTD 83 @5 ft] 93 AAT4E519
Megaiobrama ambiycaphala HSCT0 85 @1 @1 =] EU&Z3471
Danio rano HECTO 9 94 a7 " CAATZZE
Cyprnus camib HECTD-2 53 o5 j=1] =] AAFS1388
Carassius auraius gibelo HSCT0 a7 @1 AADETIH
dalius gailus HICTO o3 a7 91 NP 980334
Homo sapiens HECTO 9 94 a7 " NIF_00s588
Xenopus laewvs HECTO 53 o5 2] 53 AAHMN 201
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Figure 4 Predicted gene structures of walking catfish HSCF0-1 and HSC70-2, White boxes represent exons, black
boxes are 3'- and 3'untranslated regions and lines represent introns, The sizes (base pairs) of each exon and intron
are indicated. The starl codon (ATG) and stop codon (TAA) are also indicated.
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Figure 5 Phylogenetic tree showing relationships of HSCF0-1 and HSCT70-2 deduced amino acid sequences of
walking catfish and amino acid sequences of HSCTO/HSCT?1 from other species, GenBank accession numbers are as
Tollows: Clarias macrocephalus HSCT0-1 (JX112294), . macrocephalus HSCT0-2 (X1 12295), Cyprinus carpic HSCT0
[AAPS15388), Carassius auratus gikelic HSCTD (AAOL53751) Danie reric HSCTD (CAAT2216), lotalurus punciatus
HECT1 (P47773), Pimephales promelas HSC70 (AAS26619 ), Megalobrama amblycephala HSC 70 (EU62347 1), Salmo

salar HSC7D (BTO5395361), Fundwus heferoclitus HSCTD (DO202278), Paralchihys olivacens HSCT1

(ABODGE 14,

Xenopus laevis HSCT0 (AAH41201), X tropicalis HSC7 1 (XMO0D2937528), Gallus gallus HSCT0 (NP_990334) and
Home sapiens HSCT0 (NP_00D658 8], The numbers al branches indicate bootstrap values after 1000 replications,

the intron sizes were different (Ming et al. 2010),
The functional significance of this similadty, how-
ever, is not known, The presence of introns is a
major characteristic of the constitutive forms of
the HSP70 family, whereas the inducible forms do
not contain introns (Iwama e al 1998), The lack
of introns in the inducible HSP70s allows rapid
translation of mEMA into nascent protein during
stress (Basa et al. 2002). It has been suggested
that multiple forms of HSP7O/HSCTO in fish
penomes arose by gene duplication during verte-
brate evolution (Yamashita et al. 2004; Yabu e al.
2011).

The heat shock protein (HSP70) family contains
both  inducible and constitutively  expressed

i@ 3112 Blackwell Publishing Ltd, Aguacdture Besarch, 1-13

members, The role of inducible HSP7O in immune
svatem of fish is well characterized, but the func-
tion of HSCF0 during bacterial infection has vet to
be elucidated. Studies reported that bacteral chal-
lenge modulated the mEMA levels of the cognate
HYCA in varous tissues of fish and shellfish. Ra-
maglia, Harapa, White and Buck (20041 reported
an increase in protein levels of heat shock cognate,
HSC73 in liver and brain of the western painted
turtle infected with Citrobacter app., the causative
agent of septicasmic cutanaous ulcerative dermati-
tis. Deane et al. (2004) reported an increase in
expression of HECT0 in liver of silver sea bream
after Vibrio alginolytices challenge, Wuchang bream
that received an injection of A. hydrophilea showed
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that HSC70 levels in lver tissue peaked at & h and
decreased to baseling after 24 h (Ming et al. 20100,
Tiger prawn ( Pemnaeus monadon) exposed to V. harverd
had increased levels of heat shock cognate HSP70 in
gill tissue after 12 h of treatment, and expression
returned to the same levels as controls after 72 h
(Rungrussamee ¢t al. 2010). In addition, Yue o al
(2011) reported that the FSC71 mRMA levels in
hepatopancreas of gill of Asiatic hard clam [ Meretrix
meretrix ) were significantly increased at 12 h post
injection of V. parehaemolyticus and decreased to
baseline at 24 h,

In this study, the expression of HSCFo-1 and
HEC7-2 was detected in various tissues of walk-
ing catfish under normal conditions (data not

L

shown). By contrast, bacterial infection differen-
tially induced the expression of the two genes in
brain, gills, liver and skeletal mmscle of adult fish
during a 48-h period after A hydrophila chal-
lenge, HSCFO-1 was constitutively expressed at
low levels and was slightly induced in most tis-
snes, HSC70-2, however, was slightly expressed
in brain and gills and moderately up-regulated in
liver and skeletal muscle. The mBMNA levels of
HSC70-2 peaked at 24 h and returned to the
same levels as controls after 48 h, In contrast,
the HSCF0-2 transcript in skeletal muscle gradu-
ally increased after 6 h and its level was highest
at 48 h. Stressdnducible HSC70 isoforms have
been reported in zebrafish, common carp and vel-

