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The experiment was firstly conducted on the cell maintainance of P. monodon
haemocytes in 3 different media. High viability and relatively high activity of the cells were
found in the haemocytes maintained in M 199 and the haemocyte were maintained for 4 days
with high survival rate whereas the haemocytes maintained in TC100 and Grace's insect
media showed high activity but very low viability. Therefore, M199 were further used for
maintaining the haemocytes in heat shock experiment. Haemocytes were treated with the
temperature of 4, 30, 33, and 35°C for 1 and 2 h. Protein profiles of haemocyte extracts were
detected using polyacrylamide gel electrophoresis. The result revealed the difference of
peptide bands in samples extracted from different heat treatment. However, the consistency of
the results was not satisfied. When Western blot analysis using specific antibodies was carried
out, only HSP90 was detected. The sensitivity was aso low therefore it was not suitable for
guatitative analysis. The investigation on heat induced genes using differential display
technique obtained 10 transcript markers. Nine of them were unknown genes and one was
identified as vigilin gene. The EST analysis of heat induced haemocyte cDNA library
provided DNA sequences of 1090 clones. Of these, 687 clones (63%) were identified genes
and 132 clones (12.1%) were reported to be involved in the defense system and homeostasis.
Full length sequences of HSP60, HSP70, and HSP90 genes were completed by the
combination of techniques. This included RT-PCR, RACE-PCR and cDNA library screening.
The results revealed that the ORF of HSP60 was 1731 bp coding for 576 amino acids, HSP70
ORF was 1959 bp coding for 652 amino acids, and HSP90 ORF was bp coding for
amino. acids. All '3 genes contained a number of specific HSP patterns of their kinds
confirming the idertity of each gene. The results of this study will be basic knowledge for
HSP function investigation and will be useful for biomarker application in stress condition
and breeding selection in P.monodon.
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CHAPTER|

INTRODUCTION

Black tiger dhrimp, Penaeus monodon is the most important species for
commercid shrimp culture in Thaland. Currently, infectious dissases ae the man
problems in shrimp production. Disease outbresk manly caused by viruses has
greatest impact on shrimp culture. As it has been known that shrimp immune system
is 0 dfferent from higher animas They have no gpecific antibodies as normaly
found in vertebrates. To eiminaie potentia infectious microorganisms, the defense
system rey entirdy on innate immunity, both cdlular and humora components
(Bachere, 2000; Varges and Yepiz, 1998). In order to find to solution for the disease
problems, much atention has been pad to the immune reating proteins found in the
haemolymph, haemocyte and in many certan tissues. In response to stressful stimuli,
cdls increase synthesis of one or more families of dress proteins known as heat shock
proteins (HSPs). The expresson of HSPs is rapidly up-regulated by various stressors
and physologicd perturbations (Fink and Goto, 1998). Acute stressors can be both
immuno-gimulating and  immunosuppressive  effects  depending on  species  and
physologicd daus of the anima. Furthermore, induction of HSPs has adso been
obsarved after infection of cells with a variety of bacteria or viruses. HSPs perform
essentid  biologica - functions under both physologicad and  dressful  conditions.
Genegrd functions attributed to HSPs include preventing protein aggregates under
physca dress sarving as molecular chaperones in protein transport between cell
organelles and. contributing to the folding of nescent and dtered proteins. This aso
includes a role in immunological process. The exposure of organisms to Stressors
induces the expression of HSPs, as they dlow cdl survival during and after dress.
HSPs are families of proteins, classfied according to thear aoparent molecular weight
into four magor groups, hsp90, hsp70, hsp60, and low-moleculaweight proteins
(Santoro, 2000). The eevation in HSP levels was detected in cdls under a variety of
harmful stimuli. The connection between dtress responses and disease resisance has
been reported in various numbers of domedticated animds. In shrimps, information
concaning the effects of dress on immune functions is scarce. Therefore, the
identification and characterization of the genes that involved in defense and



homeodtasis are urgently needed in order to prevent and control diseases which are
essentid for further development of a sustainable shrimp culture.

1.1 Penaeid shrimp biology

Penaeid shrimps are classified into subphylum Crustacea, phylum Arthropoda
which is made up of 42,000, predominantly aquatic species, that belong to 10 classes.
Within the class Malacostraca, shrimps together with crayfish, lobsters, and crabs,
belong to the order Decapoda. The exterior of penaeid shrimp is distinguished by a
cephalothorax with a characteristic hard rostrum, and by a segmentd abdomen. In the
head region, antennules and antennae perform sensory functions. In the thorax region,
the maxillipeds are the first three pairs of appendages, modified for food handling,
and the remaining five pairs are the walking legs (pereiopods). Five pairs of
swimming legs (pleopads) are found on the abdomen (Baily- Brock and Moss, 1992).
A lage part of the cephalothorax in penageid shrimp is occupied by the hepatopancreas.
The main functions of the hapatopancrease are the absorption of nutrients, storage of
lipids and production of digestive enzyme (Johnson, 1980). The haemocytes are
produced in haematopoietic tissue. This organ is dispersed in the cephalothorax.
Organic compounds in the water stimulate the foraging activity of the shrimps.
Shrimps slowly chew on the food by means of their mandibles and maxillae (Baily-
Brock and Moss, 1992). Shrimp are omnivorous when their food is of poor quality

and scare, they will eat any food and have the tendency to become cannibalistic.

1.2 Shrimp culture

Development of shrimp farming

Shrimp farming started more than a century ago in Southeast Asia where
farmers raised incidentally wild shrimp crops in tidal fish ponds (Rosenberry, 1997).
In 2000, more than 85% of the cultured shrimp production was still raised by farmers
in the eastern hemisphere. Thalland was the main shrimp farming country, followed
by China, Indonesia and India (Rosenberry, 2001). To a lesser extent, shrimp are

produced in Latin America, with Ecuador as the leading country. At present, shrimp



farming is also substantially expanding towards the Middle East and Africa
(Rosenberry, 2001).

I mportant culture species

The most important cultured penaeid shrimp species are the black tiger shrimp
(Penaeus monodon), Pecific white shrimp (P. vannamel), kuruma shrimp (P.
japonicus), blue shrimp P. stylirostris) and Chinese white shrimp (P. chinensis).
World shrimp production is dominated by P. monodon

P. monodon is the largest, reaching 330 mm or more in body length, and
exhibits the highest growth rate of all cultured penaeids (Lee and Wickins, 1992). P.
monodon can reach a market size up to 25-30 g within 3-4 months after PL stocking
in cultured ponds and tolerates a wide range of salinities (Rosenberry, 1997). Those
facts together make the black tiger shrimp an interesting species to culture. Although
P. monodon was normally considered as exceptionally tough, the rapid growth and
intensification of its culture industry generated crowding and increased environmental
degradation, which made the animals more susceptible to diseases (Lightner, 1983;
Johnson, 1989). Nowadays, many disease problems are associated with this important
culture and, therefore, P. monodon was chosen in the present research as model to

study the stress response in relation to the shrimp defense system.

Major constraintsin shrimp culture

Rapid growth of commercial shrimp operation may lead to over fishing of
wild shrimp broodstocks. In addition, the expansion of shrimp culture is accompanied
by local environmental degradation and the occurrence of diseases of both infectious
and noninfectious etiologies (Lightner et al., 1992). Disease outbreaks, mainly
caused by viruses and bacteria and to a lesser extent by rickettsiae, fungi and
parasites, may cause losses up to 100% (Johnson, 1989; Lightner et al., 1992;
Lightner and Redman, 1998).

Up until now, approximately 20 viruses have been described in shrimp culture.
The white spot syndrome virus (WSSV) and yellow head virus (YHV) have had the
greatest impact on shrimp culture and, a present, still cause the mgor disease

problems (Rosenberry, 2001). Other important viruses are infectious hypodermal and



haemotopoietic necrosis (IHHN) virus, hepatopancreatic parvovirus (HPV),
baculoviral midgut gland necrosis (BMN) virus, baculovirus penael (BP), monodon
baculovirus (MBV), lymphoid organ vacuolisation virus (LOVV) and Taura
syndrome virus (TSV) (Lightner, 1996). Only a small number of bacteria species
have been diagnosed as infectious agents in penaeid shrimp. Vibrio spp. are by far the
major bacterial pathogens and can cause severe mortalities, particularly in hatcheries.
Vibriosis is often considered to be a secondary infection, which usually occurs when
shrimp are weakened (Johnson, 1989; Lightner et al., 1992). Primary pathogens can
kill even when other environmental factors are adequate, whereas opportunistic
pathogens are normally present in the natural environmental of the host and only kill

when other physiological or environmental factors are poor.

1.3 Shrimp defense system

Evolution of the immune system

Two systems providing internal defense against infectious agents have been
selected during evolution, the innate (natural) and the acquired (adaptive) immune
systems. The acquired immune system, which is phylogenetically younger, is found
only in vertebrates and operates through lymphocytes. The innate immune system can
be found in all multicellular animals and consists of cellular and humora e ements.
The most prominent cellular defense reactions against invading microorganisms are
phagocytosis, encapsulation, cell-mediated cytotoxicity, and clotting. The humoral
defense factors, such as clotting proteins, aggiutinins, hydrolytic enzymes and
antimicrobial peptides are often produced by and act in conjunction with the defense
cells. Even though the immune system of invertebrates has often been described as far
less complicated than that of vertebrates, it is still very efficient and complex.
Invertebrates have managed to occupy nearly all habitats on earth and consequently,
they have to cope with an extremely large variety in pathogens. The efficacy of their
defense system is witnessed by their persistent survival through many years of
evolution (Millar and Ratcliffe, 1994)



Study of the immune system

The extensive study of vertebrate defense including the origin and
development of the different blood cell types results in a fairly uniform scheme of
morphological and immuno-functional classification of blood cells. Moreover,
purification and characterisation of individual defense proteins explain many of the
immune functions. In contrast, the huge diversity of invertebrates and the limited
knowledge of their haemocyte lineages make it difficult to categorize haemocytes in
morphologically well-defined ontogenic classes. In addition, haemocytes are very
reactive cells and undergo considerable transformation when removed from the
haemocod (Bauchau, 1981), thus functional characterisatics of those cells are more
difficult to study than vertebrate blood cell functions. Haemocyte activation results in
rapid clotting, cellular degranulation, activation of the proPO system and
subsequently the production of sticky molecules (Johansson and Soderhall, 1992).
The labile nature of several defence proteins and the low quantity of those proteins in
the haemolymph also complicate the purification of individual proteins of the
invertebrate defence system (Soderhall et al.; 1990). During the last few year,
considerable progress has been made in utilising different anticoagulants and media to
keep the haemocytes closer to their natural state (Bachere, 2000), which has provide
opportunities for reliable in vitro functional studies. In addition, the cloning and
characterisation of genes during infection or defence stimulation will also lead to a
better understanding of the functioning of the defence system (Gross et al., 2001). The
combination of different approaches will highly contribute to an improved

knowledge.

Haemocyte classification

The haemocytes play an important and central role in the internal defence. The
hard cuticle, a physical barrier that also may contain antimicrobia factors can be
considered as the external defence in crustaceans. Although until now three different
cell types have been commonly described. However, a universally accepted

haemocyte classification scheme is not yet available for penaeid shrimp.



Hyaline
In general the hyaline cdl is the smallest cell type with a high nucleus to
cytoplasm ratio and no or few cytoplamic granules. Primary role in clotting, also

involved in phagocytosis.

Granular

The granular cell is the largest cell type with a relatively smaller nucleus and
fully packed with granules compared to hyalin cells. They can be distinguished from
the semigranulocytes by the presence to numerous, large granules. The granulocytes
do not lyse during clotting, but some may dhisce to release their granules when
exposed to bacteria invaders.

Semigranular

The semigranular cdll is an intermediate between the hyaline and the granular
cell (Bauchau, 1981; Soderhall and Cerenius, 1992) with alow nucleus to cytoplasm
ratio, and several sub-micron and micron sized granules. Semigranulocytes are
distinguished from granulocytes by the central location of the nucleus, a mixture of

granule sizes as opposed to arelatively constant size.

Function of the shrimp defense system

The first and essential interna defence process is the recognition of invading
micro-organisms which is mediated by the haemocyte and plasma proteins (Vargas
Albores and Y epiz-Plascencia, 2000). The invertebrate immune system presumably
recognises large group of pathogens, represented by fixed common molecular
patterns, rather than fine structures, ‘specific for particular microbes (Soderhall et a.;
1996). Several types of recognition proteins have been described and are called
pattern recognition proteins (PRPs). The PRPs recognise carbohydrate moieties of cell
wall components of micro-organisms, like lipopolysaccharides (LPS) or
peptidoglycans (PG) from bacteria, or b—1,3-glucans from fungi (Soderhal et d.,
1996; Vargas-Albores et al., 1996; 1997). Some of the PRPs are lectins and can work
directly as agglutinins or opsonins (Soderhall et al., 1996). After binding of the PRP
ligand with the microbial component, a second site becomes active for cellular

binding. Haemocyte activation is generated after this second binding step (Vargas



Albores and Y epiz-Plascencia, 2000). Recently, the b—1,3-glucan binding protein of
P. monodon was cloned and sequenced (Sritunyalucksana et al., 2002). The defence
proteins that are involed in the defence system have been isolated until now from
P.monodon are b-1,3-glucan binding protein (Sritunyalucksana et al., 2002),
peroxinectin (Sritunyalucksana et a., 2001), Kazal inhibitor (Sritunyalucksana et al.,
2001), transglutaminase (H.H. Song (unpublished)), clotting protein (Yeh et a., 1999)
and proPO (Sritunyalucksana et al., 1999). After detection of foreign material,
haemocytes to the site of invasion by a process of chemotaxis that results in
inflammation, which also appears a relevant event in vertebrates. The open circulatory
system demands a rapid and efficient defense in which the proteolytic cascades play
an important role (Sritunyalucksana and Sorderhall, 2000). The haemocyte are
involed in the synthesis, storage and upon activation discharge of proenzymes and
substrates of the clotting and proPO cascades (Johansson and Soderhall, 1992;
Soderhall et al., 1996,  Sritunyalucksana and  Sorderhall,  2000).
The clotting mechanism entraps foreign material and prevents loss of haemolymph.
The transglutaminase (TGase) dependent clotting reaction of crustaceans is best
described in the freshwater crayfish Pacifastacus leniusculus (Hall et al., 1999). The
clotting protein is induced when TGase is released from the haemocytes or tissues.

The proPO activating system in crustaceans is also the most extensively study
in the freshwater crayfish P. leniusculus (Soderhal et al., 1996; Soderhall and
Cerenius, 1998). Proteins of the proPO system occupy a very prominent position in
non-selt recognition, haemocyte communication and the production of melanin. Upon
activation and degranulation of the haemocytes, the inactive proPO is converted to the
active phenoloxidase (PO) by prophenoloxidase activatig enzyme. Malanin is a dark
brown pigment that sequesters the pathogens, thus preventing their contact with the
host. Melanised matter can often be seen as dark spots in or under the cuticle of
arthopods.

Phagocytosis is the internaisation of small foreign particles by individual
cells. After ingestion, also shrimp haemocytes like vertebrate blood cells use
cytotoxic oxygen radicals to kill the foreign material (Song and Hsieh, 1994; Munoz
et al., 2000). If large amounts of particles enter the body or if the they are too large to

be internalised several haemocytes will cooperate to sea off the pathogens these



phenomena are called nodule formation and encapsulation, respectively (Soderhall et
al., 1996).

1.4 Health management

Disease control

Disease can be seen as the resultant of a complex interaction between host,
pathogen and environment. The environment of agquatic animals is abounded with
infectious microbes. The transmission of disease in this environment is extremely
easy, especialy under dense culture conditions. Losses, due to diseases whether by
slow continuous attrition or by sudden catastrophic epizootics, are serious problems
for shrimp culture industry. Correct diagnosis including knowledge of the life cycle
and ecology of the pathogens is obviously a critical step in any control programs.
Epidemiological surveys of viruses are still marginally performed. However,
technologies for quick recognition of pathogens in shrimp culture are developing
rapidly and diagnostic probes which can be used in screening of shrimp pathogens
(Lightner, 1996)

Also chemotherapy preferably combined with preventive measure, is widely
applied in the control of many infectious diseases in aquaculture. However, this type
of chemical control should be considered as a last resort because of growing concern
for food quality, accumulation of such substances in the environment and increase in
the spread of antibiotic or drug resistant pathogenic strains.

In shrimp culture prevention may include environmental manipulation such as
the culture of shrimp in salinities below that which certain Vibrio pathogens survive.
Further more, immuno-stimulants, like —glucan which induce and build up protection
againgt a wide range of diseases, become increasingly important in aquaculture. An
immuno-stimulant is a chemical, drug, stressor or action that enhances the defence
mechanisms or immune response (Anderson, 1992), thus rendering the animal more
resistant to diseases. In cases where disease outbreaks are cyclic and can be predicted,
immuno-stimulants may be used in anticipation of events to elevate the non-specific
defense mechanism, and thus prevent losses from diseases. However, caution should
be taken as a number of the potent immuno-stimulants may suppress or alter certain
biologica pathways if used inappropriately.



Vaccination and defense stimulation

A vaccine is a compound that induces a specific immune response againt one
pathogen. Non-specific immuno-stimulants may be administered together with a
vaccine to activate nonspecific defence mechanisms as well as to enhance a specific
immune response (Aderson, 1992). Different methods have been developed to
administer a vaccine to fish and the most efficacious vaccination strategy is by
injection. This method is labour intensive and time consuming and it is not feasible in
very small animals. Another way of vaccination is by mmersion. This method is
simple and can be carried out rapidly(Ellis,1988). Nevertheless, it is not efficacious
for al diseases, large quantities of vaccine are required and until now the mode of
functioning of this method is still no fully understood. The invertebrate defence
system is often described as based only on innate immunity, which excludes the
possibility of vaccination. Several reports have been published about experiments to
enhance the invertebrate defence mechanisms with great potential (Schpiro et al.,
1974; Stewart and Zwicker, 1974; Itami and Takahashi, 1991; Alabi, 1999; Vici et al.,
2000). As a stimulant, most studies used killed cells, yeast glucans or derived
elements or a combination of those two components, which are also widely used for
fish (Sakai, 1999). Immuno-stimulation will certainly continue to play an important
role in disease control in intensive shrimp culture. Many study (Itami et al., 1994;
Sung et al., 1994; 1996; Goarant and Bogio, 2000) deal with the effect of immune
stimulation on cellular factors of the defence system of shrimp. A scientific analysis
of the underlying mechanisms affecting the efficacy of the stimulant and the
constitution of protective defence is required to make effective progress in this field.
Obvioudly, fundamental research - on the functioning of the defence system has
received less attention than has research from which the results can directly be applied
to increase the profit margin either by expansion of the production. or by reduction of
the costs. However, for efficient and effective research on defence stimulation,
practically applicable parameters are needed. These should be based on scientific data
and they are of major important to qualify and quantify stimulation of the defense
system.
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Health parameters

To evaluate the health status of cultured shrimp, farmers nowadays commonly
consider a number of variables, including production traits like survival rate, mortality
rate, growth rate, feed conversion ratio, size variation and changes in appearance and
colour of organs. Also specific stress tests, behavioural, physical and gut content
examinations are widely used (Brock and Main, 1994). The occurrence of infectious
disease can be detected more specifically by wet-mount microscopy, histopathology,
electron microscopy and immuno-cytochemical method (Brock and main, 1994).
DNA based technologies, like hybridization with cloned probes and amplyfying
sequences by polymerase chain reaction (PCR) are nowadays rapidly expanding
(Roch, 1999). However, in comparison with the vertebrates in commercial animal
production, there are practically no criteria for specific evaluation of the health status
of shrimp and invertebrates in general (Bachere, 2000).

In genera, an ideal health parameter reflects a relevant immune function, is
related to the health condition is easy to quantify and is found in different species. In
order to study the invertebrate internal defence system knowledge and experience of
vertebrate immunity is frequently used. However, haemotology one of the principle
diagnostic tools of human and veterinary medicine, is so sporadically used as a
diagnostic tool in penaeid shrimp pathology. Nevertheless, studies have been carried
out in which changes in haemolymph parameters were used to detect physiological
variation. Many variables such as total plasma protein content, glucose concentration,
alkaline phosphatase activity, clotting time, haemocyte count, prophenoloxidase
(proPO) activity, phagocytic index, release of ‘reactive oxygen intermediates and
antibacterial activity have been considered as potential health or disease markers in
crustaceans. (Stewart et al., 1969; Hose et al., 1984; Persson et al., 1987; Hall and
Van Ham, 1998; Rodriguez -and le Moullac, 2000). However, only haemolymph
clotting time and changes in total haemocyte count are sporadically used by shrimp
disease diagnosticians (Lightner, 1996).

In addition, heat shock proteins have recently been demonstrated in shrimp
and might also act as a potential health parameter (Gross et al., 2001).
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The currently available haemolymph markers transiently change shortly after
infection or application of the stimulus. Markers that are capable to demonstrate
chronic stressors or infections unfortunately still await eucidation. A better
understanding of the haemocyte lineages and the haemolymph defence system will

facilitate a further development of health parameters.

1.5 Stressresponses

Living cells are continually challenged by conditions which cause acute and
chronic stress. To adapt to environmental changes and survive different types of
injuries, eukaryotic cells have evolved networks of different responses which detect
and control diverse forms of stress. One of these response, known as the heat shock
response (Santoro, 2000). The observation that an increase in temperature of a few
degrees above the physiological level induces the synthesis of a smal number
proteins in Drosophila salivary glands led to the discovery of a universal protective
mechanism which prokaryotic and eukaryotic cells utilize to preserve cellular function
and homeostasis (Linquist et al., 1988). The phisiological defence mechanism, known
as the heat shock response, involves the rapid induction of a specific set of genes
encoding cytoprotective proteins (heat shock protein) (Morimoto et al., 1998). Heat
shock proteins synthesis is induced not only by hyperthemia, but can be triggered by a
wide variety of toxic conditions which lead to the accumulation of non-native
proteins, including alterations in the intracellular redox environment, exposure to
heavy metals, amino acid analogs or cytotoxic drugs, glucose deprivation, and virus
infection (Feige et al.; 1996).

1.6 Heat shock proteins

The heat shock proteins or stress proteins are among the most abundant
intracellular proteins. Prokaryotic and eukaryotic cells react to exposition
unfavourable conditions of the outer environment by increased synthesis of the stress
proteins (Petr Kopecek et al., 2001) . The structure and functions of these proteins are
evolutionary highly conserved and they are present in different variations in the cell

of al living organisms. Increased synthesis of the stress protein apparently correlates
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with an organism’s resistance to stress and with a level of own stress (Feder, 1999).
An expression of heat shock proteins is induced by many various factors in the cell.
These factor include: @) change in temperature, pH, osmolarity and radiation, and b)
higher concentration of heavy metal, ethanol, antibiotics, fatty acids and reactive
oxygen forms (Petr Kopecek et al., 2001). The main functions of stress proteins which
are essential for reparation of each living cell which is damaged by stress. They are
the participation in protein folding into their correct tertiary structure, incorporation of
polypeptides into intracellular membranes or in transport of proteins across those
membranes (Van der Vies et a, 1993, Mathew A., and Morimoto, 1998). Although
during stress the synthesis of the stress proteins has increased considerably, alot of
the stress proteins are expressed as the constitutive proteins, and they play the
significant role even in the cells which are not exposed to the stress factor (Harboe,
and Quayle, A. J,, 1991).

1.7 Nomenclature and the basic division of heat shock proteins

The study of Tissieres et a. (1974) introduced the term “heat shock proteins’,
and it belong to the beginning of research on the stress proteins (Tissieres et al. 1974).
In a context of current knowledge, the term “protein heat shock proteins’ especialy in
eukayotes, is used rather as a historical name. Particularly, it still overlaps with the
logically evidently more correct term “stress proteins’. This name specifies al the
group of proteins generally where expression has increased due to an incidence of the
stress factors. An abbreviation for the stress protein(s) “HSP” aready remains in use.
Sometimes another abbreviation, “HSC’ (heat shock cognates), which has been used
for the congtitutive forms of HSP. Those forms of HSP are also present at non
stressed cells, and in contrast to the majority of other proteins, their intracellular
concentrations have been increased during the heat shock.

The term “chaperone’ is used very often. This terms point out the functionof
the protein directly. It concerns the stress as well as non-stress proteins, which
accompany unfolded polypeptides during their cellular transport, and they make
passage of protein through the membranes possible or their integration into cellular
organelles. A similar, well known term “chaperonin” is the aternative name for the
GroEL protein. It is abbreviated as “cpn60” or “HSP60”. (Petr Kopecek et al., 2001).
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The division of HSP into the families is not standardised precisely yet. Earlier
dividing of families : HSP90, HSP70, HSP60 and small HSP has been extended step
by step to HSP110, HSP100, HSP90, HSP70, HSP60, HSP40 HSP10 and small HSP
families (Feder, 1999, Tanguay et al., 1999). Numeric indexing represents the protein
molecular masses in kDa. The stress proteins are registered into appropriate families
according to their approximate molecular masses, their functions in the cells and their
homologies in the primary structures. The major HSPs attention will be dedicated to
them are HSP90, HSP70 and HSP60.

HSP90

HSP90 (HSP83) is the most abundant cytosolic protein in the
eukaryotic cells. Its homologues were found in the endoplasmic reticula(ER) or higher
eukaryotes and in prokaryotic cells. HSP90 have two homologue isoforms those are
indicated as alpha and beta and are produced in the same quantity (Parsell, 1993).
Under physiological conditions. HPS90 was found in association with severa
intracellular proteins including calmodulin, actin, tubulin, several kinase, and some
receptor proteins (Schwartz et al. 1993, Jakob, 1994). In case of the
glucocorticotropic receptor, binding of HSPOO0 leads to an enhancement capability of
the receptor to bind to the steriod hormone (Hutchison et al., 1994). HSP90 has even
chaperone function (Yahara et a., 1998). that is comparable to GroEL function and
can suppress assembling into their tertiary structure (Wiech et al., 1992). Cytosolic
HSP90 aggregates with HSP70 under the stress conditions and it is suggested that
interaction occurs of both HSP(s) with unfolded proteins (Jakob, U., Buchner, J.,
1994).

HSP70

Proteins in the HSP70 family are known for their ability to bind
peptide chains. They act in a protection of the nascent proteins, a protein transport
across the membranes, repeated assembling of unfolded proteins and the protein
degradation (Craig, 1993; Becker, J., Craig, E. A., 1994; Frydman et a., 1994).
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HSP60

The chaperonins (the group of stress proteins belonging to the HSP60
family) have significant roles in polypeptide folding and in protein transport in the
cells as well. (Van et al., 1993). Generaly, chaperonins are able to form stable
complexes with proteins, which are imported to chloroplasts and to mitochondria
(Gatenby, A, A., Viitanen, P. V., 1994). They perform their chaperone function also
in co-operation with the other molecules, e.g. cpn10 and HSP70 (Petr Kopecek et al.,
2001). Chaperonins are critical for the correct folding of many proteins in the cell,
under both normal and stress conditions (Julia et al., 2000). HSP60 aso has other
important functions in an Immune response due to its aready mentioned

immunocominant properties (Dieterle, S., Wolleenhaupt, J. 1996).

1.8 Heat shock proteinsand theimmune response

HSP can €licit potent specific cellular adaptive immune responses (e.g. CD8+
cytotoxic T-cell effectors or classic CTLs) based on their ability to chaperone
atigenic peptide (Srivastava, 2002). By mechanisms that can less well understood,
HSPs can aso act independent of chaperoned peptides to directly stimulate innate
immune response (Multhoff et al., 1997; Basu et al., 2000).

Three major facets of immune activation have been described for various
stress proteins. The first involves the appearance of HSP70 and HSP90 on the surface
of certain tumor cells or virally infected cells, and second is the is the ability of stress
protein-peptide complexes to generate a cytotoxic T-lymphocyte response against
cells producing these peptides. The third facet of immune system activation involves
HSP-mediated cytokine production (Moseley, 2000; Rabert, 2003).

1.9 Dynamics of heat stress protein gene expression and regulation

Regulation of transcription of heat shock protein genes is mediated by the
interaction of heat shock factor (HSF) transcription factors with heat shock elements
in the heat shock proteins gene promotor regions (Voelmy R, 1994, Morimoto RI et
al., 1994). In vertebrates, four HSFs have been identified, of which HSF1 and HSF2
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are ubiquitously expressed and conserved (Nakai A. and Morimoto RI, 1993., Sarge et
al.,, 1991). The main heat shock factor with a role in vertebrates response to
phisiological and environmental stressis HSF1 (Sarge KD et a., 1993, Zuo J et al.,
1994) whereas activity of HSF2 is more selective, and is mostly induced during
differentiation and early development. Usually, HSF1 is present in the cytoplasm as a
latent monomeric molecule that is unable to bind to DNA. When exposed to stress, an
intracellular flux of newly synthesised nonnative proteins activates HSF1 (Morimoto
Rl et al., 1994). HSF1 is converted to phosphorylated trimers that have the capacity to
bind DNA, and which translocate from the cytoplasm to the nucleus (Figure 2.1)
(Pockley G., 2003). HSF2 has the characteristics of a temperature-sensitive protein; it
is inactivated when exposed to raised temperature, and sequestered to the cytoplasm,
and is thereby prevented from interference with HSF1 activity in stressed cells
(Mathew A. et al., 2001). The consequences of binding of HSF1 to its target and the
events that result in transcription of heat shock protein genes. The induction of heat
shock proteins has to be tightly controlled, since thelr persistent presence would
adversely affect protein homoeostasis and intracellular functions, leading to
inappropriate growth control and possibly cell death (Pockley G., 2003). One
mechanism that regulates heat shock protein expression is the binding of HSP70 to
the transactivation domian of HSF1, leading to repression of heat shock gene
transcription (Shi et al., 1998). The interaction between HSP70 and HSF1 has no
effect on DNA binding or the stress-induced phosphorylation state of HSF1(Shi et al.,
1998). A second mechanism regulating heat shock protein binding factor 1(HSBPL1)
the active trimeric form of HSF1, and HSP70 resulting in inhibition of the capacity of
HSF1 to bind to DNA (Satyd et al., 1998). HSBP1 is mainly localised in the nucleus
and HSBP1 mRNA is present at high concentrations in various cell lines and animal
tissues that are unaffected by heat shock (Satyal et-al., 1998).
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Figure 1.1 Proposed mechanism of stress-induced in HSPs in human and Drosophila
cells. HSFs residing in the cytosol are normally bound by HSP and are inactive.
Under stress, such as heat shock, HSFs separate from HSP, are phosphorylated by
protein kinase such as PKC, and form trimers in cytosol that enter the nucleus to bind
HSEs in the promoter region of HSP gene. HSF is phosphorylated further, and HSP
MRNA is transcribed and leaves the nucleus for cytosol. In cytosol, new HSP is

synthesized. HSF returns to the cytosol and is bound once again by HSF.

1.10 Cdll culture

Invertebrate tissue culture began in the early part of this century, Grace
(1962) first reported the establishment of four cell strains from insect tissues (Lang et
al., 2002). However, so far, no continuous cell line from marine crustacean has been
established (Shimizu et al., 2001). Cel under in vitro conditions are used as
exceptionally important tools in a variety of scientific disciplines including biological
and medical sciences. In vitro applications may also be used as aternative tools for
animal experimentation, for biotechnologycal applications and pathological

investigation. With the expansion of intensive aguaculture, viral diseases have
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threatened the shrimp aquaculture industry. Shrimp cell culture has therefore gained
recent attention for the development of diagnostic reagents and probes for use in the
shrimp aquaculture industry. Many reported have been focused on the research of
shrimp cell cultures (Luedeman and Lightner, 1992; Lu et al., 1995; Sano, 1998;
Walton and Smith, 1999).

In vitro techniques in crustacean biology have become important and
sometimes vital tools for the study of crustacean endocrinology and diseases of edible
gpecies (Rinkevich, 1999). The study of shrimp haemocytes has involved the
clarification of the structure, classification, and separation of haemocytes (Ellender et
al., 1992) and the examination of the process of phagocytosis and the immune
response. Developed primary shrimp cell culture from lymphoid organs of P.
monodon was successfully in 2x Liebovitz15 supplemented with 15% fetal bovine
serum, 10% shrimp meat extract. These cells can be maintained up to 10 days without
changing medium (Kasornchandra and Boonyaratpalin, 1998).

The objectives
To determine protein profiles in heat shock haemocytes
To clone and characterize HSP60, HSP70, and HSP90 genes
To detect heat induced genes in the haemocytes

To determine the expression levels of HSP60, HSP70, and HSP90 genes in
heat shock haemocytes



CHAPTER I

MATERIALSAND METHODS

2.1. Meterials
2.1.1 Chemical

-Absolute ethanol (BOH, England)

-Acetic Acid (Merck, Germany)

-Acrylamide (Sigma Chemical Co., USA)

-Agarose gel (FMC Bioproduct, USA)

-Ammonium persulfate (APS) (Sigma Chemical Co., USA)
-Bacto-agar (Oxoid, England)

-Bacto-yeast extract (Oxoid, England)

-Bio-Rad Protein Assay (Bio-Rad, USA)

-Bis-Acrylamide (Promega, Co., USA)

-Boric acid (Merck, Germany)

-Bovine Serum Albumin (Promega, Co., USA)

-Bromophenol Blue (Merck, Germany)

-Chloroform (Merck, Germany)

- Peroxidase conjugated rabbit anti- mouse immunoglobulin (DAKO, Denmark)
-Coomassie brilliant blue R250 (Research Organic, USA)
-dATP, dCTP, dGTP, dTTP (100mM)

- Diaminobenzidine (DAB) (Sigma Chemical Co., USA)

- Diethyl pyrocarbonate (DEPC) (Sigma Chemical Co., USA)
Di- sodium hydrogen phosphate (Merck, Germany)
-1,4-Dithio-DL-threitol (DTT) (Fluka, Biochemika, Swizerland)
-Ethidium Bromide (Sigma Chemical Co., USA)

-Ethilene Diamine tretaacetric acid, (EDTA) (Fluka Chemika, Switzerlard)
-Formaldehyde (LabScan Asia Co., Thailand)

-Glycine (USB, Amerson Life Science, England)

-Improm — 1™ Reverse Transciption System (Promega, USA)
-1sopropanol (LabScam Asia, Co., Thailand)

-Methanol (LabScan Asia Co., Thailand)
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-pGEMo T-easy vector (Promega, Co., USA)

-Potassium chloride (Merck, Germany)

-Potassium di- hydrogen phosphate (Merck, Germany)
-Prep-Gene® DNA Purification Kit (Bio-Rad Laboratories, USA)
-QIAprep® Spin Miniprep Kit (250) (QIAGEN GmbH, D-40724 Hilden)
-Sephadex G-75 (Amersham Phamacia, Sweden)

-Silver nitrate (Sigma Chemical Co., USA)

-Sodium carbonate (Sigma Chemical Co., USA)

-Sodium chloride (Sigma Chemical Co., USA)

-Sodium dodecyl sulfate (SDS) (Sigma Chemical Co., USA)
-Sodium thiolsulfate (Sigma Chemical Co., USA)

-Spermidine trihydrochloride

-Sucrose (Sigma Chemical Co., USA)

-Treta Methylethylene diamine (TEMED) (Merck, Germany)

-Tri Reagent® (Molecular Research Center, Inc, USA)

-Tris (USR, Amershon Life Science, England)

2.1.2 Enzyme
-Restriction Enzyme
ECOR1 (Promega, Co., USA)

Xhol, (Amersham, UK.)
-DyNAzyme TM Il DNA polymerase (Finnzyme, Finland)
-Ribonuclease A (Rnase A) (Promega Co., USA)
-Ribonuclease inhibitor (Rnasin), (Promega, USA).
-Avian myeloblastosis virus reverse transcriptase (AMV-RT), (Promega,
USA).
-T4 DNA ligase (Promega Co., USA)

2.1.3 DNA and protein markers
-100 base- pairs DNA ladder (Promega Coperation Medison, USA)
-Hind I11 digested Lamda DNA
-Mid-range protein molecular weight markers, 14.4-97.4 kDa, Promega, USA.



2.1.4 Antibodies
-Mouse Anti-monoclonal antibody anti-HSP60, anti-HSP70 and anti- HSP90
(Stressgen, Canada)
-Anti- HSP60, Anti-HSP70 and Anti-HSP90 (Sigma, Sigma Chemical Co.,
USA)

-Rabbit anti- mouse immunoglobulin (DAKO, Denmark)

2.1.5 Microorganism

-Escherichis coli stain IM 109 (rec A1 supE44 and Al hsd F17 gyrA 96 rel
A1thiA (lac-pro AB) F (traD 36 pro AB lac 9 lac ZAM15)

- Escherichis coli stain XL1-blue MRF

- Escherichiscoli strain SOLR

2.1.6 Equipment

-Autoclave : model HICLAVE, HVE-50, HIRAYAMA, Japan

-Automatic micropipate size: P2, P10, P20, P40, P100, P200 and P1000
(Gilsen Medical Electrical S.A., France)
-Camera (Pentax K1000 Asahi Opt. Co, Ltd.)
-Herizontal gel electrophoresis, Sub-cell GT MINI (Bio-rad, USA)
-Laminar flow cabinet (Nuaire Class |1, NU-440-300E, USA)
-PCR thermal cycler: PCR sprint (Hybaid)
-Polyacrylamide Electrophoresis, Mini PROTEAN? 11 Cell (Bio-Rad, USA)
-Polyacrylamide Electrophoresis, PROTEAN? Il xi Cell (Bio-Rad, USA)
-Power supply (Bio-Rad Laboratories, USA)

: Power PAC 300

: Power PAC Junior

: Model 200/0.2
-Refrigerated Centrifuge, 3K 18 (Sigma Osterode and Harz, Germany)
- Spectrophotometer (Milton Roy Genesys 5, Germany)
-Water bath, SBS 30 (Stuart Serentific, UK)
-UV transilluminate, M26 (UVP, USA)
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2.2 Animals and haemolymph collection

Juvenile P. monodon (20-25 g) obtained from local shrimp farm in Pathumtani
province were acclimated at least 1 week to the laboratory tanks equiped with air-lift
circulating seawater. (salinity at 10 ppt, ambient temperature at 27-28°C).
Haemolymph was withdrawn from the ventra part of the haemocoel of the second
abdominal segment using a 24 gauche needle and a 1 ml syringe filled with 0.5 ml of
10% sodium citrate pH 7.0 as an anticoagulant. The mixture was kept at 4°C all the
time and used freshly.

2.3 Primary haemocyte culture in suspension

The haemolymph collected in 10% sodium citrate pH 7.0, was used for
primary cultures. Haemolymph (1x10° cells/flask) was separated and rapidly
transferred into 3 culture flasks (25-cn, Corning). Each flask contained 3 ml of
different growth media, M199, TC100 and Grace' s insect medium, respectively. Each
medium was supplimented with 10% fetal bovine serum, 20 m of 500 U/m penicillin,
20ml of 500 ng/m streptomycin (Appendix A) and maintained at 28°C. Haemocytes
from each flask were observed and examined daily for the percentage of viability of
haemocyte using a trypan blue exclusion procedure. The experiment was performed in

2 replications.

2.4 Viability of P. monodon haemocytes
2.4.1 Haemocyte count

Cell counting and viability of the haemocyte was determined using a trypan
blue excluson. The method was carried out by mixing 0.1 ml of haemocyte
suspension with 0.2 ml of 0.4% trypan blue (prepared in 0.81% sodium chloride and
0.06% potassium phosphate, dibasic). The mixture was transferred to a Neubauer

hemocytometer and a count was performed with an inverted microscope.



2.4.2 Haemocyte activity

In addition to the viability of the cultured haemocytes, the enzyme activity
was determined by measuring the activity of superoxide dismutase using intracellular
superoxide anion (O2") assay. This assay was conducted as described by Song and
Hsieh (1994). Reactions were performed in flat-bottomed 96 well microtiter plates
containing 200 m of growth medium. Hamolymph (50 nml) and Hank’s balanced salt
solution (50 m) were added to each well (5x10° haemocytes'well) and incubated at
room temperature for 30 min to restore haemocyte adherence and spreading
capability. Supernatant was then removed. For haemocyte stimulation, 50 m of
Phorbol Myristate Acetate (PMA) was added. For non-stimulation, 50 m of Hank’s
balanced salt solution were added instead. Stimulated and non-stimulated haemocytes
were then reacted with 50 m of nitroblue terrazolium solution (0.3% in Hank’s
balanced salt solution) for 2 hr a room temperature. The reaction was terminated by
removing the solution followed by the addition of absolute methanol. After 2 washes
with 70% methanol, the haemocytes were air-dried and soaked with the solutions of
120 m of KOH (2 M) and 140 m of dimethyl sulfoxide (DMSO) to dissolve the
cytoplasmic formazan. The optical densities of the dissolved cytoplasmic formazan
were measured at 630 nm with microplate reader (BioRad). In order to determine the
reproducibility of the results, the experiment was performed in 5 replications. The

ratios of ODeg30 from stimulated and non stimulated haemocytes were determined.

2.5 Deter mination of thermal responsesin P.monodon haemocytesin vitro

The thermal. responses in the haemocytes of the shrimps were determined in
vitro by maintaining the haemocytes in 3 different culture media as described in 3.3
The haemocytes maintained in.each medium were thermal-treated at 4, 28, 30, 33 and
35°C for 30, 45, 60, 90 and 120 min. and transferred to ambient temperature (28°C).
After remaining a ambient temperature for 2 hr, the total number and viability of
haemocytes examined. Protein concentrations of the haemocytes treated with thermal
shock were determined using colorimetric method and protein profiles were

determined by electrophoretic anaysis.



