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Calcium ion (Ca®) plays critical role in many cellular responses of eukaryotes. The
important Ca™" controlling organelle (Ca™ homeostasis) in cellular level is the Endoplasmic
reticulum (ER). Therefore, studying genes that control Ca** homeostasis could lead to understand
cellular responses related to Ca”". The focus of this study was on calreticulin (CRT), Calnexin
(CNX) and Endoplasmic Reticulum protein §7 (ERp57). These genes/proteins function together to
control cellular Ca** homeostasis and protein folding in the ER.

The full length cDNA of these genes were successfully characterized. A single form of
PmCRT and PmCNX contained open reading frame (ORF) of 1221 and 1788 bp corresponding to
deduce proteins of 406 and 595 amine acid residues, respectively. In contrast, two isoforms of
PmERp57 was found. They contained an identical ORF of 1458 bp (corresponding to 485 amino
acid residues) but two different 3' UTR length of 529 and 713 bp. Furthermore, genomic
organization of the three genes was characterized. The genomic PMCRT sequence contained 4
exons and 3 introns while that of PmERpS7 consisted of 10 exons and 9 introns. Genomic
organization of PmCNX was partially characterized. Only 4 exons and 3 introns were completed.
Tissue distribution analysis of the three gene homologues revealed their expression in eye stalk,
pleopod, gill, heart, ovaries, testis, hepatopancreas, stomach, intestine, hemocytes, thoracic ganglia,
lympiod organ and antennal gland of P. monedon juveniles and broodstocks.

Semi-quantitative RT-PCR were carried out to examine effect of thermal stress on
expression levels of CRT, CN.X and ERp57 in hemocytes, hepatopancreas and gill of the juvenile
black tiger shrimps. Differential expression was found enly in hemocytes. The semi-quantitative
result from hemocytes was confirmed by quantitative real-time PCR. Expression of the three genes
in hemocytes was up-regulated within the first hour after the 30 °C heat treatment (2 < 0.05). After

that, their expression levels return to the normal levels.

Recombinant proteins of PmCRT, PmCNX and PmERpS7 were produced using an E. coli
system. All recombinant proteins were expressed in the soluble form. These recombinant proteins
were purified and some protein functions were in vitro assayed. Binding of PMCNX to Ca® caused
change in its conformation, resulting in a mobility shift on native PAGE gel while the others did
not exhibit the shift. Moreover, PMCRT and PmCNX also complexed with PmERp57, causing
mobility shift of the proteins bands on native PAGE gel.
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CHAPTER |

INTRODUCTION

1.1 General introduction

Shrimps are decapod crustaceans of high econorhie.va total, 343 species
of economically important shrimps are reported iy FAO (Asian Shrimp Culture
Council, 1996). Most wild-caught shrimps and alinfaraised shrimps belong to the
Penaeidae family (Tassanakajenal., 2006). Within this family, the black or giant
tiger shrimp Penaeus monodon) is one of the most economically important species
(Rosenberry, 2003).

In Thailand, farming oP. monodon started in 1970s using locally available
broodstock captured from the sea to produce postam land-based hatcheries for
pond stocking. By the early 1990s, Thailand ememgdhe world’s leading farmed
shrimp producer and exporter based Bnmonodon production. The country is
endowed with several natural factors that facditdhe farming e.g. appropriate
farming area without any serious disturb from strmdeal soils for pond
construction and small variation of seawater sglibetween seasons. These factors
thus caused thie. monodon farming to develop into a well-organized, fully-@grated

industry.

The world shrimp aquaculture production, which Iséabilized in the 1990s,
has shown strong increase in: subsequent yearsréFigd). Several Thai shrimp
companies have well-established marketing companit®e major import markets in
the U.S., Japan and Europe. Annual production whéa P. monodon in Thailand
alone had equaled or exceeded 200,000 metric ioos $993 but the production was
dropped owing to several relentless outbreaks sdaties and the lack of high quality
wild and/or domesticated broodstock. These probleasseventually lead the farming
to decline and a replacement of the monodon shmviip Pacific white shrimp

Litopenaeus vannamei (Figure 1.2).



Nevertheless, because of the less market congretitid better market price,
farming of P. monodon currently has been promotéd make it become intensive
again. The shrimp itself is a local species, wtaah inhabit only in a limited region
around Southeast Asia. Its farming thus is mor¢asuable in term of economics to
the country. In addition, its unique flavor andaroiake the black tiger shrimp more
premium and flavorable by the customers, compargld the white shrimp. As a

result, to promote farming &f. monodon back again, researches are required to solve

the farming problems ranging from the disease,adyetion and growth aspects.
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Figure 1.1 Shrimp aquaculture production from 1988-2006: sifeesd according to

types of shrimp (A) and to the exporter countrigs (www.globefish.org).
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Figure 1.2 Annual shrimp farming production in Thailand. (%@ Global
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1.2 Taxonomy ofPenaeus monodon

The scientific name of black tiger shrimp (giangeti shrimp) isPenaeus
monodon is classified as a member of Phylum Arthropodahgbylum Crustacea;
Class Malacostraca; Subclass Eumalacostraca; Mrélespoda; Suborder Natantia;
Infraorder Penaeidea; Superfamily Penaeoidea; afehaeidae Rafinesque, 1985;

GenusPenaeus Fabricius, 1798 and subgen&enacus (Bailey-Brook and Moss,
1992).

1.3 Calcium homeostasis and its effect to physiolp@f crustaceans

Calcium ions play a critical role in many cellulaiplogical processes. It is a
cellular promoting ion that leads to activation sgfveral cellular functions such as
transcription, cell cycle, cytoplasm and mitochaoaldr metabolism,
protein/glycoprotein synthesis and folding. Modeefs are mediated by intracellular
calcium oscillatory through changes of the calciaomcentration, causing cells to
respond. So, calcium homeostasis is necessaryidtwgical functions of the cell
(Bjorkman and Cleland, 1991; Michalakal., 2002).



1.3.1 Calcium storage and signaling: The endoplasmreticulum

The endoplasmic reticulum (ER) is an eukaryotidutat organelle, which
stores intracellular G4 C&* is required for the ER to function properly. as
released from the ER to transmit cellular signatsveen the periphery and the central

or local area of the cell (Blaustein and Golovid@Q1).

The system of endomembranes (ER in nonmusculas, &R in muscle cells)
is potentially the most important intra cellular’Cstore because of €acapacity and
the rapidity of exchange with the cytosol (Alvarezal., 1999). C4 is transported
across the ER/SR endomembranes via an energy-dagendd” ATPase
(sarcoplasmic or endoplasmic reticulum’CATPase, SERCA). Crustacean SERCA
has a molecular mass of approximately 100 kDa @snd Watabe, 1993) and
SERCA genes have been cloned and sequenced initieeshrimp and crayfisiRates

of calcium transport by these transport systemscrmstaceans have been reported to be
considerably faster than the comparable SERCA im®ia vertebrates (Deamer, 1978he ER
membrane of both vertebrates and invertebratespalssess ryanodine (RyR) and inositol 1,4,5-
triphosphate receptor @R) calcium channels which function to release staaicium from the
ER to the cytoplasm (McCormack and Cobbold, 1991).

For the ER to maintain its proper structure anccfiom, C&" concentration
within the lumen has to be retained at optimum.eSsive depletion of Gain the ER
results in ER fragmentation (Terasa#ti al., 1996) while extremely high €&
concentration causes the ER membrane to losentsady. In addition, as a site for
folding of newly-synthesized proteins, the ER corgaseveral protein chaperones,
some of which requires binding to €afor their function. Therefore, @& is
important for the ER function in protein synthesisd folding. Also, there is an
evidence showing that excessive depletion of"da the ER increases protein
degradation (Subramanian and Meyer, 1997; PutndyRameiro, 2000; Ribeiret al.,
2000). Moreover, G is important in glycoprotein trafficking betweenetER and
Golgi complex during protein modification. €ais involved in formation of the
vesicles used to transport the pre-modified glyotgins to the Golgi complex.



1.3.2 Importance of calcium ions in crustaceans

Thatmost crustaceans inhabit in an overlap betweetethgorial and aquatic
environments causes ion homeosis to become criticahaintaining the balance
between their body and the environment. In addititveir behavior of the habitat
migration ranging from fresh water, ocean, mangrawe territorial area forces them
to continuously adapt their physiological systenoithe different environments
(Ahearnet al., 2004). This adaptation process occurring in thgamism body is

called homeostasis.

One of the factors which have an immediate effe¢hé physiological system
of crustaceans is the ambient concentration of rainens, including C&. At a
certain period of their life cycle, crustaceans uieg| to shade their shell or
exoskeleton to increase their size. This procesalisd ‘molting’ and associated with
Cd* storage and depletion. During pre-molt, calciumesidn the shell is solubilized
and transferred to another tissue for a tempottarnage, before relocated to deposit in
the new exoskeleton. After that, in the post-meltipd Ca*is pumped in the form
of CaCQ from the environment into the body to create the shell (Zieglert al.,
2002).

Synthesized in epithelioid glands (Y-organ), etes@d is a hormone
controlling the motling cycle in crustaceans. Swsil of the hormone is regulated
through a complex cascade of cellular signalingpiming molt-inhibiting peptide
hormone (MIH) in X-organ, G4, cyclic guanosine monophosphate (cGMP), cAMP
and protein kinase C (PKC). €ais engaged in expression of these proteins. In
addition, C&" was found to control the degradation of cCAMP, vihi@s an inhibition
effect on the ecdysteriod production. Namely, iaseeof C& efflux inversely affects
the degradation rate of cAMP (Figure 1.3).