@ 2001 2 Blackwell Publshing Ltd, Aguarwiiure Ressarcd, 1-13
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lowtail. Expression patterns of these penes were
different under wvarious stress conditions, e.g.,
heat stress, cold shock and heavy metal treat-
ment, and appeared to be tissnespecific. For
instance, common carp HSOF0-1 was expressed
at high levels in liver after cadmium exposure,
while the expression of common carp HSCF0-2
was induced by cold shock in muscle (Al ef al.
2003). In culture tailfin cells, vellowtail HSC70-1
was constitutively expressed under normal and
heatshock conditions, whereas HSCA-2 was
up-regulated by heat shock treatment (Yabu ef al.
2011). Our results showed similar findings, sug-
gesting that HSCT70-1 was constitutively expressed
in most tissues, whereas the expression of
HSC70-2 was induced by bacteral infection in a
tissne-specific manner,

The bacterium A. hydrophila is a cansative agent
of hasmorrhagic septicaemia, an important disease
in freshwater fish, Svstemic infection results in
mortality within 24-48 h (Arveerat 1987 Angka
et al. 1993), The most common clinical signs and
lesions are hasmorrhage in skin, fins, abdominal
cavity and muscles (Silva, Mourine, Viera, Jatobd,
Seiffert & Martins 2012). Histological changes
include focal cellular necrosis in the liver and hae-
maopoietic cells, heart and skeletal muscles (Rey
et al. 2009), In this study, the significant increase
in the expression of HSCF0-2 in walking catfish
liver and muscle may relate to the role of HSCF-
2 in immune response of these tissues after bacte-
rial infection. Ming et al. (2010) reported that
A. hydrophila injection modulated the expression of
HECT0 and HSP7O in liver of Wuchang bream in
a time-dependent pattern. Both HSC70 and HSP70
mBEMNA levels significanty increased at & h and
returned to baseline at 24 h, A similar pattern of
HSC70 expression was observed after walking cat-
fish were infected with A. hydrophila in this study.
The HSC70-2 mBEMNA concentrations peaked at
24 h and decreased to level of the control at 48 h,
Unlike liver, the HSC70-2 mRMNA level was w
high in skeletal muscle at 48 h. Becanse fish
infected with A. hydrophila showed severe skin and
muscle lesions at the injected site, the high level of
HEC70-2 in muscle may suggest the involvement
of HEC70-2 in cell protection and survival.

Aeromaonas hydrophila infection did not modulate
the expression of both HSC70 isoforms in brain of
walking catfish. Similar results were reported in the
brain of humphead snapper infected with V. harveryi
(Fhang, Zhou e al. 2011, Fhang, Wua e al. 2011).

@ 2112 Blackwell Publishing Ltd, Aguacdture Hessarch, 1-13

There has been no report on the role of ASC70 in
brain tissues of other teleosts under infections chal-
lenge, Nevertheless, a study in western painted tur-
tle (| Chrysemgs picta bellil) reported that bacterial
infection induced significant mENA levels of constit-
utive HSP73 in the brain (Ramagla et al. 2004);
high levels of HSP73 in the brain may suggest the
role of this protein in translocation and svnaptic
vesicle recycling.

The expression of HSPF-2 in the gills of walk-
ing catfish slightly increased after injection with
A, hydrophila at 24 h, It was likely that HSC70-2
was insensitive to the bacteria at the eardv hours
following injection. The increased levels of HSCT0-
2 in gills may correlate with csmotic regulation in
the walking catfish.

In conclusion, we cloned and characterized two
DM As encoding /49 amino acid heat shock cognate
proteins designated HSCF0-1 and HAC70-2 in walk-
ing catfish. The two HSC70 genes showed high levels
of similarity of protein products, but less similarty at
the DMA level, Gene structure and deduced aminoe
acid sequences of these heat shock cognate protein
705 in walking catfish were similar to those of
homologows genes from other species. A. hydrophila
infection caused a tissue-specific expression of
HSC-2. The mRNA levels of HSC7i-2 were modu-
lated in liver and skeletal tissues, but not in brain
and gills. The expression of HSC70-2 might be asso-
clated with the immune response of walking catfish.
Further research is needed to elucidate the role of the
two coples of HSCF0s in response o other stressors
such as heat, and to determine the functional signifi-
cance of the two copies of HSC 70 in the walking cat-
fish genome. Future studies of the inducible FSP70
would enhance knowledge of this gene and its role
against infections diseases for walking catfish,
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