2.5.1 Determination of protein concentration

Upon termination of exposure of haemocyte cells to cold and heat stress.
Microcentrifuge tube containing haemolymph and growth medium were incubate at
4°C, 30°C, 33°C and 35°C for 2 hrs and transferred to ambient temperature (28°C) for
2 hrs and the medium aspirated by centrifuge at 3600xg for 2 min. The pellet
(haemocyte cells) were washed with 1 ml of 1x PBS pH 7.2 by centrifuge at 3600xg
for 2 min. Homogenized haemocyte cellsin 50 ml of fresh lysis buffer . Homogenates
were centrifuged at 15000 rpm for 30 min to remove unlysed cells and debris. Protein
guantitation was determined by colorimetric method, described by Bradford (1976)
using Bio-Rad protein assay kit (Bio-Rad, USA). Bovine serum abumin Fraction V
(Sigma) with known concentration was used as standard. The protein concentration

was calculated by comparing with the protein standard cur ve.

2.5.2 SDS-Polyacrylamide gel electrophoresis

The method used a vertical slab gel apparatus (Bio-Rad, USA, model Mini
PROTEIN® I cell) for electrophoresis system. SDS-Polyacrylamide gel was
conducted using 12 % (10x7x0.5 cm). Gel preparations was shown in Appendix A

Samples were mixed with 5X of loading buffer (Appendix A) and loaded into
gel lanes. The molecular weight standards included 94, 67, 43, 30 and 14 kDa
Electrophoresis was carried out at 200V until the bromophenol blue dye left the gel.

Ge was then stained for protein (either with Coomassie or silver stain) or blotted.

2.5.3 Staining

Following electrophoresis, gel was removed and placed directly into a staining
solution (1.5 mM Coomassie brilliant blue R250, 10 % acetic acid and 40%
methamol). Gel was stained for 1 h and de-stained in de-staining solution (40 %
methanol and 10 % acetic acid) for a least 2 h with gentle agitation. For higher
sengitivity staining, gel was further enhanced with silver staining by fixation in 50 %
methanol for 10 min and in 5 % methanol for 10 min. The gel was rinsed 3 times with
distilled water before DTT treatment (0.033 mM DTT) for 10 min. The gel was then
washed again 3 times with distilled water. The gel was immerged in 0.1 % silver
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nitrate for 10 min followed by 3 times of distilled water wash. Finally, the gel was
developed in developing solution (3% NaCOs) until background turn to yellow the gel

was moved to new developing solution until bands appeared.

2.6 Detection of heat shock proteins by Western blot analysis

Proteins extracted from thermal shock haemocytes were initially separated in
12% SDS-PAGE and heat shock proteins (HSP60, HSP70, and HSPO0) were
determined by Western blot analysis as previous described by Towbin (1979).

2.6.1 Blotting

Following electrophoresis, the gel was rinsed briefly with distilled water then
soaked with blotting buffer (0.25 M Tris-HCI, 1.92 M glycine) for 30 min. Gel was
blotted at 15-25 V for a minimum of 1 h at 4°C onto nitrocellulose membrane
(Hybond™-C Pure) using mini-trans-blot electrophoretic transfer cell (Bio-Rad.)

2.6.2 Immunochemical staining

Following gel blotting, transferred membrane was rinsed with PBS (1x PBS,
pH 7.3) for 1-2 min and incubated in blocking solution (1% (w/v) BSA in PBS) a
room temperature for 1 h with gentle agitation. The membrane was then rinsed 3
times (5 min each) with PBS. Membrane was probed with 1:500 dilution of primary
antibody in 1%BSA/PBS for at least 1 h. Mouse monoclonal antibody anti-HSP60
from human (Stressgen, Canada) was used for HSP60 detection, mouse monoclona
antibody anti-HSP70 from human Hela cells (Stressgen, Canada) was used for
HSP70 detection, and - mouse -monaoclonal antibody - anti-HSP90 from Achlya
ambisexualis (water mold) (Stressgen, Canada) was used for HSP90 detection. After
primary antibody incubation, the membrane was rinsed again 3 times (5 min each)
with PBS before incubating with 1:1000 dilution of secondary antibody (peroxidase
conjugated rabbit anti- mouse immunoglobulin, DAKO, Denmark) in 1%BSA/PBS for
1 h a room temperature. Unbound secondary antibody was removed by washing 2
times with 0.05 % Tween-20/PBS for 5 min each and 3 times with PBS for 5 min
each. Finally, immunoreactive proteins were visualized by soaking the membrane
with DAB solution (3 mM DAB, 0.03% w/v Hydrogen peroxide in 50 mM Tris-HCI,
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pH 7.6 ) until peptide bands appeared. The reaction was stopped by washing with
ditilled water. The membrane was kept in the dark.

2.7 Determination of thermal responses genes in the haemocytes by in vitro
translation

In vitro trandation in the thermal treated haemocytes was carried out.
Metabolic labelling was performed as described by Hoffmann and Somero, (1996).
The haemocytes were maintained in MEM medium (minimum essential medium
without methionine) containing 10 nti/ml of **S-methionine. The samples were
thermal-treated at 4, 28 (ambient temperature), 30, 33 and 35°C for 2 h. After
maintaining at ambient temperature for 2 h, the samples were collected and analysed
as described in 2.5.1.

Patterns of protein synthesis during the temperature exposures were examined
using 12% SDS-PAGE. Fallowing electrophoresis, the gel was dried and exposed to
X-ray film (Kodak Diagnostic film, X-OmatO K XK-1) in cassettes at -80°C for 1
week. Film was developed as described by manufacture’'s protocol (Kodak

Diagnostic).

2.8 Determinaiton of thermal induced genes in the haemolymph of P. monodon
using 51 [DEm s He3as (RAP-PCR)

2.8.1 RNA extraction

Haemocytes obtained from normal or heat-induced shrimps were centrifuged
at 3,600xg at 4°C for 2 min.. Supernatant was discarded and haemocyte pellet was
resuspended with 50 pl of 10% sodium citrate. One milliliter of TRI REAGENT® 5
10 x 10° Cells per 1 ml of Tri reagent) was mixed and maintained at room temperature
for 5 min. to permit the complete dissociation of nucleoprotein complex. The mixture
was then centrifuged at 12,000x g for 10 min. The aqueous phase (upper phase) was
transferred to a new tube and extracted with 0.2 ml of Chloroform per 1 ml of TRI
REAGENT®. The mixture was left a room temperature for 2-15 min. then
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centrifuged at 12,000x g for 15 min. a 4°C. The colorless upper agueous phase
containing RNA was transferred to a new tube. RNA was then precipitated by the
addition of isopropanol (0.5 ml of isopropanol per 1 ml of Tri reagent originaly
used). The mixture was kept at room temperature for 510 min before centrifugation
a 12,000x g for 8 min a 4 C. The supernatant was discarded and RNA pellet was

washed with 75 % ethanol followed by centrifugation at 7,000x g for 5 min at 4°C.
The pellet containing total RNA was air-dried for 3-5 min. and dissolved in DEPC-
treated distilled water.

2.8.2 Deter mination of total RNA concentration
The quantity of total RNA was estimated by measuring the absorbance at the
wavelength of 260 nm. The amount of RNA was calculated by the following
equation:
At Azxso =1, RNA concentration equals 40 pug/ml
(Beaven, Holiday and Johnson, 1995; Wilfinger, Mackey and Chomezynski, 1997)

The quality of RNA was aso estimated by the ratio of Aweo/A2so. The high
purity of RNA should be at the ration of Agse/A2go between 1.6-1.9

2.8.3 First strand cDNA synthesisfor RAP-PCR

7KHIWMADOGE! 1 $ [Z Dvivi i MI HGILRP L1 6 [RIVREE'$ LHE WDF WIGLLRP HUP DAHWIKDHP RF\ WL
XMLQIBQIR 3WRP - [, 1° BHYHUVIZLDQUF USVRQBY WP [ MZ] 3URPHUD 7R $ [Z DVERP ElGHGZIW( | 60 [RIDLEMDU. [
SUPHUL B %8| [DDSSWRSUDMI (38 -WHDWHGH) 2 [IQDIICDER®P HRIL | 607KHLHDFWRQZ DVIGFXEDWGDIV ] & [IRU ]

PlQ DAGIPP HADMO [ SOFHGROIEHIRU-| P10 7KHQL [ -U-DAVRQEXITHO U &O A7 31d 1L [91 DMazbvDeHGIRIIEDD |

FROFHQWDRQVRI L PO Po (Do XQWURSHWHD ) @ oRIP3WRP - L ITHYHYHWDQ/F US\VHZ DY
DaGHGDOGIHQ®I P [ HGEY [ SiSHM 7KHUHORURQR L WUHZIDVIGFXEDMGDI] & [IRUIP1Q- DaGDI] "8 [IRUT P 1Q
7KHUHDFWRQZ DVARILP LCDWGE\ [I0FXEDWGDW | "8, [IRUT] P LQ VR VIALP LDV ILHY HUYHMIDQVF US VIDVH IDF Wity LW
&RQFHQWINEEDRGLRXJ KTXD@V LRI IIWMADQGHGE! 1 $ [Z DVMSHFWRSKRRP HWED® LF{ DP laHGL 12+ 2 pecll

HEIFMRIRHED® [ Do HGL! BIDURVILHO

One pg of the e 1$ (2 DviVHGDYDWP SOWIRWAFRAGADOGHGW QMY F' 1§ [ZDv ]

DPSAHGZ HERP ElcDuraRIL ] UBC 268 and either one of omwny [$up HWZKHMHTXHGFHVRI
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DEWDY [ $UP HYXHGIAWVMNG [ZHHARzAd | weel ] The PCR profile was performed for 40

cycles with predenaturation at 94°C for 3 min, denaturation a 94°C for 30 s,
annealing at 36°C for 60 s, and 72°C for 90 s. PCR products were mixed with equal
volume of formamide loading buffer and denatured at 95°C for 10 min prior to
electrophoresis in a 4.5% polyacrylamide gel. Allele sizes were determined using
silver staining according to SILVER SEQUENCETM DNA Staining Reagents
(Promega, WI). The gel was dried overnight and photograph under fluoresence light
using Camera Pentax K1000 (Asahi Opt. Co., LTD., Japan).

Table 2.1 The sequences of arbitrary primers included in the screening for RAP-PCR

analysis
Primer Sequence
UBC 119 ATTGGGCGAT
UBC 122 GTAGACGAGC
UBC 128 GCATATTCCG
UBC 135 AAGCTGCGAG
UBC 158 TAGCCGTGGC
UBC 174 AACGGGCAGC
UBC 228 GCTGGGCCGA
UBC 268 AGGCCGCTTA
UBC 299 TGTCAGCGGT
UBC 459 GCGTCGAGGG

2.8.4 Denaturating Polyacrylamide gel electrophoresis

Denaturing polyacrylamide gels are used for the separation and purification of
sngle-stranded fragments of DNA. These gels are polymerized in the presence of an
agent (ureq) that suppresses base pairing in nucleic acids. Denatured DNA migrates
through these gels a a rate that is amost completely independent of its base

composition and sequence.

The PCR products were eectrophoresed on Model SA Adjustable Sequencing
Gel Electrophoresis system (GibcoBRL). All gels are assembled using sets of 17 x 32
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cm, 0.4-mm spacers and 24 well sharkstooth combs. Polyacrylamide solution, 19:1
acrylamide:bis- acrylamide, containing 1x TBE gel buffer and 7 M Urea, was used to
fractionate of single-strand molecules. Amplicons (1 part) were denatured by mixing
with 2 parts of denaturing solution (98% (w/v) formamide, 0.025% bromophenol
blue, 0.025% xylene cyanol and 10 mM EDTA in water), heating at 95°C for 5 min
and placing immediately in iced water. Electrophoresis proceeded at constant watts
(40 watts) at room temperature until xylene cyanol run through the end terminal of
glass about 15 min, and the gels were silver stained to detect the nobility of the
different sizes of fragment DNA.

2.8.5 Silver staining

Gel was removed with on side attached to the glass and placed into the fix-
stop solution (10%gracial acetic) for 30 min. After 3 washes with distilled water, the
gd was stained with 0.1 % silver nitrate for 30 min. Gel was then washed again with
distilled water for 10 s. before placing into the developing solution (30% NaCOs,
sodoiumythiosulfate, 0.55%formadehyde). Once the band of DNA started to appear,
the gel was transferred into freshly prepared developing solution and shaken until all
DNA bands were visualized.

LRI 11 $ Dy P HOW

$ I WLHBF \WRSKRUIAVVARHGHVILHG! 11 $ LIlDy P HGADVH FIVHGLLRP [gHDU DIRVHILHOAQ) [DMMUGIVE DSHA |
DQGSOF HGIADSIHZ HJ KHGP IE URF HAW ULIXIHWYEH

Three volumes of the QG buffer was added and mixed by inversion of the
tube. The tube was incubated at 50°C for 10 min or until the gel slice was completely
dissolved. The mixture was transferred into a QIAquick column inserted in a 2 ml
collection tube and centrifuged at 12000 rpm for 1 min. The flow-though solutions
was discarded and another 0.5 ml of QG buffer was added to the QIAquick column
and centrifuged for 1 min. Then, 0.75 ml of the PE buffer was added to the QIAquick
column and centrifuged 12000 rpm for 1 min. The flow-though solutions was
discarded. The column was recentrifuged to remove the trace amount of the washing
solution. The QIAquick column was placed into a sterile microcentrifuge tube. DNA
was eluted out by addition of 10-15 m of elution buffer (10 mM Tris-HCI, pH 8.5) to



the center of the QIAquick membrane and left for 1-2 min before centrifuged at 12000
rpm for 1 min. Purified DNA from PCR product was cloned and sequenced.

2.9 Deter mination of partial sequences of HSP genes

29.1Primers

Degenerated primers were designed from the conserved regions of reported
HSP genes from the closest species (GenBank accession No AF 254880 for HSPOO
and accesson No AAB94640.1 for HSP60 and HSP70). Melting temperature (T,)
values of these degeneraied primers were calculated as below.

Tm=2Xx (A+T) + 4 x (C+G)
The range of Tm was between 50 to 65°C and the GC content was around 60%.
Formation of secondary structure between primers was avoided. Details of the primers

were shown in Table 2.2

Table 2.2 Nucleotide sequences and details of oligonucleotide primers used in this

study.

Primers Sequence (5° 3) Polarity
HSPGOF1 | TCT TTA TTG CGA ACT CCC G +
HSP60OF2 | 7770 &/gs&* (4 §* [f 7&lg* +
HSPEOR1 | & 77&l7&$* &&l$ * 7&l788* $&18 * 78[& 778 -
HSPGOR2 | *& &7 7&5* 78 783" && $* $3 783" $&& -
HSP70F1 | 85 $* *& 783" $$ $* *87& *& +
HSP70F2 | $7 785 $% 7& *'$ $* && 7&$* $& 78$* * & +
HSP/0R1 | $& 78$* * & 7878 $* 78.78%" ** $* 77 -
HSP/0R2 | && $* 7778%* *& $* 7& 78* $7$* 7& $* $$ -
HSPOOF1 | 78 $78* $7+$7 $7& ** $78* &$$* 77 &7 * * +
HSPA0F2 | CA(CT)AA(CT)GA(CT)GA(CT)GA(AG)CA(AG)TA +
HSPOOR1 | C(GT)(AG)TT(CT)TG(ATCG)(CG)(AT)(AG)TC(CT)TC(AG -

TG
HSPOOR2 | 77 87778778 &7 78 &7 78 $* 7& &7 7& -




2.9.2 Reversetranscription

Total RNA isolated from the haemocytes was subjected to single
stranded cDNA synthesis by the reverse transcription of mRNA to cDNA using oligo
dTi5 primers. The reverse transcription reaction was carried out as follow. The
reaction was performed in the fina volume of 20 ml, at 42°C, for 90 min using
Improm 1™ reverse transcription kit condition (1 U of Improm M7 reverse
transcription, 2 m of 1x Improm 1™ reactive buffer, 2.5 mM MgCh, 0.5 mM dNTP
mix, 0.5 g Oligo dT, and 2.0 U of recombinant RNasi n° Ribonocluose Inhibitor.

2.9.3 PCR amplification of HSP genes

The target cDNA was amplified from single stranded cDNA template by PCR
using degenerated primers designed from conserved sequences of reported HSP
genes. The reaction mixture of PCR contained 1X PCR buffer (10 mMTris-HCI
pH8.8, 50mM KCI, 0.1% TritonX-100), 0.4 mM dNTPs, 1.5 mM MgCh, 1U of Taq
DNA polymerase, 500 ng of cDNA template and 0.5 mM of forward and reverse
primers.

For HSP60 amplification, the reaction mixture was carried out in the following
thermal cycles;, 5 cycles of 94°C for 1 min, 45°C for 1 min and 72°C for 1 min,
followed by 30 cycles of 94°C for 1 min, 50°C for 1 min and 72°C for 1 min with
elongation step at 72°C for 7 min.

For HSP70 amplification, one cycle of denaturing step at 94°C for 2 min was
initiated, followed by 35 cycles of 94°C for 30 sec, 50°C for-30 sec and 72°C for 1
min. The reaction was ended by the elongation step at 72°C for 7 min.

For HSPO0 amplification, 2 cycles of 94°C for 1 min, 50°C for 1 min and 72°C
for 2 min was firstly conducted and followed by 30 cycles of 94°C for 1 -min, 55°C for
1 min and 72°C for 2 min. The reaction was ended by the elongation step at 72°C for
7 min.

PCR products were analyzed by electrophoresis using 1.2% agarose gel in
TBE buffer.
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2.10 Detection of PCR products by agarose gel electrophoresis

2.10.1 Preparation of agar ose gel and electrophoresis

For most applications, agarose gel was prepared at a concentration of 1.2 %
(w/v) in 1x tris-borate electrophoresis buffer (TBE) (Appendix A). The mixture was
melted in microwave oven until completely dissolved and then poured into the gel
tray with an appropriate comb. The gel was |eft to solidify for at least 30 min at room
temperature. The comb was carefully removed and the gel was transferred into the
electrophoretic chamber. TBE buffer was added to cover the gel to a depth of about 1
mm. Ten microliters of PCR product was thoroughly mixed with 10x loading dye
(bromophenol blue) and slowly applied into the gel slots. Five microliters of 100 bp
DNA ladder (Promega Coperation Medison, USA ), was mixed with 10x loading dye
(Appendix A) and applied into the first well as a DNA marker. Electrophoresis was
carried out at constant voltage of 100 volts until tracking dye reach about 1 cm from
the lower edge of the gel.

2.10.2 Staining of DNA in agar ose gel

Following electrophoresis, agarose gel contained DNA was stained by using a
fluorescent dye ethidium bromide. The gel was immersed in water containing 0.5
ng/ml of ethidium bromide for about 15 min. a room temperature. The gel was
washed shortly with distilled water, then visualized under UV-transiluminator. UV
light was absorbed at 260 nm and transmitted to the dye, which was emitted at 590
nm in the red-orange region of the visible spectrum. The visible bands of DNA on the
stained gel was photographed using camera Pentax K1000 (Asahi Opt. Co, Ltd.)

2.11 Cloning and sequencing of heat shock protein genes.

2.11.1 DNA preparation

DNA bands of interest separated by agarose gel electrophoresis were removed

from the agarose gel using a sterile scalpel and placed in a sterile microcentrifuge



tube. Three volumes of the QG buffer was added and mixed by inversion of the tube.
The tube was incubated at 50°C for 10 min or until the gel dice was completely
dissolved. The mixture was transferred into a QIAquick column inserted in a 2 ml
collection tube and centrifuged at 12000 rpm for 1 min. The flow-though solutions
was discarded and another 0.5 ml of QG buffer was added to the QIAquick column
and centrifuged for 1 min. Then, 0.75 ml of the PE buffer was added to the QIAquick
column and centrifuged 12000 rpm for 1 min. The flow-though solutions was
discarded. The column was recentrifuged to remove the trace amount of the washing
solution. The QIAquick column was placed into a sterile microcentrifuge tube. DNA
was eluted out by addition of 10-15 m of elution buffer (10 mM Tris-HCI, pH 8.5) to
the center of the QIAquick membrane and left for 1-2 min before centrifuged at 12000

rpm for 1 min.

2.11.2 Preparation of competent cell

Competent E. coli stain JM109 cells were prepared by calcium chloride
method described by Ausubel et al. (1989), with some modification. A single colony
of E. coli was inoculated into 5 ml of LB broth and incubated at 37°C overnight with
shaking. The culture was sub-inoculated by adding 1 ml of the culture into 50 ml of
LB broth and incubated at 37°C until the ODggp Was approximately 0.4-0.6. The
culture was then placed on ice for 30 min and centrifuged at 3,000 rpm for 10 min.
The cell pellet was resuspended in 50 ml of chilled 50 mM CaCl solution and kept on
ice for 45 min. After centrifugation at 3,000 rpm for 10 min, the pellet was
resuspended in 2 ml of chilled 0.1'M CaCh solution. Glycerol was added to make the
final concentration of 15 %. The cell suspension were aliquoted (200 nl each) into a
microcentrifuge tube and stored at -80°C for subsequently used.

2.11.3 Cloning

Purified DNA from PCR product of heat shock protein genes was ligated into
pGEMO-T Easy Vector (Promega, U.S.A.). The ligation reaction was conducted as

follow. The method was conducted as described by company provided protocol.



Briefly, 5 ml of 2x Rapid Ligation Buffer were added to reaction. Then, 0.5 m (25 ng)
of pGEM- T vector was added and following by 1 ml of PCR product. Next, 1 m T,
DNA ligase was added and dH,O was added to 10 ni fina volumn.

2.11.4 Transformation of competent cells

Five m of ligated product were mixed with 200 ml of competent cells which
were thawed on ice just before transformation. The mixture was placed on ice for 30
min. The cells were then heat shocked at exactly 42°C for 60 seconds in a water bath
and immediately removed and maintained on ice for 5 min. SOC medium (1 ml) was
added and incubated at 37°C for 1.5 hr with shaking. Cell Pellet was collected by

centrifugation at 5,000 rpm for 1 min and redissolved in 200 nml of LB media
Transformant cells were spreaded on LB agar plate containing 50 mg/ml of ampicillin,
0.5 mM IPTG, and 40 ng/ml of X-gal. The plate was incubated at 37°C overnight.

Individual white colonies of transformed E.coli were observed.

2.11.5 Colony PCR

Individual white colony containing recombinant vector was screened for the
size of DNA insert by colony PCR using pUCL (5 —CCGGCTCGTATGITGTGTGG
A-3) and puUC2 (5-GTGCTGCAAGGCGATTAAGTTGG-3) primers. These
primers were at 154 bp upstream and 178 bp downstream of the insertion site. Detail

of PCR reaction was shown as follow.

PCR reaction:

1x buffer (10 m M This—HCI, pH 8.8 at 25°C, 50 mM KClI, 0.1%
Triton x — 100),

1.5 mM MgCb,

2 M each of forward and reverse primer,

1.0 mM dNTP mix, and

0.25 U Tag DNA polymerase.



PCR condition included the initid denaturation step a 94°C for 3 min,
followed by 35 cycles of the denaturing ¢ep at 94°C for 1 min, the anneding sep a
53°C for 90 sec, and the extension step a 72°C for 90 sec. The reaction was ended by
the eongation step at 72°C for 7 min.

2.11.6 Plasmid DNA preparation and restriction enzyme digestion

Trandormant cells containing DNA  target were examined by isolation of
plasmid from cdl culture and the insat DNA was andyzed by redriction enzyme
digestion. Smdl-scale preparation of plasmid DNA was performed by akaine
lyss mini-preparation method (Brinboim , Doaly, 1979) with modification. A single
colony of E. coli contaning recombinant plasmid was inoculated into 3 ml of LB
broth containing 50 n@/ml ampicillin and incubated overnight a 37°C with vigorous
shaking. The cultured cells were collected by centrifugation a 12,000 rpm for 1 min
and the cell pellet was resuspended in 200 m of GTE buffer (50mM glucose, 25mM
Tris-HCI, pH 8.0, and 10mM EDTA). Four hundred mi of freshly prepared lyss buffer
(0.2 N NaOH and 1% SDYS) were added, gently mixed and placed on ice for 15 min.
Two hundred m of 3 M potassum acetate pH 4.8 was added, gentle mixed and kept
on ice for 15 min. After centrifugation a 12,000 rpm, 4C for 15 min, the supernatant
was conducted by phenol chloroform extraction. The plasmid DNA was collected by
centrifugation a 12,000 rpm, 4C for 15 min. After air dried, the DNA was dissolved
in 50 m of TE buffer. One microliter of 10 mg/ml of Rnase A was added and
incubated at 37°C for 1 hr. Two ni of plasmid DNA were digested with appropriate
redriction enzymes (EcoRI). The digested plasmid DNA was separated by agarose gel
electrophoresisin 2.10

Alternatively, plasmid DNA was extracted using QIAprep® Miniprep Kit
(QIAGEN GmbH, D-40724 Hilden). Briefly, about 1.5 ml of the inoculated culture
was trandferred to a microcentrifuge tube and spin for 1 min. a 13,000 rpm. The
supernatant was then discarded. It was possible to increase the amount of the cultured
cdls to the same tube by adding more cdl culture and the process was repeated. The
pellet of bacteria cells was resuspended in 250 m of Buffer P1 (Resuspenson buffer
contain Rnase A) and Vortexed. After adding 250 mi of Buffer P2 (Lyss buffer



contains sodium hydroxide), the tube was inverted gently 46 times. Added 350 mi of
Buffer N3 (Neutrdization buffer contains guanidine hydrochloride) and tube was
inverted gently 4-6 times. The tube was centrifuged for 10 min. a maximum speed in
tabletop microcentrifuge (13000 rpm). The supernatant (about 850 m) was carefully
collected and applied to the QIAprep column and centrifuged at 13000 rpm for 1 min.
The flow-though solution was discarded. The QIAprep column was washed by adding
750 m of Buffer PE (wash buffer contains ethanol). The QIAquick column was
recentrifuged at 13000 rpm for 1 min to remove the trace amount of the washing
solution. Place the QIAprep column in a clean 1.5 ml microcentrifuge tube. To dute
DNA, add 50 ni Buffer EB (10mM Tris-CI, pH 8.5) or water to the center of the
column, let stand for 2 min. and then centrifuge for 1 min.

2.11.7 Sequencing

Plasmids containing insert DNA of interest were subjected to DNA sequence
andyss. The DNA sequencing was conducted on MegaBACE 1000 (Amersham
Phamacia, Sweden) at Unit of Shrimp Molecular Biology and Genomic Laboratory at
the department of biochemidry, faculty of Science, Chuldongkorn Universty. The
plasmids were aso sent to BSU (Bioservice unit) for sequence analyss and conducted
on ABI 310 and 3100 Department of Medical Science Ministry of Public Hedlth.

2.12 Construction of EST library from heat-induced shrimps

2.12.1 animals and RNA prepar ation

The experiment was conducted by acclimating 60 giant tiger-shrimps in a
reared tank provided with supplemental aeration at ambient temperature (27-28°C) for
1 week. Shrimps were treated with heat shock at 35°C for 1 hr and transferred to
ambient temperature for 2 hr. Haemolymph from the shrimps was collected in equal
volume of 10% sodium citrate and centrifuged at 3600xg for 10 min. at 4°C.



The resulting cell pellet (haemocytes) was homogenized with a glass piston
homogenizer in 2 ml of TRI Reagent for total RNA extraction. mMRNA was purified
using QuickPrep Micro mRNA purification kit (Amersham Biosciences).

2.12.2 library construction

The system of Lambda Uni-ZAP XR Vector (ZAP-cDNA synthesis kit,
Stratagene, CA) was used for cDNA library construction. Approximately 15 ng of
poly(A)" mRNA was isolated from total pool of RNA utilized as template for first and
second strand cDNA synthesis. The double stranded cDNAs were fractionated by
Sepharose CL-2B column and cDNAs greater than 500 bp in size were ligated into the
vector and packaged into phages. Mass excison was performed using ExAssist
interference-resistant helper phage (Stratagene). Plasmid DNA was extracted using
QIAprep kit (Qiagen, CA), digested with restriction enzymes, and separated on a
1.2% agarose gel. The cDNA inserts were single-pass sequenced from the 5 end.

2.13 Screening of ?-ZAP cDNA library

2.13.1 Probe DIG DNA labeling

DNA fragments of HSP60, HSP70 and HSP90 were used as probes for
Southern blot hybridization and for library screening. One nl of DNA was added into
microcentrifuge tube containing 16 nm of dH,O. Then, DNA was denatured by heating
in boiling water for 10 mins and quickly chilledon ice. DIG-High Prime (4 m) was
added, mixed and centrifuged. The mixture was incubated for 20 lrsat 37 °C. Then,
the reaction was stopped by adding 2 nl of 0.2 M EDTA pH 8.0) and/or heating 65°C

for 10 mins.

2.13.2 Plaque blotting

Aliquots of the bacteriophage stock was mixed with plating cells (XL1-blue
MRF') and plated on soft agarose (NZY agar). The plate was incubated at 37°C until
plaques were approximately 0.2-0.5 mm in diameter (approximately 810 hr.). Then
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the plate was chilled for about 1 Ir to set the agarose. Hybridization membrane was
cut to size and placed onto the surface of the agarose and left for at least 30 s. The
orientation was then marked with a sterile needle. Membrane was removed and placed
on a sheet of Whatman 3MM™ filter paper saturated with denaturing solution
(Appendix A) for 5 min. The membrane was transferred to a sheet of filter paper
saturated with neutralising solution (Appendix A). Membrane was neutralized 2 times
for 5 min each. The membrane was dried on filter paper, then fixed the DNA by
baking the membrane for 2 hrs at 80°C.

2.13.3 Probe Hybridization

Prior to probe hybridization, appropriaie amount of Standard Hybridization
solution (20 m/ 100 cnf) was pre-warmed to desired temperature (45-65°C) and the
membrane was incubated for 30 min with gentle agitation. Then, Dig-labelled probe
was denatured by boiling for 5 min and rapidly cooled on ice water. Pre-warmed
hybridization solution (2.5 m/ 100 cnt) was added and incubated at 65 °C for 3 hrs.
Prehybridization solution was poured off and probe hybridization solution was added
to the membrane and incubated with gentle agitation for at least 16 hrs.

2.13.4 Stringency washes

Stringency washes were conducted in 2x SSC, 0.1% SDS at room temperature
for 2 times, 5 mins each, followed by 0.1x SSC, 0.1% SDS to wash membrane at

65°C for 2 time, 15 mins each.

2.13.5 'mmunolagical Detection

Membrane was rinsed briefly (1-5 min.) in maleic acid buffer then incubated
for 30 min. in 100 M of blocking soluion. Anti- DIG-AP conjugate was diluted to
1:5,000 in blocking solution then the membrane was incubated for 30 min. in 20 ml
antibody solution. The membrane was washed twice for 15 mins with 100 ml maleic
acid buffer and equilibrated for 25 min. in 20 m of detection buffer then further
incubated in 10 m freshly prepared color solution. The membrane was seded in a
plastic bag or box in the dark (Do not shake). The color was developed within a few



min and the reaction was complete in 16 hrs. Membrane was allowed to expose to
light only to monitor color development. The reaction was stopped by washing for 5
min. with TE.

2.13.6 Single clone in vivo excision using ExAssis® Helper phage with

SOLR strain

Five hundred m of SM buffer and 25 ml of chloroform into a sterile were
added to microcentrifuge tube. Positive plague was transferred from the agar plate to
microcentrifuge tube and vortexed to release the phage particle into the SM buffer
(phage stock). The microcentrifuge tube was incubated at 4°C overnight. The

following component was combined in 15 ml polypropylene tube.

- 200 m of XL1-blue MRF cellsat an A600 of 1.0
- 250 m of phage stock
- 1 of the ExAssst® Hel per phage

Following the incubation of the tube at 37°C for 15 min to allow the phage to
attach to the cells, 3 ml of LB broth with 30 ni of IM MgSO,4 and 30 m of 20% (w/v)
of moltose were added and further incubated at 37°C with shaking for 2.5-3 hrs. Then
the tube was heated at 68°C for 20 min to lyse the lamda phage particle and the cells.
The tube was spun at 1000xg for 15 min to pellet cell debris and collect the phagemid
supernatant into a sterile tube. To plate the excised phagemid, the following

component were combined in 2 of 1.5 ml microcentrifuge tubes
- 200.m of freshly grown SOLR cells an A600 of 1.0
- 10 m and 100 m of phagemid supernatant
The microcentrifuge tube was incubated at 37°C for 15 min and 200 i of the

cell mixture from each microcentrifuge tube was plated on LB ampicillin agar plate
(50mg/ml) and the plate was incubated at 37°C overnight.



2.14 Rapid amplication of cDNA ends-polymer ase chain reaction
(RACE-PCR)

The 5 ends of HSP genes (HSP60 and HSP90) were amplified using BD
SMART (Switching Mechanism At 5 end of RNA Transcript) technology Kit.
RACEready cDNA was prepared by combining 1 ng of total RNA extraced from
haemocytes of P. monodon with 1 ni of 10 M BD SMART Il A oligonucleotide for
5 RACE-PCRand 1 m of 5 CDS primer (table 2.3). Sterile H,O was added to afina
volume of 5 m. The component were mixed and spun briefly. The reaction was
incubated at 70°C for 2 min and cooled on ice for 2 min. The reaction tube was spin
briefly. Then, 2 m of 5X firs-strand buffer (250 mM Tris-HCI pH 8.3, 375 mM KCl,
30 mM MgCh), 1 ml of 20 mM DTT, 1 nl of 10 mM dNTP mix and 1 nl of BD
PowerScript Reverse Transcriptase were added. The reactions were mixed by gently
pipetting and centrifuged briefly to collect the contents at the bottom. The tube was
incubated at 42°C for 90 min in an air incubator. The first strand reaction products
were diluted with 100 ml of Tricine-EDTA buffer (10 mM TricineeKOH pH 8.5, 1.0
mM EDTA) and heated at 72°C for 7 min. The first strand cDNA template was stored
at -20°C for up to three months.

Gene specific primers (GSP) for 5 end (anti-sense primer) of HSP60 and
HSP90 were designed from HSP genes of P. monodon (table 2.3).

The master mix of 5 RACE was prepared for HSP60 and HSP90. For 50 ni
amplification reaction, 34.5 m of PCR-Grade water, 5 ml of 10X BD Advantage 2
PCR buffer, 1 m of 10 mM dNTP mix, 1 nl of 50X BD Advantage 2 polymerase mix,
2.5 m of 5’ RACE-Ready cDNA (1:10), 5 m of 10X Universa primer (UPM) (table
2.3)and 1 m of 10 mM Gene specific primer were mixed. The reaction was performed

as follow



94°C
72°C
94°C

70°C
72°C
94°C

68°C
72°C

30S
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30S

30S
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30S

30S

2min

5cycles

5 cycles
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RACE products were electrophoretically analyzed as described in 2.10 then,
cloned and sequenced as described in 2.11. Finaly, the full length cDNA was

constructed.

Table 2.3 Primer sequences for the first strand cDNA synthesis and RACE-PCR

Primers Sequence
SMART Il A 5-AAGCAGTGGTATCAACGCAGAGTACGCGGG-3
Oligonucleotide
5" RACE CDS Primer A 5 —(T)25V N-3
(N=A,C,GorT;V=A,GorC)
10X Universal Primer A Long :

Mix (UPM)

5- CTAATACGACTCACTATAGGGCAAGAGTG
GTATCAACGCAGAGT-3
Short: 5-CTAATACGACTCACTATAGGGC-3

Gene specific primer for

HSP60

5 —-CAATCTCAGCAGGAGTGGTCACAGGC- 3

Gene specific primer for

HSPO0

5 —CGCACCGTGAACGACCCGCCCGCCGA -3
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2.15 Computational analysis of HSP sequences

DNA sequences were identified by BLAST analysis (Altschul et al., 1997)
and trandated in to amino acid sequences using Genetyx-WIN program (Genetyx-
WIN Version 3.2, seria no. 1136275580). The secondary and tertiary structures of
putative proteins were analysed by Rasmol (Sayle and Milner-White, 1995) and
Swiss-Model (Peitsch and Jongeneel, 1993)

2.16 In vitroexpression of heat shock protein genes

2.16.1 Semi-quantitative RT-PCR

Reverse transeription was conducted to make first strand cDNA using tota

RNA extracted from heat-treated haemocytes. The reaction was performed in the final

ITM

volume of 20 m, at 42°C, for 90 min using Improm | reverse transcription kit

condition (1 U of Improm 11M7

buffer, 25 mM MgCh, 0.5 mM dNTP mix, 0.5 ng Oligo dT, and 2.0 U of

reverse transcription, 2 m of 1x Improm 11™ reactive

recombinant RNasin® Ribonocluose Inhibitor). Quantitative PCR was conducted
using exact concentration of first-stranded cDNA as template 600, 25 and 50 ng for
HSP60, HSP70 and HSPRO kDa, respectively. Primers were designed from heat shock
protein genes sequence of black tiger shrimp P. monodon (Table 2.4). For PCR
condition, samples were supplemented with the addition of 1x buffer (10 m M This —
HCI, pH 8.8, 50 mM KCl, 0.1% Triton x — 100), 1.5 mM MgCh, 0.5 nM each of
forward and reverse primer, 0.4 mM dNTP mix, and 1 U Tag DNA polymerase. The
PCR reaction for HSP 60 kDa, HSP70 kDa and HSP90 kDa gene was performed as

follow.

HSP60 kDa gene
Initial denaturation step: 94°C, 3 min for 1 cycle
Denaturing step: 94°C, 1 min
Annealing step: 55°C, 1 min for 28 cycles

Elongation step: 72°C, 1 min
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Extension step: 72°C, 7 min for 1 cycle
HSP70 kDa gene

Initial denaturation step: 94°C, 3 min for 1 cycle

Denaturing step: 94°C, 1 min

Annealing step: 65°C, 1 min for 25 cycles

Elongation step: 72°C, 1 min

Extension step: 72°C, 7 min for 1 cycle
HSP90 kDa gene

Initial denaturation step: 94°C, 3 min for 1 cycle

Denaturing step: 94°C, 1 min

Annealing step: 55°C, 1 min for 26 cycles

Elongation step: 72°C, 1 min

Extension step: 72°C, 7 min for 1 cycle

Table 2.4 Primer sequences for the Semi-quantitative RT-PCR

Primers Sequence
HSPGOF 5 -AGGTTGGTCGTGAGGGTGTC-3
HSP60R 5-GAGTCTGGATAGCCTTGCGG-3
HSP70F 5-CCTCTATCACTCGTGCTCGC-3
HSP70R 5-GTCCCTCTGCTTCTCATCGT-3
HSPOOF 5 -TCCACGAGGATTCCACCAACC-3
HSPOOR 5-TCGGCATCCGCCTTTGTCTCA-3
Actinl 5 GGTATCCTCACCCTCAAGTA 3
Actin2 5’ AAGAGCGAAACCTTCATAGA 3




For b-Actin reference gene, PCR reaction was performed as follow.

Initial denaturation step: 94°C, 3 min for 1 cycle
Denaturing step: 94°C, 1 min

Annealing step: 55°C, 1 min for 20 cycles
Elongation step: 72°C, 1 min

Extension step: 72°C, 7min for 1 cycle

This method was modified from the method of Marone et a. (2001). The PCR
products from each sample were applied to 1.2 % agarose gel electrophoresis. Gel
was stained with ethidium bromide. DNA bands were visualized and documented
under UV light. The intensity of heat shock protein band was detected and compared
with that of beta-actin using Quantity one program (BIO-RAD).

2.17 Statistical Analyses

All the measurements were made in four replicates. The result were analyzed
using the ANOVA and Duncan new multiple range test (p <0.05) at 95% confidence
level with SPSS program.



CHAPTER 111

RESULTS

3.1 Haemocyte cells culture

The viability of haemocytes maintianing in three different culture medium,

M199, Grace's insect and TC100 (Fig. 3.1) with 10% fetal bovine serum
supplemented, 20 ul of 500 U/rd penicillin, 20 ul of 500 ng/m streptomycin and
maintained at 28°C was detected. The results indicated that haemocyte in M199 media
showed the highest viability without changing medium. The percentage of viability
of haemocyte in M 199 was 96.6%, 94.6%, 91.2% and 82.1% at 24, 48, 72 and 96 h.
respectively. The haemocytes were maintained for 1 day in TC100 and Grace's insect
media and the viability of haemocytes was 85.5% and 98.8% respectively. (Table 3.1)

Table 3.1 Percentage of viability of haemocyte cell after maintained in growth

medium
Time (hr) Per centage of viability
M 199 TC100 Grace' sinsect
24 96.6 85.5 98.8
48 94.6 0 0
72 912 0 0
96 82.1 0 0




Figure.3.1 Heemocyte cdls of P. monodon mantaned in M199 (A), Grace's
insect (B), and TC100 (C).

3.2 Haemocytes cell activity

In order to monitor the activity. of the viable haemocytes in three different
growth media, the activity of superoxide dismutase were determined by intracellular
superoxide anion (Oy") assay. The haemocytes were maintained in M199, TC100 and
Grace's insect at 28°C. At 0, 2 and 4 hr of the culture, haemocytes from each
treatment was subjected to superoxide anion (O;") assay. The assay was performed by
measuring the reduction of NBT in normal haemocytes (basal activity, BA) and
haemocytes stimulated with PMA (stimulated activity, SA).



By Compairing the haemocyte activity in all media, there were significant
differences between stimulated activity while no significant difference between basal
activity was detected from haemocytes in al media at 0, 2, 4 hr £<0.05). The
stimulated haemocytes in Grace's insect media obtained highest activity followed by
that of M199 and TC100 (P <0.05) except at 2 hrs where the stimulated activities of
haemocytes in Grace's insect and TC100 were in the same level but were still
significant higher than that in M199 (P <0.05). (Fig. 3.2).