In addition to growth, reproduction system alsooires in C&" signaling. In
M. japonicus, C&* and PKC are involved in the signaling pathway iéllogenin
inhibiting hormone (VIH), a neuropeptide secreteahf the X organ in the eyestalks.
VIH has an inhibiting effect on synthesis of vitgenin, which is a precursor of the

egg yolk protein (Okumura, 2006).
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Figure 1.3 A schematic diagram displaying second messenggulaton of
ecdysteriod hormone synthesis in the Y-organ. Sumni@r Description. Cyclic
guanosine monophosphate : cGMP; protein kinas@KKC; protein kinase C : PKC;
molt-inhibiting peptide hormone : MIH; molt-inhilig peptide hormone receptor :
MIHR. (modified from Nakatsujét al., 2008)

1.4 Proteins related to calcium homeostasis

1.4.1 Calreticulin

Calreticulin (CRT) is a multi-functional proteirodnd in the endo-/sarco-
plasmic reticulum (ER/SR) of all eukaryotes, excépt yeasts (Mazzarellat al.,
1992; Smith, 1992; Khalifet al., 1993; Kwiatkowski and Bate, 1995; Jaworskal .,
1996; Michalaket al., 1996; Labriolaet al., 1999). It is considered to be the main
C&*-binding protein in ER, and among species it sharésgh level of homology
(Eggletonet al., 1997; Nakhasit al., 1998; Michalalet al., 1999).



1.4.1.1 TheCRT gene

The CRT gene of many organisms studied so far containswanumbers and
sizes of exons and introns (McCaulife al., 1992; Rookest al., 1997; Xuet al.,
2005). The promoter o€RT is activated by a variety of chemical and bioladjic
stresses (Plakidou-Dymock and McGivan, 1994; Conetagl., 1995; Zhu, 1996;
Waseret al., 1997). The proximal promoter region of tGBT gene contains several
putative regulatory sites, including GC-rich are@éB;1 and -2, a Sp1 site, a H4TF-1
site, a YY1, CCAAT sequence, and 2 Endroplasmiciddktim Stress Elements
(ERSE) (McCauliffeet al., 1992; Waseet al., 1997; Kalest al., 2007). The HATF-1
and AP-2 recognition sequences are commonly foorgenes that are active during
the cell proliferation while YY1 or a zinc fingeranscription factor controls
transcription of a large number of cellular and elepmental genes (Shrivastava and
Calame, 1994). ERSE (CCAATXXXXXXXXXCCACG), is necwy for induction
of CRT and other luminal ER gene expression (Yaskidil., 1998; Kokameet al.,
2001).

1.4.1.2 TheCRT protein and putative function of its domains

CRT is an evolutionarily conserved protein (Miclkak al., 1992; Shaget
al., 1997), consisting of three major internal dorsaid-, P- and C-domains aligning
from N-terminus to C-terminus of protein, respeelyv(Figure 1.4). Half of the N-
domain is globular and contains eight anti-pargllsheets connected by helix-turn-
helix loops (Figure 1.5). The amino acid sequenteh@s domain is extremely
conserved (Michalakt al., 1999). This N-domain could interact with manylbgcal
and chemical molecules/ions e.g. DNA-binding donwisteroid receptors (Burres
al., 1994), interactioru-integrin (Rojianiet al., 1991), rubella virus RNA binding
(Nakhasiet al., 1994), protein disulphide-isomerase (PDI) andE®tein 57 (ERp57)
(Bakshet al., 1995a; Corbetet al., 1999). In spite of inability to bind &a this
domain was shown to bind ZigBakshet al., 1995b) (Baksh and Michalak, 1991;
Burnset al., 1997).

The P-domain (or arm domain) is proline-rich anohtains a motif of
PxxIXDPDAX, three repeats of a KPEDWDE region an@aWxPPxIXNPxYXx motif,



lining up from the N- to C- termini. All of theseatifs play a critical rule for the
lectin-like chaperone activity of calreticulin (\&kkoset al., 1998). The domain has
a high affinity of C&" binding (Baksh and Michalak, 1991). Interestinglgino acid
sequence of the P-domain of CRT is highly homolegtm those of calmergin,
calnexin and CALNUC, and all of them can interadhviPDIs such as ERp57 (Baksh
et al., 1995a; Leaclt al., 2002).

N-domain P-domain C-domain

NH, KDEL-COOH

T 4 N-Gle
putative NLS

integrinfhormone receptor binding site

hydrophobic signal sequence

O = Ca? '3’1.7 =PO, site ‘: KPEDWD repeats N-Glc= glycosylation
site
NLS= nuclear localization signal

Figure 1.4 A schematic diagram displaying functional domairiscalreticulin: It
consists of 3 functional domains i.e. globular Nytmal domain, Proline-rich region
(P-domain) and negatively—charged C-terminal dom&Source: Coppolino and
Dedhar, 1998)

The C-terminal domain is highly negatively-chargadd acidic. It also
contains an ER retrieval sequence (K/HDEL), a mtitdt helps the protein to be
retained in the ER lumen. In CRT from human, rat dng, region of the last 57 C-
terminal residues is composed of 37 aspartic wiagiic acids (Fliegedt al., 1989a,;
Smith and Koch, 1989). The C-compartment formsecbdoil structure (Waset al.,
1997). This domain contains a low affinity but higapacity C& binding site.
Binding of C&" to this domain plays a regulatory role in its mattion with PDI
(Corbettet al., 1999).



1.4.1.3 Thelocation of mMRNA and protein of CRT

The main location of calreticulin is the lumen dR/SR. Addtionally, it could
be found in cytosolic granules, in perinuclear ayd®paset al., 1991; Krause and
Michalak, 1997; Michalaket al., 1999; Johnsoret al., 2001), sperm acrosome
(Nakamuraet al., 1993), attached to plasma membrane of severalimes (Grayet
al., 1995; Whiteet al., 1995; Arosat al., 1999; Basu and Srivastava, 1999), granules
of the cytotoxic T-cell (Dupuigt al., 1993; Andrinet al., 1998; Fraseet al., 1998)
and salivary glands (Jawors#tial., 1996). Calreticulin is widely expressed almost in
all tissues. For example, Eisenia fetidaearth, the CRT transcript could be found in
various tissues such as sperm cells, mesenchymiad liventral nerves cord, the body
wall muscles, cerebral ganglia, pharynx and semuasicle. In Chinese shrimp
Fenneropenaeus chinensis, the transcript is expressed in all the tissueslied
including hepatopancreas, gill, intestine, haemmcghd ovary. The amounts are
comparable in all tissues, except for ovary whoggession is the highest (Luasa
al., 2007). Furthermore, Its expression at the prd&iel has been studied in bovine.
The protein is present in all the studied tissuasept for erythrocytes (Khanna and
Waisman, 1986). The amounts were high in pancreas li@er but moderate in
kindney, spleen, parathyroid and adrenals whilegrebral cortex and muscle tissue

the amounts were relatively low.

1.4.1.4 Crustacean CRT studying

The first full-length cDNA ofCRT in crustacean was identified in Chinese
shrimpF. chinensis. Its ORF EcCRT) contains 1221 bp, encoding 406 amino acids.
The FcCRT transcript was detected in all the studied tisstresiddition, expression
of its transcript was significantly increased dgrthe inter-molt stage, compared with
pre- and post-moltR < 0.05). The expression is also upregulated byctide of
white spot syndrome virus (WSSV). or by heat shogKi_uanaet al., 2007).
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1.4.1.5 CRT functions

Calreticulin has two major functions. First, it flems as a lectin-like
chaperone to promote folding and also oligomerseasbly of glycoproteins. Second,
it is a C&" modulator, regulating cellular €ahomeostasis. The €amodulator
function is attributed to two Gabinding sites within the molecule. One is in the P
domain having a high affinity but low capacity tmdb to ca (Kg=1uM; Bmax=1
mol of C&*/mol of protein), and the other is in the C-domdiaying a high capacity
but low affinity of C&" binding Kg = 2 uM; Bmax = 25 mol of C&'/mol of protein)
(Baksh and Michalak, 1991). €zhomeostasis activity of calreticulin is controlleg
Calreticulin- Sarco(endo)plasmic reticulum “CaATPase 2b (SERCA2b), which
contains transmembrane and luminal ER segmentsligjrof SERCA2b to the P-
domain of CRT results in an attenuation of the'Csansport activity while the
unbound CRT exhibits the full activity (Figure 1.%¥erboomenet al., 1994).
Moreover, calreticulin is engaged with Insfependent Ca release from the ER by
binding to the glycosylated intraluminal loop(s) ofnsk receptor in order to
modulate C&' release (Michikawat al., 1994).

Cytosolic side

Caz+

‘Empty Ca2+ store’

-Ca®*
..m.u.*

‘Full Ca?t store’

ER luminal side

Figure 1.5 A schematic diagram representing modulation of*Caomeostasis

activity of CRT by SERCA2b. Under the conditionsfofl Ca?* stores, CRT would

bind to the luminal tail of SERCA, resulting in aalease in SERCA2b activity. In
contrast, CRT would not interact with SERCA2b fdiicgent refilling of the stores

(Michalaket al., 1999)
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Moreover, CRT can bind to the KXGFF(K/R)R maotifiotegrin to modulate
integrin’s function (Coppolino and Dedhar, 1998pwever, the mechanism by which
calreticulin modulates function of integrin is ngat clear. Two possibilities have
been hypothesized. First, calreticulin could mediantegrin’s function by
coordinating upregulation of expression of focahe&lon proteins i.e. vinculin and N-
cadherin (Opast al., 1996). Second, it is possible that after bindingintegrin,

calreticulin stabilizes conformation of integrin.

In addition to the KXGFF(K/R)R motif of integrin, aimilar motif of
KXFFKR, commonly found in the DNA-binding domain afuclear hormone
receptors could be recognized by CRT. lts C-tersican directly bind to the
glucocorticoid and the androgen receptors to ilelpression of steroid regulated
genes (Burnst al., 1994; Dedhaet al., 1994).

Recently, CRT was found on the extracellular memérsurface of many cell
types to serve as a mediator of adhesion and egutator of the immune response. In
addition, it was found on the egg surface of moarseé suggested to be involved in
development of both types of the germ cells anthesignal transduction during or
after sperm-egg interaction (Pastkal., 2001; Tutuncwt al., 2004).

Moreover, CRT has been found to be related to séwather biological
systems and disorders e.g. impairment of cardiat lamain development during
embryogenesis (Rauah al., 2000; Johnsost al., 2001), several inflammations and
infections (Ghebrehiwet and Peerschke, 2004), rla¢iom disease, lupus
erythematosus, Sjorgren’s -syndrome, celiac: diseas® dermatitis herpetiformis
(Sontheimeret al., 1995). Recently, it also has been shown to haveefect in

suppressing cancer cells (Dwarakareital., 2008).
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1.4.2 Calnexin

Calnexin (CNX also know as p88, IP90) is a typetrdnsmembrane
phosphoprotein located in the ER (Wadlaal., 1991). This protein is present in all
eukaryotes (Bostomt al., 1996). CNX was first identified as a calcium birgl
protein of the ER membrane in microsomes of the plagcreas and subsequently
characterized as an ER chaperone in mouse and rognamals (Davict al., 1993;
Schreiberet al., 1994; Tjoelkeret al., 1994). It was found to be expressed at both
transcriptional and translational levels in vari@mrgans of many species (Yamamoto
and Nakamura, 1996) (Let al., 2001). However, unlike most ER chaperones,
transcript expression of CNX is not affected byllutar stresses (Bergeroet al.,
1994).

1.4.2.1 TheCNX protein

Similar to CRT, CNX is evolutionarily-highly consed (Fulleret al., 2004).
The moleculars weight of calnexin was varied, raggrom 60-90 kDa (Wadet al.,
1991). Its structure could be divided into two partvhich are luminal- and
transmembrane-fragments. The first part is locatddminal of ER, consisting of N-
and P-domains while C-domain is in the integral fbemne part (Ohsaket al.,
1998). Also the luminal compartment is longer titia® membrane-inserted region of

calnexin.

The N-domain is composed of a sandwich of two-patallelp sheet forming
globular structure. It contains putative carbohyekraand C& -binding sites. The
former is _important for the" glycoprotein folding ogeess. GlgMan; of
oligosaccharides in a glycoprotein molecule wouéddocked by lining along this
domain structure through hydrogen bonds (Vassilakas., 1998). Compared with
other C&" binding sites in the CNX molecule, this domaindsinto C4" with a
weaker affinity (Schragt al., 2001).

Like CRT, CNX contains a proline rich (P-) domain.the domain are lined
with four repeats of the KPEDWDE motif (1), immetdity followed by four repeats
of the GXWxPPXIXNPxYXx (2) motif i.e. in a patterfi 1il112222. This domain has a
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high affinity in binding to C& (Hammond and Helenius, 1995). The upstream
sequence of the repeated motif is associated weithghycoprotein interaction such as
ERp57 (Frickelet al., 2004). This domain connects between the globalad
transmembrane domains, conferring another namarwf domain’. (Figure 1.6)

ERpST binding
:c anm darman
enhances
chaparona
tunction
oligggRccharide chaperona
binding function

Figure 1.6 Structure and functional sites of the ER luminamam of calnexin,
containing N- or globular domain and P- or arm doméSource: Williamset al.,
2006)

The membrane-inserted C-terminal domain contamg tefined regions-
juxtamembrane domain, the acidic domain, the phagpdtion domain and a
putative ER retrieval motif (Chevest al., 1999b). The juxtamembrane domain is
lysine-rich and adjacent to the ER membrane. Thesjpiorylation domain contains
three conserved potential serine phosphorylatites §Chevett al., 1999a). Two of
them contain a motif of SSXXD/E; which is a phospfitation site target of protein
kinase casein kinase 2 sites, while the other amt& TXXD motif, which is targeted
to be phosphorylated by PKC/ proline-directed kin@B8DK) (Allende and Allende,
1995). The end of carboxyl terminus is composea gutative ER retrieval motif
(RKXRRE/D) and exposed in the ER lumen (8l@l., 1999). (Figure 1.7)
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C-teminal domain of CNX
<) 3
juxtamembrane acidic domain
phosphorylation domain Putative ER retrieval

Figure 1.7 Arrangement pattern of its motifs in C-terminalntin (Source : Het
al., 1999)

1.4.2.2 Functions of CNX

CNX is a chaperone and calcium binding proteinerEso, its function
mechanism seems to be poorly understood. Thersvaréypothetical models on its
chaperone mechanism in folding of glycoproteinse Tirst model is “lectin-only”, in
which CNX binds only to the oligosaccharide moiefyglycoproteins (Hebest al.,
1995). In contrast, the second model is “dual mgdi where CNX interacts with
both oligosaccharide and polypeptide segments yfoglroteins during the folding

process (Sousa and Parodi, 1995).

For the C&" homeostasis function, CNX cooperates with SERCARY the
IP; receptor. Under resting conditions (Catores are full), CNX is associated with
SERCA2b and inhibits its activity. In this statbetpump is sufficiently active to
maintain the ER lumen at full €acapacity. This environment is optimal for protein
folding given the requirement of ER chaperone dgtior Ca* (Corbettet al., 1998).
When the IR signaling pathway: is activated several rapid cleangccur. First, 1§
mediated C& release depletes €arom the ER with a corresponding mirror image
increase in the cytosol. These cytosolic increasmsse activation of the €a
dependent phosphatase calcineurin (CN), which deygdiorylates the PKC/PDK
sites of CNX. This results in the dissociation M>XCfrom C-terminus of SERCAZ2D,
removing pump inhibition. The return to maximum painy activity rapidly refills
the ER lumen and minimizes the potential risk opamed protein folding during

cytosolic C&" signaling.
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CNX was found to be involved in phagocytosis. It dsconstituent of
phagosomes in a mouse macrophage-like cell liné" emuired in this process is
provided from calnexin and calreticulin present tihe phagocytic cup (Muller-
Taubenbergeet al., 2001). It also acts as a modulator of the phaipsty rate. It
inihibits the gonadotropin-releasing hormone rescepiGnRHR), an effect that
decreases GnRHR signaling capacity (Brotletral., 2006). Decreasing of GhRHR
affects to increase gonadotropin release (Neidll., 2004). CNX is a growth-factor-
regulated gene and facilitates the downstream bngnan growth-factor-treated cells
(Li et al., 2001). Finally, calnexin associates with seveedllsurface proteins such as
T-cell complex, integrin and histocompatibility cphex class | antigens (Lenter and
Vestweber, 1994; Ruoslahti and Reed, 1994).

1.4.3Endoplasmic reticulum protein 57 (ERp57)

ERp57 is a protein disulfide isomerase (PDI), wheethalyzes the oxidation,
reduction and isomerization reactions to form didal bonds during the protein
folding. The common structure of PDIs contains ibrdoxin-like domains- a,’,ab
and B (Figure 1.8). The a and’ athioredoxin domains are thio/disulfide
oxidoreductase active sites while b arfidate redox inactive domains (Goldberger
al., 1964; Kemminket al., 1997; Ferrari and Soling, 1999; Freednaaral., 2002).
Different types of PDIs have different patternstioé domain arrangement, defining

their sub-groups in this protein family.

ERp57 (also known as ER-60, ERp60, ERp61,GRp58, AEd70, 1,250k
MARRS) is first identified from the luminal .of ERArrangement pattern of its
thioredoxin domains is abb’a’, the same patterthasof protein disulfide isomerase-
like protein of the testis (PDILT) and pancreasessfic protein disulfide isomerase
(PDIp). (Figure 1.9) Unlike most other proteinstire PDI family, which can form
disulfide bond in the protein folding by themselvE&®Rp57 requires to complex with
either CRT or CNX. It promotes the intra- or inteolecular disulfide bond formation
of glycoproteins (Zapust al., 1998; Highet al., 2000; Frickekt al., 2004; Russekt
al., 2004; Williams, 2006). ERp57 uses' Idagments for binding to the P-domain of
CNX or CRT (Maattaneret al., 2006). Especially, the b’ domain is an important

region for substrate or partner interaction (Koienet al., 2005).
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In addition to the disulfide formation activity, BR7 has many other
activities. It is involved in Cd homeostasis by forming disulfide bonds with
SERCA2b to inhibit the C& pump activity (Tutuncuet al., 2004). Moreover, ERp57
acts as a nuclear receptor for 1,25-dihydroxyvitar®s, which plays a role in
maintaining of C&” homeostasis. It is also essential for hormonetsétad uptake of

calcium and phosphate in chick and rat intestied§ {Nemere, 2005).