In addition, the performance of superoxide dismutase in the haemocytes
maintained in 3 different growth media were shown by the BA/SA ratio at ODg3o
(Table 3.2). The result indicated that haemocytes maintained in Grace's insect
medium also yielded the highest enzyme activity, followed by the activity of the
haemocytes in TC100 and M 199, respectively. The BA/SA ratios of the haemocytes
maintained in all 3 media at 0, 2 and 4 hr were significant lower, respectively. This
indicated that the enzyme activity of the haemocyte maintained in al 3 media were

decreased corresponding to time of culture.

Table3.2 NBT reduction of the haemocytes maintained in M199, TC100 and

Grace' sinsect medium

Time M 199 TC100 Grace' sinsect

(hr) BA SA | Ratio| BA SA | Ratio BA SA | Ratio
0 0.003 | 0.035 | 11.66 | 0.002 | 0.039 | 195 | 0.0024 | 0.054| 225
+ X + + + +
0.001 | 0.008 0.001 | 0.003 0.002 | 0.011
2 0.002 | 0.030 | 15.0 |0.003 | 0.064 | 21.3 | 0.002 |0.055| 275
> + + + + +
0.0024 | 0.003 0.0035 | 0.007 0.001 | 0.008
4 0.001 | 0.002 | 2.0 | 0.002 | 0.021 | 105 | 0.003 | 0.045| 150
+ + + + + +
0.001 | 0.001 0.0008 | 0.002 0.001 | 0.015
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Figure 3.2 NBT reduction of the haemocytes maintained in M199, TC100 and

Grace' s insect medium. ﬂ In the absense of PMA L'\ In the presence of PMA (30
ng/ml PMA) A. Stimulated haemocyte cell at O hr B.Stimulated haemocyte cell
which were maintained for 2 h. C. Stimulated haemocyte cell which were maintained

for 4 hrs.

It can be concluded from the results that the-haemocytes maintained in TC100
and Grace' s insect media obtained the high level of enzyme activity but the number of
viable haemocytes maintained in both media were decreased dramatically after 24 hrs
of incubation On the other hand, the enzyme activities of haemocytes maintained in
M199 was lower but the viability of the haemocytes was considerably high for up to 4
days of incubation without changing the media. For this reason, M199 was further

used for in vitro experiment.



3.3. Theviability of haemocytestreated with thermal shock

from control and thermal shock samples at any temperature and time (P > 0.05) (Fig.

There was no significant difference between the viability of the haemocytes

3.3 and Table 3.3), indicating that the thermal shock condition used in this experiment

was suitable for further in vitro experiment.

Table 3.3 The percentage of viability of haemocyte cell after challenge with cold and
heat shock at 4, 30, 33 and 35°C for 30, 45, 60, 90 and 120 min

4°C 30°C 33°C 35°C
Time | Control | Treatmen [ Time | Contro | Treatment [ Time | control | treatment Time Control treatment
(Min) t (Min) I (Min) (Min)
30 96.05 93.38 30 94.02 92.67 30 97.89 98.19 30 96.58 95.37
45 93.73 92.91 45 94.83 95.81 45 97.63 94.50 45 96.64 95.55
60 95.22 93.33 60 94.90 95.51 60 98.17 97.39 60 96.29 93.97
0 93.02 92.40 0 91.67 89.73 90 97.23 94.17 0 96.67 93.14
120 91.97 91.00 120 | 91.67 86.67 120 96.62 95.94 120 96.24 92.23
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Figure 3.3 The percentage of viability of haemocytes after challenging with cold and
heat shock at 4°C (A), 30°C (B), 33°C (C), and 35 °C (D).

3.4. ldentification of heat induced proteins by SDS-Polyacrylamide gel

electrophoresis

The result of protein profiles extracted from thermal 'shock haemocytes were
shown in figure 3.4. A number of intensified bands were found in samples treated
with 4, 30, 33, and 35°C but not present.in control sample. Three peptide bands (149,
87 and 42 kDa) were shown in the coomassie stained gel whereas eight peptide bands
(149, 121, 106, 87, 65, 62, 55 and 42 kDa) were observed in the gel stained with
silver (Fig 3.4b). However, the presence of these different bands was not repeatable in
some experiments (picture not shown). Therefore, the response of haemocytes in heat
shock condition was no longer detected by this method.
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3.5 Detection of HSPs by Western blot analysis

Only HSP90 was detected by Western blot analysis. The result was shown in
figure 3.5. The labelled bands were found at the molecular weight of 82 kDa after
detecting with anti-HSP90 monoclona antibody. The antibody dilution used in this
detection was 1:500 which was very low. This revealed the low cross reactivity of the
the antibody. There were no corresponding bands of HSP60 and HSP70 found on the
gels when mouse anti-human HSP60 and anti-bovine HSP70 monoclona antibodies
were used as primary antibodies detection. This indicated the possibility of low levels
of HSP60 and HSP70 and low cross reactivity between the antibodies and target
proteins. This caused the low sensitivitie of the reaction beyond possible detectional
level of this method.



52

M11345'ﬁ

30.0

Figure 3.5 Electrophoretic pattern of haemocytes treated with thermal stress. Samples
were loaded and run on 2 replications of 12 % SDS-PAGE gels. One gel was stained
by Coomassie brilliant blue (A) and the other was subjected to Western blotting,
stained by immunochemical ‘method using mouse anti-HSP90 monoclonal antibody,
and developed by DAB (B). Black arrows indicated the corresponding bands of
HSP9O.

Lane M = Low molecular weight

Lane 1 = Un-treated haemocyte cell

Lane 2 = Control (haemocytes maintained at 28 °C)

Lane 3 = protein extracted from haemocytes shocked at 30 °C
Lane 4 = protein extracted from haemocytes shocked at 33 °C
Lane 5 = protein extracted from haemocytes shocked at 35 °C
Lane 6 = protein extracted from haemocytes shocked at 4 °C



3.6 Trandation in vitro of the genesin thermal shock haemocytes

The haemocytes maintained in  MEM medium (minimum essential medium
without methionine) containing 10 nti/ml of 3°S-methionine. The samples were
thermal-treated at 4, 28 (ambient temperature), 30, 33 and 35°C for 2 h. After
remaining at ambient temperature for 2 hr. Then samples were extracted and analyzed

by 12% SDS-polyacrylamide gel electrophoresis.

The result of protein profiles in 12% gel stained with silver revealed that 3
major bands (42, 73, and 97 kDa) were detected in the samples from haemocytes
treated with both cold (4°C) and heat shocks (30, 33, and 35 °C) whereas these bands
were absent in control samples (Fig. 3.6). After the gel was autoradiographed with X-
ray film, no corresponding bands for those target peptides and any other bands were
detected (the figure of X-ray film was not shown). The difference of protein bands
between thermal snock and normal haemocytes were detected by common silver
staining technique but were not detected by radioactive labelling which was a higher
sengitive technique. This indicated the existance of the inhibitor within the in vitro

trangdlation process.
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Figure 3.6 Protein profile of samples (2 pg each) on 12% SDS-PAGE. The gels were
stained with Coomassie brilliant blue (A) and silver solution (B)

Lane M = Low molecular weight

Lane 1 = Un-treated haemocytes

Lane 2 = protein extracted from haemocytesinduced at 4 °C

Lane 3 = Control (protein extracted from haemocyte maintained at 28 °C)
Lane 4 = protein extracted from haemocytes induced at 30 °C

Lane 5 = protein extracted from haemocytes induced at 33 °C

Lane 6 = protein extracted from haemocytes induced at 35 °C

Lane 7 = MediaMEM at 35°C



3.7 Differential expression of thermal induced genesin the haemocytes detected

by 51$ [DuEMIU [SUP HesrROPHUDVHEKDQUFDRRA (RAP-PCR)

Differential expressed genes were examined using 10 different random primer
combinations. The results showed the differential displayed fragments ranging from
approximately 280 to 820 bp. The bands smaller than 200 bp were not examined. The
result wa shown in table 3.4 and figure 3.7-3.11.

Table 3.4 summary of differential displayed markers obtained from RAP-PCR.

Primer combination Differential displayed markers (size, bp)
UBC268 and UBC119 430
UBC268 and UBC122 310, 370, 400 and 510
UBC268 and UBC128 300, 305, 400, 405, 480, and 820
UBC268 and UBC268 300, 340, and 820
UBC268 and UBC135 280, 415, 510 and 625
UBC268 and UBC158 450 and 500
UBC268 and UBC174 320, 480, 510 and 600
UBC268 and UBC228 395
UBC268 and UBC299 335 and 475
UBC268 and UBC457 380, 480 and 760

Differential expressed RAP-PCR fragments were purified from each gel and
re-amplified wsing the corresponding primers. Ten fragments were selected, cloned,
and sequenced. The result of identified clones was shown in table 3.5. Nine fragments
were identified as unknown genes and one fragment contained DNA sequence
homologous to the vigilin gene (Table 3.5). Details on DNA sequences of each
selected fragments were shown in Figure 3.12.




Table 3.5 Summary of partial gene sequences from RAP-PCR. The percentage
identity:similarity, E-value were obtained from BLASTX.

Primer Closest sp. E-value Genes
UBC268 UBC119 - - Unknown
UBC268 UBC122 - - Unknown
UBC268 UBC128 - - Unknown
UBC268 UBC135 - - Unknown
UBC268 UBC158 - - Unknown
UBC268 UBC174 - - Unknown
UBC268 UBC228 - - Unknown
UBC268 UBC268 - - Unknown
UBC268 _UBC299 - - Unknown
UBC268 UBC459 | Homo sapiens. 4x 10*° vigilin
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Figure 3.7 Differenﬁ)al display of gene expression in hta'emocyte of P. monodon after

thermal stress analyzed on 4.5% denaturing polyacrylamide gel electrophoresis from
pirmer UBC119 (Lane 1-6) and UBC122 (Lane 7-12).. Boxes indicated that
differential expression display were cloned and sequence.

Lane M =100 bp ladder

Lane 1, 7 = Control

Lane 2, 8 = Cold shock (4°C)

Lane 3, 9 = Shock at room temperature

Lane 4, 10 = Heat shock at 30°C

Lane5, 11 = Heat shock at 33°C

Lane 6, 12 = Heat shock at 35°C

Lane m = 50 bp ladder
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Figure 3.8 Differential display of gene expression in h%?emocyte of P. monodon after
thermal stress analyzed on 4.5% denaturing polyacrylamide gel electrophoresis from
pirmer UBC128 (Lane 1-6) and UBC268 (Lane 7-12).. Boxes indicated that
differential expression display were cloned and sequenced.

Lane M =100 bp ladder

Lane 1, 7 = Control

Lane 2, 8 = Cold shock (4°C)

Lane 3, 9 = Shock at room temperature

Lane 4, 10 = Heat shock at 30°C

Lane5, 11 = Heat shock at 33°C

Lane 6, 12 = Heat shock at 35°C

Lanem =50 bp ladder
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Figure 3.9 Different\isld display of gene expression in haemocyte of P. monodon after
thermal stress analyzed on 4.5% denaturing polyacrylamide gel electrophoresis from
pirmer UBC135 (Lane 1-6) and UBC158 (Lane 7-12). Boxes indicated that
differential expression display were cloned and sequenced.

Lane M =100 bp ladder

Lane 1, 7 = Control

Lane 2, 8 = Cold shock (4°C)

Lane 3, 9 = Shock at room temperature

Lane 4, 10 = Heat shock at 30°C

Lane5, 11 = Heat shock at 33°C

Lane 6, 12 = Heat shock at 35°C

Lane m =50 bp ladder
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Figure3.10 Differeﬁ;cjal display of gene expression in haemocyte of P. monodon after
thermal stress analy})ed on 4.5% denaturing polyacryl amide gel electrophoresis from
pirmer UBC174 (Lane 1-6), UBC228 (Lane 7-12) and UBC 299. Boxes indicated that
differential display were cloned and sequenced.

Lane M = 100 bp ladder

Lane 1, 7,13 = Control

Lane 2, 8,14 = Cold shock (4°C)

Lane 3, 9,15 = Shock at room temperature

Lane 4, 10,16 = Heat shock at 30°C

Lane5, 11,17 = Heat shock at 33°C

Lane 6, 12,18 = Heat shock at 35°C

Lane m =50 bp ladder
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Figure3.11 DiffererftQaI display of gene expression in rfaemocyte of P. monodon after

thermal stress anaIyE)ed on 4.5% denaturing polyacryl amide gel electrophoresis from
pirmer UBC457 (Lane 16). Box indicated that differential expression display was
cloned and sequenced.

Lane M = 100 bp ladder

Lane 1 = Control

Lane 2 = Cold shock (4°C)

Lane 3 = Shock at room temperature

Lane 4 = Heat shock at 30°C

Lane 5 = Heat shock at 33°C

Lane 6 = Heat shock at 35°C

Lane m = 50 bp ladder
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UBC268- UBC119 Si ze 442 bp

AGGCCGCTTACTCAGACACACATTGTGCAATCAGCGATACT GAATCATGI TTAAATTGACATCAGTACT
GACACACTTTTGI CTCGTACAAACATACAGGACT GTGCTGCATACATGATGATGCGATGATTAATGATG
AGTGATGTACTATGAATACCACCTAAATAGGT GGCTTCTTGT CAAGGAACCTCCAATCAGCTTCAGCTA
CTGGAATGCTTGGATTTTAGT TTGCCCACAACAAAAGATTCCATGACTAGAATTAACCGAAGCCCTTGG
NTATTTACAAGAATGTACAACCAAAAGGT TCAGT TAATTGTACTTTGATGT TTAAATAGTACAACAGGC
TATTTAAATAATAACTTCCTTAATAAAATAATATAACT TTACAGCTCGTCATGT TCAAGATCATTATCA
AGATCATCTTCGTCTTCATCGCCCAATA

UBC268_UBC122 Si ze 321 bp

GT AGACGAGCAGCATGTATAAATATCCAAAAT CCCTACCGT GGT TGGAGGCTACGACTGGTATTCCTGA
GAAAGAGGCGAGCGGCAGTAATTATTCAGT CTAAT GT CCGAGGAATGT TTGCCAGAGAGGT TGCAAATG
CCCTTCGT GAAAT GAAGCGAAT CGAGGAGGAACAGCGGAGACGAGAGAAGCT GGAGGAGGAGAGACGAC
AGAGGGAAGAAGAAGCCCT CAAAT TGCCAGAGGACGAGGAGAAGAGGAAAGAGCT GGAGGAGGCTCAGA
GGTATGAGCTAGAGAATCGCTTGTGGAAATGTAGT TAAGCGGCCTA

UBC268_UBC128 Si ze 302 bp

GCATATTCCGCTCATAAACAAATACGT CGAGATAAGTATCTAATAACTTGCATTACCTCAAATTGT CGA
GAGCTTTTAATTCCCACGCCATTGCGATGAACGT GCGGT TCACAATGT TCTTTACCAAACGGT TATCAA
AGTGCCTTACCAAGGGCCCTGT CCCCTGCAACCCTGACTCAATTAATGCTTTCCCTGNTTTACATGACA
ATCATTTCGAGT GCTATTTCAGGACTAAAGCACT CGCGGTAGGTGTATGATTCTTTTATGCCTTTTGCT
TTATATATTGTGGAGTAAGCGGCCTA

UBC268_UBC135 Size 279 bp

AGGCCGCTTACATATGAAGATCAGT TCAGGCGAGCGT GTAATCATCTCACTAAAGTGATTCGCTCTACC
CGTAGCAAATACTATACAAAAAAACAAAAACAACAACT AAAGT CTACCTCAAATACCT GCTGGTACACA
TGGAAGGT CATCAATTAAATTCTGAATAGAAATGATACATCTCAGAAACAAACGATATAAGTAGAGGAA
GGTCAGTCTTAAGATCCTATTCAGATTTCTCACTATATCAATGATTATTTCGCTAATGTTGCTCGCAGC
TTA

UBC268_UBCL58 Size 459 bp

TAGCCGT GGCAAGAAAGT TACAAGATGTCT TTGAAATGAGATATGCCAAAGT GCCAGAAGATGAACCCT
TCGAAATTCAACCAGCAACAGAT TCCGAAGAGT CTGAAAGT GAGAGT GAGAGT GAAACTGACGACTCTG
AGCGATGAGAGAGAAACGAAATTAGT TCAGT TACAGGAGCAGCT ACGGCAGGT GCAAGAACAGATGAAGT
TGCTGGT TGAAGAATCT TTAAGAAGAGGGAAAGAAAAGAAGAAAAAGACCAAAAAGAAAAGT AAAGACC
GITGAGAAGATGT TGT CAGAGT TACCCAACGT TCCAAACACAGT TGCCCCCACT GTGAACCAAAATGCCC
CAACGGCAGCAGCT GTCACAACAGCGACAGCT GCTGT TCCTCCTGCAGCGCCCCCACCTGGECCCAGTTC
CTCCTAAACCTAAGAAGAACAAAACTAGTAATAATAAGCGECCTA

UBC268/ UBC459 si ze 630 bp

CCAATGACCT TGGGATGGT AT TCT GGT CAACCT CCACACGCAGGCT GAAGGAGCGGGCCAGGCGGT CCC
TCTCCTCTTCCTCCAGCTGCTGAACCT TTACT CT GAGGGECGGCGECT GECTCGCTCAGT GTTGGCT GGAG
GCGCCAGT GATCCTGATGATGI CACTCTGGTCCTGAGCT GGT GGAACCTGGATGITGACATCAAACTCAG
TCATCATGI TGCGCACATTCTCTCCCT TCTGACCAAT GATGAAGCGATGATGCCTGAAGGGTACGTTCT
CCTCCACAGT GACT GGCACAAGACTCAGCAGAGCATCACGTGCCTTCTCACAGTTATCCTTCTTGCCCA
TGACGCGCACAATGT CTTGAGGCCGGEGT GGCAACT TCCCCGT TCACCATTCACCTCTCCATTCACCTGC
CCGTGACTTTCTTCACTGT TGGCATTTACATTTCCACTATCCTTCTCGGGGAACTTGATCTGTACATCG
AACTCGGTGGT TATGGCTTGCACCT TGCTGCCCCT TGGCACCCAT GACAGT GCGGTGGAACT TCTGAGG
GATGATCACTTCCATCTGCACCAT CTGGT CCAGATCGTTCACGATTTCGGAAATACGGTTCTTGGCTCC
TCGACGCAATCACTAGT GATTCGCGGECCG



UBC268/ UBC174 size 510 bp

AGGCGCGCAAATTACCCACT CCCGGCACGGGEGAGGTAGT GACGAAAAATACT GT TGCGAGCCCCGAACG
GGGCCTCGCAATTGGAATGAGTACACT TTAAATCCTTGTACGAGGAT CGAGT GGAGGGCAAGT CTGGTG
CCAGCCGCCGCGGTAATTCCAGCTCCACTAGCGTATATTAAAGT TGT TGCGGT TGAAACGCTCGTAGT T
TGACTTCTGCTCCGGACCGGCGGT CCGCCT TAGCGGCGGECTACT GCCGGGT TCCGAGCTGTGTCCCCGL
CGGCGCCCACGGGGT TTTTTATGCCCT TAACCGGGT GTCCCCCT GTGGCCGGCACGT TTACTTTGAAAA
AATTAGAGT GCTCAGAGCAGGCTGGTCTTTGCT TACAGCCCGAAT GGT CGT GCATGGAATGATGGAACA
GGACCTCGGITCTATTTTGTCGGT TTTTCGGAACCCGAGGT AATGATTAATAGAAGCAGTCTTCTTCTT
AGAGGGATAAGCGGCCTAATCACTAGT

UBC268/ UBC268 si ze 820 bp

GTACTGAGTAAGAGTAAAGAATCTTTCCTTGAGATTCTTCTTAGAATTCAGAAAGAT GCCCGAGGT CAC
ATGTTGACCCATAAATTCTTGAACAAGGGTGAACT TTTCTTCTGCAGTAGACCAGAGATACAATTGTGA
TGGGGCCATGAAAGGATCTACAGTATCAT T TGCTGCCATCAAATTTGCTACCAAGAGCAACCAACCTTC
ATCTCCCAGGGT CAAGT CGAGT GT TGAAGCACTATAGGCAGT ATCTAGAGACCAAATCACATCTATGGC
ATTGTTATTCAACTTTAACACACTGACTTTTGT TGT TGGAGCAGT ATTCACAT CAGAAATTGCACCTGC
CGT CACCATGTAGGT GCCACCACT GGT GGTAAAGGAT TTTGCATCTGCAATAATTCCTAGTGCTGATCC
CTGTGGCAGGTCCGITTCCCTATTGT TTAGCAAGATCTTTACAGTACT TGAT CCACCATTGGCACAGCT
GCTTATTAGI CCAGTGCCTTCATACCCT TCTGTACT GAAGATGAAAGCAGAGT TTACATCCGT CTCTAT
CTGGCTCATGI TACCGTTATCATCAACT TCATAGAGT GCATAT TGCAAAGGGCATCTGCAATCGTAGTC
ACTGCAATCCGCACAGCCAATACT GATGAACCT CCAAATGT

UBC268/ UBC299 si ze 474 bp

AGAGGCAAGGGGAAATTAGCT GGT GGAAATAACCGT TAAAAAAATTTGCATTTTTTTCCCGGCATTCTG
AATGGGGECTTTTAACGGATATAATCCT GGAGGACAGCAGAGTAAAAATGT GTTTGT TTTAGGT CCTATT
CGAAGGAGTAACTAGTTATTTACTTCAAAGCAAAAT CAGT TTAGAAAACAAAACAAATCAAAGTAGTI TA
CAAGT TATTCACTGACAAAGCAAAACGATAGTAACT AGT TATTCACATAAAAACAAT GTAGAAAGCAAA
ACATGGAAGTAGGAACTACGCTATTTAGT TACACGAAACGT AT TAACGGGT TAAACGAGGAGTAAACGAC
ATGCAAGGAAGT GAATCGTACCTCAAT TACAAGGAGCTACTGAAATCTACATGTCTTGAAGCGCGAACG
GCTGAGAATGT TGACTGTCTGCTTTGTTGTTTCACTTTTCTAAGCGGCCTAATCACTAGT

UBC268/ UBC228 size 393 bp

TGTACAATAATGT CGAAAGCCACAAAACACCAGAAAAT TTTCTGAAACAACATGT TTACGGT TATTACA
AGGCCCATCCATGCCCCT CTACCGAGGAGATTTTAAT TCT CGCCCGAGACAGCAACACTACAAGGCTAA
GACATTTCCTAATTGI TGAAAGCAAAATCTTAAGT CAATCACGAAGGACAGCCTAAATACCCACATCGC
CAACAAGCATCAAAATCATTCGATCAAATCTCTTCATTTAAATTCGAATACCTTAACCTTTTAGAATAA
ATTTAGCCTTATTTAGCATAGAATACATTTAACATTTCGACACGAAACCGGT TCTTGCCTCGCCCGCAG
CGCCTCTCATAAACGCGACCATAGGT TTTCGGCCCAGCAATCACTAGT

Figure 3.12 Nucleotide sequences of extraintensity bands expressed in 10 primer
combination

3.8 EST analysisof cDNA library

Single colony from mass excision was performed by colony PCR (Fig.3.13A).
Plasmid DNAs from recombinant clones were extracted, digested with EcoRI and

Xhol, and separated in 1.2% agarose gels (Fig. 3.13 B). The recombinant clones were



unidirectionally sequenced from the 5 end and the sequences were blasted against

data in the GenBank using BlastN and BlastX.
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Figure 3.13 A.Colony PCR products from mass excision on 1.2% agarose gdl,

M = 100 bp ladder m = | -Hind IlI marker, Lane 218 (Upper and lower) = PCR
product B. Digested plasmid DNA from recombinant clones M = 100 bp ladder, m =
| -Hind 11 marker, Lane 1-18 (Upper and lower) = digested plasmid DNA

Haemocyte cDNA library was constructed from heat-stressed P.monodon. The
titer of the library was 5 x 10° pfu/ml. A total of 1090 recombinant clones containing
inserts greater than 500 bp in size were unidirectionally sequenced from the 5
terminus. After comparing the sequences against the data in the GenBank, 687
transcripts (63%) significantly matched with the known sequences (P<10“) whereas
the remaining sequences were unknown (403 transcripts, 37%) (Table 3.6). The
relationship between the number of clone sequenced and the accumulative numbers of
new transcripts were shown in Table 3.7 and Figure 3.14. All known transcripts were
classified into 12 functiona categories. The known transcripts categorized into the



member of defense and homeostasis group were predominated (12.3%) followed by

those of gene expression, regulation and protein synthesis group (7.0%) (Table 3.8).

Table 3.6 Summary of ESTs from heat induced haemocyte cDNA library of
P. monodon.

Experimental animals Cultured shrimps stressed with 1 h of
35°C seawater and 2 h of ambient
temperature( 28°C).

Tissues Haemocytes from heat-stressed shrimps

Library titer (pfu/ml) 5.0x10°

Number of cDNA sequences 1090

Number of matched EST (%) g

Number of unmatched EST (%) [ L1
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Figure 3.14 Relationship between ‘accumulative number of sequenced ESTs and
accumulative numbers of newly identified sequences from the haemocyte cDNA
library of heat-stresssed P. monodon.




Table 3.7 Number of new genes from Heat shock cDNA library

Clone Total number | Total number of | % of new gene
of gene New gene

50 (clone no.1-55) 31 31 6.93
100 (clone no. 56-109) 54 23 5.14
150 (clone no 110-162) 24 5.36
200 (clone no 163-212) 18 4.02
250 (clone no 213-263) 23 5.14
300 (clone no 264-313) 16 3.57
350 (clone no 314-364) 17 3.80
400 (clone no 365-416) 21 4.69
450 (clone no 417-468) 21 4.69
500 (clone no 469-519) 16 3.57
550 (clone no 520-572) 20 4.47
600 (clone no 573-624) 26 5.81
650 (clone no 625-674) 21 4.69
700 (clone no 675-724) L 3.80
750 (clone no 725-775) 18 4.02
800 (clone no 776-826) 19 4.25
850 (clone no 827-879) 23 5.14
900 (clone no 8380-931) 20 4.47
950 (clone no 932-982) 21 4.69
1000 (clone no 983-1035) 19 4.25
1068 (clone no 1036-1106) 33 7.38
Total 447 100

Sequence comparison of the EST clones to the DNA databases reveded
60.40% significant match to known genes. Many of these transcripts share similarity
with.genes involved in basic netabolisms and. cellular organization. A total of 1090
expressed sequence tags (ESTs) were found corresponding to defense and
homeostatic genes 132 clones (12.1%). Four hundred and thirty two transcripts
(39.6%) were unknown. A number of genes were found ard classified into 12
functional groups (Table 3.8)
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Table 3.8 Classification of genes from haemocytes tress response cDNA library of

P. monodon

Group Function No. Of clones %

1 Gene expression, regulation and protein 76 70
synthesis ]

2 Internal/external structure and motility 50 4.6

3 Metabolism 65 6.0

4 Defense and homeostatis 132 12.1

5 Signaling and communication 20 1.8

6 Cdl divison/DNA synthesis, repair and 3 31
replication '

7 Ribosomal and rRNA 72 6.6

8 Mitochondria/Protein 60 5.5

9 Transport 16 15

10 Miscellaneous function 68 6.2

11 Unidentified (hypothetical) — similar to ther 65 6.0
cDNA/DNA '

12 Unknown 432 39.6

13 Total 1090 100

3.9 Deter mination of partial sequences of HSP genes

For HSP60 gene amplification, four primer combinations were used, 5 bands
of DNA fragments (850, 749, 300, 280 and 250 bp) were detected (Fig 3.15A). The
749 bp fragments was isolated, cloned and sequenced. The sequence was shown in

Figure 3.17.

For HSP70 gene amplification, four primer combinations were also used

(Fig.3.15B). Three clear bands of DNA fragments were detected from 3 primer
combinations: One band (696 bp ) in FIR1 primer combination, 1 band (990 bp) in
F1R2 primer combination, and 1 band (612 bp) in F2R1 primer combination. Only
smear of DNA was detected in the PCR reaction of F2R2 primer combination. The




696, 990 and 612 bp fragments were isolated, cloned and sequenced. The sequence
was shown in Figure 3.18-3.20.

For HSP90 gene amplification, four primer combinations were aso used
(Fig.3.15C). Two bands of DNA fragments were detected from 2 primer
combinations. One band (1261 bp) in F1R2 combination, and 1 band (1186 bp) in
F2R2 combination. Only smear of DNA were detected in the PCR reaction of F1IR1
and F2R1 combination. The 1261 and 1186 bp fragments were isolated, cloned and
sequenced. The sequence was shown in Figure 3.21-3.22.
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Figure 3.15 PCR product of HSP60 (A), HSP70 (B) and HSP90 (C) analyzed on
1.2% agarose gel.
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Figure3.16 Colony PCR of HSP60 (A). Lane 1-10 represented recombinant clones
of HSP60, and colony PCR of HSP90 (B). Lane 2-6, 9-10, 14-17 represented
recombinant clones of HSP90 analyzed on 1.2 % agarose gel.

TTTGGCACGCGAGGT CAGGECACTGAT CCTGCAGEECGT CGACGT CCTCACCGACECC
GI'GECTGT CACCATGEECCCCAAGCGT CGAAATGTAATCAT TGAGCAGAGCTGGGEEC
AGTCCCAAGATCACAAAGGATGGT GT TACAGT TGCAAAGCCTTTGAACT GAAAGACA
AGT TCCAGAACATTGGAGCTAAGT TGGT CCAAGAT GT TGCCAACAACACCAATGAAG
AGCCTGGT GATGGAACCACCACGECCACAGT CCTGGECT CGCACTATTGCAAAGGAAG
GITTTGACAGGATTAGCAAAGGT GCCAACCCT GTGGAGATCAGCCGTGGAGT TATGT
TGGCCGTGGATGCCAT TGI TGCT CACCT GAAGACCCT GT CAAAGCCTGTGACCACTC
CTGCTGAGATTGCTCAGGT TGCAACCATCTCTGCTAATGGAGATATTGAAGTAGGCA
GICTTATCTCGGCAGCCAT GGAGAAGGT TGGT CGTGAGEGT GTCATCACTGIT TAAAG
ATGGCAAGACCT TGAAGGAT GAGT TGGAGGT CATTGAAGGCATGAAGT TCGATCGCG
GCTACATTTCTCCTTACT TCATAAACT CCAAGCAAGGEGAGCTAAGGT TGAATACCCA
GACTGCCTTGITTTGCTCTCCGAGAAGAAAATTTCTTCTATCCAGT CCCATTATCCC
CAGT GCTAGAACT GGCCAAT GCCCCAAAGGAAACCCTCTATTGATCATTGCTGAGGA
CGTCGATGGCGAG
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Figure 3.17 Partial sequence of HSP60 genes from HSP60F2 and HSPG60R1 primer

combination in Black tiger shrimp P. monodon

CAAGCGACAAAAGAT GCAGGGACTAT TGCAGGGT TCAAGGT TGAACGAATCATTAAT
GAGCCGACGECEECAEECCET CGCCTATGGT TTAAATGCAAAAAATAACAGCGAAGAA
AAAAATATATTGGTCTTCGACT TCGGCGGET GECACGT TTGATGTATCCGT CTTGACT
ATGCGECCGAAGGGEGT GAT TGAGGT TAAGGCCACCGCT GGAAATACGCAT TTGEGAGEG
GAAGACATCGACGATAAGATGGT GGAACATTTTGI GAGAGAAATCAAGAGGAAATAC
AAAAAAGACATAAGGGACAACAAGCGAGCCCT GAGACGCT TAAAAACCGCATGCGAA
CAAGCCAAGAGAACACTGTCATCGT CTACT CAGECTGAAATCACACTAGAGICTCTC
TGCGATGGCATCGATATAAACT TCGT CATGACCCGT GCTAGATTCGACGAGATTTGC
ACGAATCTATTTCAGAGCACTATAGAT CTCGTAAAAAANGCT TTAGAAGACGCCAAG
ATGGACAAGAGT TCTATAACGACAT CGT GGT TCEECCEGAGGATCTACCCGCATACC
GAAGGTCCAAAACT GGT CCCGEECTATTTT TGAAAAAGACCT GACAAATCTATCAAC
CCCCGACGAAACTGTAATCACCTATG

Figure 3.18 Partial sequence of HSP70 genes from HSP70F1 and HSP70R1 primer

combination in Black tiger shrimp P. monodon

CAAGCGACAAAAGATGCTGGACAGAT TGCAGGATTGAATGI TCTTCGT GTAATTAAT
GAGCCAACTGCTGCTGCTCTTGCCTATGECATGGACAAAACTGATGATAAAATCATT
GCTGTGTATGACTTGEGTGGTGGAACT TTTGATATCTCTGT CCTGGAAATCCAGAAG
GGTGICTTCGAAGTGAAGT CTACCAATGGTGATACT TTCCTTGGTGGAGAAGATTTT
GACAATCACCTTGTGAATTTCCTCGCTTCAGAAT TTAAGCGAGAGCAAGGT GT TGAT
GI'CACAAAGGACAACAT GGCAATGCAACGT CTGAAGGAGCECT TCAGAAAAGGCGAAG
ATTGAACTGTCTTCCTCCACACAGACTGACATTAACCTGCCTTACCTTACCATGGAC
GCTTCAGGGCCAAAGCACATGATGTACAAGT TGACCCGATCCAAGT TTGAGAGCATC
GIGGACAAGCTAGT GAAGCGCACT GTGGACCCCT GCCTCAAGGCAATCAAAGATCTG
AATGTGGCAAAGT CTGANAT TGAGAAAT CATNCNT GT GGGT GGCATGACCAAGATGC
CCAAGGT GGGTACTACTGI GCAAGACATCT TTGEECCGEEECCCCAAGT AAGT CGGNG
AATCCTGATGAAACT GNGCTGGEGEGGACCT GCCATNCACGANGGAGT GCT TGCTNGGEG
ATGTAACAAANGT GCCCCTTCTTGATGTACCNCCCT TTTTNT TGGGAT TGAGGECCCT
NGGGAGGAT CT TGACT TANCT TAT CAACNGGAACNCCCCCT TTCCCNCCCCCNAATN
ACAAGCGNTTNTTCCCAC

Figure 3.19 Partial sequence of HSP70 genes from HSP70F2 and HSP70R1 primer

combination in Black tiger shrimp P. monodon
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ATAAACGAACCGACAGCT GCCGCCATTGCT TATGGCCTAGACAAGAAGAACGTAGGA
ATGGCTGAGCAAAACGT GT TGATCTTCGACCT AGGAGECGEGTACCTTCGACGT GTCC
ATCCTCAGTATCGACGACGGAGT GT TCGAGGT GAAGGCAACAGCCGGCGACACGCAT
TTGCGAGCCGAAGACT TCGATAACAGGATGGT TAGT CACT TCACACAAGAGT TTCAC
AGGAAATACAAGAAGGAT CTCACCACCAATAAACGCGCACT TCGACGT CTTCGAACT
GCTTGT GAACGAGCCAAGCGAACT CTCT CT TCCTCCACACAAGCCAGTCTGGAAATT
GATTCTCTCTTCGAAGGCATTGATTTT TACACT TCCATCACCCGTGCAAGATTTGAA
GAGCTTTGITCTGACCTTTTCAGAGGAACT CTACACCCGGT GGAGAAAGCTCTACGA
GATGCTAAGT TAGACAAGACAAGCAT CCACGAAAT CGTCTTGGTAGGT GEGT CCACA
CGCATCCCCAAAGT GCAAAAACTACT TCAAGATTTCTTCAGT GGGAAAGAACTGAAC
AAGT CCATTAACCCAGATGAACGCTGI TGCT TACGGT GCTGCAGT TCAAGCAGCCATT
TTACGTGGTGATCAGT CCGACACT GT GAAGGGCCATGI TACTTCTTGATGT GCTCCCA
CTTTCCATGEGT CTTGAGACAGCTGGAGGAGT CATGACAGT GCTTAT TAAGCGCAAT
ACCACAATTCCCACAAAGCAATCTCAGATCTTCACTACATATTCGGACAATCAACCA
GCECGTTCTCATTCAGGTATACGAAGECGAACGAGCCATGACCAAGGATAATAATTTA
CTGGGCAAGT TTGATCTAAGT GGAAT TCCTCCTGCT CCTCGTGGAGT GCCACAGATC
GAAGTCACCTTCGATATTGACGCCGAATGG

Figure 3.20 Partial sequence of HSP70 genes from HSP70F2 and HSP70R2 primer

combination in Black tiger shrimp P. monodon

CGTGEECTTCTACT CCGCGT ACCT GGT GGCCGACAAGGT GACCGTAGT GTCGAGGAA
CAACGACGACGAGCGGTACAT CTGEGAGT CGT CEECEEECAEEGT CGT TCACGGT GCG
CCACGACACCGGT GAACCCAT CEECCGT GGTACAAAGAT CACCCTCCACCTGAAGGA
GGACCAGACAGAGTACCT CGAGGAGCGT CCCGT GAAGGAGAT CGTGAAGAAGCACTC
GCAATTCATTGGCTATCCCATCAAGCT CCT CGT CGAGAAGGAGAGGEGACAAGGAAGT
GTI'CTGACGAT GAGGAAGAGGAGAAAGAGGAGAAGGAAGAGGAAGCAGAGGAGGACAA
GCCCAAAAT CGAAGAT GT AGGCGAGGACGAAGAAGCCGACAAAGAGAAGGEGCGAAGA
CAAGAAGAAAAAGAAGACGGT GAAGGAGAAGT ACACGGAGGACGAAGAGCTGAACAA
GACGAAGCCCCT TGGACGCGCACCCCGACGACATCT GAAGGAGGAGTACGECGAGT T
CTACAAGT CGCT GACCAACGACT GGGAGGACCACCT GECCGT GAAGCACT TCAGCGT
GGAGGGECCAGCTGAGT TCCGCGECCCTCCTGT TCCT GCCGCGCCGCGCCCCCTTCGAC
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CTGI TCGAGAACCGCAAGCAGAAGAACAAGATCAAGCTGTACGT GCGTCAECGTGITC
ATTATGGAGAACT GCGAGGAACT GATCCCCGAGT ACCTGAACT TCATCAACGGTGTC
GTCGACT CCGAGGATCTGCCTCTCAACATCTCTCGT GAGATGCT GCAACAGAACAAG
ATCCTGAAAGT TATCAGGAAGAATCTCGT CAAGAAGACCCTCGAACT TTTTGAAGAA
ATCGTTGACGACAAGGAAAGCTACAAGAAGT TCTACGAAAACT TCTCCAAGAACCTC
AAACT CGGAAT CCACGAGGAT TCCACCAACCGCAAGAAGCT TGCCGAATTCCTGAGG
TACCACACT TCTGCCT CTGECGACGAAAT GT CCTCCCTCAAGGAGTACGT GTCCCGC
ATGAAGGAGAACCAGAAACACATCTACT TCATCACTGGCGAGACT CCCGAACAGGT G
CAGAACT CTGCCTTCGT GGAGAGEGT GAAGAAGCGCGECT TCGAGGT CATCTACATG
ACCGAACCCATCGACGAATACT GCGT TCAGCAGCT GAAGGAAT ACGACGGGAAGCGEG
CTTGTCTCGGT GACGAAGGAAGCCCT TGAACT CCCC

Figure 3.21 Partial sequence of HSP90 genes from HSPOOF1 and HSPO0R2 primer

combination in Black tiger shrimp P. monodon

CGAGCAGTACAT CTGGGAGT CGT CEECEEECEEGT CGT TCACGGT GCGCCACGACAC
CGGTGAACCCAT CCGECCGT GGTACAAAGAT CACCCT CCACCTGAAGGAGGACCAGAC
AGAGTACCT CGAGGAGCGT CECGT GAAGGAGATCGTI GAAGAAGCACTCGCAATTCAT
TGGCTATCCCATCAAGCT CCTCGT CGAGAAGGAGAGGEGACAAGGAAGT GTCTGACGA
TGAGGAAGAGGAGAAAGAAGAGAAGGAAGAGGAAGCAGAGGAGGACAAGCCCAAAAT
CGAAGAT GTAGGCGAGGACGAAGAAGCCGACAAAGAGAAGGEGECGAAGACAAGAAGAA
AAAGAAGACGGT GAAGGAGAAGT ACACGGAGGACGAGGAGCTGAACAAGACGAAGCC
CCTGI GGACGCGCAACCCCGACGACAT CTCGAAGGAGGAGT ACGECGAGT TCTACAA
GTCGCTGACCAACGACT GCGAGGACCACCT GECCGT GAAGCACT TCAGCGT GGAGEG
CCAGCTTGAGT TCCGCGCCCTCCTGI TCCT GCCECECCECECCCCCTTCGACCTGI T
CGAGAACCGCAAGCAGAAGAACAAGATCAAGCTGTACGT GCGT CGCGT GT TCATCAT
GGAG

Figure 3.22 Partial sequence of HSP90 genes from HSPOOF2 and HSPI0R2 primer

combination in Black tiger shrimp P. monodon
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3.10 Rapid amplication of cDNA ends-polymer ase chain reaction (RACE-PCR)

RACE-PCR was carried out using primers designed from Gene Specific
Primers (GSPs) were designed anti-sense primer from heat shock protein genes for 5
RACE PCR and used with universal primer (UPM) that recognize the SMART
sequence. Fragments of approximately 600 pb for HSP60 and 700 bp RACE products
were clone and sequenced (Figure 3.23).

After characterization d RACE product, clone from 5 RACE HSP60 was
similar to HSP60 of Culicoides variipennis (E-value = 3x10°, Score hits = 243).
Other transcripts were similar to HSPG0 of Drosophila melanogaster and chaperonin
60 of Rattus norvegicus. For 5 RACE of HSP90, aclone was similar to HSP90 of
Chiromantes haematocheir (E-value = 6x10° " and Score bits = 288). Other transcripts
were smilar to 90-kDa HSP of Apis mellifera. Nucleotide sequences of 5 RACE

clones were shown in Figure 3.24.

bp

1500
1000

500

200

Figure 3.23 5 RACE PCR of HSP60 (lane 1) and 5 RACE PCR of HSP90 (lane 2).
Lane M = 100 bp ladder.
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A

TTTGACAGGEGT CTTCAGGT GAGCAACAAT GGCATCCACGGECCAACATAACT CCACGC
CTGATCTCCACAGGGT TGECACCT TTGCTAATCCTGICAAACCCTTCCTTTGCAATA
GIACGAGCCAGGACT GTGECTGTGGTGGT TCCATCACCAGCCTCTTCATTGGIGI TG
TTGGECAACATCTTGGACCAACTTAGCTCCAATGI TCTGGAACTTGICTTTCAGI TCA
ACAGCCTTTGCAACTGTAACACCATCCTTTGTGATCT TGGEGACT GCCCCAGCTCTGC
TCAATGATTACATTTCGACCCT TGEEECCCATGGT GACAGCCACGECGT CGGT GAGG
ACGT CGACGCCCT GCAGCAT CAGI GCCCT GACCTCCGTGCCAAATTTAACGTCCTTT
GCATAATGT CTTGCCAGGT AGT GCCT TGT GECCT GECGAGCGACGEGAGT TCGCAAT
AAAGAGGECTGCGCCGATGCATTTTTGTAGGAAGGT TTCAGT GGGAGAGACACACTCTA
CACGATCTCTCAGGCGECCTCACGECGT CTAGAATCCCGCGTACTCTGCGT TGATAC
CACTGCTTGCCCTATAGT GAGT CGTATTAGAAT CGAAT TCCGCGECCECCAT GECGG
CCGGGA

B

TATAGATACTCAGCTATGCATCCAACGCGT TGGAGCT T TCCATATGT CGACCTGCAG
GCGECCCCGAATCACTAGT GAT TCTAATACGACT CACTATAGGGCAAGCAGT GGTAT
CAACGCAGAGT ACGCGEGGAGCAACAGAAACACGT TCGAGCCGCCGECT GCGT CAGGA
GCTGCGT CAACACATTCCAAAGCCAACAACT TTTGTTCCTTTGI CGGTCAAAGCTTC
ACACATTCCAAAAT GGT CGAGGAGACGAT GAGCGAGGAGGT GGAGACCTTCGCGITC
CAGGCGGAGATCGCGCAGCTGATGI CCCTGAT CATCAACACCT TCTACAGCAACAAG
GAGATCTTCCTGCGAGAGCTGATCTCGAACT CGT CCGACGCCCT CGACAAGATCCGC
TACGAGT CCCTGACGCGACCCGT CCAAGCCT GGAGAGCGECAAGGACCTGT TCATCAAG
CTGGT GCCCAACAAGGACGACCGCACGCT CACCATCATCGACAGT GGCATCGGECATG
ACCAAGGCCGACCTGGT GAACAACCT GGGCACCATCACCAAGT CGGGECACAAAGECC
TTCATGGAGGCGECT GCAGECGEEECGCCGACAT CTCGATGAT CGGECCAGT TCGECGT G
GGCTTCTACTCCGCGT ACCT GGT GGCCGACAAGGT GACCGT AGT GTCGAGGAACAAC
GACGACGAGCAGTACATCTGCEGAGT CG

Figure 3.24 Nucleotide sequences of 5 RACE HSP60 (A) and 5’ RACE of HSP90
(B).
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3.11 Deter mination of HSP genesfrom EST library

HSP genes were screened from haemocyte stress response cDNA library using
synthesized probe from the DNA fragment of HSP60, HSP70 and HSP90 obtained
earlier from partial amplification. Approximately 6.4x10° independent clones from a
cDNA library were screened for HSP60 and HSP70 and 8.3x10° screened for HSP9O.
After immunological detection, 2 positive plagues were found to respond to HSP70
probe (Fig. 3.25). Single colony from single excision was performed by colony PCR.
Plasmid DNA from recombinant clones were extracted, digested with EcoR and
Xhol, and separated in 1.2% agarose gels and unidirect sequenced. Identity of the
contiguous HSP70 cDNA with nucleic acid and deduced amino acid sequences was
determined using BLASTN and BLASTX . Nucleotide sequences of the clones were

shown in Fig. 3.26. No positive plague were obtained when the library was detected
with HSP60 and HSP9O0 probes.
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Figure 3.25 Positive plaque screened from haemocyte stress response using HSP70
probe. Black arrow indicated that positive plague.

Clone 742 bp

TATGACATGATACGCCACNCT CGAAANT TACCT CACTAAAGGGAACAAAAGCTGGAG
CTCCACCGCGGET GECGECCECTCTAGAACT AGT GGATCCCCCGEECTGCAGGAATTC
GGCACGAGGGAAGAGCCGACGT GTTACAATTAGCTCTTAGGACTATTTAAAAATATC
TAAAATAAGATAAAAT GGCAAAGGECACCT GCTGTCGGTAT TGAT CTGEGAACCACCT
ACTCCTGCGT GGGT GT GT TCCAGCAT GGCAAGGT GGAGAT CAT CGCCAACGACCAGG
GCAACCGCACCACGCCCTCCTACGT CGCCT TCACAGACACAGAGCGTCTGATTGGT G
ACGCCGCCCAAGAACCAGGT GECGATGAACCCCAACAACACT GTATTCGACGCCAAGC
GACTCATCGGECCGCAAAT TCGAAGACCACACAGT CCAGAGCGACATGAAGCATTGEC
CCTTCACCATCATCAACGAGAGCACAAAGCCAAAGAT CCAGGTAGAGTACAAGGGEAG
ACAAGAAGACCT TCTACCCAGAAGAGATCTCCTCGAT GGTGCTCATCAAAAT GAAGG
AGACCGCCCGAGCCT TACCTGEGATCCACAGT GAAGGATGCTGTAGTCACTGTACCTG
CTTACTTCAACGAT TCTCAGCGCCAGECCACCAAGGACGCT GGAACCATCTCGEEGTC
TTAATGI GCTGCGTAT CAT CAACGAACCCACCGCTGCTGCCATCGCCTACGECCTCG
A

Clone 933 bp

AATNGACAT GATACGCACGNCTCGAAATTACCT CACTAAAGGGAACAAAAGCTGGAG
CTCCACCGCGGET GECGECCECTCTAGAACTAGT GGATCCCCCGEECTGCAGGAATTC
GGCACGAGGECTGAGT GGCAT CCCACCT GCTCCCCGT GECGT GCCTCAGATCGAGGTC
ACCTTCGACAT CGACGCCAACGECATCCTGAACGT AT CTGCCGT GGACAAGT CTACT
GGTAAGGAGAACAAGAT TACCAT CACCAACGACAAGGGT CACCTCTCCAAGGAGEAG
ATCGAGCGCAT GGT CCAGGACCCCGAGAAGT ACAAGGCT GACGAT GAGAAGCAGAGG
GACCGTATTTCTGCCAAGAACT CCCTCGAGT CTTACT GCTTCAACATGAAGT CGACA
GITGAGGACGAGAAGT TCAAGGAGAAGAT TTCTGAGGAGGACCGCAACAAGATTTTG
GAGACCT GCAACGAGACTATCAAGT GGCTGGACAT GAACCAGCT GGGCGAGAAGGAA
GAGTATGAGCACAAGCAGAAGGAGAT CGAACAGGT GTGCAACCCCATCATTACCAAG
ATGTACGCTCCTCCTGEGET GGT GCTCCT CCAGGCGECAT GCCCGECGEECT TCCCAGGT
GGTGCCCCAGGTGCTGECGEGET GCTGCTCCCGGET GETGGT GG TCCT CCGGACCCACC
ATCGAGGAAGT CGATTAAACGATTCCTCCGCGTCTACTAGTCTCATTGTGAATTGTC
CATGCAAATCGACCCATCGTAGATCATTCCCCATTTTATTTATGATGI TGGTGECTT
GIGCCATTGGECAGACT TCACATTGCAAGNT TTTCAGTAAACCATTCCAAAATCTGTA
AAACGAAT ANAAAACCAGCGAAACAANAACAAAACACGCEGEEGGEECCCEGTAGCCAAT
TCGCCTATATGATCTATTACA

Figure 3.26 Partial sequence of HSP70 genes screening from haemocyte stress
response cDNA library using HSP70 probe.



3.12 Deter mination of complete sequences of HSP genes.

The sequences of HSP genes (HSP60, HSP70 and HSP90) were obtained from
3 methods. RT-PCR, RACE-PCR and EST library screening. For RT-PCR, partia
sequences of HSPgenes were obtained from PCR amplifications using degenerated
primers. 5 and 3 ends of HSP genes were amplified by RACE-PCR. For EST
library screening, cDNA library was constructed using RNA extracted from heat-
induced shrimps and a number of EST clones were randomly selected and sequenced.
The HSP genes were obtained by the comparison of EST clones with known HSPs.
All sequences were aigned with the reported nucleotide sequences in the GenBank
database usng BLASTN (Appendix D) and BLASTX (Appendix E). Schematic
representation of the structure of full length of HSP60, HSP70 and HSP90 geneswere
shown in Figure 3.27, 3.29 and 3.32. Nucleotide sequences of full length of HSP60,
HSP70 and HSPOO were shown in Figure 3.28, 3.31 and 3.33, respectively.

1 433 __866 lﬁ99 17]31

5 RACE

1 502
Clone OV-09815°

9 | | 698 Partial F572R1414

572 |1414

CloneOV-09813

- [ ]

1011 1731

Partial F2R1

91 | 844

Figure 3.27 Schematic representation of the structure of full length of HSP60 gene.
Complete coding sequence (nucleotide 1-1731) constructed from partial sequences of
5" RACE PCR (nucleotide 1-502), ESTs clone OV-0981 5 and 3' end (nucleotide 99-
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698 and 1011-1731), partial sequence from F572R1414 primer combination
(nucleotice 572-1414). Colorless boxes represent 5 and 3' untranslated regions.

TCCCGECCECCAT GEOGECCGECCEAAT TCGAT TCTAATACGACT CACTATAGGEECAAGCAGT
GGTATCAACGCAGAGT ACGCGEGAT TCTAGACGCCGT GAGECCGCCTGAGAGATCGTGTAGA
GTGTGTCTCTCCCACTGAAACCTTCCTACAAAAATGCATCGCGCAGCCTCTTTATTGCGAAC
TCCCGT CGCTCGCCAGGECCACAAGECACTACCTGECAAGACAT TATGCAAAGGACGT TAAAT
TTGGCACGGAGGT CAGEECACT GAT GCT GCAGEECGT CGACGT CCTCACCGACGCCGTGECT
GT CACCAT GGGECCCCAAGGGT CGAAAT GT AAT CAT TGAGCAGAGCT GEEGECAGT CCCAAGAT
CACAAAGGATGGT GTTACAGT TGCAAAGGCT GT TGAACT GAAAGACAAGT TCCAGAACATTG
GAGCTAAGT TGGT CCAAGATGT TGCCAACAACACCAAT GAAGAGGECTGGTGATGGAACCACC
ACAGCCACAGT CCTGGECTCGTACTAT TGCAAAGGAAGGEGT TTGACAGGAT TAGCAAAGGTGC
CAACCCT GTGGAGATCAGECGT GGAGT TATGT TGECOGT GGATGCCATTGT TGCTCACCTGA
AGACCCTGI CAAAGCCTGTGACCACT CCTGCTGAGATTGCTCAGGT TGCAACCATCTCTGCT
AATGGAGACATTGAAGT AGECAGI CTTAT CTCGECAGCCAT GGAAAAGGT TGGT CGTGAGEG
TGTCATCACTGTGAAAGAT GGCAAGACCT TGAAGGATGAGT TGGAGGT CATTGAAGGCATGA
AGTTCGATCGTGGTTACATTTCTCCT TACT CCATAAACT CCAGCAAGGEGAGCTAAGGT TGAA
TACCAAGACTGCCTTGI TTTGCTCTCGGAGAAGAAAATTTCTTCTATCCAGTCCATTATCCC
AGTGCTAGAACT GECCAAT GCOCAAAGGAAACCT CTAT TGATCATTGCTGAGGACATTGATG
GAGAAGCCTTGAGCACACT TGT GGTAAACCGCT TGAAGAT TGECCTCCAGGTAGCTGCTGTA
AAAGCTCCAGGCTCTGGTGATAACCGCAAGAATACT CTTCATGACATTGCCATTGCAACAGG
TGCTATTGI CTTCAATGAT GAAGCAAGCATGGT CAAGAT TGAAGATGT TCAGGT TCATGATC
TTGGCCAGT TGGAGAAGT GCAGAT CACAAAGGAT GACACACT CCTGT GAAGGGCAAGEGAAA
TACAGTGATATTCAGCGTCGT GTAGAACAAAT TAAGGACCAGATTGCTGATAGT TCCTCCGA
GTATAGAAGGAGAAAAT GCAGGAGCGTATGECT CGT CTGECCT CAGGT GGCAGT TGTGAAGG
TTGGAGGT TCCTCGGAGGT TGAAGT GAACGAGAAGAAGCGATCGT GTAAATGATGCTCTGT GT
GCAACAAGGGECTGCAGT TGAAGAGEECATCGI TCCAGGTGGAGGAGT TGCCTTAATTCGTI TG
CCTTCCTGCTTTAGATACT CTCACT CCAAGCAACGAAGACCAGGAGGT TGECATTGAAATTG
Ta8*8$8 8757885 S&T&AT T &&S&SRTSTT 778 &SST &S 7T 77*$7*&$7&$* 77877+ 7&$$&$$**7&$7*
T§S &TTRT G ST TT ST T ST RT RS RS TS FRATTETTSSRETT 7" $$°&$* " $$78$T7$78&&F&E&SS
TTT&& TSRS ARATESAT ST AT I&S G T AT TRBATE&TEASREGES &7 S S T T&STTS&S S $TRE&E
$$ "5 SSR&S AT I TST G RS TIATIITGT AL GG T HRGT & 5577+ $7+& 57+ CCG
GCATGATGTAAAGCT TCCCATGGAT TGECTAGGAAGGAACTCTTAATTTGTAAACTAACATT
TTTTTGITATGTACAAAGITACTTTGGT TCTACAAGAGGT ACGGAGAGTACATAGATGCCAC
AGAACTATGI CTAGT TTACAAGAAAAT CAATAAGCGEGAGGAAATCT TCAATGTATTTAGAA
GT AACCCCTGGACAGT CT CAGCGAGGAAAAGGGACAT GCAAAACATGAAGT TTGCACAAGTC
AAAGGAATTGT TAACCATTCCAAAGAAGTACCTCGECATACCGAATGIGGTCCATTAATTTC
ATCTTAATCATCTTCATCTTGAATGT TTTGAAGGGTATATGIGCTTCATCTTAGTGTAAATG
TTGAATGT TTGTACAAAGTGTAGATAAGAGAATGT GTAGATAAT TTTGT TATAAGGGAAGAT
TTGITGITTCCCTAAATGAAATAAGATTTTGAGAAGAAAAAAGAGGGAAAAAA

Figure 3.28 Nucleotide sequence of full sequence HSP60 P. monodon, coding
sequence illustrated in bold letter.
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1 490 980 1470 1959

Clone 742bp

557
CloneHPaN- 0166

410 | 1000

Partial F884R1602

8s4 | | 1602

Clone HC-W-0230

Figure 3.29 Schematic representation of the structure of full length of HSP70 gene.

Complete coding sequence (nucleotide 1-1959) constructed from partial sequences of
clone 742 bp (nucleotide 1-557), ESTs clone sequence Hpa-N-0166 (nucleotide 410-
1000), partial sequence from F884R1602 primer combination (nucleotice 884-1602).

Colorless boxes represent 5" and 3' untranslated regions

]I. 4?0 9%?0 14|70 19'|59
Clone 933bp
Clone HC-H-0225 1379 1959
41 1540
Partial FIR1 Cl HC-H-0055
4651 11123 1520 Ione:I1736
Partial FIR2
466 11303
Partial F2R1
5721 11451
Clone HC-W-0030
1139 [ 11735
Clone HC-W-0037
550 L 1966
Clone HC-H-0904
CloneHC-W-0309
1 1 589 1326 ¢ 11628
HC-W-0046
764 1 11369
Clone HC-W-0257
358 I ] 949
Clone LP-N-0011
CloneHC-W-0349 1403 L 11959
597 —— 879
Clone HC-W-0669
1021t 11705




Figure 3.30 Partial sequences of HSP70 gene were blast againt HSP70 of other
Species.

TATGACATGATACGCCACCT CGAAATTACCT CACT AAAGGGAACAAAAGCT GGAGCTCCACC
GCGGT GECEECCECT CTAGAACT AGT GGAT CCCCCGEGECT GCAGGAAT TCGECACGAGEGAA
GAGCGGACGTGT TACAATTAGCTCTTAGGACTATTTAAAAATATCTAAAATAAGATAAAAT G
GCAAAGCCACCTGCTGT CGGTAT TGATCTGEGAACCACCTACT CCTGCGTGEGTGTGT TCCA
GCATGECAAGGT GGAGAT CAT CGCCAACGACCAGEECAACCGECACCACGCCCTCCTACGT CG
CCTTCACAGACACAGAGCGT CTGAT TGGT GACGCCGCCAAGAACCAGGT GECGATGAACCCC
AACAACACT GTAT TCGACGCCAAGCGACT CATCGGECCCCAAAT TCGAAGACCACACAGT CCA
GAGCGACATGAAGCAT TGECCCT TCACCAT CATCAACGAGAGCACAAAGCCAAAGATCCAGG
TAGAGT ACAAGGGAGACAAGAAGACCT TCTACCCAGAAGAGATCTCCTCGATGGT GCTCATC
AAAAT GAAGGAGACCGCCGAGECT TACCT GEGATCCACAGT GAAGGATGCTGTAGT CACTGT
ACCTCGCTTACTTCAACGAT TCT CAGCGCCAGECCACCAAGGACGCT GGAACCATCTCGEGTC
TTAATGITGCTGCGT ATCATCAACGAACCCACCGCTGCTGOCAT CGCCTACGECCT CGACAAG
AAGGT CEECGGT GAGCCCAATGTCT TGATCT TCGATCT TGECGGT GGTACCT TCGATGTGTC
CATCCTTACCATCGAGCGATGGTATCT TCGAGGT CAAGT CAACAGCTGGTGACACTCACTTGG
GCGGTGAAGACT TCGACAACCGCAT GGT GAACCACT TCAT CCAGGAAT TCAAGCGCAAGTAC
AAGAAGGACCCAAGT GAGAACAAGCCECT CCCT GCGT CECCTGOGT ACGECCTGI GAGCGTGC
GAAGCGCACCCTGI CT TCCTCGACACAGECCAGT GTGGAGAT CGACTCCCTCTTCGAAGGTA
TCGACTTCTACACCTCTATCACTCGI GCTCGCT TCGAGGAGCTGTGCECTGATCTGT TCCGT
GECACCT TGGAGCCCGTGGAGAAGT CACT CCGT GATGCCAAGAT GGACAAGECCCAGATCCA
CGACATCGT CCTTGICGGAGGATCCACCCGT ATCCCTAAGAT CCAGAAGCT CCTGCAGGACT
TCTTCAACGECAAGCAGI TGAACAAGT CCAT CAACCCCGAT GAGECT GTGECCTACGECGECC
GCTGTCCAGECCGCCATTCT GTGCGET GACAAGT CCGAGCCTGI GCAGGACCTGI TGCTGI T
GGATGT GACCCCCTTGT CCCTGEGTAT CGAGACT GCOGEECEGT GTGATGACT GCGCTCATCA
AGCGT AACACCACCAT CCCCACCAAGCAGACCCAGACCT TCACCACCTACTCTGACAACCAG
CCAGGT GTGCTCATCCAGGT GT ACGAGCGAGAGCGT GCCATGACCAAGGACAACAACCT CCT
GGGTAAGT TCGAGCTGAGT GECATCCCACCT GCTCCCCGT GECGT GCCTCAGATCGAGGT CA
CCTTCGACAT CGACGCCAACGECATCCT GAACGT AT COGCCGT GGACAAGT CTACTGGTAAG
GAGAACAAGATTACCAT CACCAACGACAAGGEGT CACCT CTCCAAGGAGGAGAT CGAGCGCAT
GGTGCAGGACGCCCAGAAGT ACAAGGECT GACCAT GAGAAGCAGAGEGACCGTATTTCTGCCA
AGAACTCCCTCGAGT CTTACTGCT TCAACAT GAAGT CGACAGT TGAGGACGAGAAGT TCAAG
GAGAAGATTTCTGAGGAGGACCCCAACAAGAT TTTGGAGACCTGCAACGAGACTATCAAGT G
GCTGGACAT GAACCAGCT GEECGAGAAGGAAGAGT AT GAGCACAAGCAGAAGGAGATCGAAC
AGGT GTGCAACCCCATCATTACCAAGAT GTACGCTGCTGCTGGT GGT GCTCCTCCAGECGEEC
ATGCCCEECEECT TCCCAGGT GGT GCCCCAGGT GCTGECAEGET GCTGCTCCCEGET GCTGGT GG
TTCCTCCGGACCCACCAT CGAGGAAGT CGAT TAAACGAT TCCTCCGCGT CTACTAGT CTCAT
TGTGAATTGI CCATGCAAATCGACCCATCGTAGATCATTCCGCATTTTATTTATGATGI TGG
TGECTTGTGCCATTGGECAGACT TCACATTCCAAGT TTTCAGTAAACCATTCCAGAAATCTGT
AAAACGAAT AAAAAAAAACAGGAAACAAAAAAAAAAAAAAAA

Figure3.31 Nucleotide sequence of full sequence HSP70 P. monodon, coding
sequence illustrated in bold letter.
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Figure 3.32 Schematic representation of the structure of full length of HSP90 gene.
Complete coding sequence (nucleotide 1-2157) constructed from partial sequences of
5 RACE PCR (nuclectide 1-497), partia sequence from F1R2 primer combination
(nucleotice 383-1614). ESTs sequence clone OV-0513 (nucleotide 1339-2157),

Colorless boxes represent 5" and 3' untranslated regions

TATAGATACTCAGCTATGCATCCAACGCGT TGGAGCT TTCCATAT GT CGACCT GCAGGCGGCCGCGAAT
CACTAGTGATTCTAATACGACT CACTATAGGGCAAGCAGT GGTATCAACGCAGAGT ACGCGGGGAGCAA
CAGAAACACGT TCGAGCCGCCGCT GCGT CAGGAGCT GCGT CAACACAT TCCAAAGCCAACAACTTTTGT
TCCTTTGT CGGT CAAAGCTTCACACAT TCCAAAAT GGT CGAGGAGACCGAT GAGCGAGGAGGT GGAGACC
TTCGCGT TCCAGGCGGAGAT CCCGCAGCTGATGT CCCTGAT CATCAACACCT TCTACAGCAACAAGGAG
ATCTTCCTGCGAGAGCTGAT CTCGAACT CGT CCGACGCCCT CGACAAGATCCCCTACGAGT CGCTGACG
GACCCGT CCAAGCT GGAGAGCGGCAAGGACCT GT TCATCAAGCT GGT GCCCAACAAGGACGACCGCACG
CTCACCATCATCGACAGT GGCAT CGGCATGACCAAGGCCGACCT GGTGAACAACCT GGGCACCATCACC
AAGT CGGGCACAAAGCCCT TCAT GGAGGCGCT GCAGGCGEECGCCGACATCTCGATGATCGGCCAGT TC
GGCGTGGGCTTCTACT CCGCGT ACCT GGT GGCCGACAAGGT GACCGT AGT GT CGAGGAACAACGACGAC
GAGCGGTACAT CTGGGAGT CGT CGGCGEEGECEEGT CGT TCACGGT GCGCCACGACACCGGT GAACCCATC
GGCCGT GGTACAAAGAT CACCCT CCACCT GAAGGAGGACCAGACAGAGT ACCTCGAGGAGCGT CGCGTG
AAGGAGAT CGT GAAGAAGCACT CGCAATTCAT TGGCTATCCCATCAAGCT CCT CGT CGAGAAGGAGAGG
GACAAGGAAGT GTCTGACGAT GAGGAAGAGGAGAAAGAGGAGAAGGAAGAGGAAGCAGAGGAGGACAAG
CCCAAAAT CGAAGAT GT AGGCCGAGGACGAAGAAGCCGACAAAGAGAAGGGCGAAGACAAGAAGAAAAAG
AAGACGGT GAAGGAGAAGT ACACCGAGGACGAAGAGCT GAACAAGACGAAGCCCCT TGGACGCGCACCC
CGACGACATCT GAAGGAGGAGT ACGGCGAGT TCTACAAGT CGCT GACCAACGACT GGGAGGACCACCTG
GCCGT GAAGCACT TCAGCGT GGAGCCAGCTGAGT TCCGCGCCCTCCTGI TCCT GCCGLCGCCGCGCCCCC
TTCGACCT GT TCGAGAACCGCAAGCAGAAGAACAAGAT CAAGCTGTACGTGCGTCGCGTGI TCATTATG
GAGAACT GCGAGGAACT GATCCCCGAGT ACCT GAACT TCATCAACGGT GT CGT CGACT CCGAGGATCTG
CCTCTCAACATCTCTCGT GAGAT GCTGCAACAGAACAAGATCCTGAAAGT TATCAGGAAGAATCTCGTC
AAGAAGACCCTCGAACTTTTTGAAGAAAT CGT TGACGACAAGGAAAGCTACAAGAAGT TCTACGAAAAC
TTCTCCAAGAACCT CAAACT CCGAAT CCACGAGGAT TCCACCAACCGCAAGAAGCTTGCCGAATTCCTG
AGGTACCACACTTCTGCCT CTGGCGACGAAAT GTCCTCCCT CAAGGAGT ACGT GTCCCGCATGAAGGAG
AACCAGAAGCACATCTACTTCATCACT GGCGAGACT CGCGAACAGGT GCAGAACTCTGCCTTCGT GGAG
AGGGT GAAGAAGCGCGGCT TCGAGGT CATCTACAT GACCGAACCCAT CGACGAATACTGCGT TCAGCAG




CTGAAGGAATACGACGGGAAGCAGCT TGT CTCGGT GACGAAGGAAGGCCT TGAACT CCCCGAGGACGAG
GAGGAGAAAAAGAAGT TCGAGGAACAGAAGACCAAGT TCGAGAACCT GTGCAAGGT AATGAAGGACATT
TTGGACAAGCGCGT TGAGAAGGT GGT GGT GAGCAACCGGECT GGT GACCT CTCCGT GCTGCATCGT GACC
TCCCAGTACGGCT GGACCGCCAACAT GGAACGCAT CAT GAAGCGCT CAGGCGCTGAGGGACACCT CGACC
ATGGGCTACAT GGCCGCCCAGAAGCACCT TGAGAT CAACCCCGACCACAGCATCATCGAAACCCTGAGA
CAAAGGCGGAT GCCGAACAAGAACGACAAGT CTGT GAAGGATCTGGTGATGCTGCTGT TCGAGAGCTCC
CTTCTGICGTCTGGCT TCAGCT TGGAGGACCCAGGT GTCCACGCCAGCCGCATCTACAGAATGATCAAG
CTTGGCCTGGGTATTGACGAGGAGGACGCCCCGAT GCGAGGAGGCCGAGACCT TGGAGGAGGATATGCCC
CCCCTCGAAGGT GAT GACGAGGACGCCT CTCGCATGGAAGAAGT CGATTAAATATTCGTCACAACTTAA
AATATTCACCCATTATATACCAAAGCTAATCATTGT CATTCATTCGGGAACCAAAATACTTCTCTAATG
TTGGTATATTTTGGCTTCTCTGGCTTTCATCATTCCGATCACGCCCAACATTCCATAAGATTTAAACAA
GCATTAGT TTTAGT TATAGACAAAGATATATTCTGI TATAAGGATTTATTCTTTCGI TTATGTAAATAA
TTTGTAACAACTTTGT TACAATAAAACT CGAGCCT CGT GCCGAATTTGGCTCAAGCGTTTATCTGT GGG
AGGTTCCTGTGI TATTGCCCCTAGTCCGTACT CTGAATCTCTGGCTCTGAAATGGATGCTTCACTTGTG
TGTTTATGICTGT TTTACACAATTATTGTAATGTGACATTTTTTTGAAAATACTGTATTGTCCATTGCC
AATATGT GAGATGCCCATTTTGGGGGECT CTGTAGACT CCATCATAATCCTAAACAGACTTGGTTGCTGG
TTCTCATGAGTTCCTTCTACTTGGI TACCT CATGGCCGGACCT CAACATGCCTGT TGTTCGTCATATAA
CCATCAACATAGI TGT TGGTGATATATCACGGAGT TCCCTCATTGTATCGTATGCTTAAGTATTTTTTT
GITTTAAAGT GCCATTTGCAGTAAGACTATCT GGTAGGACT GT GT CACGAGCT CAACCAACCAGCATGA
CATGGCATCAAGATCTACTGT TCTAGI GTGTTATACTGCAACGT CTCTCACCTAGTACGCATCTTTGTA
CAAAAATATTAAATATTAATATAGAAAAAAAAAAAAAAAAAA

Figure 3.33 Nucleotide sequence of full sequence HSP90 P. monodon, coding
sequence illustrated in bold |etter.

Full length of HSPGO (2364 bp) was combined with overlapping fragments
from RT-PCR, EST transcripts from ovary cDNA libray (S. Klinbunga), and RACE
PCR (Fig.3.27). Sequence analysis revealed an open reading frame of 1731 bp
encoding a putative polypeptide of 576 amino acids with a predicted size of 61,129.20
Da and calculated pl of 6.03. Deduced amino acid sequences shared significant
identities with mitochondrial Hsp60s from several animals, including the fruit fly
(69%), the Culicoides variipennis (69%) and Paracentrotus lividis (66%).
Chaperonins cpn60 signature (AAVEEGIVPGGG) was detected at residue of 427-
438. The Cterminus consists of multiple tandem repeats of the Gly-Gly-Met motif
(McLennan et al., 1993). The deduced amino acid sequence of P. monodon HSP60
contained multiple potential sites for phosphorylation by cAMP/cGM P-dependent
kinases, protein kinase C and casein kinase Il, and also included multiple possible
sites of N-glycosylation, myristoylation, and tyrosine sulfation (Table 3.9). Secondary
structure of P.monodon HSP60 was predicted and shown in Figure 3.35

The full-length cDNA of HSP70 was reconstructed from 3 overlapping ESTs
which were obtained from 3 different libraries (haemocytes stress response cDNA
libray (N. Puanglarp), haemocytes WSSV infected cDNA libray (A. Pongdara),



hapatopancrease cDNA library (W. Rimphanitchayakit) and Lymphoid organd cDNA
library (A. Tassanakgjon) and partia sequenced cDNAs (Fig. 3.29). The whole
sequence contained 2336 bp with a 1959 bp complete open reading frame (ORF)
including the stop codon. Putative protein was composed of 652 amino acid residues.
Predicted molecular weight was 71522.85 Da and pl was 5.34. The characterization of
the ORF amino acid sequence was accomplished by its comparison to amino acid
sequences of dher HSP70s, and was found to be most similar to the Litopenaeus
vannamei HSP70 (94%) (Fig.3.50). The patterns, IDLGTTYS (residue 9-16),
IFDLGGGTFDVSIL (residue 197-210), and IVLVGGSTRIPKIQK (residue 334-348)
were detected. These patterns matched the 3 signature patterns of HSP70 family. The
first consensus pattern ([IV]-D-L-G-T-[ST]-x-[SC]) centered on a conserve
pentapeptide found in the N-terminal section; the second pattern ( [LIVMF]-
[LIVMFY]-[DNJ-[LIVMFS]-G-[GSH]-[GS]-[AST]-x(3)-[ST]-[LIVM]-[LIVMFC])
and the third pattern ([LIVMY]-Xx-[LIVMF]-X-G-G-x-[ST]-x-[LIVM]-P-x-[LIVM]-x-
[DEQKRSTA]) were on the conserved regions located in the central part of the
sequence. The P. monodon HSP70 amino acid sequence GPTIEEVD-stop codon
(amino acids 645-652, Fig. 3.36) which matched the carboxy terminal signature of
cytosolic/nuclear HSP70 (GP(T/K)(V/I)EEVD-stop codon. Two additional amino
acid motifs indicate the cytosolic/nuclear assignment of P.monodon HSP70. They are
the RARFEEL (amino acids 299-305), typical of ron organellar eukaryotic HSP70s,
and the bipartite nuclear localization signa (KK and RRLRT; amino acids 250-251
and 261-265, respectively) required for nuclear targeting of cytosolic/nuclear
HSP70s. The lack of the motif GPKH, typical of prokaryotic HSP70s, reveaed
unlikely the possibility of false prokaryotic cloning. CAAT box, a basic element of
the transcription machinery, was found at -45 of 5’ region. A putative polyadenylation
ste (AATAAA) was found at 19 bp upstream of the polyA tail. Prosite analysis also
reveadled the presence of a presumed ATP/GTP. binding site (AEAYLGST), at
residues 131-138, that has been termed the P-1oop (Saraste et al., 1990). A complete
palindromic HSE (CNNGAANNTTCNNG) was not located in the 5 region of
P.monodon HSP70 in this study. Secondary structure of P.monodon HSP70 was
predicted and shown in Figure 3.37.

Complete sequence of P. monodon HSPO0 was reconstructed from
overlapping EST from ovary cDNA library (S. Klinbunga), products of RACE-PCR



and partial sequenced cDNA which displayed sequence similarities with known
HSP90 genes (Fig. 3.32). The whole sequence contains 3216 bp. The 3' UTR (819 bp)
displayed a polyA tail at their 3' end, confirming that we had obtained the sequences
in their integrity at this end. The start and stop codons were located respectively at
positions 241 and 2397. The displayed ORFs were 2157 bp long. The polypeptides
deduced from the nucleotide sequence comprised 718 amino acids, with a calculated
mass of about 83244.30 Da and pl was 5.04. HSPO0 proteins family signatures
(YSNKEIFLRE) were detected at the amino acid residue 31-40. Glutamic acid-rich
region profile was found at residue 216-277. The deduced amino acid sequence
contained multiple potential sites for phosphrylation by cAMP/cGM P-dependent
kinases, protein kinase C and casein kinase Il, and also included multiple possible
stes of N-glycosylation, myristoylation, and tyrosine sulfation (Table 3.11).
Secondary structure of P. monodon HSP90 was predicted and shown in Figure 3.39.

>HSP60

MHRAASL L RTPVARQAT RHYL ARHYAKDVKFGT EVRAL M_QGVDVL TDAVAVTMGPK
GR\VI | EQSWGSPKI TKDGVTVAKAVEL KDKFQNI GAKL VQDVANNTNEEAGDGTTT
ATVLARTI AKEGFDRI SKGANPVE] RRGVMLAVDAI VAHLKTL SKPVTTPAEI AQVA
TI SANGDI EVGSL| SAAVEKVGREGVI TVKDGKTLKDELEVI EGVKFDRGYI SPYS

NSSKGAKVEYQDCLVLLSEKKI SSI QS | PVLELANAQRKPLLI | AEDI DGEALSTL
VWNRLKI GLQVAAVKAPGSGDNRKNTL HDI Al ATGAI VENDEASMVKI EDVQVHDL G
QL EKCRSQRMIHSCEGQGKYSDI QRRVEQI KDQI ADSSSEYRRRKCRSVW. VWPQVA
VWKVGGSSEVEVNEKKDRVNDAL CATRAAVEEG VPGEGVAL| RCLPALDTLTPSNE
DQEVG El VRKAI QTPCHTI VSNAGVDASVI VNKVVEASGDVGYDAATGTFVNLVEA
G | DPTKVVRTAL TDAAGVASLLTTAESVI TEI PKEEPAGMGGMEGMEGMEGMEGMG
GVGGVME

Figure 3.34 The deduced amino acid sequence of HSP60 gene. The bold letter
indicated that chaperonine cpn60 signature.
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Figure 3.35 Secondray structure prediction of HSP60 ; H = helix, E = strand, - = no
prediction

>HSP70

MAKAPAVG DLGITYSCVGVFQHGKVEI | ANDQGNRTTPSYVAFTDTERLI GDAAKNQVAMNPNNTVFD
AKRLI GCRKFEDHTVQSDVKHWPETI | NESTKPKI QVEYKGDKKTFYPEEI SSMVLI KMKETAEAYLGST
VKDAVVTVPAYFNDSQRQATKDAGTI SGLNVLRI | NEPTAAAI AYGL DKKVGGERNVL I FDLGGGTFDV
SI LTI EDG FEVKSTAGDTHL GGEDFDNRMVNHFI QEFKRKYKKDPSENKRSL RRLRTACERAKRTLSS
STQASVEI DSLFEG DFYTSI TRARFEEL CADLFRGT L EPVEKSL RDAKVDKAQ HDI VLVGGSTRI PK
| QKLLQDFFNGKELNKSI NPDEAVAYGAAVQAAI LCGDKSEAVQDLLLLDVTPLSLG ETAGGVMIALI
KRNTTI PTKQTQTFTTYSDNQPGVLI QVYEGERAMIKDNNL LGKFELSG PPAPRGVPQI EVTFDI DAN
G LNVSAVDKSTGKENKI T1 TNDKGRL SKEEI ERMVQDAEKYKADDEKQRDRI SAKNSLESYCFNMKST
VEDEKFKEKI SEEDRNKI-LETCNETI KW DIMNQL GEKEEYEHKQKEI EQVCNPI | TKMYAAAGGAPPGG
MPGGFPGGAPGAGGAAPGAGGSSGPTI EEVD

Figure 3.36 - The deduced amino-acid sequence of HSP70-P. monodon. The bold
letter indicated that the pattern matched the 3 signature of HSP70 family.
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------- HHHHHHHHHHHHE- - - - - HHHHHHHHE- - - - - - - - EE- - - - HHHHEH- - - - - -
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Figure 3.37 Secondray structure prediction of HSP70 ; H = helix, E = strand, - = no
prediction

MVEETMSEEVETFAFQAEI AQLMSLI | NTFYSNKEI FLREL I SNSSDAL DKI RYESL TDPSKLESGKDL
FI KLVPNKDDRTLTI | DSG GMIKADLVNNLGT | TKSGTKAFMEALQAGADI SM GQFGVGFYSAYLVA
DKVTVVSRNNDDERYI WESSAGGSFTVRHDTGEPI GRGTKI TLHLKEDQTEYLEERRVKEI VKKHSQFI
GYPI KLLVEKERDKEVSDDEEEEKEEKEEEAEEDKPKI EDVGEDEEADKEKGEDKKKKKTVKEKYTEDE
EL NKTKPL GRAPRRHL KEEYGEFYKSL TNDWEDHL AVKHF SVEPAEFRAL L FL PRRAPFDL FENRKQKN
Kl KLYVRRVFI MENCEELI| PEYLNFI NGVVDSEDLPLNI SREM_QONKI LKVI RKNLVKKTLELFEEI V
DDKESYKKFYENFSKNLKLG HEDSTNRKKLAEFL RYHT SASGDEMSSL KEYVSRMKENCQKHI YFI TGE
TREQVONSAFVERVKKRGFEVI YMTEPI DEYCVQQLKEYDGKQLVSVTKEGL EL PEDEEEKKKFEEQKT
KFENL CKVMKDI L DKRVEKVVVSNRLVTSPCCI VTSQYGWIANMERI MKAQALRDTSTMGYMAACQKHLE
| NPDHSI | ETLRORRMPNKNDKSVKDLVM.LFESSLL SSGFSLEDPGVHASRI YRM KLGLG DEEDAP
MEEAETL EEDMPPL EGDDEDASRVEEVD

Figure 3.38 The deduced amino acid sequence of HSP90 P. monodon. The bold
letter indicated that the signature pattern of HSP90 family.