A)
ERpS7 protein
Start codon Stap codon
M TS T —
a-domain b-domain b’-domain a’-cdomain
B)

* a' domain
g

a domain

b domain
calnexin
binding site

Figure 1.8 (A) Domain arrangement of ERp57 consisting of ibrédoxin domains-
two active (a, a’) and two inactive (b, b’) domairfB) X-ray crystal structure of
ERp57 . (Source: Kozlost al., 2006)
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Figure 1.9 A depiction of the domain architectures of humasulfide
isomerases. Thaioredoxin fold domains are repredefly rectangles. Catalytic
domains are represented by red (a) and light rédwhile noncatalytic domains are
represented by blue (b), and light blue (b’). (®euMaattaneset al., 2006)

ERp57 is expressed at both transcriptional ancska#ional in various tissues
of many species (Maattanehal., 2006). It also exists in acrosome of rat spernati
and on the mouse sperm membrane, playing an esiserd in spermatogenesis and
fertilization (Ohtaniet al., 1993; Ellermaret al., 2006a; Ellermaret al., 2006b). In
humans, ERp57 is a component of sperm acrosomehvugimportant for the gamete
fusion (Zhanget al., 2007).
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Furthermore, the a’ domain of ERp57 has been shtoawbind to certain
specific DNA sequences in intron, which could baeyeegulatory regions. This result
suggested involvement of ERp57 in regulation ofegexrpression. This hypothesis is
supported by an evidence showing its reductivevaiitin of AP1 transcription factor,
which is associated with stresses. ERp57 expressidact was also found to be
affected by stresses. Its expression in nucleaseuwpeegulated by oxidative stresses
(Frickel et al., 2004; Grilloet al., 2007). These results indicate that ERp57 may
regulate other downstream stress-responded genes.

1.4.4Correlations of CRT, CNX and ERp57

1.4.4.1Structures and functions

Calreticulin and calnexin are luminal ER proteinghose amino acid
sequences and structures are homologous. Bothhapeine proteins, which share
similar functions, including G4 binding, lectin-like activity, and recognition of
misfolded proteins. A major distinction betweennhes that calnexin is an integral

membrane protein whereas calreticulin is a lumpmatein.

Sequence homology between CRT and CNX is eviderthén P-domains,
containing two proline-rich motifs repeated in tand Motifs 1 and 2, each of which
is repeated three times in CRT and four times irXCdbntain consensus sequences
of KPEDWDE and GxWxPPxIXNPxYx, respectively. In #&dth, sequence
homology can be seen in other domains (indicatelooass A, B, as in Figure 1.10)
(Leachet al., 2002).

Both CRT and CNX contain N-, P- and C-domains. Nadomains of these
two chaperones in human share about 39% sequeecgityd(Vassilakoset al.,
1998), and their structural conformations are glahwontaining eight anti-parallel
B-sheets. Even so, while both contain a glucosetbgnsite in this domain, only CNX

accommodate a &binding site in the N-domain. (Figure 1.11)
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Figure 1.10 Schematic diagram demonstrating amino acid segudrmamology
between CRT and CNX (Source: Leagthal., 2002)

The P domains of both CNX and CRT accommodate & hffjnity C&*
binding site and a ERp57 binding site. Of CNX, Brdomain contains a sandwich of
two B-strands folded in a hairpin configuration. Edtstrand is composed of four
tandemly repeated proline-rich motif while CRT isnar to CNX but shorter,
namely consisting of three rather than four tandepeats (Ellgaaret al., 2001). The
N- and P-domains of both calreticulin and calnexia relevant to protein folding.

A major difference could be found in the C-terminaégions of the two
proteins. While the C-domain of CRT binds Cavith a high capacity, that of
calnexin exhibits no Gabinding activity. Most part of the C-domain of CNiserts
itself into the ER membrane. Only a minority of @&sdomain is present in the ER
lumen, which, like that of CRT, could bind to SERZIA
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{A) Calnexin (B) Calreticulin
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Figure 1.11 X-ray structures of “protein-folding module” of caxin (A) and
calreticulin (B). Both proteins contain a globuldfdomain and a central,P-domain,
which forms a characteristic loop. The locationsritii repeats 1 (KPEDWDE) and
2 (GXWXPPXIXNPXYX ) in the P-domain is indicated &sxes in both proteins.
(Source: Michalalet al., 2002)

1.4.4.2The CRT/CNX chaperone cycle

More than one hundred glycoproteins have been faarae folded by CNX
and CRT, Either only one or both of the two chapesobind to the nascent protein
simultaneously or sequentially (Van Leeuwen andr&al996). Two possibilities of
the folding process have been assumed i.e. ‘lectip- and ‘dual-binding’ models
(Williams, 2006).
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In the lectin-only model, binding of CNX/CRT occuogly at the lectin site of
glycoproteins. During glycoprotein synthesis, fMangGIcNACc; is transferred to
asparagine residues of the polypeptide chain (Eiglr12). Under the normal
condition, the three terminal glucoses of fMeanyGICNAc, are trimmed or de-
glucosylated by glucosidase | and Il. When the grotfolding happens, both
glucosidases are inhibited by their inhibitors ad®P-glucosylate:glycoprotein
transferase (UGGT) re-transfers glucose to theosfigcharide site of all the folding
glycoproteins. Subsequently, calreticulin and ceilméind to the GlgManyGIcNAC;
moiety and initiate the folding process (Taybal., 2004; Rittert al., 2005).

The dual binding model propostgat CRT and CNX recognize and bind to
polypeptide-based determinamis addition to the oligosaccharide and thus behave
more likeclassic chaperones. This model contains two staplifding both proteins
to unfolded glycoprotein. The first, both proteinsnd to monoglucosylated
oligosaccharide chains of unfolded glycoproteing gnen bind more stably to peptide
determinants, which disappear upon folding. The &sp, CRT or CNX binds to
glycoprotein using hydrophobic interaction (Watal., 1995). (Figure 1.13)

Gle
a-Blucesidass | —* | a2
Gile a-Mannoskiase |
a-Ghcosidase || —» !‘-'3 . A
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a-Glucosidase || —» | w2
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GleMAc
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Figure 1.12 Composition of the GIc3Man9GIcNAc2 oligosaccharidtatially
transferred to asparagine residues of nascent glgtans. (Source: Williamst al.,
2006)
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Figure 1.13Schematic diagram displayirgglreticulin and calnexin chaperone cycle
in the ER lumen. In the lectin-only model (red avs), cycles of glycoprotein release
and re-binding are controlled solely by the remoaadl re-addition of the terminal
glucose residue by glucosidase Il and UDP-glucdgeogrotein glucosyltransferase
(UGGT), respectively. UGGT is the folding sensorcdugse it only reglucosylates
non-native glycoprotein conformers. Chaperone igderves to retain non-native
glycoproteins within the ER and also recruits ERpgb7promote disulfide-bond
formation and isomerization. It is unclear wheth@nding to glycoproteins only
through the lectin site is sufficient to suppreggragation. In the dual-binding model
(green arrows), Cnx and Crt recognize non-natiyeaproteins through their lectin
sites as well as through a polypeptide-binding sptecific for non-native conformers.
This allows them to prevent off-pathway aggregatieactions similarly to other
molecular chaperones. Binding via the polypeptisheling site is influenced by ATP
and by the free Ga concentration, either of which may regulate theeraction
(Source: Williams, 2005).
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1.4.4.3Correlation of CNX, CRT and ERp57 in C&* homeostasis

For C&" homeostasis, the N domain of CRT interacts with @terminus of
SERCA2b while the C-domain of CNX binds to the @¥tmus of SERCAZ2b.
However, ERp57 can also bind to the C-terminustEERSA2b but with a requirement
of CRT. These interactions lead to decrease inG#é influx and eventual Ca
concentration in the ER lumen. Despite the fun@liooooperation of the three
proteins, CRT and CNX can functionally compensaeheother (Michalalet al.,
2002).

The C&" homeostasis is in fact necessary for the glycefmdolding in the
ER. Concentration of Gain the lumen is needed to be maintained at optimoim
promote an efficient folding condition. The CRT/CNX}cle exists in parallel with the
action of CNX/CRT on SERCA2b. Given the homeostasistem is absent. €a
depletion could result in protein unfolding and e subsequent responses, which
can bring about cellular apoptosis. Maintainingimpt C&* concentration in the ER
is thus important for protein folding and cellukirvival. Moreover, the WPreceptor
is also known as Gaefflux regulation protein. It can bind to CRT tudiice release
of C&*from the ER (Corbettt al., 1999: Rodericlet al., 2000).