------- HHHHHHHHHHHHHHHHHHEE- - - - - - - HHHHHEH- - - - - - - - HHHE- - - - - - -
------- HHEEE- - - - - - - - - EEEE-- - - -- - H H- - - - - - EEH- - - HHHHHHHHH - -
- EEE- EEEE- EEEHHEH- - - HEEE- - = = = - - - EEEE------ EEEE------------ HE
EE------ HHHHHHHHHHHHHH- - - - - - - - HHHHH - - - - - - H- - HHHHHHHH-
---------------------- Hr-oooooo oo o HHHH - - - - - - - - H H- - - - HHHHHH
Ho---- HHHHHH- - - - - - - - HHHHHHHH- - - - - - - - - HH- - - - - - - HHEHHHHH- E- - - -
- - H- HHHHH- B- - - <2 - <= - - - HHHHHHHHHHHHHHHHHH- - - HHHHHHHHHH- - - - - -
- HHHHHHHHHHHEEE- - - - - - - - HHHHHHHH- - - - - - - - H- - HHHHH- HHHH- - - - EEEE
----- HHE- - - - HHHHHH- - - - EEEE- - - - - - - HHHH- H- - - - - - EEEEHHH- - - - - - - -
HHH- - - HHHHH- HHHHHHHHHH- - H- HHHHHEEEE- - - - - - - - EEEE- - - - - - - HHHHHH
HHH - - - - - - HHHHHHH- - - - - - - - - - - EEHH - ---------- HHHHHHHHHH- - E- - -
------------ HHHHHHH- - - - - - - - - - - HHHHHH He - - - - - - oo oo oo oo H - - -

Figure 3.39 Secondary structure prediction.of HSP90 (H = helix, E = strand, - = no
prediction)
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Table 3.9 The deduced amino acid sequence of multiple potential site of HSP60

Potential site Pattern Amino acid residue
N-glycosylation | N[*P][ST][P"] 102-105 : NNTN
site 229-232 : NSSK
cAMP- and [RK]{2}.[ST] 248-251 : KKIS
¢GMP-dependent 308-311 : RKNT

| protein kinase
| phosphorylation
site
Protein kinase C {STLIRK] 69-71 :SPK
h h '1 " 199-201 : TVK
| phosphorylation 205-207 : TLK
site 230-232 : SSK
246-248 : SEK
349-251 : SQR
| Casein kinase 11 [ST].{2}[DE] 104 TNEE
. 163 TPAE
p_hosphorylatlon 199  TVKD
site 205 TLKD
311 TLHD
379 SSSE
407 SEVE
454 SNED
537 TTAE-
N-myristoylation | GI*"EDRKHPFYW].{2}[STAGCN][*P] 76 GVTVAK
| it : 111 GTTTAT
3 142 GVMLAV
182 GSLISA
293 GLQVAA
303 GSGDNR-
432  GIVPGG
481 GVDASY
505 GTFVNL

555  GGMGGM
561  GGMGGM

567 GGMGGM

Chaperonins cpn60
‘ signature

A[AS].[DEQIE.{4}GG[GA]

4 . D) -
AAVEEGIVPGGG

7
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- Table 3.10 The deduced amino acid sequence of multiple potential site of HSP70

Potential site Pattern Amino acid residue
N-giycosylation site N[*PI[ST]["*P] 35  NRTT
64 NNTV
96  NEST
151 NDSQ
360 NKSI
417 NTTI
487 NVSA
575 NETI
cAMP- and cGMP- [RK]{2}.[ST] 415 KRNT
dependent protein
kinase phosphorylation
site
Protein kinase C [ST1.[RK] 47 TER
. 98 STK
php;phoryiatlon site 138 TVK
3 153 SQR
259 SLR
320 SLR
340 STR
495 TCK
537 SAK
577 TIK
Casein kinase II [ST].{2}[DE] 45 TDTE
phosphorylation site 66 TVEFD
138 TVKD
211 TIED
222 TAGD
265 TACE
286 SLFE
320 SLRD
430 TYSD
489 SAVD
495 TGKE
511t SKEE
551 STVE
563 SEED
573 TCNE
647 TIEE
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Table 3.10 The deduced amino acid sequence of multiple potential site of HSP70

(cont.)

Potential site Pattern Amino acid residue
Tyrosine kinase | [RK].{2,3}[DE].{2,3}Y 517
| phosphorylation RMVQDAEKY
site
N - | GI"EDRKHPFYW].{2} {STAGCN}["P] 8 GIDLGT
| myristoylation 162 GTISGL.
: 190. GGERNV
site 402 GIETAG
408 GVMTAL
616 GAPPGG
624 = GGFPGG
632 GAGGAA
639 GAGGSS
,__Amidation site | G[RK][RK] 74 IGRK

| Heat shock
hsp70 proteins
family signature

|1

TIVIDLGT[ST].[SC]

9 IDLGTTYS

Heat shock
hsp70 proteins
k family signature

2

[LIVMF][LIVMFY][DN][LIVMFS]G[GSH]
[GS][AST].{3}[ST][LIVM][LIVMFC]

197
IFDLGGGTFDVSIL

Heat shock
hsp70 proteins
family signature
3

[LIVMY].[LIVMF].GG.[ST].[LIVM]P. |
[LIVM].[DEQKRSTA]

334
IVLVGGSTRIPKIQK




Table 3.11 The deduced amino acid sequence of multiple potential site of HSP90

Potential site Pattern Amino acid residue
Protein kinase C SK 32-34
phosphorylation site %‘é 122 (13;6

TvK 267 - 269
SyK 419 - 421
TnR 440 - 442
3K 462 - 464
SnR 575- 577
TIR 631 - 633
SvK 644 — 646
N-glycosylation site NSSD 44 - 47
NKTK 279 — 282
NISR 383 - 386
NFESK 426 - 42
N-myristoylation site GlgmTK 88 - 93
GMtkAD 90 - 95
GAdiSM 118 - 123
GGsfTV 160 - 165
GTkiTL 176 - 181
GVvdSE 373- 378
GVhaSR 668 - 673
Tyrosine Kinase RnndDer.Y 146 - 153
hosphorvl ation site KklaEflrY 443 - 451
phosphory KrgfEvi.Y 499 - 506
CAMP- and KKhS 201 - 204
CGMP-dependent KKKT 264 - 267
protein kinase
phosphorylation site
Tyrosine sulfation site rnndderY iwessag 146 - 160
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Table 3.11 The deduced amino acid sequence of multiple potential site of HSP90

(cont.)
Potential site Pattern Amino acid resdue
Casein kinase 11 TmsE 5-8
. . Sk E 32-35
phosphorylation site 3D 56 - 59
SKIE 61 - 64
SgkD 65 - 68
TiiD 83- 86
TkaD 92 - 95
SddE 224 - 227
TvkE 267 - 270
TedE 273 - 276
SgdE 456 - 459
SIkE 462 - 465
TKfE 552 - 555
SiE 627 - 630
SvkD 644 - 647
SeD 663 - 666
TleE 696 - 699
SmE 712 - 715
Glutamic acid-rich 216-277
region profile Ekerdkevsddeeeekeekeeeacedkpkie
dvgedeeadkekgedkkkkktvkekytedeE
Heat shock hsp90 Y sNKEIFLRE 31-40

proteins family

signature




92

The predictions of tertiary structures of P.monodon HSPs using Rasmol and
Swiss-Model were determined. For HSP60, a single predicted 3D structure of
HSP60 was obtained. The protein structure matched with the strong binding
peptide domain of HSPG0 detected from Escherichia coli (PDB 1D code = 1mnfL)
with 43.2% identity and started from amino acid residue 21 to 553 (Fig. 3.40). The
predicted protein structure of HSP70 matched with 3 recognized domains of
HSP70 reported in Protein Data Bank. The first domain initiated at amino acid
residue 1-389 with 90.1 % idertity to 44 KDa ATPase N-terminal fragment
domain of HSP70 (PDB ID code = 1ngj ) (Fig. 3.41). The second domain started
at amino acid residue 380-560 with 65.1 % identity to the tRNA processing
enzyme Rnase PH R86A mutant of HSP70 from Aquifex aeolicus (PDB ID code
= 1udOA) (Fig. 3.42). The third domain started at amino acid residue 533-625
with 32.95 % identity to ROD shape-determining protein MREB of HSP70 from
Thermotoga Maritima (PDB code = 1jceA) (Fig. 3.43). Two predicted 3D
structure domains were obtained from HSP90. The first domain was recognized
with 88.4 % identity at amino acid residue 4222 to the N-termina domain of
HSP90 from Homo sapiens (PDB code = 1uy8A) (Fi1g.3.44). The second domain
was recognized with 65.25 % identity at amino acid residue 275-538 of HSP90
from Saccharomyces cerevisiae (PDB code = 1usvA) (Fig.3.45).



apical domain

H2

intermediate
domain

equatorial domain

Figure 3.40 The predictions of tertiary structures of HSP60 P. monodon (B)
compared to the strong binding peptide domain of HSP60 detected from Escherichia
coli (PDB ID code = 1mnfL) (A).



Figure 3.41 The predictions of tertiary structures of HSP70-1 P. monodon (B)
compared to 44 KDa ATPase N-terminal fragment domain of HSP70 (PDB ID code =
Ingi_) (A)
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Figure 3.42 The predictions of tertiary structures of HSP70-2 P. monodon (B)
compared to to the tRNA processing enzyme Rnase PH R86A mutant of HSP70 from
Aquifex aeolicus (PDB ID code = 1udOA) (A)
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Figure 3.43 The predictions of tertiary structuresof HSP70-3 P. monodon displayed

on multiple backbones (A) and cartoon structure (B).




Figure 3.44 The predictions of tertiary structures of HSP90-1 P. monodon (B)
compared to the N-terminal domain of HSP90 from Homo sapiens (PDB code =
1uy8A) (A)




Figure 3.45 The predictions of tertiary structures of HSP90-2 P. monodon (A)
compared to HSP90 from Saccharomyces cerevisiae (PDB code= 1usvA) (B)

The results of phylogenetic analysis of variant HSP70 DNA fragments
obtained from P.monodon were shown in figure 3.46-3.48. Clones containing 5, 3
and the middle gene regions of HSP70 were separately multiple aligned with the full
length HSP cDNA. Sequence divergence between paired of nucleotide sequences
were calculated and subjected to phylogenetic analysis using the unweighted pair-
group method with arithmetic mean (UPGMA).

A UPGMA dendrogram constructed from sequence divergence between paired
3’ gene region indicated alocated investigated clones into 2 groups (HSOC933 and
HCWO0030 for the first and HSP70 and LPNOO11 for the second groups) having
sequence divergence of 0.0012 and 0.0000 for between and within groups,
respectively (Fig.3.46). This suggested the existence of only one type of investigated
clones carrying the 3’ region of HSP70. In contrast, two different types (HCW0309
and HSP70 and HCH0225) were observed from the 5 gene region of HSP70 with the
sequence divergence of 0.60320 (Fig. 3.47). Additionaly, a UPGMA dendrogram
constructed from the approximate middle region of P. monodon HSP70 allocated
investigated clones into several groups having sequencing divergence between 0.1636
(HSP70 and HSPF2R2) — 0.7375 (HSPF1R2 and others; Fig.3.48). High sequence
divergence observed between the 5 and approximate middle gene regions suggested

that HSP70 should have encoded from more than one locus.
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HSPC933

HCWwW0030

HSP70

L PN0O011

0.001

Figure 3.46 A UPGMA dendrogram illustrating relationships between different

recombinant clones containing the 3' gene region of HSP70 of P. monodon.

HCW030

HSP70

HCHO0225
01
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Figure 3.47 A UPGMA dendrogram illustrating relationships between different

recombinant clones containing the 5" gene region of HSP70 of P. monodon.

HSPF2R2

HSP70

HSPF1R1

HCWO0040

HSPF1R2

Figure 3.48 A UPGMA dendrogram illustrating relationships between different

recombinant clones containing the middle gene region of HSP70 of P. monodon.



D.melanoga
C.variipen
_H.sapiens
© P.lividus
P.monodon
Clustal Co

D.melanoga
C.variipen
H.sapiens
P.lividus
P.monodon
Clustal Co

D.melanoga
C.variipen
H.sapiens
‘p.lividus
P.monodon
Clustal Co

D.melanoga
C.variipen
H.sapiens
P.lividus
P.monodon
‘Clustal Co

D.melanoga
C.variipen
H.sapiens
P.lividus
P.monodon
Clustal Co

D:melanoga
C.variipen
H.sapiens
P.lividus
P.monodon

Clustal Co’

D.melanoga
C.variipen
H.sapiens
P.lividus
P.monodon

C_lustal Co -

melanoga
variipen
.sapiens
lividus
>, monodon
Clustal Co

omEa S,

5
MFRLP---V§
MLRLVGKKVI
MLRLPTVFRQ

- MYRISSVLRP

MHRAAS---L

* K

e
55
DVLADAVAVT
NILADAVAVT
DLLADAVAVT
DLLADAVAVT
DVLTDAVAVT

AR A LR AR

co ]

105
AKLVQDVANN
AKLVQDVANN
AKLVQDVANN
AXLVQDVANN
AXLVQDVANN

XXk hAhkRAR

lLS
MLAVETVKDN
MLAVDAVKEH
MLAVDAVIAE
MNAVEVVIKE
MLAVDAIVAH

A

e

205
RDGVITVKDG
KEGVITVKDG
RKGVITVKDG
RHGVITVKDG
REGVITVKDG

s FERR R RN

cbeo

255
LLSEKKISSV
LFSETKISSV
LLSEKKISSI
LLSEKKISTI
LLSEKKISSI

* -kdk Kok .

e

305
LQUAAVKAPG
LQVAAVKAPG
LQVVAVKAPG
LQVARVKAPG
LQVAAVKAPG

Th A ok ok ko

e

355
VGEVVITKDD
VGEVVITKDD
VGEVIVTKDD
VGEIAITKDD
L-EKCRSQRM

* .=

el
15

LAR----SSI
LRS- ---PAT

LTSRALTPSV
LRT----PVA

e
65
MGPKGRNVII
MGPKGRNVIL
MGPXGRTVII
MGPKGRNVII
MGPKGRNVII

Arxkkkhr wEr,

el

115
TNEEAGDGTT
TNEEAGDGTT
TNEEAGDGTT
TNEEAGDGTT
TNEEAGDGTTYT

FhRIAA A AR AR

i i

165
LKTMSRPVST
LKTLSKNVTT
LKKXQSKPVTT
LOKQSKPVTT
LKTLSKPVIT

*, , k. F.*x

|

215
KTLTDELEVI
KTLTDELQVI
KTLNDELEII
KTLNDELEVI
KTLKDELEVI

***.***::*

QSIIPALELA
QSIIPALELA
QSIVPALEIA
QATVPALELA
QSIIPVLELA

Fok .k Akn

ALY
315
FGDNRKSTLT
FGDNRKSTMA
FGDNRKNQLK
FGDNRKNQLH
SGDNRKNTLH

*h KR

I

365
TLLLKGKGKK
TLLLKGKGTK
AMLLKGKGDK
TLILKGKGKQ
THSCEGQGKY

SH o w

R T

25
SRQLAMRG- -
KFALAQRAG-
SRVLAPHLTR
NRAVCPHLAR
RQATRHYLAR

e

75
EQSWGSPKIT
EQSWGSPKIT
BEQSWGSPKVT
EQSWGSPKIT
EQSWGSPKIT

ok kA ok NNk .k

TATVLARAIA
TATVLARAIA
TATVLARSIA
TATVLARAIA
TATVLARTIA

HhARARNK A&

il af. |
175
PEEIAQVATI
PEEIAQVATI
PEETAQVATI

PEETIAQVATI -

PAEIAQVATI

LA S A 28 L8 &

2 TR ok
225
EGMKFDRGYI
EGMKFDRGYI
EGMKFDRGYI
EGLKFDRGYI
ECGMKFDRGYI

Wk FAX KK KA

i ¥

..I..-.‘
275,
NAQRKPLVII
NTQRKPLVII
NAHRKPLVII
NAQRKPLVII
NAQRKPLLII

LS 2L S 2

n 9 R §

425
DMAIASGGIV
DMAIATGGIV
DMAIATGGAV
DMAVSTGGMV
DIATIATGAIV

LS RIS

N I

375 .
DDVLRRANQT
EHIDRRAEQT
AQIEKRIQEX
EDVDRRVAET
SDIQRRVEQI

- * . w

35
-YAKDVRFGP
-YAKDVRFGP

AYAKDVKFGA

SYAKDIKFGA
HYAKDVKFGT

AT . . WR

et
85
KDGVTVAKSI
KDGVTVAKGI
KDGVTVAKSI
KDGVIVAKAV
KDGVTVAKAV

LEE A S L3 2 S

VP

135
KEGFEKISKG
KEGFEKISKG
KEGFEKISKG
KEGFDNISRG
KEGFDRISKG

Yekk k. KA LK

A

185
SANGDQAIGN
SANGDKAIGQ
SANGDKEIGN
SANGDAGIGE
SANGDIEVGS

L& 2 S 2 E

e
235
SPYFINSSKG
SPYFINSSKG
SPYFINTSKG
SPYFINSAKG
SPYSINSSKG

ok ke t*::**

AEDIDGEALS
AEDIDGEALS
AEDVDGEALS
AEDVDGEALS
AEDIDGEALS

LEE R AR S &1

88130
335
FGDDADLVKL
FGDEANLVKI
FGEEGLTLNL
FGDEAMEVKI
FNDEASMVK

*Li: HE

N
385
KDQIEDTTSE
RDQIKETTSQ
IEQLDVTTSE.
BEQIENTNSE’
KDQIADSSSE

Hi I

95

ELKDKFQNIG

ELKDKFQNIG
DLKDKYKNIG

ELKDKWONIG.

ELKDKFONIG
AR E L L HAR

N T
145
ANPVEIRRGV

ANPIEIRRGV

ANPVEIRRGV
ANPTEIRKGI
ANPVEIRRGV

L L S

e !

185
LISEAMKKVG
LISDAMKRVG
IISDAMKKVG
LISRAMKKVG
LISAAMEKVG

sdx Fko. oA

bl .|

.245
AKVEFQDALL
AKVEFQDALL
QKCEFQDAYV
QKVEFQDALL
AKVEYQDCLV

* k. kk

N L

2385
TLVVNRLKIG
TLVVNRLKIG
TLVLNRLKVG
TLVLNRLKVG
TLVVNRLKIG

LA RS AN

Nk

345
EDVKVSDLGQ
EDVQLSDLGK
EDVQPHDLGK
EDVQIQDLGQ
EDVQVHDLGQ

*ok ok * ok ok .

el

395
YEKEXKLQERL
YEKEKLQERL
YEKEKLNERL
YEREKLNERL
YRRRKCRS-V

. W

102



D.melanoga
C.variipen
H.sapiens
P.lividus
P.monodon
Clustal Co

D.melanoga
C.variipen
H.sapiens
P.lividus
P.monodon
Clustal Co

D.melancga
C.variipen
H.sapiens
P.lividus
P.monodon
Clustal Co

D.melanoga
C.variipen
H.sapiens
P.lividus
P.monodon
Clustal Co

Figure 3.49 Multiple alignment of deduce amino acid sequences of HSP60 of
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3.:13 In vitro Expression of HSP genes

3.13.1 Semi-quantitative PCR conditions

- The expression of HSP genes in thermal treated haemocytes were determined
by semi-quantitative RT-PCR using B-actin as reference. The seéue_nce of heat shock
protein 60, 70-and 90 genes were retrieved from P. monodon full length sequence in
above experiment. Primers for amplifying HSP60, HSP70 ‘and HSP90 were then
designed as in Fig. 3.52, 3.53 and 3.54. Primers for B-actin designed from DNA
sequence of P. monodon from GenBank (AF1000987) (Fig. 3.55). Appropriate
condition for semi-quantitative RT-PCR for HSP60, HSP70 and HSP90 génes and B-
: aétin genes were conducted by adjusting magnesium cholide concentration, template
- concentration, and the number of PCR cycle. For HSP and B-actin amplifications,
total RNA extracted from thermal treated haemocyte cells were subjected to first
sfrand cDNAs production by reverse transcription using oligod(T) primer. Double
sﬁfand c¢DNA of heat shock protein gene and -actin genes were then amplified using
first strand cDNA as template at optimum annealing temperature 55°C, 65°C and
'55°C for heat shock 60 primers (HSP60F and HSP60R), heat shock 70 primers
(HSP70F and HSP70R) and heat shock 90 primers (HSP9OF and HSPY0R),
fesp_ectively. For actinl and actin2 primers, the annealing fexﬁperéture were used at
55°C. Optimum magnesium concentration was used at 1.5mM. Various concentration
of template and the number of PCR cycle used in PCR reaction were verified. The
PCR products were determined by 1.2% agarose gel and the intensity of the DNA
bands were detected. The appropriate PCR condition for semi-quantitative detection
was"ch_osen on the criteria that the PCR product should be on the log phase of
amplification. The result indicated that the condition of using cDNA template at 600
ng with 28 PCR cycles were suitable for the amplification of heat shock 60 gene (Fig.
3.56, 3.57) while the appropriate condition for heat shock 70 and 90 gene
amplification were at the template concentration of 25 ng With 25 cycles and 50 ng
with 26 cycles, repectively (Fig.. 3.58 -3.61). For B-actin gene, the appropriate
condition was as same as the tempiate concentration of heat shock proteins (25 ng)

with 20 cycles (Fig. 3.62-3.63).



109

i AT% TAT €U GCA 6T TTT TTA TTE TGA ALT IRT GTE GCT CG2 CTAG GCC ATA ACE RAL TAC 85
3 ¥ ® ® A A 3 L LI R T P V A ® G A T R M ¥ 28

$1 ETT GTA ACA TAT TAT A AMAGR GAC. OTT AAA TTT UGC ACE TAT CTT AGG GUA UTE ATE DTG 11
133 L A R B ¥ A X' D ¥ X I© ¢ T E Y R A L ¥ L [ 1)

111 CAG GLT &TC GAL OTT (TC ALT WAL ©IC ©TG (T CIC ACU ATE GET CUC AAC IXT CUA AAT 13¢
41 [} | . 4 D v L T D AV A v T ® 13 P X ¢ B (14

b
131  UTA AXC ATT GAE CAG AGC TGE GUT AGT CCC AAG ATT ACA AAG ©AT GGT UTT ACA §IT GCA 240
6L v 1 1 'k Q 3 w v 3 P ¥ 1 T X D 4 v T v A 89
wrT
v

300

T4l AAC OUT &TT TAA (TG AAA GAT AAL TTU TAG AAC ATT GGA §CT AAG TTC GTC TAA AT
: 109

31 X A ¥ E L X » X rFr @ » I ¢t A X L ¥ ¢ b

381 TLE AAT AAC ACT AAT BAA GAL GUT COT LAT GGA AUT ACT ACA #CC ALA GIT TG LT [T IETTY
18l A ® ®» T ® X X A & D E T T T A T V% L A R 139

351 ALT ATT GCA AAG GAA GGG TTT TAT AGC ATT AGU AMA GGT UUC AAU TUT GTIC GAL ATC AGL 419
11 T I A X E v T D R I 3 X ¢ A X P © I 1 'R 1ss

421 (6T GCGA CIT ATC ITE LU CTE GAT GCC ATT eTT CIT TAC UTL AAL ACC CTe TCA AAL CLT 43¢
141 R ¢t ¥ &% L A v D A 1 v A E L X T L % X P 1s¢

481 CTT ACC AUT CUT €T GAG ATT (T CTAD CTT GTA AUT ATU TUT GCT AAT GTA GAD AIT GAA 340
161 @ T T P A Ik ¥ & ¢ 3 A X * D 1 E 180

<
o
L]
-

S4€1 §TA CCU ALT UTT ATU TCO GUA GEC ATE A4 AAL LIT GLILGT GAE _ELT LT ATC ALT ©T¢ 606
1L @ 4 3 L I % A & M E X V ¢ R E E v 1 T © i¢s

$21 AMA TAT GGU AAL ACU TTG AAV UAY GAG TTG &AL OTT ATT GAA GLT ATWE AAMG TIC GAT LT 660
01 X D & X 7 L K b E L E v I b4 14 ] X r D R 10

6§61 GGT TATU ATT TCT {CT TAT TCC ATA BAU TCC AGT AAG ©&A GUT AAC CIT GAA TAC CAA GAC 720

1l @ k4 I 3 P b4 3 » 3 3 X B A X v E ¥ Q D r4¢
71 TEU €TT ®IT ITE ITC TCEL GAG AAG AAA ATT TCT TIT ATU CAG TUC ATT ATT UCA GXC CTA 72¢
141 T L v L L 3 E X X I ¥ 3 I Q 3 I r F 4 L 150

781 GAA UTG UEC AAT GIU CAA AGG ABA CUT TTA TTG ATC ATT GUT GAG GAC ATT GAT GGA GAA 840
t§l E L A R A Q R X PE L L 1 1 a E D 1 D & E 8¢

44l ECT TTO AGLU ATA ITT GTG LTA AAT CTGU TIC AAG ATT LI UTC CAE ¢T& GUT (T GTA AAA 300
181 A L 3 T L ¥ v B R L X I %l I Q ¥ A A ¥ X 300

JGL 4T TCA CET TUT GOT GAT AARL (GU ARG AAT ALT UTT TAT GAU ATT &UT ATT GUA ATA GUT 3859
201 A P 19 3 *+ D B B X B T L E D I a I a 7T 1 k24l

$81 &UT ATT UTU TTC AAT GAT BAA GUA ALU ATC STC AAL ATT CAA GAT EIT CAL GIT (AT WAT 10126
3L A 1 v r 9w B E A H 8 v X I E b v 3 ¥ ] D 140

1021 TTT GG CAL TTIC GAG AAG TUC ACA TIA CAA AGL ATC ATA CAU TUU TCT GAA GLU CAA GLL 1080
L X T R 3 ¢ R L] T R 3 t E & ¢ 7 260

1081 AAA TAC AGLT VAT ATT (AL COT LGT STA GAA CAA ATT AAL CAC TAG ATT BET GAT ALT .TIT 13140
v H 280

3‘;. .4 ¥ 3 D I g R R
41 TCC GAL TAT AGA ALG ALA AAA TGU AGG AGC GTA TGL LT LTT TGE LCT CAR GTG LUA GTT 1208
331 3k b4 B R R X T R 3 v w 4 v 8 P Q v A v 480

1101 BTG AAG UTT &GA 66T TUT TCE GAT GTT GAA GTU AAC GAE AAG AAL BAT ULT UTA AAYT AT 1§56
101 ¥ ¥ ¥ & [ 3 § E v E v B T X X R @ B D 420

1281 &UT CTG TGT GCA ACA AGG GUT GLA &TT GAA GAG GLU ATC GTT TUA GGT Gla G6h GIT GCT 1329
421 A L t A T R & & ¢ E z G 1 v b 4 & E & v A 946

1321 TTA ATT (6T TGU CTT RCT GCT TTA GAT AUT CTC ACT C0A AGC AAC A& GAC UAG GAG LIT 1330
41 L { ® € L P & L D T L T P ¥ B E D Q@ E U 45
1381 GCT ATT TAM ATT GTL_CEL AAG GCT ATT CAEL AT GUT TEC TAC AUT ATT GTT AGT AAT GUA 1440
11 & r £ I ¢ A X a I T P U HE T I ¥ 3 B A 43¢

¢
144l GOT GIT GAT €A TU& GIT ATT GTU AAC AAL GTU ATT $AA GUT TUT GGA AT CFIT §GA TAT 1308
481 L D A 3 v i v X X v ¥ T a 3 D 4 &Y 300

1501 GAT GUT GUT ACA GGA ACU TTU GTT AAU CTT GTG GAA GCA §GA ATT ATT GAY LLT AIC AAG 15560
ser D A A TRl B N " L ¥ E A 4 I I T P T X 5290

1561 GTT GTC CUGT ACA GLU CTA ALT GAT &CT GCA GGA GTE GUT TCL CTIT LTC ALC ACA GIT GAG 1629
s21 WV v R T A L T D A A v a 3 L L T T A E 540

1521 AGT GTT ATT AUA GAG ATC UCU AAG GAA GAA CUCA GCT GOT ATGC LGA GGT ATG ULT &FT ATGL 168¢C
541 3 v I <o W I P X E E P A E M G [ 8 & & ] S50

16381 GEU GGA ATG GUT GUC ATC GOU GGA ATG CGA GGU ATY GOC GGU ATG ATC TaA AU TTU TUA 1740
561 G G 2] ¢ G ] A9 G ] 14 2 4 & % B 3T0P $78

1741 TGE ATY GGU TAG GAA UGA ACUT CTT AAT TTC TAA ACT AL ATT TIT TT& TTA IGCT ATA AAL lso0
13801 TTA UTT TCG TTT TAC AAL ALL TAU GUA GAG TATU ATA GAT LUC ACA GAA CTA TUT {TA LTT 1360
1351 TAC AAUL AAM ATT AAT AAG C[GE GAC CAA ATC TTU AAT CTA TTT AGA ALT AAT LT TUG. ATA 1820
1821 GTT TUA UG AGGL AAA ALL OUAT ATG CAA AMC ATG AAG TTT GLA TAA GTC AAB &GA ATT CTT 133¢
1531 AAC UAT TIU AMA GAA UTA CCT CGU CAT ACC GAA TUT GOT TUA TTA AIT TTIA TUT TAA TTA 2048
2041 TCT TCA TET TCGA ATG TIT TGA AGT ETA TAT (TG UIT CAT UTT AOT GTA AAT GTT AR TGT 1100
119k TTT TAU AAA TG TAL ATA AGA GAA TOGT GTA GAT AAT TTT ¢TT ATA ALG GAA LAT TIU ITG 2180
2161 TIT CTC TAA ATG AAA TAA GAT TIT GAG 2AC AAA MAAA UAG GLA AMA AR 199

Figure 3.52 Nucleotide sequence of HSP60 gene .The highlight show the position of
HSP60F and HSP60OR primer.



-

Bl
il

1il

1s1
Bl

P4l
&1

anl
10l

IEL
1l

$il
141

451
161

541l
11

B0l
0l

EEL
iil

TEl
P4l

TEL1
iELl

4l
151

anl
anl

151
2El

10il
14l

104l
IEL

1141
2l

1ol
anl

1igl
dil

1231
441

1248l
16l

1441
a5l

1501
501

1561
il

16E1
541

1661
SEL

1741
&0l
1461
13l
1351
indl
ilol
E161

AT
[TE
L&l
GTa
AT
[l
&
ALT
CLET

LT

[
GCT
LT
CTT
AbA
TCC
Tk
LT
TTA
G
T
AT
LTT
AT
GEC

Tkl
TTA
Tal
LTC

TCT
TTk
TIT

CTE

TTE

Cra

ATT

L

Tal

LAk

Aalk

LT

e

ATT
CTT
AAE
TCA
CAT
TCA
TAL
cce

[4r}d
akd
ETC
&TT
ETT
iy
aaL
ECa
ETT
arT
ALT
EGC
ATT
I
ETT
ECC
ALT
ELC
ETE
Calk
ALT
TAT
ETT
TGT
LLT
LAk
EAT
ECT
&
LLT
&TT
ATE

EkC
TGl
)
GG
TCC
TCT
R
Tad

ECa
CaT
Gar
GaL
GaA
arc
T
Bk
ATk
LrT
LTT
AL
TLT
3
TTE
&AT
AL
TCH
TTC
TThk
EAT
AL
A
LA
TELL
ATT
L&
AR
T
AR
ALa
LT

Tak
TTC
ATE
ALE

Th&
ETh
ATE

oe
TAT
LTL
L&Al

TE
L

TCA
3

i)
I

Gor
A

&l
E

GGC

[ror
TaC
24T
Bl

ATE
Talk
Bl

TCT
GCa
CTL
ALT
Ahb
ad
Ghl
oe
AT
TC
TTL
TAL
g
TCE
L&

LTk

LTT
w

aLc
T

[Ta
L

ATC
ATE

kra
&bl
EAL
AL
LTA
TTT
ATA
Tad

art
TG
Fal
Ealk
TIT
ETh
aTT
ECa
2A L
TLL
3

et
=trley
ETa
1
=)
TEL

LET

Fal
ELC
BAL
ECT
L)
EAr
AT
ECT
ECC
EAT
ATA
I
Aul
b
AnL
CLC
GL2
Al
LET
TEL
Al
L2

)

TT&

Lrt)
ETT
ECC
arT
TTC
3
ECT
]
arhk
ECC
LAl
ATk
FAL
BAT
"
AAR
LCT
(471
A&k
AL
TC&
ETA
ALR
ETT
ETT

?

FAT

ALT

Bl

ETh

e

LAl

24T

ATk

Cad

A2

AL

Lce
TTT
ECT
A4k
AAT
]
[
3
ALT
ETT

ECA

LT
ALk
ALL
&CA
kL&
-
ALC
T
GLET
LAl

H

&TEC
I

[arld
Gak
AT
A&k
GCT
&
&CA
T
GCC
[Tk

L

TCT
3

HIF G0F

LT

LLT

r
Al
cce
GGT
TTE
ACA
T
T
ALT
EAT

LET

ALA
Gra
AAL
TT
T
W
T
"
GTE
LT
] "

LT

TCT

ATC

ATT

LTT

2k

AT

ATT

TR

&TT ETC &AL AAL LTC ATE

I

TTC
3

ALT

e

GEL

aLT
Akl
L4
AL
LCT
Thé
A
T

7
ETT
7

T
I

240
X

L

LTT
T&L
Gk
ATE
Lkl
Akl
a2
TIT

). |
AAL
). |

ECT
A

Faa
ATE

&&T
[Irr:)
Gad
Cad
LAT
ETa
TET
GAk

X
LTT
L

)
A

Ea&
E

i)

TThk
Eal
&TL
BAT
ALL
TAT
ET&
BAG

7
ETE
W

Gha
&

LCa
Ll

Taa
Tar
TTC
&TE
T
ETh
EAT
Bbd

Gz
E

LTk

LT

ATE

ALT
ATA
EBT
Ak
TET
LTT
EAT
Add

L

ATT
ha
ry
ATE
I
ATT
(rirls
CAT
ATT
ALR
AAL
LTC
GAk
ATE
cca
TEL
GAz
[}
2
LT
T
rird

&AL
AT
GTa
TTT
FET
CAT
TTT
GAG

E

Gz
E
GCT
&
(11
]
GCT
CTC
GAr
a2
Car
AT
TC
Aak
ETT
ALL
Car
GCT
ey,
r
TCC
ATk

rirly

&TT
FCC
TTT
[rd:)
[Ca
CTT
FTT
[rdry:)

AT
TCC
LAk
TLE
AAL
L&
AAL
ALT
TCT
ATC
I
CTL
rar}
ATE

TTT
aCa
AL
Lok
TTa
&LT
&Ta
bR

ATE
TT
I
ATT
G&L
T2
GCC
LTT
TCT
ATT
CcT
AT
LT
a2
ATT
G2
ATT
1
[Te
el
ATE

TTk
rot
ALCT
LTC
ATT
T2
Al
)

&AL

Lalk
a2
LT
Lak
CLT
{rdry
&l
TT
&T
AT
1]
ALT
ATk

]

Tad

Akl
[Th
ELT
ara
Laa
[Th
L
=11
TCa
EAC
ATLC
TTC
TAL
¥
Lra
EAT
ELT
ECa
ETT
Ll
AT
TR
ETa
LR
L&k
ARL
ETT
Lce
F
1)
kLT

&

f:13

ITOF

TTA
CTa
A0
Bddy
TCA
AAT

TET
TET
Lce
1)
TCT
ETT

LAr
&Th
L)
ETT
FAT
o
ECT
&
&TC
BAL
&TT
AlT
FAT
LE)
ETE
A1)
ETa
ald
LAT
Cad
ALT
1)
&AT
ETT
Falk
BAT
[Ar)
ALL
T
LT
ELT
TTE

ala
CTa
TLE
ATT
Ta&
a2
TTIr

TAC
CTh
AAT
GCa
GTT
i
CCT
]
ALl
T
PR
T
CCT
AT

[T

Gkl
TCC
LTT
AT
LCe
GTT
LA

TAT

2
GTT
alA
LTT
TCA
TET

2]
in

1&a
40

1&0

idn
in

a0
1oa

260
1en

dE0
140

EE0
160

5dn
1&0

Eon
ion

EEN
iEn

TED
idn

TE0
E33

ddn
i&n

ann
i

960
2ED

1oen
140

pREY ]
260

1140
1E0

lion
00

1i60
dE0

12E0
40

1250
dE0

lddn
50

1500
00

1560
SEN

1EEN
Sd0

160
560

1740
576

1ion
1i60
13En
1360
ingn
ELon
ELG0
1314

110

Figure 3.52 Nucleotide sequence of HSP60 gene .The highlight show the position of
HSP60F and HSPG0R primer.
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Figur e 3.53 Nucleotide sequence of HSP 70 gene .The highlight show the position of

HSP70F and HSP70R primer
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Figure 3.54 Nucleotide sequence of HSP90 gene .The highlight show the position of
HSP90F and HSPIOR primer.
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GCTGETCGTGACCTGAC CCAC TATC TGATGAAGATCATGACTGAGCGTGGCTACTCCTTCACCAC
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Figure 3.55 Nucleotide sequence of Beta-actin gene .The highlight show the position

of Actin 1 and Actin 2 primer.
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28 cycles 30 cycles

M123 4567 891011121314

32 cycles 35 cycles

M123 4567 891011121314

bp

1500
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200

Figure 3.56 PCR products of hesat shock protein 60 gene amplification determined on
1.2 % agarose gd and dtained with Ethidium bromide. PCR reaction was conducted
on 28 (lane 1-7), 30 (lane 8-14) (A), 32 (lane 1-7) and 35 cycles (lanes 8-14) (B). The
template concentration in each reaction was 10, 100, 200, 300, 400, 600 and 800 ng,
repectively (lane 1-7). A 100 bp DNA standard was shown in lane M.
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Figure 3.57 Reationship between PCR products of heat shock protein 60 gene
amplified from haemocyte cdl of P. monodon and various amount of DNA template
used in PCR reaction.



20 cycles 23 cycles

M123456789101112131415161718

25 cycles 27 cycles

M123456789101112131415161718
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1500
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Figure 3.58 PCR products of heat shock protein 70 gene amplification determined on
1 % agarose gl and stained with Ethidium bromide. PCR reaction was conducted on
20 (lane 1-9), 23 (lane 10-18) (A), 25 (lane 1-9) and 27 cycles (lanes 10-18) (B). The
template concentration in each reaction was 10, 50, 75, 100, 125, 150, 200, 250, andb
300 ng, respectively (lane 1-9). A 100 bp DNA standard was shown in lane M.
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Figure 3.59 Relationship between PCR products of heat shock protein 70 gene
amplified from haemocyte cell of P. monodon and various amount of DNA template

used in PCR reaction
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20 cycles 22 cycles

M1234 56789 10111213141516 1718

24 cycles 26 cycles
M1234 56789 10111213141516 1718

Figure 3.60 PCR products of hesat shock protein 90 gene amplification determined on
12 % agarose gel and stained with Ethidium bromide. PCR reaction was conducted
on 20 (lane 19), 22 (lane 10-18) (A), 24 (lane 1-9) and 26 cycles (lanes 10-18) (B).
The template concentration in each reaction was 10, 25, 50, 75, 100, 125, 150, 200,
and 250 ng, respectively (lane 1-9). A 100 bp DNA standard was shown in lane M.
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Figure 3.61 Relationship between PCR products of heat shock protein 90 gene
amplified from haemocyte cell of P. monodon and various amount of DNA template
used in PCR reaction
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20 cycles 22 cycles
M 12 34 567 8 910111213 1415161718

3

24 cycles 26 cycles

M 12 34 56 7 8910111213 1415161718

Figure 3.62 PCR products of b-actin gene amplification determined on 1.2 %
agarose gd and sained with Ethidium bromide. PCR reaction was conducted on 20
(upper lane 1-9), 22 (upper lane 10-18), 24 (lower lane 1-9) and 26 cycles (lower
lanes 10-18). The template concentration in each reaction was 5, 10, 25, 50, 75, 100,
125, 150, and 200 ng, respectively (lane 1-9). A 100 bp DNA standard was shown in

lane M.
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Figure 3.63 Relationship between PCR products of b-actin gene amplified from

haemocyte cell and various amount of DNA template used in PCR reaction.
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3.13.2 Expression level of HSP60 gene

After haemocytes were treated with thermal stress for 1 and 2 h, the significant
difference of the expression level of HSP60 gene was not detected in response to any
thermal treated haemocytes (p>0.05) The result of expression levels was provided in
Table 3.12-3.13 and Figure 3.64-3.67.

Table 3.12 The expression level of heat shock protein 60 gene and b-actin gene and
the expression ratio of heat shock protein 60 gene and b-actin genes in haemocyte cell

after treated with various temperature for 1 hrs.

Temperature (°C)
Genes 28 30 33 35 4
HSPE0 466,20 397.23 540.50 489.36 381.40
Actin 544,55 491.67 503.95 522.33 396.33
HSPEO/Actin | 1 554 141+ 214 + 1.80 + 130+

Table 3.13 The expression level of heat shock protein 60 gene and b-actin gene and
the expression ratio of heat shock protein 60 gene and b -actin genes in haemocyte cell

after treated with various temperature for 2 hrs.

Temperature (°C)
Genes 28 30 33 35 4
HSPE0 297.5532 341.028 376.0925 461.2124 243.7809
Actin
' 366.5472 348.6033| 330.5639 351.9881 343.3613
HSPBOIACIn " 01 035 | 1.00+0.54 | 112% 134+ 0.76 +




123

M12 3456 7 8910 M 123 45 6 7 89 10

1000 - L] HSP60, 843 bp
HSP60, 843 bp 3

Actin, 327 bp
Actin, 327 bp

M12 3456 7 8910 D
M 123 45 6 7 89 10
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Figure 3.64 The expression levels of heat shock protein 60 gene from haemocyte cell
after treated with various thermal stressfor 1 hr in comparison with (3
actin. Samples were obtained from 4 replications (A, B, C, and D) and
analysed by 1.2% agarose gel electrophoresis.

Lane M = 100 base pair ladder

Beta-actin gene

Lane 1 = untreated haemogyte cell (28 °C)

Lane 2 = expression level of haemocyte cell treated with 30 °C
Lane 3 = expression level of haemocyte cell treated with 33 °C
Lane 4 = expression level of haemocyte cell treated with 35 °C
Lane 5 = expression level of haemocyte cell treated with 4 °C
Heat shock protein 60 gene

Lane 6 = untreated haemocyte cell (28 °C)

Lane 7 = expression level of haemocyte cell treated with 30 °C
Lane 8 = expression level of haemocyte cell treated with 33 °C
Lane 9 = expression level of haemocyte cell treated with 35 °C
Lane 10= expression level of haemocyte cdll treated with 4 °C
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Figure 3.65 The expression ratio of heat shock protein 60 gene and b-actin genein

haemocyte cell after treated with various temperature for 1 hr.
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Figure 3.66 The expression levels of heat shock protein 60 gene from haemocyte cell
after treated with various thermal stress for 2 hrs in comparison with 3-
actin. Samples were obtained from 4 replications (A, B, C, and D) and
analysed by 1.2% agarose gel electrophoresis.