1.5Techniques performed in the study

1.5.1 Polymerase chain reaction (PCR)

1.5.1.1PCR

The introduction of the polymerase chain react{®€R) by Mullis et al.
(1987) has opened a new approach for moleculartigestadies. This method isia
vitro technique of DNA replication by an enzyme called Aldolymerase, using
specific DNA sequences of two oligonucleotide prishaisually 18-27 nucleotides in
length. Million copies of the target DNA sequen@a de synthesized from the low

amount of starting DNA template within a few hours.
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The PCR reaction components are composed of DNéplee, a pair of
primers for the target sequence, dNTPs (dATP, d@T,P and dTTP), PCR buffer
and heat-stable DNA polymerase (usually Taq polase)x. The amplification
reaction typically consists of three steps: deraiomn of double-stranded DNA at
high temperature, annealing to allow primers tarfdrybrid molecules at the optimal
temperature, and extension of the annealed prilmgthie polymerase. The cycle is
repeated normally for 30-40 times, in each of whitle amount of DNA is
exponentially increased. (Figure 1.14)

1) Isolate DHNA

2) Denature and anneal primers I

3) Primer extension l

4) Denature and anneal primers

5) Primer extension

6) Denature and anneal primers

7) Primer extension

8) Repeat cycles

Figure 1.14 General illustration of the polymerase chain neact(PCR) for
amplification of the target DNA.
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1.5.1.2 Reverse transcription-polymerase chain redon (RT-PCR)

RT-PCR is a method used to amplify, isolate oniidi¢ a known sequence
from a cellular or tissue RNA. The PCR is precetigda reaction using reverse
transcriptase and oligo(dT) or random primers toveot RNA to cDNA. The first
strand cDNA, rather than genomic DNA, was then use@d template in the second-
strand synthesis using a pair of gene-specific @rsmIt is a direct method for
examination of gene expression of known sequemesdtripts in the target species.

RT-PCR can also be used to identify homologuastefesting genes by using
degenerate primers and/or conserved gene-spedifiers from the original species
and the first strand cDNA of the interesting specie used as a template. The
amplified product is then further characterized digning and sequencing. (Figure
1.15)

1.5.2 Rapid amplification of cDNA ends-polymerase hain reaction (RACE-
PCR)

RACE-PCR is a common approach used for isolatibthe full length of
RNA transcripts. Its procedure contains two segaresctions: 5’ and 3’-end RACE
PCRs. The technique is relied on addition of theARW (Switching MechanismAT
5" end of RNA Transcript) adaptor to the 5" or 3’ end of the fisttand cDNA. For
the 3'-RACE PCR, the adaptor is added to the 5’ @nthe first-strand cDNA, using
an oligo-dT primer containing the SMART sequence. tBe contrary for the 5'-
RACE first-strand synthesis, terminal transferas@vily of Powerscript Reverse
Transcriptase (RT) adds 3-5 nucleotides (predontiynalC) to the 3’ end of the first
stand cDNA upon reaching toward the end of trapstemplates. The 3’ terminal dG
stretch of SMART oligonucleotide then anneals ® d@dded dC tail of the first-strand
cDNA, allowing sequence of the SMART adaptor at #eend of the SMART

oligonucleotide to be transcribed right next to @@ joining region (Figure 1.16).
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Figure 1.150verall concepts dRT-PCR. During the first strand cDNA synthesis, an
oligo d(T) (or random primers) primer anneals artéerds from sites present within
MRNA. The second strand cDNA synthesis primed gy I8 — 25 base specific
primer proceeds during a single round of DNA systheatalyzed by thermostable

DNA polymerase (e.glaq polymerase).
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Remaining rounds PCR
Amplification of 5" fragment

Figure 1.16 Overview of the RACE-PCR method. A) Detailed mathi of the 5

RACE reaction
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Figure 1.16(next) Overview of 3" RACE-PCR amplification

The modified first-strand cDNA containing the SMARequence is then used
as as the template for RACE PCR reactions in th step. Gene specific primer
(GSPs) are designed from partial sequences ohtbeested genes for 5’-RACE PCR
(antisense primer) and 3'-RACE PCR (sense primag ased together with the
universal primer (UPM), which recognizes the SMAR&quence in the modified
frist-strand cDNA. RACE products are then cloned arharacterized for their

sequences.
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1.5.3 Techniques for differential gene expressiorglies

Differential gene expression can be studied eitbemi-quantitatively or
guantitatively. Both approaches are developed ftbm simple polymerase chain
reaction (PCR). (Figure 1.17)

1.5.3.1 Semi-quantitative RT-PCR

Semi-quantitative RT-PCR is a comparatively quatitie approach, in which
the target gene and the internal control (e.g. @sékeeping gene) are separately or
simultaneously amplified using the same templatee internal control such g&
actin; elongation factor, EF-1a or G3PDH) is used under the assumption that its
coding sequence is transcribed constantly and embgntly from the extracellular
environment stimuli and that its transcript is nmeeetranscribed with the same

efficiency as the interested transcript.

-
nbp -

+— Can
Target bagCz0 E

lmn Target 3830p | o — — —

Standand 343bp = o — —
T
€3 _

Internal siandard {An) Increasing intemal standard

Figure 1.17 Quantitative competitive PCR. (A) Generation of iaternal standard
using composite primers. (B) Use of the internahdard for competitive PCR. The
equivalence point (E) occurs when target and standee present in equal starting

concentration, thus permitting quantification oé tiarget template.
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1.5.3.2 Real-time PCR

Real Time PCR is a kinetic approach used to agp@iid simultaneously
guantify a targeted DNA molecule. It enables battedtion and quantification (as the
absolute number of copies or relative amount whemmalized to DNA input or

additional normalizing genes) of a specific seqeenahe sample.

The procedure follows the general principle of PG&key feature is that the
amplified DNA is quantified in real time after eacdmplification cycle as it
accumulates in the reaction. Two common methodf@fproduct detection are the
use of fluorescent dyes that intercalate with detgtianded DNA (e.g. SYBR green),
and the use of modified DNA oligonucleotide proltbat are fluorescent when

hybridized with a complementary DNA.

In fluorescent dye-based assays, the intercalatyggbinds and detects non-
specifically any double-standed DNA that accumwatiiring the PCR like by-
products and primer-dimers. With the problems @&vpus assays, it affects to use
fluorescent probe-base assay. A labeled sequemodisp probe anneals to
amplification product between the primer bindintgesi Therefore, only the correct
amplicon containing both primer and probe bindinigss will generate a signal.
However, when comparison the cost between two asHagn the later assay is

expensive than the further one.

The general principle of SYBR green polymerasdarcheaction is composed
of the first denaturation step, at which the unlibudye molecules are weakly
fluorescent; the second step, primer annealingrevadew dye molecules bind to the
double strand; the last step, product extensiomwhore dye molecules bind to the
newly "synthesized DNA, resulting in an increase tbé fluorescence signal.
Fluorescence measurement at the end of the elongstep of every PCR cycle is

then performed to monitor the increasing amouraroplified DNA (Figure 1.18).
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1.5.3.3 SYBR green

Real-time PCR in the laboratory can be appliedumerous applications. It is
commonly used for both diagnostic and researchiggipns. Diagnostic real-time
PCR is to rapidly detect the presence of genedvedan infectious diseases, cancer
and genetic abnormalities. In the research settieg;time PCR is mainly used to
provide highly sensitive quantitative measuremehigene transcription. Further, this
technique may be used to follow change of gene esgwn over time due to
physiological changes or treatments, such as regpah tissues or cells to an
administration of a pharmacological agent, progoesof cell differentiation, or

response to changes in environmental conditions.

SYBR Green

Figure 1.18 A schematic diagram showing Real-time PCR procediging SYBR
Green | Dye (Source: www.thaiscience.com/lab_v@/@g2pcr/pcrs.jpg)
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1.5.4 Techniques for study of genomic organization

Genome walking also known as DNA walking is a denmethod to identify
genomic DNA sequences of interested genes. Figggnhame walking mini-library is
constructed using different blunt-end generatedirici®n enzymes to create
fragments of genomic DNA (Figure 1.19). After thilie fragments are ligated with a
known-sequence adaptor using T4 DNA ligase. Thetadeaccommodated genomic
DNA fragments were used as templates for PCR usdapter primer (AP) and gene
specific primer (GSP). The resulting amplified pwots were then cloned and

characterized.

1.6 The objective of this thesis

The objectives of this thesis were isolation an@rabterization of genes
involving calcium metabolism d?. monodon. The full length cDNA of CRT, CNX
and ERp57 genes were isolated and characterizeASYE-PCR. In addition, the
expression profiles of genes in various tissueguweniles and broodstockB.
monodon were examined using RT-PCR. The gene expressi@isleneasuring of
each gene under thermal stress condition were eeimising semi-quantitative RT-
PCR and real-time PCR. Recombinant proteins ofetlgenes homologues were

produced using a bacterial expression system ardabsayed for their activities.
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Figure 1.19A flow chart showing the Genome walking protocol
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CHAPTER I
MATERIALS AND METHODS

2.1 Experimental samples

DomesticatedP. monodon juveniles (approximately 20g body weight, 4-
month-old) were purchased from local farms in Chonbn the eastern part of
Thailand. After transported, they were acclimatedear the laboratory condition for

14 days before dissected or subjected to treatments

Male and femaleP. monodon broodstocks were wild-caught from the
Andaman Sea, in the western south of Thailand.rPootissue dissection, the
broodstock were acclimated for 3 days under tha faondition.