Lane M = 100 base pair ladder

Beta-actin gene

Lane 1 = untreated haemocyte cell (28 °C)

Lane 2 = expression level of haemocyte cell treated with 30 °C
Lane 3 = expression level of haemocyte cell treated with 33 °C
Lane 4 = expression level of haemocyte cell treated with 35 °C
Lane 5 = expression level of haemocyte cell treated with 4 °C
Heat shock protein 60 gene

Lane 6 = untreated haemocyte cell (28 °C)

Lane 7 = expression level of haemocyte cell treated with 30 °C
Lane 8 = expression level of haemocyte cell treated with 33 °C
Lane 9 = expression level of haemocyte cell treated with 35 °C
Lane 10= expression level of haemocyte cdll treated with 4 °C
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Figure 3.67 The expression ratio of heat shock protein 60 gene and b-actin gene
in haemocyte cell efter treated with various temperature for 2 hrs.
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3.13.3 Expression level of HSP70 gene

The results of HSP70 gene expression in thermal treated haemocytes were
shown as Figure 3.68-3.71. After treated with thermal stress for 1 h, no significant
difference on the expression level of HSP70 gene was detected (p>0.05). (Table 3.14
and figure 3.68-3.69). After 2 h of post exposure, significant difference on the
expression level of HSP70 gene between control and thermal treated haemocytes were
detected (p<0.05) (Table 3.15 and Fig. 3.70-3.71). The haemocytes thermally shocked
at 33 and 35°C revealed higher expression level of HSP70 gene than that of the
haemocytes thermally shocked at 28°C and 30°C. At 4#C shock, the result also
revealed the higher expression level of HSP70 gene when compared to control. There
was no difference of HSP70 expression from the haemocyted thermally shocked at 28
and 30°C.

Table 3.14 The expression level of heat shock protein 70 gene and b-actin gene and
the expression ratio of heat shock protein70 gene and b-actin gene in haemocyte cell

after treated with various temperature for 1 hr

Temperature (°C)
Genes 28 30 33 35 4
HSP70 414.12 380.02 419.07 438.22 368.45
Actin 544.55 491.67 503.95 522.33 396.33
HSP70/Actin | 981 + 0.83 + 0.89 + 0.88 + 0.95 +

Table 3.15 The expression level of heat shock protein 70 gene and b-actin gene and
the expression ratio of heat shock protein70 gene and b-actin genes in haemocyte cell

after treated with various temperature for 2 hrs

Temperature (°C)

Genes 28 30 33 35 4

HSPT0 300.9371 | 327.8573|  370.7802 388.4079 345.3506

Actin 366.547229 |  348.6033|  330.5639 351.9881 343.3613
HSP70/Actin | .83 + 0.94 * 112+ 004 | 110% 1.02 +
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Figure 3.68 The expression levels of heat shock protein 70 gene from haemocyte
cell after treated with various thermal stress for 1 hr in comparison with
(3-actin. Samples were obtained from 4 replications (A, B, C, and D)
and analysed by 1.2% agarose gel el ectrophoresis.

Lane M = 100 base pair ladder

Beta-actin gene

Lane 1 = untreated haemocyte cell (28 °C)

Lane 2 = expression level of haemocyte cell treated with 30 °C
Lane 3 = expression level of haemocyte cell treated with 33 °C
Lane 4 = expression level of haemocyte cell treated with 35 °C
Lane 5= expression level of haemocyte cell treated with 4 °C
Heat shock protein 70 gene

Lane 6 = untreated haemocyte cell (28 °C)

Lane 7 = expression level of haemocyte cell treated with 30 °C
Lane 8 = expression level of haemocyte cell treated with 33 °C
Lane 9 = expression level of haemocyte cell treated with 35 °C
Lane 10= expression level of haemocyte cdl treated with 4 °C
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Figure 3.69 The expression ratio of heat shock protein 70 gene and b-actin gene in
haemocyte cell after treated with various temperature for 1 hr.
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Figure 3.70 The expression levels of heat shock protein 70 gene from haemocyte cell
after treated with various thermal stress for 2 hrs in comparison with (3
actin. Samples were obtained from 4 replications (A, B, C, and D) and
analysed by 1.2% agarose gel electrophoresis.

Lane M = 100 base pair ladder

Beta-actin gene

Lane 1 = untreated haemocyte cell (28 °C)

Lane 2 = expression level of haemocyte cell treated with 30 °C
Lane 3 = expression level of haemocyte cell treated with 33 °C
Lane 4 = expression level of haemacyte cell treated with 35 °C
Lane 5 = expression level of haemocyte cell treated with 4 °C
Heat shock protein 70 gene

Lane 6 = untreated haemocyte cell (28 °C)

Lane 7 = expression level of haemocyte cell treated with 30 °C
Lane 8 = expression level of haemocyte cell treated with 33 °C
Lane 9 = expression level of haemocyte cell treated with 35 °C
Lane 10= expression level of haemocyte cell treated with 4 °C
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Figure 3.71 The expression ratio of heat shock protein 70 gene and b-actin gene in

haemocyte cell after treated with various temperature for 2 hrs
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3.13.4 Expression level of HSP90 gene

The results of thermal treated haemocytes were shown in Figure 3.72-3.75 and
Table 3.16-3.17. Significant difference (<0.05) on the expression level of HSP90
gene between haemocytes of control (28 °C) and thermal treated haemocytes after
treated with thermal stress for 1 h post exposure were detected (Table 3.16 and Fig.
3.74-3.75). The expression level at 33°C shock was higher than 28 and 30°C shocks,
respectively. For 35°C shock, the expression level was higher than 28°C but in the
same level as 30°C and 4°C shocks. After treated with thermal stress for 2 hrs, the
expression level of HSP90 gene was clearly higher than that at 28, 30, and 33°C
shocks. For 4°C shock, the expression was detected at the same level as 35 °C shock
but no significant different level to that of 30 and 33 °C shocks.

Table 3.16 The expression level of heat shock protein 90 gene and b-actin gene and
the expression ratio of heat shock protein90 gene and b-actin genes in haemocyte cell

after treated with various temperature for 1 hr

Temperature (°C)
Genes 28 30 33 35 4
HSP0 69.86 84.22 163.97 157.94 95.38
Actin
544.55 491.67 503.95 522.33 396.33
HSPOO/Actin | ¢ 134 019 + 036+ 032+ 024 +

Table 3.17 The expression level of heat shock protein 90 gene and b-actin gene and

the expression ratio of heat shock protein 90 gene and b-actin genes in haemocyte cell

after treated with various temperature for 2 hrs

Temperature (°C)

Genes 28 30 33 35 4
HSP0 106.41 115.63 117.66 166.36 137.50
Actin
366.55 348.60 330.56 351.99 343.36
HSPOO/ACin | 029 + 0.34 % 0.36 + 0.48 0.41% 0.07
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Figure 3.72 The expression levels of heat shock protein 90 gene from haemocyte cell
after treated with various thermal stress for 1 hr in comparison with 13-
actin. Samples were obtained from 4 replications (A, B, C, and D) and
analysed by 1.2% agarose gel electrophoresis.

Lane M = 100 base pair ladder

Beta-actin gene

Lane 1 = untreated haemocyte cell (28 °C)

Lane 2 = expression level of haemacyte cell treated with 30 °C
Lane 3 = expression level of haemocyte cell treated with 33 °C
Lane 4 = expression level of haemocyte cell treated with 35 °C
Lane 5= expression level of haemocyte cell treated with 4 °C
Heat shock protein 90 gene

Lane 6 = untreated haemocyte cell (28 °C)

Lane 7 = expression level of haemocyte cell treated with 30 °C
Lane 8 = expression level of haemocyte cell treated with 33 °C
Lane 9 = expression level of haemocyte cell treated with 35 °C
Lane 10= expression level of haemocyte cedll treated with 4 °C
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Figure 3.73 The expression ratio of heat shock protein 90 gene and b-actin gene in
haemocyte cell after treated with various temperatures for 1 hr.
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Figure 3.74 The expression levels of heat shock protein 90 gene from haemocyte cell
after treated with various thermal stress for 2 hrs in comparison with 13-
actin. Samples were obtained from 4 replications (A, B, C, and D) and
analysed by 1.2% agarose gel electrophoresis.

Lane M = 100 base pair ladder

Beta-actin gene

Lane 1 = untreated haemocyte cell (28 °C)

Lane 2 = expression level of haemocyte cell treated with 30 °C
Lane 3 = expression level of haemocyte cell treated with 33 °C
Lane 4 = expression level of haemocyte cell treated with 35 °C
Lane’5 = expression level of haemacyte cell treated with 4 °C
Heat shock protein 90 gene

Lane 6 = untreated haemocyte cell (28 °C)

Lane 7 = expression level of haemocyte cell treated with 30 °C
Lane 8 = expression level of haemocyte cell treated with 33 °C
Lane 9 = expression level of haemocyte cell treated with 35 °C
Lane 10= expression level of haemocyte cell treated with 4 °C
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Figure 3.75 The expression ratio of heat shock protein 90 gene and b-actin gene in
haemocyte cell after treated with various tembérature for 2 hrs



CHAPTER 1V

DISCUSSION

4.1 Haemocyte maintenance

The viability of P.monodon haemocytes maintained at 28°C in M199, Grace's
insect and TC100 with fetal bovine serum and antibiotics supplements revealed
significant difference of maintenance period between haemocytes in each media
Haemocytes survived more than 4 days in M199 medium with high survival rate
(>80%) while complete mortality of the haemocytes maintained in Grace's insect and
TC100 media was detected after 1 day. In term of cell activity, however, haemocytes
maintained in Grace's insect and TC100 media yielded significant higher enzyme
activity. The activity of the viable haemocytes was analysized based on the activity of
superoxide dismutase which was performed by measuring the ratio of the reduction of
NBT in norma haemocytes (basal activity, BA) and haemocytes stimulated with
PMA (stimulated activity, SA) at ODegzo.

A number of studies on shrimp cell culture have been reported (Chen et al.
1986, 1988, and 1989; Hu et al., 1990; Diamant, 1990; L uedeman and Lightner, 1992;
Fraser and Hall, 1999; and Fan and Wang, 2002). Primary monolayer cultures were
established from haematopoietic tissue (Chen et al., 1988) and lymphoid organ (Chen
and Kou, 1989) using double strength L-15 medium and various serum, haemolymph
and muscle tissue extract supplements. Itami et al. (1989) found medium 199 to be
superior to L-15 for the maintenance of P. japonicus lymphoid organ primary
cultures. Hu et al. (1990) also used serum -supplemented 199 for the in vitro culture
of hepatopancreas tissue from P. orientalis.” Rosenthal and Diamant (1990)
successfully initiated primary cultures of haematopoietic tissue, hepatopancreas and
ovary from P. semisulcatus with the same basa medium supplemented with serum
and shrimp haemolymph. Luedeman and Lightner (1992) and Fraser and Hall (1999)
were able to obtain cultures of ovarian cells from P. stylirostris, P. vannamel and P.
monodon using modified Grace's Insect Medium or L-15 media supplemented with
hybridoma quality fetal bovine serum.
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In this study, M199 media was further used: for z'n vitro expériments of the _
haemocytes because it provided a cons1derab1e viability of the haemocytes for long

period of time (up to 4 days) w1thout changmg the media.

. An in vitro experiment on thermal shock revealed that haeihocytes maintained -
in M199 media could tolerate temperatures at 4, 30 33, and 35 °C for at least 2 hrs

without 51gn1f cant change in the number of viable cells

- This indicated the appropriate non-lethal conditions of thérmél shock were

 used in this study.
4.2 Detection of HSPs -

_ Enormous amount of literature available on the HSP response in a variety of '
orgamsms however, very little is known about the HSP response in aquatic :

invertebrates, especially in penaeld shrimps.

_ In this study, sﬂver stained SDS-PAGE gels revealed different protein profiles
in thermal shock and un-shock samples. Less number of protoms in normal
haemocytes was clearly observed when compared to the thermal shock haemocytes.
The detection of protein accumulation in the haemocytes using SDS-PAGE revealed a
- number of peptide bands (149, 121, 106, 87, 65, 62, 55 and 42 kDa) appeafed in
thermal shock haemocytes but absent in un-shocked haemocytos._ Among those
differential apparent bands, the major bands at 83 and 75 kDa,‘present in thérmal '

“treated haemocytes were in agreement with the result reported in the investigation of

. HSP25 and HSP&6 in the pleopods of P.monodon (Elisabeth et al., 2002) and others

(Rochelle et al., 1991; Sheller et al., 1998)

~ An increase in HSP70 and HSP90 was observed following thermal stress in
crayfish (Procambarus clarkii) (Rochelle et al., 1991; Sheller ef al., 1998), encysted
brine shrimp (Artemia) (Clegg et al., 2000b; Frankenberg et al., 2000), and Homarus
americanus (Chang et a ., 1999). In oyster haemocytes (Crassostrea virginica), three
different isoforms of HSP30 (HSP32, HSP34 and HSP37), HSP45 and HSP85 Were |
detected in vitro by autoradiograph of radioactive proteins after hyperthermal shock
from 20 to 41°C (Tirard et al., 1995).

In this study, the protein profile were also examined using autoradlography

- No radioactively labelled band was detected on X-ray film. In comparison to the
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results of many authors, one possibility was the amounts of *S-methionine used in the
~ protocol. It was ranged from 10 to 400 pci/ml (Buckley et al., 2001; Tedeschi and.
Ciavarra, 1997; Wood et al., 1999). Only minimal amount of *S-methionine (10

= ci/ml) was used in this study Another poss1b1hty would probably mvolve the :

existence of some mhlbrtors in the reaction.

" The results from Western blotting analysxs of the haemocyte lysates from the'
shrimps from control, cold and heat shock_experlments showed a consxderable sxgnal-
of cross reaction of monoclonal anti-HSP90 antibody and the proteirié at :82 kDa. The a
increase. of HSP90 accumulation after thermal shock due to'._ the tempéraﬁire level,
indicating -that HSP90 was induced by both cold and heai s'hovck. .The'detectioh of
HSP60 and HSP70 in the haemocytes delivered no positivé, résillﬁs which were
| presumably caused by low cross reactivity and low sensitivity of the antibodies. |

Although', HSP90 in P.monodon can be determined by the cross reactivity of |
monoclonal antibody against water mold HSP90, the successful dilﬁ_tionvused in this
study was considerably low (1:500). Therefore, it is not so practical to pe_rf_orm'
quantitative analysis (ELISA) using this antibody with large number of 'sampl_es.

In addition, to precisely determine the levels of HSP90 or other HSPs in the
samples, a homologous antibodies and a calibration. curve from a pure HSP are
required. To date, no homologous antibodies and pure HSvatandards_have been
produced for P.monodon. Although, the induction of HSP60 and HSP70 by thermal
‘shock were not detected in this experiment, in most organisms studied so far, HSP70
proteins are among the most prominent proteins induced by heat, and these proteins
do play a central role in tolerance to high temperatures, as they allow cell survival
during and after thermal stress (reviewed by Parsell and Lindquist, 1993).. A number
of investigations have focused on the HSP70 family as the majority of HSPs in
Crustacean. Many studies have feported that members of the HSP70 family
commonly show up-regulation during times. of stress (Rochelle et al., 1991; Dunlap

~and Matsumura, 1997, Frankenberg et gl., 2000). The result in Western blotting
described by Elisabeth et al., (2002) showing the presence of an immuno-reactive
protein to mouse anti-human HSP70 IgG1 monoclonal antibody at a mass of 86 kDa
in pleopod samples of P.monodon but it was not sensitive enough to detect differences

in response to stress. However, an ELISA was reported to detect the significantly
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RAP-PCR applied in this study was based upon the use of reverse transcribed
RNA as atemplate to identify differentially expressed genes in a manner analogous to
that of arbitrarily primed PCR (RAP-PCR, Welshand McClelland, 1992), which used
genomic DNA as a template. RAP-PCR has proven to be a powerful method for the
detection and isolation of differentially expressed genes in several systems including
tumor cells (Wong et al., 1993, Nelson et al., 1996), human brain cells (Daa et al.,
1996), and rat glial cells (Sakai et al., 1997).

In this study, ten differential expressed DNA fragments from the PCR
products amplified by 10 different random primer combinations were obtained.
Sequence analyses revealed that 9 sequences were identified as protein of unknown
genes and 1 sequence was identified to encode a putative protein known as vigilin, a
high density lipoprotein-binding protein.

Vigilin is a 150 kDa protein containing 14 copies of the hnRNP K homology
(KH) domain, a highly conserved RNA binding motif (Siomi, Choi, Siomi,
Nussbaum, & Dreyfuss, 1994). Vigilin specifically binds HDL molecules and may
function in the removal of excess cellular cholesterol (Kugler et al., 1996). The
protein is expressed in a wide variety of cell types and tissues, and its relative
abundance is sensitive to the growth and differentiation states of cultured cells. It is
expressed primarily as a150-kD membrane-bound protein localized in the cytoplasm
of cells and appears to undergo processing to form a 110-kD protein that binds HDL
on ligand blots and that is localized, at least partially, to the plasma membrane (Chiu
etal., 1997). It ismost likely that vigilin plays arole in RNA transport or metabolism
(Vollbrandt et al., 2004). Vigilin has been found in human ( Plenz, Gan, Raabe, &
Mduller, 1993), chicken (- Schmidt-et-al., 1992), Xenopus-laevis (Dodson & Shapiro,
1997), Drosophila melanogaster (Cortes & Azorin, 2000), Caenorhabditis elegans
(Weber, Wernitzing, Hager, Harata, & Park, 1997) and Saccharomyces cerevisiae
(Lang & Fridovich-Keil, 2000). Although the exact functionof vigilin is unknown, its
expression in plaque macrophagessuggests a role for this molecule in atherogenesis
(Chiu et al., 1997 and Kozarsky et al., 1997).

Recent reports provided strong evidence that vigilin might be involved in the
inhibition of the proliferation of human breast cancer cells (Cao et al., 2004). More
evidences are needed to confirm the involvement of this vigilin-like protein to the

thermal response. Complete sequence, quantitative analysis of gene expression in
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different tissues, and specific function activities of this gene in P.monodon will be

very helpful to understand more about shrimp molecular activity.

4.4 EST library analysis

A number of cDNA libraries have been constructed from shrimps during the
past few years. In ESTs of cDNA libraries constructed from haemocyte of
Litopenaeus vannamei and Litopenaeus setiferus (Gross et al., 2001), it was found
that immune genes and genes of potentall immune function were prominent in both
haemocyte libraries (27.6% in L. setiferus and 21.2% in L. vannamei) whereas the
defense and homeostasis genes in this study was 12.1%. Among those genes
categorized as immune or potentially immune in function, the antibacterial peptides
dominate in the haemocyte libraries (82.2% of immune function genes in L. setiferus
and 73.1% in L. vannamei) which were similar to result in this study.

EST library created from cephalothorax, eyestalk, and pleopod tissue of the
black tiger shrimp @. monodon) revedled that significant database matches were
found for 48 of 83 nuclear genes sequenced from the cephalothorax library, 22 of 55
nuclear genes from the eyestalk library, and 6 of 13 nuclear genes from the pleopod
library. The putative identities of these genes reflected the expected tissue specificity.
A few sequences matched anonymous EST or genomic sequences, and others
contained mini-satellite or microsatellite repeat sequences. The remainder, 31 from
the cephalothorax library, 25 from the eyestak library, and 5 from the pleopod
library, were unknown genes (Lehnert et al., 1999).

EST approach-in haemocytes of the normal -and-white spot syndrome virus
(WSSV) infected kuruma prawn (Penaeus japonicus) was investigated. Of 635 clones
obtained from the normal. library, 284 (44.7%). significantly matched sequences in
GenBank, and of 370 clones obtained from WSSV-infected library, 174 @7.0%)
significantly matched sequences in the database. One hundred fifty-two deduced
proteins were newly identified. Of these, 28 types were involved in biodefence. The
putative defense proteins accounted for 2.7% of total ESTs in anormal shrimp library
and 15.7% of the total ESTs in an infected library. (Rojtinnakorn et al., 2002)

Another EST library was constructed from haemocytes of P. monodon to

identify genes associated with immunity in this economically important species. The
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number of clones was approximately 4 x 10°. Of these, 615 clones were sequenced
and analyzed. Significant homology to known genes was found in 51%, the remaining
sequences (49%) did not match any sequence in GenBank. Approximately 8.9% were
identified as putative immune-related genes. A heat shock protein (cpn10 homologue)
are reported. (Supungul et al., 2002)

In this study, EST library was constructed in order to identify stress-related
genes expressed in the haemocytes of P.monodon. The EST library revealed a total of
1090 expressed sequence tags (ESTS) from haemocytes stress response cDNA library
were found corresponding to defense and homeostatic genes 132 clones (12.1%), 2
clones (0.18%) of ESTs homologues of HSP 70 and 130 clones of other stress related
genes chaperonins, ubiquitin, anti- lipopolysaccharide factor, antimicrobial peptide,
transglutaminase, cyclophilin, ferritin, chelonianin, glutathione, lysozyme, penaeidin,
perlucin, profilin, protease inhibitor, proteinase inhibitor, serine proteas, superoxide
dismutase, trarsglutaminase, prophenoloxidase, serine proteas inhibitor and thymosin

were found.

4.5 Sequences and characterization of HSP genes

HSP60 or chaperonin family was considered to be aring complex family. The
term GroEL is used for HSP60 found in prokaryotes, chloroplasts, and mitochondria
whereas HSP60 and its homologs are found in the eukaryotic cytosol. Many of the
HSP60s are aso known as chaperonins (cpn60). They are ring-shaped oligomeric
protein complexes with alarge central cavity in which nonnative proteins can bind. In
bacteria, at least, HSP60 require a cochaperonin, GroES (cpn10), for full function.
The availability of a high-resolution crystallographic structure, in conjunction with
mutagenesis studies, has helped in the elucidation of the details of the reaction cycle.
However, there are still many- points of controversy, reflecting the complexity of the

mechanism of this large chaperone.

The HSP70 are a family of molecular chaperones that are involved in protein
folding and several other cellular functions and that exhibit weak ATPase activity.
Genomic sequences for HSP70 gene were elucidated in fish, including rainbow trout,
Oncorhynchus mykiss (Kothary et al., 1984), medaka, Oryzas latipes (Ara et al.,
1995), zebrafish (Lele et al., 1997), pufferfish, Fugu rubripes (Lim and Brenner,
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1999) and tilapia, Oreochromis mossambicus (Molina et al., 2000). The HSP70
chaperones are composed of two major functional domains. The NH,-terminal, highly
conserved ATPase domain binds ADP and ATP very tightly (in the presence of Mcf*
and K*) and hydrolyzes ATP, whereas the COOH terminal domain is required for
polypeptide binding. The HSP70 family is very large, with most organisms having
multiple members. The crystalographic structures of human HSP70 ATPase domain
have been determined (Flaherty et al., 1990; Sriram et al., 1997; and Ogata et al.,
1996)

Members of the HSP0 family are highly conserved, essentia proteins found
in al organisms from bacteria to humans. Mammalian HSP90 was reported to be
dimmers in active forms. Although there are a number of similarities between the
activities of HSP90 and HSP70, the former has several identified specific interactions,
for example, with cytoskeleton elements, signal transduction proteins including
steroid hormone receptors, and protein kinases such as the mitogen-activated protein
kinase system (Fink 1999).

The encoded sequences of HSP60, HSP70 and HSP90 identified from
P.monodon were highly conserved when compared to reported HSPs from various
species whereas the untrandlated regions were relatively different from others. A
major mechanism of HSPs stress-related transcription induction, operates through
binding of regulatory proteins, the trimeric heat shock factors (HSFs) to HSP70 5
flanking heat shock element (HSEs), located upstream of the TATA box (Bienz nad
Pelham, 1987; Morimoto, 1993). in this study, the TATA box and the complete HSE
regions were not found. The polyadenylation pattern was only found in HSP70 but not
in HSP60 and HSPRO. The difference between the’ 5’ and 3’ regions of P. monodon
HSPs may provide the new information for the different gene function and regulation
of these HSPs in invertebrates.

No difference between the PCR products of HSPs amplified from cDNA and
genomic DNA indicating that P. monodon HSPs contained no intron. This result was
in agreement with HSPs reported in most non mammalian speices. However, these
HSP products were not amplified from the whole genes. Therefore, complete genomic

sequence analyses on these HSPs will be required for precise conclusion.
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Various numbers of HSP forms have been reported in many organisms.
HSPOO0s have been reported to contain 2 major cytoplasmic isoforms (Csermely et al.,
1998); a major inducible form (HSP90a) and a minor constitutive form (HSPOO[R).
Recent reported has added another isoform (HSPOON) to HSPOO family. This new
isoform is associated with cellular transformation (Grammatikakis et al., 2002).
Functional differences between HSP90 isoforms in cell differentiation have also been
reported in various organisms. This includes the regulatory role in muscular cell
differentiation of zebrafish (Lele et al., 1999), the function of HSP90a in the stability
of the cyclin-dependent kinases against thermal sress (Nakai, and Ishikawa, 2001)
and the maor role in trophoblast differentiation of HSP0R (Voss et al., 2000).
HSP90 has been reported to involve cell survival and the various pathways leading to
cell death, such as apoptosis or necrosis (Sreedher and Csermely, 2004).

In this study, a single form of the complete cDNA sequences have been
verified from each of HSPs. However, the varieties of the DNA sequences from
different DNA fragments were observed, indicating the existence of isoforms of these
HSPs in P. monodon.

4.6 The expression of HSP genes

Reported studies on the induction values from each of these protein families
(HSP60, HSP70, HSP90) in aquatic invertebrates were ranged from zero to severa
hundred fold higher than found in controls (Hofmann 1999; Feder and Hofmann
1999). It has been shown in zebrafish (Danio rerio) that the transcriptional regulation
of HSP genes, in response to heai shock, was also mediated by Heat shock factors
(HSFs) (Rabergh et al., 2000). Most of the HSP genes do not contain introns.
Therefore the mRNA is rapidly trandated into nascent proteins within minutes of
stress exposure. In the unstressed cell, there is a constitutive production of HSPs,
which are required in various aspects of protein metabolism to maintain cellular
homeostasis (Fink and Goto, 1998).

The levels of HSP in control animals were relatively stable in this study. It
demonstrated that common stress such as handling during experiment did not élicit
the HSP responses. This result was in agreement with a number of reports. It has been
demonstrated in rainbow trout that handling stress does not ater levels of hepatic
HSP70 (Vijayan et al., 1997), and levels of muscle, gill, heart and hepatic HSP60
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(Washburn et al., 2002). Recently, Zarate and Bradley (2003) showed that common
forms of hatchery-related stressors (exposure to anesthesia, formalin, hypoxia,
hyperoxia, capture stress, crowding, feed deprivation and cold stress) did not alter
levels of gill HSP30, HSP70 and HSP90 in Atlantic salmon (Salmo salar).

Heat induction in P.monodon was not reflected in the content of HSP60. This
result was surprising since this family of stress proteins have been known to play a
major role in the heat response of a wide variety of organisms (Bukau and Horwich,
1998; Karlin and Brocchieri, 1998; Kiang and Tsokos, 1998; Feder, 1999; Feder and
Hofmann, 1999; Krebs, 1999; Nollen et al., 1999). Although heat response and the
increase of HSP60 levels were not correlated in induced and uninduced shrimps
(controls), a higher kvel of HSP60 was observed when compared to HSP70 and
HSPA0 (Fig. 4.1). From the result, it can be assumed that the HSP60 detected in this
study was the nontinduced form or factors other than HSP60 must be involved in the

process.
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Figure 4.1 The comparison of the expression ratio of HSP60, 70 and 90 gene in
haemocyte cells of P monodon &1 vanous temperstures after treated with thermal
stress for | hr(A) and 2 hes (B).
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Among the major HSP families, HSP60 is less understood in terms of stress
responses, especially in aquatic organisms. Members of this family in eukaryotes are
required for normal mitochondrial functions in terms of importing proteins and
folding them into their proper functional conformations (Ryan et al. 1997). Elevated
HSP60 was correlated with decreased survival of amphipods (dmpelisca abdita) in
sediments contaminated by high levels of polyaromatic hydrocarbons (Wemer ez al.
1998). The alga Isochrysis galbana also displayed significantly elevated HSP60 levels
on exposure to crude oil fractions and individual hydrocarbons (Wolfe et al. 1999). In
addition, the results with Mitilus galloprovincialis demonstrated that HSP60 might
prove to be useful as an additional marker of stress induced by exposure to
hydrocarbons (Sanders et al. 1992; Sanders and Martin 1993), copper exposures in
gill and mantle (Sanders et al. 1991; Sanders and Martin 1993), and long-term
exposure in contaminated field sites (Sanders and Martin 1993; Lundebye et al

1997).

The regulation of HSP70 gene expression has been reported to occur mainly at
the transcriptional level (Fink and Goto, 1998). Studies have demonstrated increased
levels of hsp70 in various tissues in fish exposed to pathogens (Forsyth ez al., 1997).
The later study revealed that rainbow trout infected with a bacterial pathogen (Vibrio
anguilarum) increased levels of hsp70 in hepatic and head kidney tissues prior to

clinical signs of the disease.

The HSP90 gene transcription is known to be less dependent upon the heat
stress than other genes of the HSP family (Buchner, 1999) and the uninduced level of
expression is quite important in a number of tissues, e.g. in porcine tissues (Huang et
al., 1999). However, the elevation of HSP90 level in this study was quite high when
compared to other HSPs (Fig. 4.1). Elevated HSP90 expression is found in rat brain,
liver, and lung after oral dosing with polycyclic halogenated hydrocarbons and
chlorinated or organophosphate pesticides (Bagchi ef al. 1996). In a previous work of
Helgen and Fallon (1990), it revealed that the expression of HSPs occurred only
above 41°C in S. frugiperda cells, i.e. 13°C over normal growing conditions. The
result of Northern blot analysis also confirmed that the heat-inducibility of the S.
frugiperda HSP90 gene required a temperature at least 14°C above normal growing

conditions. A similar observation was made for the Lepidoptera Manduca sexta
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(Fittinghoff and Riddiford, 1990) or the Orthoptera Locusta migratoria (Whyard et
al., 1986). The response of HSP90 in this study was induced by lower temperature
above normal condition. This maybe because of the ecology of these insects which
were in the warm climatic conditions where they develop or aquatic or marine

invertebrates are more sensitive to the temperature than terrestrial invertebrates.

There were a few studies related to the physiological and cellular stress
responses in vivo. In mammals, it was known that HSPs were involved in the immune
response. HSPs have been known to involve in the immuno-suppression in a number
of fish. For adult fish, it was found in Pacific salmon, Oncorhynchus spp. that all
larvae died after spawning because the lack of ability to clear cortisol from the
circulation after stress (Stein-Behrens and Saplosky, 1992). The investigation on the
consequences of a 15 min disturbance on immune parametefs (the number of
circulating hacmoccjrtes, reactive oxygen species production, migratory and
phagocytic activities) in Oysters, Crassostrea gigas showed that all immune functions
were significantly downregulated during stress (Lacoste ef al., 2002). A transient
period of immunostimulation was observed 30-240 min after the end of disturbance.
These results suggest that stress can exert a profound influence on invertebrate

immune functions.

HSPs have proven useful as part of a suite of biochemical markers of
xenobiotic exposure in molluscs. HSP inductions are markers of multiple stress
exposures, whereas specific proteins are generally responsive to a limited group of
xenobiotic exposures. HSPs therefore cannot indicate exposure to any specific
stressor without direct observation under carefully controlled conditions. When
combined with additional physiological observations, HSPs can, however, be
indicative of the severity of the stress exposure. It is also important to note that some
animals may not show a heat shock response. Hofmann et al. (2000) showed that
hsp70 was not induced by temperature stress in the Antarctic fish Trematomus
bernacchi. Thus, generalizations about the HSP response cannot be made

unequivocally, and more knowledge is needed in order to use a specific HSP family

as an indicator of stress.
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Cells treated with a non-lethal heat stress develop transient resistance to a
subsequent lethal heat stress, an adaptive phenomenon termed thermotolerance.
Studies on hsp70 in larvae and adults of three species of Drosophila from different
thermal environments (Krebs 1999), and on marine snails from different locations in
the intertidal zone (Tomanek- and Somero 1999) confirmed the possibility of
themotolerance induction, while also uncovering the difficulty of establishing causal
connections between levels of stress proteins, thermotolerance and ecological setting.
Induction of cytoprotective HSP70 is associated with increased survival following
heat stress. However, the role of HSP70 in the development of thermotolerance is
unclear. It is commonly assumed that the synthesis of stress proteins is intended for
the cell's survival and adaptation to adverse conditions. The existence of induced
tolerance would seem to be supported by the short-term treatment with mild stress
which results in an increase in tolerance against a subsequent, normally lethal, dose of
the same stress. The most direct interpretation of these results is that the presence of
stress proteins, previously induced by mild stress, increases cell tolerance. However,
the relationship between the induction of individual stress proteins and the acquisition

of stress tolerance is not always evident.



CHAPTER V

CONCLUSION

1. Haemocytes maintained in M199 medium revealed high survival rate (>80%) for
more than 4 days while complete mortality of the haemocytes maintained in Grace's
insect and TC100 media was detected after 1 day. Despite the higher activity of
haemocytes maintained in TC100 and Grace's insect media, these 2 media showed the
disadvantage in short time maintenance of the P. monodon haemocytes. Therefore, it
was more appropriate to use M199 for maintaining P. monodon haemocytesin in vitro

experiment.

2. The thermal shock at 4, 30, 33, or 35°C for 2 h provided no lethal effect to the
P. monodon haemocytes maintained in M199 culture media. There has significant

difference between the protein concentrations of haemocyte extracts (P<0.05)..

3. The determination of thermal response in the haemocytes by distinguishing the
protein accumulation pattern in the protein extracts of haemocytes was not achieved
because the protein profiles detected by SDS-PAGE did not provide the reliable
results. The result of in vitro trandation using **S methionine also revealed no
detectable protein pattern.

4. Western blot analysis using cross reactivity of the monoclonal antibody raised by
HSPs from different species revealed positive result on the detection of HSP9O0.
However, the sensitivity of the antibody was very low. Therefore, it was not possible
to quantify the level of HSP9O in different treatments. On the other hand, the
presences of HSP60 and HSP70 were not detectable by this method.

5. Ten differential expressed DNA fragments were obtained from RAP-PCR
conducted on heat induced Haemocytes. Nine sequences were identified as protein of
unknown genes and 1 DNA fragment was identified as vigilin, a high densty
lipoprotein-binding protein.

6. EST library of the haemocytes from heat induced P. monodon was constructed. Of
1090 clones obtained from the randomly selected sequence analysis, 63% were
identified as known genes and 12.1% was the genes related to defense and

homeostasis. A number of HSPs were aso identified.
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7. Complete sequences of HSP60, HSP70 and HSP90 genes were obtained. The
structure analyses of these HSP genes confirmed their identities. Some variant forms
of these HSP genes were also observed.

8. HSP60 was composed of 1731 bp ORF encoding a putative polypeptide of 576
amino acids with a predicted size of 61,129.20 Da and calculated pl of 6.03. Deduced
amino acid sequences shared significant identities (69%) with mitochondrial Hsp60s
from many animals.

9. HSP70 was composed of 1959 bp ORF encoding a putative polypeptide of 652
amino acids with a predicted size of 71,522.85 Da and calculated pl of 5.34. Deduced
amino acid sequences shared significant identities (94%) with Hsp70s from
P. vanamel.

10. HSP90 was composed of 2157 bp ORF encoding a putative polypeptide of 718
amino acids with a predicted size of 83,244.30 Da and calculated pl of 5.04. Deduced
amino acid sequences shared significant identities (67%) with Hsp90 from Salmo
salar

11. In vitro detection of HSP gene expression revealed that the expression of HSp70
and HSPO0 genes were induced by heat shock after 2 hrs of post exposure while the
expression of HSP60 genes showed no correlation with the heat shock.
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Appendix A

Reagents

1. 10% (w/v) Ammonium persulfate
Ammonium persulfate (sgma) 10 g
Dissolvein 10 ml of dH2O.

2. Resolving gel buffer : 3M Tris-HCI pH 8.8
Tris (Sigma) 363 ¢
Dissolve in 40 ml of dH»O, adjust with 1 M HCI to pH 8.8 ard
adjust to 100 ml final volume with dH;O.

3. Stacking gel buffer : 0.5M Tris-HCI pH 6.8
Tris (Sigma) 60 ¢
Dissolve in 40 ml of dHO , adjust with 1 M HCI to pH 6.8 and
adjust to 100 ml final volume with dH;O.

4. 30.8% (w/v) Acrylamide-bisacrylamide

Acrylamide (Sigma) 300 g
Bis-acrylamide (Sigma) 0.8

5. 10% (w/v) Sodium dodecylsulphate
Sodium dodecylsul phate (Sigma) 100 g
Dissolve in 100 ml of dH0.

6. TEMED (N, N, N’, N’-tetramethyl ethlenediamine)
This reagent is commercial available.

7. 10% Resolving gel
Acrylamide-bisacrylamide (30:0.8) 333 ml
dH,O 5245 ml
Resolving gel buffer 25 ml
10% SDS 100 m
10% Ammonium persul phate 75 m

TEMED 5 m
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8. 3.85% Stacking gel

Acrylamide-bisacrylamide (30:0.8) 050 mi
dH.O 243 mi
Stacking gel buffer 10 ml
10% SDS 40 m
10% Ammonium persulphate 30 m
TEMED 3 m

9. 10x Running buffer: 0.25M Tris-HCI, 1.92 M glycine,
1% (w/v) SDSpH 8.3

Tris 30.3
Glycine 1440 ¢
SDS 100 g

Dissolve and adjust to 1000 ml with dH,O.
10. 4x Sample buffer: 0.0625M Tris-HCI pH 6.8, 8% (w/v SDS, 40%
(v/v) glycerol and 0.005% Bromophenol blue

SDS 08 g

Glycerol 40 ml
Stacking gel buffer 50 ml
Bromophenoal blue 05 mg

Dissolve and adjust the volume to 10 ml with dH,O. Add 1 ml of 2-
mercaptoethanol (2-ME) to 9 ml of 4X sample buffer for reducing
condition.

11. Staining solution

Coomassie hrilliant blue 025 g

M ethanol 450 ml
dH,O 450 ml
Glacid acetic acid 100 ml

12. Destaining solution
Glacid acetic acid 100 ml
M ethanol 300 ml
dH,O 600 mi
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13. Transfer buffer: 20 mM Tris-HCI pH 8.3, 150 mM Glycine, 20% (v/v)
methanol

Tris (Sigma) 1211 g
Glycine 563 ¢
Dissolved and adjusted to 400 ml with dH,O, followed by the addition of
100 ml of methanol

14. Blocking buffer (1% BSA)
BSA 1 g
Dissolve and adjust to 100 ml with PBS

15. Phosphate Buffer Saline (PBS)

NaCl 8 g
KCI 02 g
NaHPO, 144 ¢
KH2PO, 024 ¢
Dissolve in 800 ml of dH,0O, adjust pH to 6.8 and adjust to 1000 ml fina
volume with dHO.

16 Substrate
3,3’ Diaminobenzamidine (DAB) 0054 g
1M TrissHCI pH 7.6 25 ml
3% H.0, 05 ml
Added dH;O to 50 ml

17.0.1% DEPC- dH20
Diethyl pyrocarbonate 97% 10 ml
Add dH,0 to 1000 ml and incubated overnight at 37°C then autoclav

18. M Sodium acetate pH 4.0
Sodium acetate 272169
dH,O 90 ml
Adjust the pH to 4.0 with glacia acetic acid and adjust the volume
to 100 ml with dH,O.

19. Luria-Bertani medium (LB broth)
Tryptone 100 g
NaCl 100 g
Y east extract 50 ¢

Dissolve and adjust the volume to 1,000 ml with dH>O adjust pH to
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pH 7.0 with 5 N NaOH, and then autoclave.
20. LB agar (per liter)

NaCl 100 g
Trytone 10 g
Y east extract 5 g
Agar 20 g
Add dH,0 to afina volume of 1 liter. Adjust to pH 7.0 with
5N NaOH and autoclave. Pour into petri dishes (~25ml/100- mm plate)
21. LB Ampicillin agar (per liter)
prepare 1 liter of LB agar. Autoclave and cool to 55°C
Add 50 ml of filter-sterilized ampicillin
Pour into petri dishes (~25ml/100- mm plate)
22. 1X TAE buffer
40 mM Tris-acetate
1 mM EDTA
23. TEpH 80
1M Tris-HCI pH 8.0 50 ml
0.5M EDTA pH 8.0 1.0 ml
Adjust the volume to 100 mi with dHO.
24. SOB medium (per liter)
Bacto-tryptone 20
Y east extract 5
NaCl 0.5
25. SM buffer (per-liter)
NaCl 58 ¢
MgS0,.7H.0 2 g
1M Tris-Cl pH 7.5 50 mi
2% gelatin 5 mi
26. Ampicillin

Stock solution 25 mg/ml of the sodium salt of ampicillin in dH2O.
Sterilize by filtration and store in aliquots at —20°C
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27. Solution | (GTE buffer) : 50 mM glucose, 25 mM Tris-HCI pH 8.0, 10 mM

EDTA pH 8.0
Glucose 09 g
1M TrissHCl pH 8.0 25 ml
0.5M EDTA pH 8.0 20 ml

Dissolve and adjust the volume to 100 ml.

28. Solution 11 : 0.2 M NaOH, 1% SDS
5M NaOH 40 ml
10% SDS 100 ml
Adjust the volume to 100 ml with dHO.

29. Solution 11 : 3M Potassium Acetate pH 4.8
Potassium acetate (CH3COOK) 294 ¢
Glacia acetic acid 400 ml
Adjust the pH to 4.8 with glacial acetic acid.

30. 3M Sodium acetate (pH 5.2)
Sodium acetate.3H,O 408.1 g
Dissolve with d=0O 800 ml
Adjust pH to 5.2 with glacia acetic acid
Adjust volume to 1000 mi with dH20

31. Ethidium bromide 10 mg/ml
Ethidium bromide 1 g
Add dH;O 100 ml
Stir on amagnetic for several hours to ensure that the dye has dissolved. Wrap
the container in aluminium foil or transfer to a dark bottle and store at 4°C

32. 5x Tris-Borate (5XTBE)

Tris base 4 g

Boric acid 275

EDTA 0.5M pH 8.0 20 ml

Dissolve with dH,O 1000 ml
33. Gdl loading buffer Typell

10X buffer

bromophenol blue 0.25%

Xylene cyanol 0.25%

Ficoll (type 400) in dH,O 25%



34. 1PTG (20% w/v, 0.8 M)
IPTG
Dissolving in dH,O
Adjust volume with dH,O to
Sterile by passing it through a 0.22 mM disposable filter.
Aliquots solution and store at —20°C
35. X-gal solution (2% wi/v)
X-gd is 5-bromo-4-chloro-3-indolyl- B-d-galactoside.

177

g
8 ml
10 ml

Make a stock solution by dissolved X-gal in dimethylformamide at a

concentration of 20 mg/ml solution. Wrap the tube containing the solution in

aluminum foil to prevent damage by light and store at —20°C.
36. NZY agar
NZY agar
Dissolve in dHO
Adjust pH to 7.5 with 5N NaOH
Adjust volume with dH,O to
37.20x SSC
NaCl
Sodium citrate 88
Dissolving in dH,O
Adjust pH to 7.0 with NaOH
Adjust volume with dH,0 to
38. Denaturing solution
1.5M. - NaCl
0.5M NaOH
39. Nuetralsing solution
1.5M NaCl
0.5M Tris-Cl pH 7.2
0.001 M EDTA
40. Maleic acid buffer (0.1 M maleic acid, 0.15 M NaCl)
Maleic acid
5M NaCl
Dissolving in dH,O

22 g
800 mi
1000 ml
175 g
g

800 mi
1000 ml
116 g
30 ml
800 mi
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Adjust pH to 7.5 with NaOH (solid)
41. 10x Blocking solution (10% w/v in maleic buffer)

Blocking reagent 10 g
Dissolve in maleic buffer 50 mi
Heat in a microwave and adjust volume to 100 ml

Autoclave and store at 4°C . The solution remains opague.
42. Washing buffer

Maleic buffer 1000 ml

Tween-20 3 ml
43. Detection buffer (0.1M Tris-HCI pH 9.5, 0.1M NaCl, 50 mM MgCly)

1M Tris-HCI pH 9.5 50 mi

5M NaCl 10 ml

0.5M MgCh 50 ml

Adjust volume with dH,0 to 500 ml
44. Color substrate solution for anti DIG

NBT solution 45 m

X-phosphate solution 35 m

Detection buffer 10 mi

45, Hank solution
50 mM KCiI
3 mM KH2PO,
1.39M NaCl
80 mM NaH>PO4
56 mM- Glucose

46. Hank salt solution (HO) pH 7.2
Hank: solution 100 ml
Hepes 26 ¢
NaCl 190 mM
Adjust volume with dH,O to 1000 ml
Autoclave at 121°C for 15 min.
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47. Hank salt solution (H1) pH 7.2

Hank solution 100 ml
Hepes 26 ¢
NaCl 190 mM
CaClp 12 mM
MgChb 26 mM
Adjust volume with dH,O to 1000 ml
48. Culture medium M 199

culture medium M199 11 g
Fetal bovine serum 10 ml
Penicillin (500u/rr) 20 m
Streptomycin (500nmg/ ) 20 m
Dissolve with dH,O 90 ml
Adjust pH to 7.6 with NaHCOs and adjust volume to 100 ml

Sterile by passing it through a 0.22 M store at 4°C
49. Culture medium TC100

Culture medium TC100 204 g

Fetal bovine serum 10 ml
Penicillin (500u/m) 20 m
Streptomycin (500nmgy/ ) 20 m
Dissolve with dH,O 90 ml
Adjust pH to 7.6 with NaHCOs and adjust volume to 100 ml

Sterile by passing it through a0.22 nM store at 4°C

50. Culture medium Grace's insect: medium

Grace's insect medium 463 ¢

Fetal bovine serum 10 ml
Penicillin (500u/m) 20 m
Streptomycin (500 m) 20 m
Dissolve with dH,O 90 ml
Adjust pH to 6.5 with NaHCO3 and adjust volume to 100 ml

Sterile by passing it through a0.22 M store at 4°C



Appendix B

Microassay Procedure for determination of protein

1. Preparethreeto five dilutions of a protein standard which is representative of
the protein solution to be tested. The linear range of the assay for BSA is 1.2
to 10.0 ng/ml.

2. Pipet 800 M of each standard and sample solution into a clean, dry test tube.
Protein solutions are normally assayed in duplicate or triplicate.

3. Add 200 nl of dye reagent concentrate to each tube and vortex.

4. Incubate at room temperature for at least 5 minutes. Absorbance will increase
over time; samples should incubate at room temperature for no more than 1
hour.

5. Measure absorbance at 595 nm.
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Figure B-1 Standard protein curve for determination protein concentration.



Appendix C

Retriction mapping of pGEMO T-easy Vector
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APPENDIX D

Nucleotide comparison of HSP 60 P. monodon using BLASTN

Sequences producing significant alignments:

Qi|5912573|emb|AJ249625.1|PLI249625 Paracentrotus lividus m...
0i|33636452|gb|BT010206.1] Drosophila melanogaster SD06594 ...
gi]21328459]|gb|AC104510.6] Drosophila melanogaster X BAC RP...
Qi]24641192|ref|[NM_167266.1] Drosophila melanogaster CG1210...
Qi]24641190]|ref|[NM_078560.2] Drosophila melanogaster CG1210...
Qi]22832075]gb|AE003485.3] Drosophila melanogaster chromoso...

Qi|3757827]|emb|X99341.1|DMHSP60 D.melanogaster mRNA for hea...

Qi]28611161]|gb|BC047350.1] Homo sapiens heat shock 60kDa pr...
Qi]49522864|gb|BC073746.1] Homo sapiens heat shock 60kDa pr...
Qi]45595680]gb|BC067082.1] Homo sapiens heat shock 60kDa pr...
0i]12804340]|gb|BC003030.1] Homo sapiens heat shock 60kDa pr...
Qi|6996445]emb|AJ250915.1JHSA250915 Homo sapiens p10 gene f...
gi]190126]gb|M22382.1|HUMPMMPP1 Human mitochondrial matrix ...
Qi]41399284|ref|[NM_199440.1] Homo sapiens heat shock 60kDa ...
Qi]41399283|ref[NM_002156.4] Homo sapiens heat shock 60kDa ...
Qi|38197215]|gb|BC002676.2] Homo sapiens heat shock 60kDa pr...
gi]|50500495]emb]|CR619688.1| full-length cDNA clone CSODH002...
gi]10047985|gb]AC020550.4]AC020550 Homo sapiens BAC clone R...

Qi|184411]gb|M34664.1|HUMHSP60A Human chaperonin (HSP60) mR..

gi|51451]|emb|X53584.1|MMHSP60A Mouse mRNA for HSP60 protein... 94

Qi]2738076]|gb|U87959.1|CVU87959 Culicoides variipennis heat...
0i]|191148|gb|M22383.1|CRUP1P Chinese hamster P1 protein mRN...
Qi]46402512|ref|[NM_181330.3] Danio rerio heat shock 60kD pr...
Qi]21805769]gb]AY112665.1] Danio rerio chaperonin Cpn60 (cp...
Qi]46329691]gb|BC068415.1] Danio rerio heat shock 60kD prot...
Qi|27881984|gb|BC044557.1] Danio rerio heat shock 60kD prot...
0i|38091330]ref|XM_354605.1] Mus musculus similar to 60 kDa...
Qi|34875805]ref|XM_212759.2] Rattus norvegicus hypothetical...
Qi|31981678|ref[NM_010477.2] Mus musculus heat shock protei...
Qi]11560023|ref|[NM_022229.1] Rattus norvegicus heat shock p...
Qi]16741092]|gb|BC016400.1] Mus musculus heat shock protein ...
Qi|56382|emb|X54793.1|RNHSP60L Rat liver mRNA for heat shoc...
Qi|56380|emb|X53585.1|RNHSP60B Rat mRNA for HSP60 protein (...
Qi|51454|emb|X55023.1|MMHSP65R Mouse cDNA for heat shock pr...
Qi|21727379|emb|AL669943.9] Mouse DNA sequence from clone R...
Qi]26353953|dbj|AK088844.1] Mus musculus 2 days neonate thy...
Qi]51463945|ref|XM..047355.8| -PREDICTED: Homo sapiens KIAA17 ...
Qi]21166209]|gb|AC105749.2] Homo sapiens chromosome 3 clone ...
Qi]18958737|gb|AC097360.2] Homo sapiens chromosome 3 clone ...
Qi|37623946|gb|AF380943.2] Homo sapiens short heat shock pr...
Qi]29569255]|gb|AC138940.3] Homo sapiens chromosome 5 clone ...
Qi|18854958|gb|AC091873.2] Homo sapiens chromosome 5 clone ...
0i|40647590|gb|AY500892.1] Anemonia viridis mitochondrial 6...
Qi|1778211|gb|U68562.1|RNU68562 Rattus norvegicus chaperoni...

E
Value

2e-30
6e-30
6e-30
6e-30
6e-30
6e-30
6e-30
8e-20
8e-20
8e-20
8e-20
8e-20
8e-20
2e-17
2e-17
2e-17
2e-17
2e-17
2e-17
le-15
8e-14
8e-14
3e-13
3e-13
3e-13
3e-13
le-12
le-12
le-12
le-12
le-12
le-12
le-12
le-12
le-12
le-12
5e-12
5e-12
5e-12
3e-10
3e-10
3e-10
3e-10
3e-10
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Nucleotide comparison of HSP 70 P. monodon using BLASTN

Score E
Sequences producing significant alignments: (bits) Value

Qi|33319728|gb]AF474375.1] Penaeus monodon heat shock prote... 3844 0.0

Qi|48766850|gb]AY645906.1] Litopenaeus vannamei heat shock ... 3479 0.0
gi|7363335|gb]AF182195.1|AF182195 Guancha lacunosa heat sho... 712 0.0
0i|28571720|ref[NM_176503.1] Drosophila melanogaster CG4264... 704 0.0
gi|28571718|ref[NM_176502.1] Drosophila melanogaster CG4264... 704 0.0
Qi|24647037|ref[NM_169627.1] Drosophila melanogaster CG4264... 704 0.0
0i|24647035|ref[NM_169626.1] Drosophila melanogaster CG4264... 704 0.0
0i|24647033|ref[NM_169625.1] Drosophila melanogaster CG4264... 704 0.0
0i|28571722|ref[NM_079632.4] Drosophila melanogaster CG4264... 704 0.0
Qi|15451478|gb|AC009904.7] Drosophila melanogaster, chromos... 704 0.0
Qi]23171318]|gb]AE003708.3| Drosophila melanogaster chromoso... 704 0.0
gi]13096034|gb|AC007648.6JAC007648 Drosophila melanogaster,... 704 0.0
0i]39979268|dbj]AB006814.1] Paralichthys olivaceus mRNA for... 700 0.0
Qi|157660]gb|L01500.1]DROHSC4A Drosophila melanogaster heat... 696 0.0
Qi]19527632]|gb]AY084193.1] Drosophila melanogaster RH04426 ... 688 0.0
0i|3513539|gb]AF053059.1|AF053059 Paralichthys olivaceus he... 676 0.0
0i]33598989|gb|AY219845.1] Cyprinus carpio constitutive hea... 672 0.0
Qi|157663]|gb|M36114.1]DROHSC4A2 D.melanogaster heat shock c... 664 0.0
Qi]|28569549|gb]AY195744.1] Carassius auratus gibelio heat s... 654 0.0
Qi|7715510|gb]AF252689.1|AF252689 Drosophila simulans strai... 634 e-178
Qi|7715506|gb]AF252687.1|AF252687 Drosophila simulans strai... 634 e-178
0i]32813264|dbj]AB114672.1] Canis familiaris hsp70 mRNA for... 617 e-173
0i]32813270]dbj]AB114675.1] Canis familiaris hsp70 mRNA for... 617 e-173
0i]32813268|dbj]AB114674.1] Canis familiaris hsp70 mRNA for... 617 e-173
0i]32813266]dbj]AB114673.1] Canis familiaris hsp70 mRNA for... 617 e-173
gi|6457365]|gb]AF194819.1|AF194819 Manduca sexta heat shock ... 613 e-172
Qi|7716925|gb]AF255317.1]AF255317 Drosophila yakuba heat sh... 611 e-171
Qi]17061838|dbj|AB062115.1] Xiphophorus maculatus HSC70 mRN... 603 e-169
Qi]7715518|gb]AF252693.1]AF252693 Drosophila simulans strai... 595 e-166
Qi|7715514|gb|AF252691.1]AF252691 Drosophila simulans strai... 595 e-166
Qi|7715512|gb|AF252690.1]AF252690 Drosophila simulans strai... 595 e-166
Qi|7715508|gb|AF252688.1|AF252688 Drosophila simulans strai... 595 e-166
Qi|7715516|gb|AF252692.1]AF252692 Drosophila simulans strai... 587 e-164
Qi]42542844|gb|BC066491.1] Danio rerio heat shock 70kDa pro... 577 e-161
0i]38649355|gb|BC063228.1| Danio rerio heat shock 70kDa pro... 577 e-161
Qi|32967447|gb]AY226078:1] Monosiga brevicollis type-Mb_C7... 561 e-156
0i|51233018|emb|CR734665.1] Tetraodon nigroviridis full-len... 555 e-154
Qi|51152824|emb|CR656379.1] Tetraodon nigroviridis full-len... 555 e-154
Qi|51226363|emb|CR728102.1| Tetraodon nigroviridis full-len... 547 e-152
Qi|51147696]emb|CR651251.1] Tetraodon nigroviridis full-len... 547 e-152
Qi|51145266|emb|CR648821.1] Tetraodon nigroviridis full-len... 547 e-152
Qi|37682086]|gb]AY422994.1] Danio rerio heat shock 70kDa pro... 545 e-151
0i|51188966]|emb|CR691059.1] Tetraodon nigroviridis full-len... 541 e-150
0i|51201855]emb|CR703946.1| Tetraodon nigroviridis full-len... 539 e-150
Qi|51150554|emb|CR654109.1] Tetraodon nigroviridis full-len... 539 e-150
Qi|51179464|emb|CR681557.1] Tetraodon nigroviridis full-len... 537 e-149
0i]29468049]|gb|AY150182.1] Balanus amphitrite 70kDa heat sh... 527 e-146
Qi|51179952|emb|CR682045.1] Tetraodon nigroviridis full-len... 527 e-146
0i|1408566|gb|L77146.1|ZEFHSC7R Danio rerio heat shock cogn... 525 e-145
0i|51161392|emb|CR664947.1] Tetraodon nigroviridis full-len... 519 e-144
Qi|51179854|emb|CR681947.1] Tetraodon nigroviridis full-len... 515 e-142
0i|51153314|emb|CR656869.1| Tetraodon nigroviridis full-len... 515 e-142
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Nucleotide comparison of HSP 90 P. monodon usng BLASTN

Score E

Sequences producing significant alignments: (bits) Value
Qi]42556385]|gb]AY528900.1] Chiromantes haematocheir hsp-90 ... 1372 0.0

Qi]31199702|ref|XM_308799.1] Anopheles gambiae ENSANGP00000... 389 e-104
Qi]31199704|ref|XM_308800.1] Anopheles gambiae ENSANGP00000... 381 e-102
Qi]31199698|ref|XM_308797.1] Anopheles gambiae ENSANGP00000... 375 e-100
Qi]27564513]emb|BX015293.1|CNS08JYP Single read from an ext... 375 e-100
0i]2062376|gb|U75687.1|DAU75687 Drosophila auraria heat sho... 367 7e-98
Qi|27626759]emb|BX053478.1|CNSQ9DFE Single read from an ext... 309 1e-80
Qi]9124|emb|X03811.1|DSHSP82 Drosophila simulans gene fragm... 287 5e-74
Qi|27558760|emb|BX009540.1|CNSO8FIW Single read from an ext... 283 8e-73
Qi]21483233|gb]AY122080.1] Drosophila melanogaster AT20544 ... 272 3e-69
Qi|27558759|emb|BX009539.1|CNSO8FIV Single read from an ext... 272 3e-69
Qi|1832135|gb|U57471.1|DMU57471 Drosophila melanogaster hea... 272 3e-69
Qi]1832133|gb|U57470.1|DMU57470 Drosophila melanogaster hea... 272 3e-69
Qi]1832131|gb|U57469.1|DMU57469 Drosophila melanogaster hea... 272 3e-69
Qi]1832129|gb|U57468.1|DMU57468 Drosophila melanogaster hea... 272 3e-69
Qi|1832127|gb|U57467.1|DMU57467 Drosophila melanogaster hea... 272 3e-69
Qi]1832119|gb|U57463.1|DMU57463 Drosophila melanogaster hea... 272 3e-69
Qi|1832117|gb|U57462.1|DMU57462 Drosophila melanogaster hea... 272 3e-69
Qi|1832113|gb|U57460.1|DMU57460 Drosophila melanogaster hea... 272 3e-69
Qi|1832111]gb|U57459.1|DMU57459 Drosophila melanogaster hea... 272 3e-69
Qi|8125]|emb|X03810.1|DMHSP82 Drosophila melanogaster gene f... 272 3e-69
Qi]21397249|gb|AC097725.2] Drosophila melanogaster 3L BAC R... 268 5e-68
Qi|24656565|ref|[NM_079175.2| Drosophila melanogaster CG1242... 268 5e-68
0i|12005808|gb|AF254880.1|AF254880 Spodoptera frugiperda 90... 268 5e-68
0i]23092855]|gb|AE003477.3] Drosophila melanogaster chromoso... 268 5e-68
Qi|51142784|emb|CR646339.1| Tetraodon nigroviridis full-len... 266 2e-67
Qi]1832139|gb|U57473.1|DMU57473 Drosophila melanogaster hea... 264 8e-67
Qi|1832137|gb|U57472.1|DMU57472 Drosophila melanogaster hea... 264 8e-67
Qi]1832125|gb|U57466.1]|DMU57466 Drosophila melanogaster hea... 264 8e-67
Qi|1832123|gb|U57465.1|DMU57465 Drosophila melanogaster hea... 264 8e-67
Qi|1832121|gb|U57464.1|DMU57464 Drosophila melanogaster hea... 264 8e-67
Qi|1832115|gb|U57461.1|DMU57461 Drosophila melanogaster hea... 264 8e-67
Qi|8101|emb|X00065.1|DMHS83 Drosophila melanogaster 5'end o... 264 8e-67
Qi]1008866|gb|L47285.1|MSQHSP82G Anopheles albimanus heat s... 262 3e-66
Qi|51210764|emb|CR712547.1] Tetraodon nigroviridis full-len... 242 3e-60
0i]2352614|gb]AF006561.1| Drosophila miranda strain miranda... 234 7e-58
0i]2352612|gb]AF006560.1] Drosophila miranda strain miranda... 234 7e-58
Qi|37696947|agb]AY394438.1]. Sphoeroides annulatus. Hsp90-like-.. 232 3e-57
0i]29826098|gb|AF006562.2] Drosophila miranda strain mirand... 220 le-53
Qi]29826092|gb|AF006551.2] Drosophila persimilis strain per... 218 4e-53
0i]29826085]|gb|AF006543.2] Drosophila pseudoobscura bogotan... 218 4e-53
Qi]29826084|gb]AF006542.2] Drosophila pseudoobscura bogotan... 218 4e-53
Qi]29826083|gb|AF006541.2] Drosophila pseudoobscura bogotan... 218 4e-53
Qi]29826082|gb]AF006539.2| Drosophila pseudoobscura strain ... 218 4e-53
0i]2352596|gb|AF006552.1| Drosophila persimilis strain pers... 218 4e-53
0i]2352590]|gb|AF006549.1| Drosophila persimilis strain pers... 218 4e-53
Qi|2352566|gb]AF006536.1] Drosophila pseudoobscura strain p... 218 4e-53
Qi|2352562|gb]AF006534.1] Drosophila pseudoobscura strain p... 218 4e-53
Qi|2352558|gb]AF006532.1] Drosophila pseudoobscura strain p... 218 4e-53




APPENDIX E

Putative amino acid comparison of full length HSP60 P. monodon using

BLASTX

Sequences producing significant alignments:

0i|31231072|ref[XP_318461.1] ENSANGP00000014839 [Anopheles ...

0i|24641193|refINP_727489.1] CG12101-PB [Drosophila melanog...
0i[33636453|gb|JAAQ23524.1| SD06594p [Drosophila melanogaster]
0i|2738077|gb|AAB94640.1| heat shock protein 60 [Culicoides...
0i|3757828|emb|CAA67720.1| heat shock protein 60 [Drosophil...
0i|5912574]emb|CAB56199.1| Chaperonin [Paracentrotus lividus]
0i|47938737|gb|JAAH72058.1| Hspdl protein [Xenopus laevis]
0i|90207|pir||A34173 mitochondrial protein P1 precursor - C...
0i[41399285|ref[NP_955472.1| chaperonin; mitochondrial matr...
0i[31044489|ref[NP_851847.1| heat shock 60 kD protein 1 [Da...
0i|16741093|gb|AAH16400.1| Heat shock protein 1 (chaperonin...
0i[31981679|ref[NP_034607.2| heat shock protein 1 (chaperon...
0i|72957|pir||HHM S60 chaperonin groEL precursor - mouse >gi...
0i|306890|gbJAAA36022.1| chaperonin (HSPE0)
0i|6066606|emb|CAB58441.1| Hsp60 protein [Myzus persicae]
0i|111560024|ref[NP_071565.1| heat shock protein 60 (liver);...
0i|247242|gbJAAB21806.1| heat shock protein hsp60, hsp60=ch...
0i|1778213|gb|]AAC53362.1| chaperonin 60 [Rattus norvegicus]
0i|34875806|ref[ XP_212759.2| hypothetical protein XP_212759...
0i|51452|emb|CAA37653.1| unnamed protein product [Mus muscu...
0i|1334284|emb|CAA37654.1| unnamed protein product [Rattus ...
0i|40647591|gb|JAAR88509.1| mitochondrial 60 kDa heat shock ...
0i[21105712|gb|AAM34755.1| heat shock protein 60 [Trichinel...
0i|45550936]|ref[INP_723105.2] CG7235-PB [Drosophila melanoga...
0i|21064097|gb|AAM29278.1| AT16985p [Drosophila melanogaster]
0i|27735378|gb|JAAH41192.1| Hspdl protein [Xenopus laevis]
0i[3928008|emb|CAA10230.1| heat shock protein 60 (HSP60) [P...
0i|39584025|emb|CAE66431.1| Hypothetical protein CBG11701 [...
0i|17555558|refINP_497429.1| heat shock protein (60.1 KD) ...
0i]4680247|gb|AAD27589.1| chaperonine protein HSP60 [Onchoc...
0i|533167|gbJAAA28077.1] homologous to chaperonin protein
0i[21634531|gb|AAM69406.1| heat shock protein HSP60 [Schist...

0i|116253|sp|P25420|CH63_HELVI1 63 kDa chaperonin, mitochond...

0i[34877409|ref| X P_212745.2| 'similar to heat shock protein....
0i[34878823|ref [ X P 229566.2| similar to heat shock protein....

0i[51463946|ref[XP_047355.4] PREDICTED: KIAA1765 protein [H...

0i|17864606|refINP_524925.1| CG2830-PA [Drosophila melanoga...
0i|34860098|ref[ X P_219278.2| similar to 60 kDa heat shock p...
0i[28436902|gb|AAH46687.1| M GC53106 protein [ X enopus|laevis]
0i|15010456|gbJAAK77276.1| GH05807p [Drosophila melanogaster]
0i|48103847|ref|XP_392899.1| similar to ENSANGP00000014839 ...
0i|34856232|ref|XP_218673.2| similar to chaperonin 60 [Ratt...
0i|23197790|gb|JAAN15422.1| mitochondrial chaperonin HSP6O [...
0i|49079648|ref| X P_403446.1| hypothetical protein UM05831.1...
0i[38105103|gh|EAA51570.1| hypothetical protein MG03165.4 ...
0i[4099014|gbJAAD00521.1| heat-shock protein [Coccidioides ...

gi[2506275)sp|P29185|CH61_MAIZE Chaperonin CPN60-1, mitocho...
0i[2493646|sp|Q43298|CHB2_MAIZE CHAPERONIN CPN60-2, MITOCHO...

0i[309557|gbJAAA33450.1| chaperonin 60

Score

(bits)
820
801
801
790
784
781
771
765
763
762
762
762
761
761
761
760
760
759
759
757
752
745
738
737
737
736
729
728
718
716
706
706
662
647
645
637
624
623
614
612
607
606
601
598
592
588
587
586
586

Value
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

e-177
e-177
e-174
e-173
e-172
e-172
e-170
e-169
e-168
e-166
e-166
e-166
e-166
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Putative amino acid comparison of full length HSP7 P. monodon using BLAST X

Sequences producing significant alignments: Score E
(bits) Value

0i[48766851|gb|AAT46566.1| heat shock protein 70 [Litopenae... 1293 0.0
0i|33319729|gb|JAAQ05768.1| heat shock protein 70 [Penaeus m... 1290 0.0
0i|42794532|gbJAAS45710.1| heat shock protein 70 [Macrobrac... 1215 0.0
0i|48104285|ref | X P_392933.1| similar to heat shock cognate ... 1163 0.0
0i|246719|gbJAAB21658.1] HSC71 [Oncorhynchus mykiss] >gi|10... 1156 0.0
0i|47223819|emb|CAF98589.1| unnamed protein product [Tetrao... 1152 0.0
0i|6457366|gb|AAF09496.1| heat shock cognate 70 protein [Ma... 1147 0.0
0i|27371247|gbJAAH41201.1| Hsc70-prov protein [Xenopus laevis] 1146 0.0
0i[39979269|dbj|BAD05136.1| hsc71 [Paralichthys olivaceus] 1145 0.0
0i|18031682|gbJAAK31583.1| heat shock protein 70 [Ambystoma... 1145 0.0
0i[20563125|dbj|BAB92074.1| heat shock cognate protein [Bom... 1145 0.0
0i[28569550|gb|JAA043731.1] heat shock cognate 70 kDa protei... 1145 0.0
0i|42542845|gbJAAH66491.1| Hspa8 protein [Danio rerio] >gi|... 1144 0.0
0i[43439894|gb|AAS46619.1| heat shock cognate 70 kDa protei... 1144 0.0
0i|27805925|ref[INP_776770.1| heat shock 70 kDa protein 8; h... 1144 0.0
0i|50759965|ref[ X P_429266.1] PREDICTED: hypothetical protei... 1144 0.0
0i|37993866|gb|AAP57537.3| heat shock protein 70 [Locusta m... 1142 0.0
0i|50603788|gb|JAAH77998.1] Unknown (protein for MGC:82390) ... 1142 0.0
0i|27802643|gb|AA021473.1| hsp70 family member [Locusta mig... 1142 0.0
0i|37682087|gbJAAQ97970.1| heat shock 70kDa protein 8 [Dani... 1140 0.0
0i|28279108|gb|AAH45841.1| Hspa8 protein [Danio rerio] 1140 0.0
0i|5729877|ref[INP_006588.1| heat shock 70kDa protein 8 isof ... 1139 0.0
0i[31981690|ref[NP_112442.2| heat shock protein 8; heat sho... 1139 0.0
0i[42542422|gb|JAAH66191.1| Heat shock protein 8 [Mus muscul us] 1138 0.0
0i|1661134|gb|AAB18391.1] heat shock 70 protein [Mus muscul... 1137 0.0
0i|1123647|sp|P19378|HS7C_CRIGR Heat shock cognate 71 kDapr... 1135 0.0
0i|28374367|gbJAAH46262.1] MGC53952 protein [Xenopus laevis] 1134 0.0
0i|3513540|gb|AAC33859.1| heat shock protein 70 [Paralichth... 1134 0.0
0i|56385|emb|CAA49670.1] Hsc70-psl [Rattus norvegicus] >gi... 1132 0.0
0i|4838561|gb|AAD31042.1| heat shock protein 70 [Crassostre... 1132 0.0
0i|25527326|gb|JAAN73310.1| heat-shock protein 70 [Cotesiar... 1130 0.0
0i|38882982|gb|AAR01102.2| HSP70 [Dicentrarchus labrax] 1130 0.0
0i[45384370|ref[INP_990334.1| heat shock cognate 70 [Gallus ... 1129 0.0
0i[|1235933|gbJAAB03704.1| heat shock cognate [Danio rerio] ... 1129 0.0
0i[31322197|gbJAA041703.1| heat shock protein 70 [Crassostr... 1127 0.0
0i[942594|gbJAAAT74394.1| heat shock cognate protein 1127 0.0
0i|1495233|gbJAAB06239.1] HSC70 1126 0.0
0i[33598990|gb|AAP51388.1| constitutive heat shock protein.... 1125 0.0
0i|7960186|gb]JAAF71255.1] HSC71 [Rivulus marmoratus]| 1123 0.0
0i|38683403|gb|AAO38780.1| heat shock protein 70 [Chlamysf... 1120 0.0
0i|31241095|ref| X P_320971.1] ENSANGP00000019887 [Anopheles ... 1119 0.0
0i|47225582|emb|CAG12065.1| unnamed protein product [Tetrao... 1115 0.0
0i|34785094|gb|AAH56797.1| Hypathetical protein MGC63663 [D... 1115 0.0
0i[23193450|gb|AAN14525.1| heat shock cognate 70 [Chironomu... 1113 0.0
0i[42494887|gb|AAS17723.1| heat shock protein 70 [Argopecte... 1113 0.0
0i|662802|gbJAAC23392.1| heat shock-like protein, similar t... 1112 0.0
0i[29468050|gb|AAN74984.1] 70kDa heat shock protein [Balanu... 1112 0.0
0i|761725|gb|JAAA64872.1| heat shock protein 70 >gi|1346318... 1110 0.0
0i[23193452|gbJAAN14526.1| heat shock cognate 70 [Chironomu... 1109 0.0
0i|17061839|dbj|BAB72169.1| stress protein HSC70 [Xiphophor... 1109 0.0
0i|27684119|ref|XP_214603.1| similar to Heat shock cognate ... 1108 0.0
0i142494889|gb|AAS17724.1| heat shock protein 70 [Mizuhopec... 1106 0.0

0i|1326171|gb|AAB41583.1| heat shock cognate 70.11 protein ... 1103 0.0
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Putative amino acid comparison of full length HSP90 P. monodon using
BLASTX

Sequences producing significant alignments: Score E
(bits) Value

0i|42556386|gbJAAS19788.1| hsp-90 [Chiromantes haematocheir] 1238 0.0
0i|72221|pir||[HHCH90 heat shock protein 90 - chicken 1173 0.0
0i|28467005|ref[NP_786937.1| heat shock protein 1, alpha; h... 1172 0.0
0i|47522774|ref[INP_999138.1] 90-kDa heat shock protein [Sus... 1172 0.0
0i[34392343|dbj|BAC82487.1| 90-kDa heat shock protein alpha... 1171 0.0
0i|6754254|ref[INP_034610.1| heat shock protein 1, alpha; he... 1170 0.0
0i[29145077|gb|JAAH49124.1| Hspca protein [Mus musculus] 1170 0.0
0i|63516]emb|CAA30251.1] unnamed protein product [Gallus ga... 1170 0.0
0i|72219|pir|[HHHUS86 heat shock protein 90-alpha- human >g... 1170 0.0
0i]40254816|refINP_005339.2| heat shock 90kDa protein 1, al... 1169 0.0
0i|11170383|sp|P46633|HS9A_CRIGR Heat shock protein HSP 90-a... 1163 0.0
0i|117865490|sp|QIGK X 7|[HS9A_HORSE Heat shock protein HSP 90-... 1162 0.0
0i|12005809|gb|AAG44630.1| 90-kDa heat shock protein HSP83 ... 1162 0.0
0i|46358051|dbj|BAD15163.1| heat shock protein [Antheraeay... 1153 0.0
0i|13699184|dbj|BAB41209.1| 90-kDa heat shock protein [Bomb... 1152 0.0
0i|50603918|gb|AAH77195.1] Unknown (protein for MGC:78910) ... 1145 0.0
0i|27681923|ref| X P_217339.1| similar to heat shock protein ... 1139 0.0
0i[34392345|dbj|BAC82488.1| 90-kDa heat shock protein beta ... 1138 0.0
0i[37142918|gb|AAQ88393.1| heat shock protein 90 [ Equus cab... 1137 0.0
0i|34304590|gb|JAAQ63401.1| heat shock 90kDa protein 1 beta ... 1137 0.0
0i|49118048|gbJAAH72998.1] MGC82579 protein [Xenopus laevis) 1137 0.0
0i|37623887|gbJAAQ95586.1] HSP-90 [Dicentrarchus labrax] 1134 0.0
01|1123681|sp|P11499|HS9B_MOUSE Heat shock protein HSP 90-be... 1134 0.0
0i|40807203|gb]JAAH65359.1| Hsp90b protein [Danio rerio] 1134 0.0
0i|72222|pir|[HHHUB4 heat shock protein 90-beta [validated]... 1134 0.0
0i|194027|gb|JAAA37866.1| heat-shock protein hsp84 1134 0.0
0i|50740540|ref| X P_444655.1| PREDICTED: heat shock protein ... 1133 0.0
0i|34879302|ref|XP_216334.2| similar to heat shock protein ... 1132 0.0
0i[20177936|sp|QIGK X8|HS9B_HORSE Heat shock protein HSP 90-... 1132 0.0
0i[47604960|ref[NP_996842.1| heat shock protein 90 beta[Ga... 1130 0.0
0i[3212009|gh]JAAC21566.1| heat shock protein hsp90beta [Dan... 1130 0.0
0i|18858875|ref[INP_571385.1| heat shock protein 90-beta[Da... 1129 0.0
0i|2062377|gb|AAB58358.1| heat shock protein 83 [Drosophila... 1129 0.0
0i|121483234|gb|AAM52592.1| AT20544p [Drosophila melanogaste... 1127 0.0
0i|309317|gbJAAA37865.1] 84 kD heat shock protein 1123 0.0
0i|37787287|gb|AA092751.1| heat shock protein 90 beta [Para... 1122 0.0
0i]4835864|gb|JAAD30275.1| heat shock protein hsp90 beta [Sa... 1120 0.0
0i|1346320|sp|P34058|HS9B._RAT Heat shock protein HSP 90-bet... 1115 0.0
0i|6807647|emb|CAB66478.1| hypothetical protein [Homo sapie... 1113 0.0
0i|38146757|gb|JAAR11781.1| heat shock protein 90 [ Chlamysf... 1107 0.0
0i|51470849|ref| X P_084514.6] PREDICTED: heat shock 90kDa pr... 1105 0.0
0i|18858873|ref[NP_571403.1| heat shock protein 90-alpha[D... 1104 0.0
0i[49899168|gb|AAH75757.1] Unknown (protein for MGC:86652) ... 1104 0.0
0i|19855062|sp|061998|HS90_BRUPA Heat shock protein 90 >gil... 1104 0.0
0i|30313869|gb|JAAO52675.1| heat shock protein 90 alpha; hea... 1103 0.0
0i[3096951|emb|CAA06694.1| heat shock protein 90 [Brugiapa... 1103 0.0
0i|1066808|gb|AAB05639.1| heat shock protein 82 [Anopheles ... 1101 0.0
0i|1899173|gb|]AAB49983.1| heat shock protein hsp90 [Oncorhy ... 1081 0.0
0i1|40956306|gb]AA014563.2] Hsp90 [Heterodera glycines] 1076 0.0
0i|14041148|emb|CAC38753.1| heat shock protein 90 [Dendrone... 1070 0.0
0i|39589853|emb|CAE60851.1] Hypothetical protein CBG04560 [... 1060 0.0
0i|17559162|ref[INP_506626.1| heat shock protein, abnormal D... 1041 0.0
0i[47224556|emb|CAG03540.1| unnamed protein product [Tetrao... 1030 0.0

0i[39644662|gb|AAH09206.2| HSPCB protein [Homo sapiens] 1025 0.0



APPENDIX F

Nucleotide and amino acid sequences of full length of HSP60, HSP70 and HSP90
P. monodon.
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APPENDIX G

Nucl eoti de sequences of inmune rel ated gene screened from cDNA
library and partial of HSP gene were constructed the full
| ength of HSP genes.