Tissues were dissected from live shrimps and imatelyi stored at -80 °C
until required. Hemolymph was collected using 10%dism citrate as an
anticoagulant. The anticoagulant was removed froensample by centrifugation at

10009 for 10 minutes, and the hemocyte pellets were ithately stored at -80 °C.
2.2 Nucleic acid extraction
2.2.1 Genomic DNA extraction

Genomic DNA was extracted from a piece of pleopsdue taken from a
broodstock shrimp using a phenol-chloroform-praass K method (Klinbunga et al.,
1999). A piece of pleopod tissue was: briefly-honroged in 500ul of a prechilled
extraction buffer (100 mM Tris-HCI, 100 mM EDTA, @M NaCl; pH 8.0), using a
micropestle. SDS (10%) and RNase A (10 mg/ml) sohgt were added to final
concentrations of 1.0 % (w/v) and 10@/ml, respectively. The resulting mixture was
then incubated at 8€ for 1 hour. At the end of the incubation, a pimdse K
solution (10 mg/ml) was added to the sample tmal toncentration of 30f0g/mland
the sample was further incubated at®85for 3 — 4 hours. After the incubation, the
sample was gently mixed with the sample volume woffds-equilibrated phenol:
chloroform: isoamylalcohol (25:24:1) for 10 minutd$e sample was centrifuged at
13,500 g for 10 minutes at room temperature, amdupper agueous phase was
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collected. The extraction process was then repeated with phenol: chloroform:

isoamylalcohol(25:24:1) and once with chloroforraamylalcohol (24:1). The final
aqueous phase was mixed with the sample volumeEobdffer and subsequently
with one-tenth final sample volume of 3 M sodiunetate (pH 5.2). After that, DNA
was precipitated by adding twice the sample volwihe0 °C-cold absolute ethanol.
The mixture was incubated at -80 for 30 minutes, and the precipitated DNA was
recovered by centrifugation at 16,300 g for 10 rtesuat room temperature. The
DNA pellet was then washed twice with 1 ml of -26¢@d 70% ethanol. After air-
dried, the DNA pellet was resuspended in TricineFBXTE) buffer (10 mM Tris-
HCI, pH 8.0 and 0.1 mM EDTA). The DNA solution wiasubated at 37C for 1 — 2

hours and stored at°@ until further needed.
2.2.2 RNA extraction

Total RNA was extracted from the dissected tissusag TRI REAGENT
(Molecular Research Center). A piece of tissue wawediately placed in mortar
containing liquid nitrogen and ground to fine powdmder frozen condition. The
tissue powder was transferred to 500 of TRI REAGENT and homogenized.
Additional 500ul of TRI REAGENT were later added to the homogedizample (a
final proportion of 1 ml Trizol/ 50-100 mg tissud)he homogenate was left at room
temperature for 5 minutes before 0.2 ml of chlonafavas added. The mixture was
vortexed for at least 15 seconds, left at room &nadpre for 2 - 15 minutes and
centrifuged at 1200@ for 15 minutes at 4 °C. The mixture was separatéal the
lower phenol-chloroform phase (red), the interphase the colorless upper agueous

phase.

The aqueous phase (containing the extracted RNA) aaaefully collected.
RNA was precipitated with 0.5 ml of -20 °C-cold [sopanol. The mixture was left at
room temperature for 10 - 15 minutes and centrdugie1200Qy for 10 minutes at 4
°C. The RNA pellet was then collected and washetth Wi ml of -20 °C-cold 75%
ethanol prior to centrifugation at 7500 g for 10notes at 4°C. The washed RNA
pellet was air-dried for 5-10 minutes and then aliesd in DEPC-treated 1 for
immediate use. Alternatively, the RNA pellet wagptki absolute ethanol at -80 °C
until required. The quality of extracted total RN¥as examined by electrophoresis
on 1.0% agarose gel.



36
2.2.3 DNase treatment of the extracted RNA

Ten pg of total RNA were treated wiyh DNase | (0.5 Ui of RNA, GE
Healthcare) at 37°C for 30 minutes.After the ind¢idm the sample was gently mixed
with the a sample volume of phenol:.chloroform:isghaitohol (25:24:1) for 10
minutes. The sample was centrifuged at 13,500 gl@minutes at 4 °C, and the
upper aqueous phase was collected. The extractmregs was then repeated once
with chloroform:isoamylalcohol (24:1) and one withloroform. The final aqueous
phase was mixed with one-tenth final sample volwm® M sodium acetate (pH 5.2).
After that, RNA was precipitated by adding twice ttample volume of -20 °C-cold
absolute ethanol. The mixture was incubated at °®0for 30 minutes, and the
precipitated RNA was recovered by centrifugatiod&B00 g for 10 minutes at room
temperature. The RNA pellet was then washed twitk tv ml of -20°C-cold 75%
ethanol. Alternatively, the RNA pellet was keptahsolute ethanol at -80 °C until

required.

2.3 Measurement of nucleic acid concentration

Concentration of the extracted DNA and RNA was nested by
spectophotometry method. Light absorbance was medst a wavelength of 260 nm
(A260). An Aggovalue of 1.0 corresponds to concentration ofu§ml double-strand
DNA, 40 ug/ml single-strand RNA and 33g/ml oligonucleotide (Sambrook et al.,
2001). Therefore, concentration of nucleic acids wstimated img/ml by using the

following equation:

[Nucleic acid] = Ao x dilution factorx 50 or 40 or 33

(for DNA; RNA and oligacleotides;, respectively)

Purity of the nucleic acid samples can be infefrech a ratio of Aso /A2s0
The ratio much lower than 1.8 indicates contamamatf residual proteins or organic
solvents whereas the ratio greater than this visldieates contamination of RNA in
the DNA solution (Kirby, 1992).
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2.4 Agarose gel electrophoresis

Appropriate amounts of agarose and 1x TBE buB@rroM Tris-HCI, 89 mM
boric acid 2 mM EDTA, pH 8.3) were mixed togethégarose was completely
melted by heat and cooled down to approximately ®®before poured into a mold.
The gel was left to set before submerged in 1 x DBEer filled in an electrophoresis

chamber.

Appropriate volumes of nucleic acid samples werligenh with one-fourth
sample volume of 10x loading dye (0.25% bromophdrlak and 25% Ficoll in
water) and loaded into the gel wells. Electrophisress carried out at 100 volts until
the bromophenol blue front moved to approximatehe-balf of the gel. The
electrophorised gel was stained with an ethidiuombde solution (2.5ug/ml) for 5
min and destained in 1 x TBE buffer. Nucleic aciddqucts were visualized under a
UV transilluminator and photographed through a fildr using a Biorad gel doc

machine.
2.5 Synthesis of the first strand cDNA

One and a half micrograms of total RNA extracteairfrthe tissues oP.
monodon were reverse-transcribed to the first strand cDM#g an ImProm- [
Reverse Transcription System Kit (Promega). Ficdal RNA was combined with 0.5
ug of oligo dTiz.1sand an appropriate amount of DEPC-treate® kb make up the
final volume of 5ul. The mixture was incubated at 70 °C for 5 minuaesl then
immediately placed on-ice for 5-minutes. Then, &xction buffer, MgGl dNTP Mix,
RNasin were added to final concentrations of 1252nM, 0.5 mM and 20 units,

respectively. Finally, ul of ImProm- ™

Reverse transcriptase was added and
gently mixed by pipetting. The reaction mixture vilmsubated at 25 °C for 5 minutes
and at 42°C for 90 minutes, followed by an incutratat 70 °C for 15 minutes to
terminate the reverse transcriptase activity. Comagon and quality of the
synthesized first strand cDNA were examined by sg@w®tometry and 1.2 %-

agarose gel electrophoresis.
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2.6 Tissue distribution analysis of gene expression

Gene expression in tissues was studied in antengldaad, eyestalk, gills,
heart, hemocytes, hepatopancreas, lymphoid orgatsstine, ovaries, pleopods,
stomach, testes and thoracic ganglion of both jlemd broodstock d?. monodon.

The study was carried out by RT-PCRrimers were designed, based on
Expressed Sequence Tag (EST) sequences of thesitgdrgene homologues, which
had been previously identified fromA. monodon broodstock (Preechaphol et al.,
2007). The partial sequences of homolo@i, CNX andERp57 transcripts brought
from ovarian, lymphoid organ and hemocyte cDNA diies of P. monodon,
respectively (Table.2.1). Primers used to amp@igT, CNX and Erp57 are pair
primer of CRT, CNX andERp57, respectively (Table 2.2).

RT-PCR was performed on 2&-reaction mixtures containing 150 ng of an
appropriate first strand cDNA template derived froniRNA extracted from each
dissected tissue, 10 mM Tris-HCI (pH 8.8), 50 mMIK@1 % Triton X-100, 2 mM
MgCl,, 100 mM each of dATP, dCTP, dGTP and dTTP, (M2 of an appropriate
primer pair and 1 unit of Dynazyr® DNA polymerase (FINNZYMES). The
reaction thermal profile of each gene was shownTable 2.3. Fiveul of the
amplification products were electrophoretically lgnad on 1.5 or 1.8 % agarose gels.
Tissue distribution of the target genes was studiedeference to that of a house-

keeping geneklongation factor-1a (EF-1a).
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Table 2.1 The EST-library partial sequences of homologuer@siing genes were

used to design gene specific primers

Gene EST clone no. source of EST library
Calreticulin OV-N-ST01-0117-W ovary

Calnexin LP-V-S01-0622-LF lymphoid organ
ERp57 HC-N-N01-2411-LF hemocyte

Table 2.2Gene homologue, melting temperature, primer sespgeand the expected
sizes of the PCR product from ESTRfmonodon