1. ES-N S02-0060-W

GECACGAGGECAGCAAGAGEGT GACTGCAAACAACT CAAGCTAAGAT TTGACGT CAGCCAGTA
CAAGCCCGAGGAGATTGI TGTCAAGACAGT TGATAATAAGCT TCTGGT CCACGCCAAGCACG
AGGAGAAGT CTGACAACCGCT CCGT CTACCGCGAGTACAACAGAGAGT TCCTGCT TCCCAAG
GECACCAACCCCGAGCTCATCAAGT CCTCGCT CTCCAAAGACGEOGT CCTGACGGT GGAAGC
TCCCCT GCCGECCATAGCT GGGAACGAAGAGAAGGT CATCCCCATCGCACAGAACTGATTGA
CTGATTTCATCGCTTCTGTCGT TACGAAT TTTCGCCACAGT GT TGAAGGAAGGAAGCCACGT
GIAAGAGGATTGGAGGAATCATCTCGCCAGCATCAGTGITTTTTTTATATATATATATCAAA
TCGATAGAGTAAAATTTGT GITATTGTATGAAGAAAGCGAAAGTANAAAGGAAAGTCTCTTT
TTTTTAATAAATAATAAATGTGATTTTTTTTCTTATGT GTGAAACACCTTCATTATGCCTTT
GAAATTGCCATGEGAAATATTTTTGT TCTAAGGTGI TATTTCA

2. HC-H S01-0055

GECACGAGGAT TCAAGGATCAACT CCCTGCT GAAGAGACT CAAAAGT TGAAGGAGCAGCTGA
CTACTGI GAAGGACCT CTTGGECAAATAAAGACT CT GCAGACCCAGAGGAAAT CAAGCAAAAG
GI'CAGCGAGCT CCAGCAAGCCT CGCTCAAGCT CT TCGAGATGECCTATAAGAAGATGECATC
TGAGAGAGAGICATC

3. HGC H S01-0225

GGCACGAGECCT CGT GCCGAAT TCEECACCAGEEAGAAATGT CAGT TTCCTTCGGGATATAT
CTCGEGAGTAGT TCGTGCT GCATTGCCGT CAACAAGGAT GGAAAAT TTGAAGT TGT GGCCAA
TGCCTCTGGAGACAGAGI TACTCCTGCAGTI GGT GGCATATCATGAGATGGAAGT GGTAACAG
GACTTGCAGCT AAGCAGGGAAT GATCCGACAT GCGCCAAATACCATTCAGAATGTGCTACGC
AGT GCCAGCT GCAGT GAAGAT GAACGAACCTGI CAGT CTAATGTATCATGI TGTCCTAAATG
GGAAAATAACCAAGT GTGCTACACAGT GCCAACGAGGAGAGAAAACT GCAACT GT TACCGCAG
AGGAGGTTTTAACTCACATTTTTACTCTGCTCAAAGGT AT TGCCATGAATCAGACAAGT GAA
TCAGAGCTCCCTCTTGITATAAGT GI TCCAGCT TGGACCAGI GAAGCAGCTGT TGAGGT TAT
CAAGAAAGCT GCCAAGAAACCT TCTTTTAATTTGATGI CAACTATCAGT CAACCAGI TGCTG
CAGTCTTAGCATATGGCCT TGTAAATGACAACAAAAAGAATT

4. HC- W S01-0030

GECACGAGEGT GACAAGT CCGAGECT GTGCAGGACCTGI TGCTGT TGGACGT GACCCCCT TG
TCCCTGGEGTAT CGAGACT GCCCECGEET GT GATGACTGCGCT CATCAAGCGT AACACCACCAT
CCCCACCAAGCAGACCCAGACCTTCACCACCTACT CTGACAACCAGCCAGGT GTGCTCATCC
AGGT GTACGAGEGAGAGCGT GCCAT GACCAAGGACAACAACCT CCTGEGTAAGI TCGAGCT G
AGTGGECATCCCACCT GCTCCCCGT GECGT GCCT CAGATCGAGGT CACCTTCGACATCGACEC
CAACGCECATCCT GAACGT AT CTGCCGT GGACAAGT CTACTGGTAAGGAGAACAAGAT TACCA
TCACCAACGACAAGEGT CGCCT CTCCAAGGAGGAGAT CGAGCGCAT GGT GCAGGACGCCGAG
AAGTACAAGCCT GACGAT GAGAAGCAGAGEGACCGT AT TTCTGCCAAGAACT CCCTCGAGTC
TTACTGCTTCAACATGAAGT CGACAGT TGAGGACGAGAAGT TCAAGGAGAAGATTTCTGAGG
AGGACCGCAACAAGATTTTGGAGACCTGCAACGAGACTATCA

5. HCG-W-S01-0037

GECACGAGGAGAAGGT CEECGEGT GAGCGCAATGT CTTGATCT TCGATCT TGECGEGT GGTACC
TTCGATGT GI CCATCCTTACCAT CGAGGATGGTATCT TCGAGGT CAAGT CAACAGCTGGTGA
CACTCACT TGEECGGT GAAGACT TCGACAACCGCATGGT GAACCACT TCATCCAGGAATTCA
AGCGCAAGT ACAAGAAGGACCCAAGT GAGAACAAGCGECT CCCTGECGT CACCTGCGTACGECC
TGI GAGCGT GCGAAGCGCACCCT GI CTTCCT CGACACAGECCAGT GT GGAGATCGAT TCCCT
CTTCGAAGGTATCGACTTCTACACCT CTATCACT CGT GCTCGCT TCGAGGAGCT G GCGECCG
ATCTGI TCCGT GECACCT TGGAGCCCGT GGAGAAGT CACT CCGT
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6. HC-WS01-0046

GECACGAGECCGT GCCGT GCAGAAGCT COGT CGT GAAGT GGAAAAGGBCTAAGCGCTCCCTCT
CCTCTAGCCACCAGGT CAGGATCGAGATCGAGT CCTTCT TCGAGEGT GATGACT TCTCGGAG
ACCCTCACCCGT GCCAAGT TCGAGGAAT TGAACATGGATCT CT TCAGGT CCACCATGAAGCC
CGTACAGAAGGT GCTGGAAGAT TCTGACCT CCAGAAGAAGCAAAT TGACGAGATTGTACTTG
TTGGIGGT TCCACT CGTATCCCTAAGAT CCAGCAGCT GGTGAAAGAGT TCTTCGGTGECAAG
GAGCCAT CCCGAGGCAT TAACCCGLACGAGECTGTAGCT TACGECGECT GCTGI CCAGECT GG
CGT GCTCTCEEGET GAGGACGACACCAACGACCT CGT GCTGCTCGACGT GAACCCCTTGACCC
TGGEGTATTGAGACT GT GEGAGGT GT CATGACAAAGCT GATCCCTCGCAACACTGICATCCCC
ACCAAGAAGT CCCAGATCTTCTCCACTGCCT CTGACAACCAGCACACTGI CACCATCCAAGT
ATTCGAAGGT GAACGT CCCATGACCAAGGATAACCACATCCT

7. HC-WS01-0230

GECACGAGGEEGAGAT CGAGCGECAT GGT GCAGGACCCCGAGAAGT ACAAGECTGACCGATGAGA
AGCAGAGGGACCGTATTTCTGCCAAGAACT CCCTCGAGT CTTACTGCTTCAACATGAAGT CG
ACAGI TGAGCACGAGAAGT TCAAGGAGAAGAT TTCT GAGGAGGACCGCAACAAGATTTTGEA
GACCTGCAACGAGACTATCAAGT GECT GGACATGAACCACCT GBECGAGAAGGAAGAGTATG
AGCACAAGCCAGAAGGAGAT CGAACAGGT GTGCAACCCCATCATTACCAAGATGTACGCTGCT
GCTGGTGGTGCTCCT CCAGECGECAT GCCCEEOEECT TCCCAGGT GG GCCCCAGGT GCTGG
CGGTGCTGCTCCCEETICCT GGT GGT TCCT CCGGACCCACCAT CGAGGAAGT CGATTAAACGA
TTCCTCCGCGTCTACTAGI CTCATTGTGAAT TGT CCATGCAAAT CGACCCATCGTAGATCAT
TCOGCATTTTATTTATGATGI TGGTGECTTGTGCCATTGECAGACT TCACATTGCAAGITTT
CAGTAAACCATTCCAGAAATC

8. HC-WS01-0248

AAAGTATACTTATACGCCAGCT CGAAAT TACCCT CACT AAAGGGAACAAAAGCT GGAGCTCG
CGCGCCTGCAGGT CGACACT AGT GGATCCAAAGAT TCCECACGAGEGT TGGAACCCECCCGG
CGT GACAGACAGACGAACT CGTGCCTCCGCAATGECT GCAATTAAGACGCTAAATCCCAAAG
CCGAAGT GECGAGEECECAGCAGGCCCT TGCTATCAATAT TTCAGECGCGAGGEEECATCCAG
GATGT CCTCAGGACGAACCTGGGACCCAAAGCGAACCAT GAAAATGT TGGTATCTGEEECT GG
AGACATTAAGATCACAAAAGAT GGAAACAT TCTACT TCATGAGATGCAAAT CCAGCACCCAA
CTGOCAGCATGATTGCAAAGGECCTGCACT GCTCAGGAT GACATCATTGGAGATGECACCACC
TCAACTGITCTCCTCATTGEGEGAGATGCTCA

9. HCG-WS01-0257

GECACGAGECCT CATGGT CCTCATCAAAAT GAAGGAGACCECCGAGSCTTACCTGEGATCC
ACAGT GAAGCATCCTGTAGT CACTGTACCTGCTTACT TCAACGAT TCTCAGCGCCAGECCAC
CAAGGACGCTGGAACCATCTCGEGT CT TAATGIGCTGCGT AT CATCAACGAACCCACCECT G
CTGCCATCGCCTACGECCT CGACAAGAAGGT CEECEGT GAGCCCAATGTCTTGATCTTCGAT
CTTGECGGTGGTACCT TCGATGT GTCCATCCT TACCAT CGAGGATGGTATCT TCGAGGT CAA
GICAACAGCT GGTGACACTCACT TEEECEGT GAAGACT TCGACAACCCCAT GGT GAACCACT
TCATCCAGGAAT TCAAGCGCAAGT ACAAGAAGGACCCAAGT GAGAAT AAGCGCTCCCTACGT
CGCCTGCGTACCECCT GI' GAGCGT GCGAAGCGECACCCT GI CT TCCT CGACACAGECCAGI GT
GGAGATCGACT CCCTCTTCGAAGGTATCGACT TCTACACCTCTATCACTCGTGCTCCCTTCG
AGGAGCT GT GCCCCGATCTGT TCCGT GECACCT TGGAGCCCG

10. HC-W S01-0309

GECACGAGGAAAT GECAAAGGECACCT CCTGI CGGTAT TGATCTGEGAACCACCTACTCCTGC
GI'GGEGTI GTGI TCCAGCAT GGCAAGGT GGAGAT CAT CGCCAACGACCAGEEGECAACCGCACCA
CGCCCTCCTACGT CACCT TCACAGACACAGAGCGT CTGAT TGGT GACGCCGCCAAGAACCAG
GI'GGCGATGAACCCCAACAACACT GTAT TCGACGCCAAGCGACT CATCGGECCGCAAATTCGA
AGACCACACAGT CCAGAGCGACATGAAGCAT TGECCCT TCACCATCATCAACGAGAGCACAA
AGCCAAAGATCCAGGTAGAGT ACAAGGEGAGACAAGAAGACCT TCTACCCAGAAGAGATCTCC
TCGATGGT GCTCATCAAAAT GAAGAGAGACCGCCGAGECT TACCT GEGATCCACAGT GAAGG
ATCCTGTAGT CACTGTACCTGCT TACT TCAACGAT TCT CAGCGCCAGECCACCAAGGACGECT
GGAACCATCTCGAGGT CTTAATGT GCTGOGTATCAT CAACGAACCCACCGACTGCTGCCATC
GCCTACGECCT CGACAAGAAGGT CEECEGT GAGCGCAATGTC
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11. HC-W S01- 0349

ACGCTATACTTGATACGCACAGCT CGAAATTACCCT CACTAAAGGGAACAAAGCTGGAGCTC
GCGCECCTGCAGGT CGACACTAGT TGGATCCAAAGAAT TCGECACGAGECGGACGT GTAACA
ATTAGCTCTTAGGACTATTTAAAAATATCTAAAATAAGATAAAAT GGCAAAGGECACCTCCTG
TCGGTATTGATCTGGGAACCACCTACT CCTGCGT GEGT GTGI TCCAGCATGGCAAGGT GGAG
ATCATCGCCCAACGACCAGEECAACCGCACCACGCCCTCCTACGT CGCCTTCACAGACACAGA
GCGTCTGATTGGTGAC

12. HC-W S01- 0669

GEGNNACTTAT TACGCCCACGCT CGANAAT TACGCCT CACTAAAGGGAACACAAACCTGGAG
CTCGCGECECCT GCAGGT CGACACT AGT GGAT CCAAAGCT ACGECGCCECTGI CCAGECCECC
ATTCTGT GCGGT GACAAGT COGAGCCT GTGCAGGACCTGI TGCTGT TGGACGT GACCCCCTT
GTI'CCCTGGGTATCGAGACT GCCCECAEGET GTGATGACT GCGCT CATCAAGCGT AACACCACCA
TCCCCACCAAGCAGACCCAGACCT TCACCACCTACT CTGACAACCAGCCAGGTGIGCTCATC
CAGGT GT ACGAGGEGAGAGCGT GCCAT GACCAAGGACAACAACCT CCTGEGTAAGT TCGACGCT
GAGTGECATCCCACCTGCT CCCCGT GECGT GCCTCAGAT CGAGGT CACCT TCGACATCGACG
CCAACGCCATCCTGAACGT ATCCGCCGT GGACAAGT CTACTGGTAAGGAGAACAAGATTACC
ATCACCAACGACAAGGEGTCECCTCT CCAAGGAGGAGAT CGAGCGCAT GGT GCAGGACGCCEA
GAAGTACAAGCCTGACGAT GAGAAGCAGAGGGACCGTAT TTCTGCCAAGAACT CCCTCGAAG
TCTTACTGCTTCAACATGAAGT CGACAGT TGAGGACGAGAAGT TCAAGGAGAAGATTTCTGA
GGAGGACCGCAAC

13. Hpa- N- S01- 0166

GECACGAGGECCACAGT GAAGGATCCTGTAGI CACTGTACCTGCT TACT TCAACGATTCTCAG
CGCCAGGCCACCAAGCACCCTGGAACCATCTCEEGT CTTAATGT GCTGCGTATCATCAACGA
ACCCACCGCTGCTGCCAT CGCCTACGECCT CCACAAGAAGGT CEECGGT GAGCGCAATGT CT
TGATCTTCGATCT TGECGGT GGTACCT TCGATGT GT CCATCCTTACCATCGAGGATGGTATC
TTCGAGGT CAAGT CAACAGCT GGTGACACT CACT TGEECEGET GAAGACT TCGACAACCCCAT
GGTGAACCACT TCATCCAGGAAT TCAAGCGCAAGT ACAAGAAGGACCCAAGT GAGAACAAGC
GCTCCCTGCGT CACCTAECGT ACGECCT GTGAGCGT GCGAAGCCCACCCTGT CTTCCTCGACA
CAGGCCAGT GTGGAGATCGACT CCCTCT TCGAAGGTATCGACT TCTACACCTCTATCACTCG
TGCTCCCTTCGAGGAGCT GTGCGCCCGATCTGI TCCGT GECACCT TGGAGCCCGT GGAGAAGT
CACTCCGT GATGCCAAGAT GGACAAGGCCCAGATCCACGACA

14. LP-N-SO1-0011

CCGTGECGT GCCTCAGAT CGAGGT CACCT TCGACAT CGACGCCAACGGECATCCGT GAACGTA
TCCGCCGT CGACAAGT CTACTGGTAAGCAGAACAACGATTACCAT CACCAACGACAAGEGT CG
CCTCTCCAAGGAGGAGAT CGAGCGCAT GGT CCAGGACGCCGAGAAGT ACAAGCCTGACGAT G
AGAAGCAGAGGEGACCGTATTTCTGCCAAGAACT CCCTCGAGT CTTACTGCT TCAACATGAAG
TCGACAGT TGAGGACGAGAAGT TCAAGGAGAAGAT TTCT GAGGAGGACCGCAACAAGATTTT
GGAGACCTGCAACGAGACT ATCAAGT GECTGGACAT GAACCAGCT GEECGAGAAGGAAGAGT
ATGAGCACAAGCAGAAGGAGAT CGAACAGGT GTGCAACCCCATCATTACCAAGATGTACCCT
GCTGCTGGT GGT GCT CCTCCAGCCEECATGCCOEECEECT TCCCAGGT GGTGCCCCAGGTGC
TGECAGTGCTGCTCCCAGT GCTGGT GGT TCCTCCCGACCCACCATCGAGGAAGT CGATTAAA
CGATTCCTCCGCGTCTACTAGT CTCAT TGTGAATTGT CCATGCAAAT CGACCCATCGTAGAT
CATTCCGCATTTTATTTATGATGI TGGT GACT TGTGCCAT TGECAGACT TCACATTGCAAGT
TTTCAGTAAACCAT TCCAGAAAT CTGTAAAACGAATAAAAAAAAACAGGAAACAAAAAAAAA
AAAAAAAGCGEEEECCCGTACCCAAT TCCCCCTATAAGT GAGTGTATACATCATGC

15. LP-N- SO1- 0061

GCCACGAGECACAAGGGAGGAGAGACGT GCTTTCGCGAGGT CCAAGT TCTAACACCAAAAT G
GCTGTCGCACT CAATCCAGT ACAGATTATGAAAT CT GAGCCT GAGGAGGAGCGCTCGGAAAC
TGCTCGECTCTCATCCTTCATTGGT GCCAT TGCACT CCGAGAACT GGTGCGCTCCACACT TG
GTI'COCAGGGEGECATGGACAAAAT TCTTGT AGCCAT GBGCAGAAGT GAAGGACAAATCGAAGTC
ACAAATGACGGT GCTACCAT CT TGAGGAACAT TGGT GT GGACAATCCAGCAGCCAAGATTTT
AGT TGACAT CAGCAAGACACAGGAT GATGAGGT TGGAGATGGAACGACATCTGTI GGT TGTCT
TGGCATCAGAGT TCCTACGAGAGECT GAGAAGT TGGTAGCTATGAAGAT TCATCCCCAGACC
ATTATTGCTGGT TACCGCAGGGCCACAGATGT TGCTCGTGAGGCACTAACAAAGT CACCTCA
AGATAAT TCGGECCAAT CCCGAAAAAT TTAGGGAAGACCT CCTGAAGAT TGCCAAGACCACAC
TGAGT TCCAAGATTTTGGCTCAACACAAAGATTTCTTCTCCA
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16. LP-N-S01- 0255

GECACGAGGACCACCAT CCCCACCAAGCAGACCCAGACCT TCACCACCTACTCTGACAACCA
GCCAGGT GTGCTCATCCAGGT GT ACGAGGEGAGAGCGT GCCATGACCAAGGACAACAACCTCC
TGGGTAAGT TCGAGCT GAGT GECAT CCCACCT GCT CCCCGT GBCGT GCCTCAGATCGAGGTC
ACCTTCGACAT CGACGCCAACGGECAT CCTGAACGT AT CTGCCGT GGACAAGT CTACTAGT CT
CATTGTGAATTGT CCATGCAAAT CGACCCATCGTAGATCATTCCGCATTTTATTTATGATGT
TGGTGECTTGTGCCAT TGECAGACT TCACAT TGCAAGI TTTCAGTAAACCATTCCAGAAATC
TGTAAAACGAATAAAAAAACAGGAAACAAGAAAAAAAAAAAAAAAAAAAA

17. OV-N-SO1-0513

GCACGAGECTCGAGI TTTATTGTAACAAAGT TGT TACAAATTATTTACATAAACGAAAGAAT
AAATCCTTATAACAGAATATATCTTTGT CTATAACTAAAACTAATCCTTGT TTAAATCTTAT
GGAATGT TGEECGT GATCCGAAT GAT GAAAGCCCAGAGAAGCCAAAATATACCAACATTAGAG
AAGTATTTTGGT TCCCGAATGAATGACAATGAT TAGCT TTGGTATATAATGGGTGAATATTT
TAAGI TGTGACGAATATTTAATCGACT TCT TCCAT GCGAGAGECGT CCTCGTCATCACCTTC
GAGGGEEEEECATATCCTCCTCCAAGGT CTCAECCT CCTCCAT CEEEECGT CCTCCTCGT CAA
TACCCAGGECCAAGCTTGATCAT TCTGT AGAT GCCCECT GEOGT GGACACCT GEGT CCTCCAAG
CTGAAGCCAGACGACAGAAGEGAGCT CTCGAACAGCAGCATCACCAGATCCTTCACAGACTT
GICGTTCTTGTICGECATCCECCTTTTGTCTCAGSGT TTCGATGATGCTGT GGTCGEEGT TGA
TCTCAGGTGCTTCT TGECCGEECCAT GTAGCCCAT GGT CGAG

18. OV-N-SO1-0968-W

GGECACGAGGECACGAACACGAT CCTCGECCAGT CGT CTACAGCGT CCCCCTTGETCTGECT TG
CTCGCGAAACT CCAAAAATGCTCCAGT TACGATACCGAT TCCTATGTCTTCTCGTGGGATTA
CTCCTTTTAGGAGGAACAAGAGCCGAGCATGTGGAGAGT CCAGECACTGIT TGAAGCTGATCT
TGGEEECTGATGT GGAAGGT TCECGTACTGAT GATAAT GT AGT GGCCCGEGAAGAGGAGECTA
TCAAGCTGGACGGACT CAAT GT AGCACAGAT CAAAGAAAT GCGGEGAGAAAGCAGAAAAGCAT
GCATTCCAAGCAGAGGT CAACCCCATCGATGAAGCT TATTATCAATTCTCTGTACAGGAACAA
AGAGATCTTTTTGAGGGAGT TGATCAGCAATGCCT CTGATGCACT TGACAAAATCCGICTGC
TGTCACTGACTGACAAGGAT CACCT GAGTACTAACCCAGAGT TGECCATCAGAATAAAAGCA
GACAAGGACAACCACATACT TCACATCACTGACAGT GGTATTGECATGACAAAAGCAGATTT
GGTCAATAACCTTGGAACAATTGCAAAATCTGGAACT TCAGA

19. OV-N-S01-0981-W

GECACGAGEEGAGET CAGCECACT GATCCTCCAGCECGTI CGACGT CCTCACCGACGCCGT GG
CTGICACCAT GEECCCCAAGEGT CGAAATGT AAT CAT TGAGCAGAGCT GEEECAGI CCCAAG
ATCACAAAGCGATGGTGI TACAGT TGCAAAGCCT GT TGAACT GAAAGACAAGT TCCAGAACAT
TGGAGCTAAGT TGGTCCAAGAT GT TGCCAACAACACCAAT GAAGAGCCTGGTGATGGAACCA
CCACAGCCACAGT CCTGECTCGTACTATTGCAAAGGAAGSGT TTGACAGGAT TAGCAAAGGT
GCCAACCCT GT GGAGAT CAGECGT GGAGT TATGT TGECCGTGGATGCCAT TGT TGCTCACCT
GAAGACCCT GTCAAAGCCT GTGACCACT CCTCCT GAGATTGCTCAGGT TGCAACCATCTCT G
CTAATGGAGACATTGAAGT AGECAGT CTTATCTCGECAGCCAT CGAAAAGGT TGGT CGTGAG
GGTGTCATCACTGT GAAAGAT GECAAGACCT TGAAGGAT GAGT TGGAGGT CAT TGAAGGCAT
GAAGI TCCATCGTGGTTACATTTCTCCTTACTTCATAAACTC

20. ‘OV-N-S01-0988-W

GECACGAGGEEECTTGCTCECGAAACT CCAAAAAT GCTCCAGT TACGATACCGAT TCCTATGT
CTTCTCGTGGGATTACTCCTTTTAGGAGGAACAAGAGCCGAGGAT GT GGAGAGT CCAGGECAC
TGT TGAAGCT GATCTCGEEECT GATGT GGAAGGT TCGCGTACT GATGATAATGTAGT GECCC
GCGAAGAGGAGCCTAT CAAGCT GGACGGACT CAATGTAGCACAGAT CAAAGAAAT GOCGEGAG
AAAGCAGAAAAGCATGCAT TCCAAGCAGAGGT CAACCCGATGATGAAGCT TATTATCAATTC
TCTGTACAGGAACAAGGAGATCTTTTTCGAGGEGAGT TGATCAGCAATGCCTCTGATGCACT T
GACAAAATCCGT CTGCTGI CACTGACT GACAAGGAT CAGCTGAGTACTAACCCAGAGT TGC
CATCAGAATAAAAGCAGACAAGGACAACCACATACTTCACATCACTGACAGT GGTATTGECA
TGACAAAAGCAGATTTGGTCAATAACCT TGGAACAAT TGCAAAATCTGGAACT TCAGAATTT
TTCCTCTAAACT GCCAGGAGT CCGGAGAAT GCAGAGGAGACAA
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21. HSP70-P1C7 (clone 742 bp)

TATGACATGATACGCCACNCTCGAAANT TACCT CACTAAAGCGAACAAAAGCTGGAGCTCCA
CCGCGGTGECEECCECT CTAGAACTAGT GGATCCCCCGEECT GCAGGAAT TCGBCACGAGEG
AAGAGCGGACGTGT TACAATTAGCTCTTAGGACTATTTAAAAATATCTAAAATAAGATAAAA
TGBCAAAGGCACCTGCTGTCGGTATTGATCTGEGAACCACCTACTCCTGCGTGEGTGIGITC
CAGCATGGCAAGGT GGAGAT CATCBCCAACGACCAGGECAACCGCACCACGCCCTCCTACGT
CGCCTTCACAGACACAGAGCGT CTGAT TGGT GACGCCGCCAAGAACCAGGT GBCGATGAACC
CCAACAACACTGTATTCGACGCCAAGCGACT CATCGBCCGCAAAT TCGAAGACCACACAGTC
CAGAGCGACATGAAGCATTGECCCT TCACCAT CATCAACGAGAGCACAAAGCCAAAGATCCA
GGTAGAGTACAAGGGAGACAAGAAGACCT TCTACCCAGAAGAGATCTCCTCGATGGTGCTCA
TCAAAAT GAAGGAGACCGCCGAGECT TACCT GBGATCCACAGT GAAGGATGCTGTAGT CACT
GTACCTGCTTACT TCAACGAT TCTCAGCGCCAGGECCACCAAGGACGCTGGAACCATCTCESG
TCTTAATGTGCTGCGTATCATCAACGAACCCACCGCT GCTGCCATCGCCTACGGECCTCGA
22. HSP70 P1/2Cl (cl one 933 bp)

AATNGACAT GATACGCACGNCTCGAAATTACCT CACTAAAGGGAACAAAAGCTGGAGCTCCA
CCGCGGTEECEECCECTCTAGAACT AGT GGAT CCCCCEEGECT GCAGGAAT TCGGECACGAGEC
TGAGTGECATCCCACCTGCTCCCCGT GBCGT GCCTCAGATCGAGGTCACCTTCGACATCGAC
GCCAACGGCATCCTGAACGTATCTGCCGT GGACAAGT CTACTGGTAAGGAGAACAAGATTAC
CATCACCAACGACAAGGEGT CCCCTCTCCAAGGAGGAGAT CGAGCGCAT GGT GCAGGACGCCG
AGAAGTACAAGCCT GACGATGAGAAGCAGAGCGACCGTATTTCTGCCAAGAACT CCCTCGAG
TCTTACTGCTTCAACATGAAGT CGACAGT TGAGGACGAGAAGT TCAAGGAGAAGATTTCTGA
GGAGGACCGCAACAAGAT TTTGGAGACCT GCAACGAGACTATCAAGT GECTGGACATGAACC
AGCTGGEGECGAGAAGGAAGAGT AT GAGCACAAGCAGAAGGAGAT CGAACAGGT GTGCAACCCC
ATCATTACCAAGAT GTACGCT GCT GCTGGTGGT GCT CCT CCAGECGECATGCCCGECEECTT
CCCAGGT GGTGCCCCAGGET GCTGECEGET GCTECTCCCEGT GCTGGT GGT TCCTCCEGACCCA
CCATCGAGGAAGT CGATTAAACGAT TCCTCCGCGT CTACTAGT CTCATTGTGAATTGT CCAT
GCAAATCGACCCATCGTAGATCATTCCCCATTTTATTTATGATGT TGGTGECTTGTGCCATT
GGCAGACTTCACATTGCAAGNT TTTCAGTAAACCATTCCAAAATCTGTAAAACGAATANAAA
ACCAGCGAAACAANAACAAAACACCEEEEEECCCEGTAGCCAATTCCCCTATATGATCTATT
ACA

23. HSP60 priner F112/ R861

TTTGGCACGGAGGT CAGGECACT GAT GCTGCAGGEOGT CGACGT CCTCACCGACGCCGTGRC
TGTCACCATGGGECCCCAAGEGT CGAAATGT AAT CAT TGAGCAGAGCT GEGGCAGI CCCAAGA
TCACAAAGGATGGT GI TACAGT TGCAAACCCT TTGAACTGAAAGACAAGT TCCAGAACATTG
GAGCTAAGT TGGTCCAAGAT GT TGCCAACAACACCAAT GAAGAGGCTGGTGATGGAACCACC
ACGGCCACAGT CCTGECTCGCACTAT TGCAAAGGAAGGT TTTGACAGGAT TAGCAAAGGTGC
CAACCCTGTGGAGATCAGGECGT GGAGT TATGT TGECCGTGEGATGCCATTGT TGCTCACCTGA
AGACCCT GTCAAAGCCTGT GACCACT CCTGCTGAGAT TGCTCAGGT TGCAACCATCTCTGCT
AATGGAGATATTGAAGT AGGCAGT CTTATCTCGECAGCCAT GGAGAAGGT TGGT CGTGAGEG
TGTCATCACTGI TAAAGAT GGCAAGACCTTGAAGGATGAGT TGGAGGT CATTGAAGCCATGA
AGTTCGATCGCGECTACATTTCTCCTTACT TCATAAACTCCAAGCAAGCGAGCTAAGGTTGA
ATACCCAGACTGCCTTGI TTTGCT CTCGGAGAAGAAAATTTCTTCTATCCAGTCCCATTATC
CCCAGT GCTAGAACT GGCCAATGCCCCAAAGGAAACCCTCTATTGATCAT TGCTGAGGACGT
CGATGGCGAG
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24. HSP70 primer F243/ R545

ATAAACGAACCGACAGCT GCCGCCAT TGCT TATGECCTAGACAAGAAGAACGTAGGAATGEC
TGAGCAAAACGT GTTGATCT TCGACCTAGGAGBCGGTACCT TCGACGT GTCCATCCTCAGTA
TCGACGACGGAGT GT TCGAGGT GAAGCGCAACAGCCGGCGACACGCATTTGEGAGGECGAAGAC
TTCGATAACAGGATGGT TAGTCACTTCACACAAGAGT TTCACAGGAAATACAAGAAGGATCT
CACCACCAATAAACGCGCACT TCGACGT CTTCGAACT GCTTGT GAACGAGCCAAGCGAACTC
TCTCTTCCTCCACACAAGCCAGTCTGGAAATTGATTCTCTCTTCGAAGCCATTGATTTTTAC
ACTTCCATCACCCGT GCAAGATTTGAAGAGCTTTGT TCTGACCTTTTCAGAGGAACTCTACA
CCCGGT GGAGAAAGCTCTACGAGATGCTAAGT TAGACAAGACAAGCAT CCACGAAATCGTCT
TGGTAGGT GEGT CCACACGCATCCCCAAAGT GCAAAAACTACT TCAAGATTTCTTCAGT GGG
AAAGAACT GAACAAGT CCATTAACCCAGATGAAGCTGT TGCTTACGGT GCTGCAGT TCAAGC
AGCCATTTTACGT GGTGATCAGT CCGACACT GTGAAGGEGCATGT TACTTCTTGATGTGCTCC
CACTTTCCATGGGTCTTGAGACAGCT GCCAGGAGT CATGACAGT GCTTATTAAGCGCAATACC
ACAATTCCCACAAAGCAATCTCAGATCTTCACT ACATATTCGGACAAT CAACCAGECGT TCT
CATTCAGGTATACGAAGGCCGAACGAGCCAT GACCAAGGATAATAATTTACTGEBCAAGITTG
ATCTAAGTGGAATTCCTCCTGCTCCT CGT GGAGT GCCACAGATCGAAGTCACCTTCGATATT
GACGCGAATGG

25. HSP70 prinmer F215/ R447

CAAGCGACAAAAGAT GCAGGGACTAT TGCAGGGT TCAAGGT TGAACGAATCATTAATGAGCC
GACGECEECEECCGTCECCTATGGT TTAAAT GCAAAAAATAACAGCGAAGAAAAAAATATAT
TGGTCTTCGACT TCEECGGT GGCACGT TTGATGTATCOGT CTTGACTATGECCGAAGEEGTG
ATTGAGGT TAAGGCCACCGCT GGAAATACGCAT T TGEGAGEEGAAGACATCGACGATAAGAT
GGTGGAACATTTTGT GAGAGAAATCAAGAGGAAAT ACAAAAAAGACATAAGGGACAACAAGC
GAGCGCTGAGACGCT TAAAAACCGCAT CCGAACAAGCCAAGAGAACACTGTCATCGTCTACT
CAGGCTGAAATCACACTAGAGT CTCTCTGCGATGECATCGATATAAACT TCGTCATGACCCG
TGCTAGATTCGACGAGAT T TGCACGAATCTATTTCAGAGCACTATAGATCTCGTAAAAAANG
CTTTAGAAGACGCCCAAGATGCGACAAGAGT TCTATAACGACAT CGTGGT TGEECCEGAGGATC
TACCCGCATACCGAAGGT CCAAAACT GGT CCCGEECTATTTTTGAAAAAGACCTGACAAATC
TATCAACCCCCGACGAAACTGTAATCACCTATG

26. HSP70 pri ner F215/ R545

CAAGCGACAAAAGATGCTGGACAGAT TGCAGGAT TGAATGT TCTTCGTGTAATTAATGAGCC
AACTGCTGCTGCTCTTGCCTATGECATGGACAAAACT GATGATAAAATCATTGCTGTGTATG
ACTTGGGTGGTGGAACTTTTGATATCTCTGT CCTGGAAATCCAGAAGGGT GTCTTCGAAGT G
AAGTCTACCAATGGTGATACT TTCCTTGGTGCAGAAGAT TTTGACAATCACCTTGTGAATTT
CCTCGCTTCAGAAT TTAAGCGAGAGCAAGGT GT TGATGT CACAAAGGACAACATGGCAATGC
AACGT CTGAAGGAGCECT TCAGAAAAGGCGAAGAT TGAACT GTCTTCCTCCACACAGACTGAC
ATTAACCTGCCTTACCT TACCAT GGACGCT TCAGGGECCAAAGCACATGATGTACAAGTI TGAC
CCGATCCAAGT TTGAGAGCAT CGTGGACAAGCTAGT GAAGCGCACT GTGGACCCCTGCCTCA
AGGCAATCAAAGATCTGAATGT GGCAAAGT CTGANATTGAGAAAT CATNCNTGT GGGTGGCA
TGACCAAGATCCCCAAGGT GBGTACTACTGTGCAAGACAT CTTTGEGECCGEECCCCAAGTAA
GTCGGNGAATCCTGATGAAACT GNGCT GEEEGACCT GCCATNCACGGNGGAGT GCTTGCTNG
GGATGTAACAAANGT GCCGCTTCTTGATGTACCNCCCT TTTTNTTGGGAT TGAGBCCCTNGG
GAGGATCTTGACTTANCT TAT CAACNGGAACNCCCCCT T TCCCNCCCCCNAAT NACAAGGNT
TNTTCCCAC

27. HSP9O prinmer F370/ R1631

GGGGAGT TCAAGGCCTTCCTTCGT CACCGAGACAAGCTGCTTCCCGTCGTATTCCTTCAGCT
GCTGAACGCAGTATTCGT CGATGGGT TCGGTCATGTAGATGACCTCGAAGCCGCECTTCTTC
ACCCTCTCCACGAAGCCAGAGT TCTGCACCT GT TCGCGAGT CTCGCCAGT GATGAAGTAGAT
GTGCTTCTGGT TCTCCT TCATGCGEGACACGTACT CCT TGAGGGAGGACATTTCGT CGCCAG
AGGCAGAAGT GTGGTACCT CAGGAAT TCEECAAGCT TCTTGCGGT TGGTGGAATCCTCGTGG
ATTCCGAGT TTGAGGT TCTTGGAGAAGT TTTCGTAGAACTTCTTGTAGCTTTCCTTGTCGTC
AACAATTTCTTCAAAAAGT TCGAGGEGTCTTCTTGACGAGATTCTTTCCTGATAACTTTCAGG
ATCTTGTTCTGT TGCAGCATCTCACGAGAGAT GT TGAGAGCCAGATCCTCGGAGT CGACGAC
ACCGT TGATGAAGT TCAGGACT CGEGATCAGT CCTCGCAGT CTCATGATGAACACGCGACGEC
ACGTACAGCTTGATCTTGI TCTTCTGCT TGCGGT CTCGACAGT CAAGEECECGEGECECEECAG
AACAGGAGCECGCGEGAACT CAAGCT GBCCCT CCACGCTGAAGT GCTTCACGGCCAGGTGGTC
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CTCCCAGTI CGTTGGT CAGCGACT TGTAGAACT CACCGTACT CCTCCT TCGAGATGT CGTCGG
GGT TACACGTCCACAGEECTTCGTCTTGT TCAGCTCTTCGTCCTCCGTGTACTTCTCCTTC
ACCGICTTCTTTTTCTTCTTGICTTCECCCTTCTCTTTGTCEECTTCTTCGTCCTCECCTAC
ATCTTCGATTTTGEECTTGTCCTCCTCTGCTTCCTCTTCCTTCTCTTCTTTCTCCTCTTCCT
CATCGTCAGACACTTCCTTGTCCCTCTCCTTCTCGACGAGGAGCT TGATGEGATAGCCAATG
AATTGCGAGTGCTTCTTCACGATCTCCT TCACGCGACCCTCCTCGAGGTACTCTGICTGGTC
CTCCTTCAGGT GGAGGGT GATCT TTGIACCACGECCGAT GEGT TCECCEGT GTCGT GECGCA
CCGT GAACGACCCGECCCECCGACGACT COCAGATGTACTGCTCGTCGTCGT TGT TCCTCGAC
ACTACGGT CACCTTGT CGECCACCAGGT ACCCGRAGTAGAAGCCCACG

28. HSP90 pri mer F445/ R1631 (ML3 Reverse)

CGAGCAGTACAT CTGGGAGT CGT CEECEEECEEGET CGT TCACGGT GCBCCACGACACCEGT G
AACCCAT CCECCGTGGTACAAAGAT CACCCTCCACCTGAAGGAGGACCAGACAGAGTACCTC
GAGGAGCGT CGCGT GAAGGAGAT CGT GAAGAAGCACT CGCAATTCATTGGCTATCCCATCAA
GCTCCTCGT CGAGAAGGAGAGGGACAAGGAAGT GT CTGACGAT GAGGAAGAGGAGAAAGAAG
AGAAGGAAGAGGAAGCAGAGGAGGACAAGCCCAAAAT CGAAGAT GTAGCCGAGGACGAAGAA
GCCGACAAAGAGAAGGGECGAAGACAAGAAGAAAAAGAAGACGGT GAAGGAGAAGTACACCEA
GGACGAGGAGCT GAACAAGACGAAGCCCCT GTGGACGCGCAACCCCGACGACATCTCGAAGG
AGGAGT ACGGECGAGT TCTACAAGT CGCTGACCAACGACT GBGAGGACCACCTGECCGTGAAG
CACTTCAGCGT GGAGBECCAGCT TGAGT TCCGCECCCT CCTGT TCCTGCCECECCECECCCC
CTTCGACCTGI TCGAGAACCGCAAGCAGAAGAACAAGATCAAGCT GTACGT GCGTCECGTGT
TCATCATGGAG

29. HC- H S01- 0904-LF HSP70

GGECACGAGGGAGCGT GCCATGACCAAGGACAACAACCT CCTGEGTAAGT TCGAGCTGAGT GG
CATCCCACCTGCTCCCCGT GBCGT GCCT CAGAT CGAGGT CACCT TCGACAT CGACGCCAACG
GCATCCTGAACGT ATCCGCCGTGGACAAGT CTACT GGTAAGGAGAACAAGATTACCATCACC
AACGACAAGGGT CECCT CTCCAAGGAGGAGAT CGAGCGCAT GGTGCAGGACGCCGAGAAGTA
CAAGCCTGACGAT GAGAAGCAGAGGEGACCGTATTTCTGCCAAGAACT CCCTCGA

30. OV- N- S01-0834- W HSP75

GTTATAGCTATACGCACCCGT CGAAAT TTACCCTCAGCT GAAAGGGAACNAAGGCTGGAGCT
CCACCGCGGT GECEANCGCT CTATGGAACT AGT GGAT GCCCGCGEEECTGCAGGAATTCGRC
ACGAGGGCT CCBCGT CGT CTGECCAACAACAACAACAAGACATGECTCGTGCGGECGTGAGT T
CGGCTGCGCTGECGAGGAGCCT TTTCCTCEECTCCTCECTGAAAT TCTCCGCGEEEECCTTG
TCAGCTCTGT CAGCGAGGT CGAGGAGATATGCECT TAAGCAAT TATGGACACT CAGGACCCCT
ACACAGGAACTTCCATTTAACTACT CAGAGGCT GCAAGAGGCAGT CAAAGCAGATGACGACA
AAACCTACGAGT TCCAAGCCGAGACCCGCATCCTGT TGGATAT TGT GBCAAAGT CTCTCTAT
TCAGAAAAAGAGGT CTTTGT TAGAGAGCTGAT TTCCAATGCCTCCGATGCTATTGAGAAGEC
CCGATACCTGGCTATTCAGCCGACGGAGT TGGACAGCT CGGAAGCCACCAT GAAGATCCACA
TCACAACGGACAAGTACAGCAAAACGCT GACCATACAGGATTCAGGECATTGGAATGACCAAA
GAGGAGCTCATGCGATAATTTGEGAACCAT TGCACGAT CEEGEGT CAAAGGCCTTCATCCAGCA
GCTTCAGGAGEGAGGT GGT GCAGACCCCCAGAGTATTATCGGTCAGT TTGGTGTACGGT TTT
TACTCTGCTTTCATGGT TGCCGACAAGGT TGAAGT GTACACGAAGT CCCGTCTTCC

31. HC- H S01-0553- LF

GGCACGAGEGEGT TTGTGGACT GGT TGAGGT TTACTAACAAAATACAAAGCAAAGTACCATTG
TGTGTGTTGACTAGATTTCTTGT CTAGATCATGAAAGCT GAAGT TGGAGAGAGECTGI TGGA
AACACCATGTGCCCTTGT TGCTTCCAAATTTGGT TGGACAGGAAACATGCAACGTATTGTAA
CCTCGCAGACGCAT TCCAAGGCAAATGATGTGCAGAGGGAGTAAGTAGAAAGT TTTTCACAT
TGTGGAAAACTTGATTATTTTTTITTATGAATCTTGCTTTTTITTTGICTTTTTTATGAAGITT
CAAATATCTTTATTGAAAGGTATCTGCTAGTAACTCATGGAATTGT TACTGI TTTTATGCAT
GITAATTTGCACAACT TGAAGAGCCATTGIGCCTATGCATAAATACAATTACTTAAGATTTA
TACCTCTTAATCCTTATTTGAACTTGT TTAGACTGT TAAGAGAAGGTACAGT TTTATCAGCA
GTATCGGTTTGTAAGTGT TCAACTTTTGAGT TTGGT GCTGTGCAT TGT TGCATGAATAAGCA
AGCATATAGT TTTACACAGTGCAATTTGAAGTAACTATCATT
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32. HPO-N- S01- 0423-LF

GECACGAGGAAGACAGT TGATAATAAGCT TCT GGT CCACGCCAAGCACGAGCAGAAGT CTGA
CAACCGCTCCGT CTACCGCGAGT ACAACAGAGAGT TCCT GCT TCCCAAGGEGECACCAACCCCG
AGCTCATCAAGT CCTCGCTCTCCAAAGACGECGT CCT GACGGT GGAAGCT CCCCTECCEECC
ATAGCTGEGAACGAAGAGAAGGT CATCCCCATCCCACAGAACTGATTGACTGATTTCATCGC
TTCTGICGITACGAATTTTCGCCACAGT GI TGAAGGAAGGAAGCCACGT GTAAGAGGATTGG
AGGAATCATCTCGCCAGCATCAGTGI TTTTTTTATATATATATATCAAATCGATAGAGT AAA
ATTTGIGITATTGTATGAAGAAAGCGAAAGT AAAAGGAAAGT CTCTTTTTTTTTAATAAATA
ATAAATGTGATTTTTTTTCTTATGI GTGAAACACCTTCATTATGCCT TTGGAAATTGCCTGG
GAACAATATTTTTTGITCTAAGCGTGI TATTTTCAACATAGATTAAGAGATAAAACCAAATT
ATGICCATGATCATATGT TAAATGTACAACTGCCAGTAATTT

33. HG- W S01-0349- LF

ACGCTATACT TGATACGCACAGCTCGAAAT TACCCT CACTAAAGGGAACAAAGCTGGAGCTC
GCCOGECCTGCAGGT CGACACTAGT TGGATCCAAAGAAT TCEECACGAGGECGGACGT GTAACA
ATTAGCTCTTAGGACTAT TTAAAAATATCTAAAATAAGATAAAAT GBCAAAGGECACCTCCTG
TCGGTATTGATCTGGGAACCACCTACT CCTGCGT GEGT GT GT TCCAGCAT GGCAAGGT GGAG
ATCATCGCCAACGACCAGEECAACCGCACCACGCCCTCCTACGT CACCTTCACAGACACAGA
GCGTCTGATTGGIGAC
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