No Name Primer sequence Tm(°C) Expected
size
(bp)
1 CRT F:5 ACATTGACTGTGGTGGAGGAT3’ 58 244
R:5 TCGTAGGTGTTGTCAGGATTG3’ 58
2 CNX F:5 TGATATTTGCCTGTTGTTGTGC3’ 56 493
R:5 TATTACCCACATTCGTCACTACATTATS 57
3 ERp57 F:5’ATGTCTCCCTTCCCAGCACT3’ 62 281
R:5GTCTTGTTTCCCTTACACCACC3’ 63
4 EF-1a F5ATGGTTGTCAACTTTGCCCC3 55 500

R:5TTGACCTCCTTGATCACACCS3’ 55




Table 2.3Amplification condition for interesting gene expses level analysis in various tissues

40

Amplification
condition Gene homologue
CRT CNX ERp57 EF-la
Temp.(°C) Time Number of cycleg Temp.(°C) ~ Time Nemtf cycles | Temp.(°C)  Time Number of cycles  Tef@).( Time Number of cycles|

Initial denaturation 94 3 min 1 94 3 min 1 94 3 min 1 94 3 min 1
Denaturation 94 30s 94 30s 94 30s 94 30s

Annealing 58 30s 30 55 45s 30 68 30s 30 53 45s 21
Extension 72 30s 72 45s 72 30s 72 45s

Final extension 72 7min 1 72 7min 1 72 7min 1 72 7min 1
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2.7 Molecular cloning of isolated PCR products

2.7.1 Elution of DNA from agarose gels

After electrophoresis, desired individual DNA bandere excised from
agarose gels (200-300 mg) using a sterile scalpdA was extracted from the gel
pieces using HiYielt® Gel/PCR DNA Extraction Kit (RBC; Real Biotech
Corporation). The extraction was carried out byloiwing the manufacturer’s
instruction. In brief, the gel pieces were incublas 55 °C with the DF buffer until
they were completely dissolved. The samples weee thansferred to DF columns
and centrifuged at 10800 g for 30 s. The flow-tlytowas discarded. After this step,
0.5 ml of the Wash buffer was added to the DF colamd centrifuged as above. The
flow-through again was discarded. The column was ttentrifuged one more time to
remove the trace amount of Wash solution. DNA viaalliy eluted from the column

with 15 ul of the Elution buffer by centrifugation at 163g@or 2 min.

2.7.2 Ligation of PCR products to the pGEM -T easy vector

The gel-purified PCR products were cloned into g@@EM-T Easy vector
(Promega) in 1@ reactions containing 2x Rapid Ligation Buffer (6M Tris-HCI,
pH 7.8, 20 mM MgGl, 20 mM DTT, 2 mM ATP and 10% polyethylene glycd),
units of T4 DNA ligase, 25 ng of pGEMT easy vector and 50 ng of DNA insert.
The reaction mixtures were incubated overnight &€ defore transformed t6. coli
JM109.



42
2.7.3 Transformation of ligation products intoE. coli host cells

2.7.3.1 Preparation of competent cells

A single colony ofE. coli JM109 was inoculated in 10 ml of LB broth (1%
Bactotryptone, 0.5% Bactoyeast extract and 0.5% INa8 7.0) with vigorous
shaking at 37 °C overnight. The 5(Dstarting culture was then inoculated to 50 ml
of LB broth and the 50 ml culture was cultured &at°€ with vigorous shaking to an
ODsggo of 0.5 to 0.8. Cells were briefly chilled on icer f10 min, and recovered by
centrifugation at 2700g for 10 min at 4 °C. Thelgtsl were resuspened in 30 ml of
ice-cold MgC4/CaCl solution (80 mM MgCl and 20 mM CaG) and centrifuged as
above. After resuspended in 2 ml of ice-cold 0.1CKIC}L, The cell suspension was

divided to 200l aliquots and stored at -80 °C until required.

2.7.3.2 Transformation

The prepared component cells were thawed on icé fmin. Two to four
microlitres of the ligation products were added gedtly mixed by pipetting and left
on ice for 30 min. The samples were heat-shockeal42 °C water bath for exactly
45 s and then immediately placed on ice for 2-3.miext, 1 ml of prewarmed SOC
medium was added (2% Bactotryptone, 0.5% Bactoyedsact, 10 mM NacCl, 2.5
mM KCI, 20 mM MgCh, 10 mM MgSQ and 20 mM glucose), and the samples were
incubated at 37 °C with shaking for 90 min. Thevgnocells were collected by
centrifuging for 20 s at room temperature, thentlyaesuspended in 100 of SOC
medium and spreaded onto a selective LB agar pledesaining 50ug/ml of
ampicillin, 25 ug/ml of IPTG and 20ug/ml of X-gal. The spreaded plates were
incubated at 37 °C overnight (Sambrook and Rus2ed]).
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2.7.4Detection of recombinant clones byolony PCR

Recombinant clones were selected by a lacZ’ syskaiowing standard
protocols (Sambrook and Russel, 2001). Namely, aiiife colonies containing the
inserted DNA were selected. Colony PCR was perfdrioeidentify the insert sizes

of positive clones.

Colony PCRs were performed in 25-ul reactions @ioimtg 10 mM Tris-HCI
(pH 8.8), 50 mM KCI, 0.1% Triton X — 100, 100 mM e&ch dNTP, 2 mM MgG|
0.1 uM each of pUCI (5-CCG GCT CGT ATG TTG TGT G&A and puC2 (5'-
GTG GTG CAA GGC GAT TAA GTT GG-3'), 0.5 unit of Dyazymé™ DNA
Polymerase (FINNZYMES). Selected colonies were vidially picked by pipette
tips and resuspended in the reaction mixtures. {@ondor the thermal cycle was
predenaturation at 94 °C for 3 min followed by 3&les of denaturation at 94 °C for
30 s, annealing at 50 °C for 1 min and extensior2at’C for 2 min. The final
extension was carried out at the same temperature/ fmin. The colony PCR
products were electrophorized through 1.2% agamsks and visualized after
ethidium bromide staining.

2.7.5 Digestion of the amplified DNA insert

Colony PCR products of clones containing correspdnsizes of the inserts
were digested witlHindlll or Rsal to verify whether the ligated PCR product possibl
contained one type of sequence. The digestions setrep in a total volume of 18
containing an appropriate restriction enzyme bugferffer E; 6 mM Tris-HCI; pH
7.5, 6 mM MgC}, 100 mM NaCl and 1 mM DTT fodind Il or buffer C; 10 mM
Tris-HCI; pH 7.9, 10. mM MgGl 50 mM NaCl-and 1 mM DTT foRsal), 5 ul of
colony PCR products ‘and 2 units of eithdindIll or Rsal. The reaction mixtures
were incubated at 8T for 3 — 4 hours. Patterns of the digestion préslweere

analyzed by agarose gel electrophoresis.
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2.7.6 Extraction of recombinant plasmids

DNA plasmids were extracted from tke coli host using HiYiel@ Plasmid
Mini Kit (Real Biotech Corporation). The extractiovas carried out according to the
manufacturer’s protocol. In shot,. coli cells containing the transformed plasmids
were inoculated into 3 ml of LB broth (1% tryptore5% yeast extract, 1.0 % NacCl)
containing 50ug/ml of ampicillin and incubated at 37 °C with vigos shaking
overnight. Cells were harvested from 1.5 ml of evernight cultures by centrifuging
at 19,000 g for 1 min. The cell pellets were cabelcand resuspended with 20Qul
of the PDI buffer containing RNaseA. The resuspdndells were lysed by gently
mixing with 200 ul of the PD2 buffer. The samples were left for 2nnait room
temperature. After that, 300 of the PD3 buffer were added to neutralize thalahe
lysis step and mixed immediately by inverting tobe for 10 times. To separate the
cell debris, the samples were centrifuged at 190@0r 15 min. The supernatants
were transferred to the PD columns and centrifuate,000g for 1 min. The flow-
through was discarded. The columns were washed4@thul of the W1 buffer and
centrifuged at 6,0009g for 1 min. The columns weasked one more time with 6Q0
of the ethanol-added Wash buffer and subjectedfitmaaspin for a 2 min at 19,000 g
to remove the residual Wash buffer. Plasmids wdunée@ from the columns by
adding 30-50pl of the Elution buffer. The columns were then left room
temperature for 2 min and centrifuged at 19,00@rg2f min. Concentrations of the

extracted plasmid were spectrophotometrically messu

2.7.7 DNA sequencing and sequence identification

Plasmid clones were unidirectional sequenced usiegM 13 forward and
reverse primer on an automatic sequencer at Maorod@rea). Assembled
nucleotide sequences from the sequencing resulte Wkasted against data in
GenBank using Blabt (nucleotide similarity) and BlaXt (translated protein
similarity). Significant similarity was consideraghen the probability (E) value was
<10*
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2.8 Isolation and characterization of full length ®NA by RACE-PCR

2.8.1 Preparation of the 5’ and 3' RACE templates

Full length cDNAs of gene homologues were charasd using a SMART
RACE cDNA Amplification Kit (Clontech). Template fcRACE-PCR (RACE-Ready
cDNA) was prepared from messenger (m) RNA purifiexn total RNA extracted
from broodstock ovaries, using a QuickPregcro mRNA Purification Kit
(Amersham Phamacia Biotech). Ong of the purified mRNA was then combined
with 2 uM of 5’-CDS primer (for 5’-RACE-Ready cDNA) or 3'10S primer A (for
3’-RACE-Ready cDNA), 1ul of 10 um SMART Il A oligonucleotide (only for 5'-
RACE-Ready cDNA), and nuclease-freeHin an amount that made the final
reaction volume to Sul. The reaction was incubated at 70 °C for 2 mid an
immediately cooled down on ice for 2 min. Aftertthiaul of 5x First-Strand buffer, 1
pl of 20 mM DTT, 1ul of dNTP Mix (10 mM) and 1ul of PowerScript Reverse
Transcriptase were added. The reactions were mixgedgently pipetting and
centrifuged briefly before incubated at 42 °C fdb br in a thermocycler. The first
strand reaction products were diluted with 26@f TE buffer and then heated at 72

°C for 7 min.

2.8.2 RACE-PCR

Gene-specific primers (GSPs) were designed fromr tkerresponding
homologue sequences in tRemonodon EST libraries. GSPs used in the 5'- and 3'-
RACE PCRs used to amplify fragments of each geresammarized in Table 2.4.
Reaction mixtures for 5’- and 3'-RACE-PCR were @l according to Tables 2.5
and 2.6, respectively. Two negative controls comtg either Universal Primer A
Mix (UPM) or GSP1 primer were also performed to foom the absence of
nonspecific amplified products.
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Table 2.4 Gene-specific primers (GSPs) used for futher atar&ation of the full

length cDNA of functionally important gene homolagunP. monodon

Name of Tm
Gene primer Primer sequence (°C)
Calreticulin
3'RACE CRT-F 5 ACATTGACTGTGGTGGAGGAT3’ 68
Calnexin
5'RACE CNX-R 5 TATTACCCACATTCGTCACTACATTATS 56
3'RACE CNX-F 5 TGATATTTGCCTGTTGTTGTGCS' 57

Nested primer

Nested 5’RACE 5'NCNX-R 5°"CATCATCCACAGCCATTTAATCTCTCCG3’ 76

Nested 3'RACE 3'NCNX-F 5'GCAGATGATGATGCTCCTGGAAGTGG3 77
ERp57
5'RACE ERp57-R 5'CAGCAAGTTTTCACCTGACAAGCCTCT3’ 76

3'RACE ERp57-F 5" TGAACTGAATGGGTATGACCGCAAG3’ 74
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Table 2.5Compositions for amplification of the Bnd of gene homologues using 5

RACE-PCR
Component 5’ RACE- UPM only GSP1 only
PCR (Control) (Control)

5" RACE—-Ready cDNA template 1.5ul 1.5ul 1.5l
UPM (10x) 5.0u 5.0ul -

GSP1 (10 uM) 1.0u - 1.0ul
Nuclease-free O - 1.0ul 5.0ul
Final volume 25l 25ul 25l

Table 2.6 Compositions for amplification of the 8nd of gene homologues using 3

RACE-PCR
Component 3’ RACE- UPM only GSP1 only
PCR (Control) (Control)

3’ RACE—-Ready cDNA template 1.5ul 1.5ul 1.5l
UPM (10x) 5.0ul 5.0ul -

GSP1 (10 uM) 1.0ul - 1.0u
Nuclease-free pO - 1.0ul 5.0l
Final volume 25l 25ul 25l
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To amplify 5° RACE-PCR fragments of genes ERp57oachdown thermal

cycle was performed i.e. 5 cycles of 94°C for 3@rgj 72°C for 3 min; 5 cycles of
94°C for 30 s, 70°C for 1 min and 72°C for 3 mif;c¥cles of 94°C for 30 s, 68°C for
1 min and 72°C for 3 min. The final extension wagied out at 72°C for 7 min. For
amplification of 3’'RACE-PCR fragment of genes CRINX and ERp57 and 5’

RACE-PCR fragment of CNX, the thermal cycle wasc#6les of 94°C for 30 s, 65-
68°C for 1 min and 72°C for 3 min. The final exienswas carried out at 72°C for 7

min.

Nested PCRs were subsequently performed for armgiidin of 5° and 3’
RACE fragments of gene CNX when the primary RACBEdoicts contained high
levels of nonspecific background. Nested UniveBamer A (NUP) and GSP2
primers, which are specific within the primary tirgproduct, were used in the nested
reaction. 5’NCNX and 3'NCNX primers used for amjgigition of 5 and 3' RACE
fragments of gene CNX, respectively (Table 2.4)mPonents in the nested reaction
mixtures are summarized in Table 2.7. Finally, wdlial interested product bands

were then cloned and sequenced as described above.

2.8.3 Phylogenetic analysis of CRT, CNX and ERp57

Protein sequences of interested genes from vaispesies were retrieved
from GenBank and compared with thosePofmonodon. Multiple alignments were
carried out using ClustalX (Thompson, 1994). Segasnwere bootstrapped 500
times using a segboot. The divergence between dirgrotein sequences was
estimated using Prodist. A bootstrapped neighboifjg tree was constructed to
illustrate phylogenetic relationships among segasnging Neighbor and Consense.

All phylogenetic programs described were routin®H\YLIP (Felsenstein, 1993).
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Table 2.7Compositions for amplification of nested PCR

Component Nested PCR NUP only GSP2 only
(Control) (Control)
50 time Diluted primary RACE 1.5ul 1.5ul 1.5l

PCR product

NUP (10x) 5.0ul 5.0ul -

GSP2 (1QuM) 1.0pl - 1.0ul
Nuclease-free O - 1.0ul 5.0l
Final volume 25l 25ul 25l

2.9 Isolation and characterization of genomic sequmees

Genomic organization of the interested genes wasackerized by both PCR

of genomic DNA and Genome walking PCR.
2.9.1 PCR amplification of genomic DNA

Genomic DNA template was prepared as mentionedqusly. Primers used
to amplify 2 fragments of genes CRT are ORFCRT-thWIRT-R and CRT-F with
ORFCRT-R, respectively (Table 2.8). The reactionsrewcarried out in 2ht
mixtures, containing 12.l of PCR-grade water, 1x Mfree EXT buffer, 5uM
MgClz, ©1 ' mM each dNTP, 2:M each of the appropriate primers, 50 ng genomic
DNA template and 0.4l of 50 x DyNAzymé™ Ext taq polymerase (Finnzyme). The
thermal cycle condition was predenaturation at 9#C3 min followed by 35 cycles
of a 94°C denaturation step for 45 sec, a 53 °Galimy step for 1 min and a 72 °C
extension step for 3 min. The final extension wasied out at 72 °C for 7 minutes.
Individual interested product bands were then doaad sequenced as described

above.
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2.9.2 Genome walking

2.9.2.1 Preparation of templates for Genome walking
2.9.2.1.1 Restriction digestion of genomic DNA

Two point five microgrammes of genomic DNA extratfeom an individual
of P. monodon as described above were singly digested with 4% wh a blunt-end
generating restriction enzym®s |, Dra I, Eco RV, Pw Il, Ssp | or Su I). The
reaction also contained 1 x of an appropriate ic#&tn enzyme buffer and nuclease-
free HO to make the final volume to 1Q0. The digestion was carried out at 37°C
for 4 hours. Five microlitres of the digestion puctl was then electrophorized on
0.8% agarose gels to confirm the digestion.

2.9.2.1.2 Purification of the restriction-digestedNA

The digested DNA was purified by a phenol-chlorafeproteinase K method
(Klinbunga et al., 1999). Namely, an equal sampdume of buffer-equilibrated
phenol was added to the sample. The mixture watexed for 5-10 seconds and
centrifuged for 5 minutes at room temperature foasge the agueous and organic
phases. The upper layer was collected and mixedh &itsample volume of
chloroform:isoamylalcohol (24:1). The sample waantlsentrifuged as in the previous
step. The upper layer was collecied and mixed amé-tenth sample volume of 3 M
NaOAc (pH 4.5) sequentially with 2.5 x sample vokuraf -20 °C-cold absolute
ethanol. The mixture was incubated at -80 °C fornd@ before DNA pellet was
collected by centrifugation at 16,300 g for 10 mé@suat room temperature. After a
brief wash with ice-cols 70% ethanol, the DNA pellas air-dried and resuspended
in 10 ul of TE buffer. The purified products wemnéirmed by electrophoresis on 0.8

% agarose gels.

2.9.2.1.3 Ligation of the purified digested DNA toGenomeWalker

adaptors

Ligation was performed in a 10 pl reaction volunoataining 2.7 pl of the
digested DNA, 4.75 uM of GenomeWalker Adaptor (@azh), 1 x ligation buffer , 5
% polyethylene glycol (PEG) and 3 units of T4 DN@alse. The reaction was carried
out at 16 °C overnight and then terminated by iatiob at 70 °C for 5 minutes. The
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ligated product was ten fold diluted in TE buffefdre used as template in the PCR

step.
2.9.2.2 Genome walking PCR

Genome walking PCR consisted of 2 sequential stgpsiary and secondary
(nested) PCR. The primary PCRs were carried o@binl reactions, each of which
contained 10 mM Tris-HCI (pH 8.8), 50 mM KCI, 0.1Pfiton X-100, 200uM each
of dATP, dCTP, dGTP and dTTP, 2 mM MgC0.2 uM each of Adaptor primerl
(AP1: 5°-GTA ATA CGA CTC ACT ATA GGG C-3') and anppropriate gene
specific primer (Table 2.6), 1 pl of 10 x dilutedriied digested DNA and 1.0 unit of
DyNAzyme™ Ext Taq DNA Polymerase (Finnzymes). The amplifimatreaction
was carried out using a two-step cycle includintydles of a denaturing step at 94 °C
for 25 seconds and an annealing/extension stef) &€ 7or 3 minutes followed by 35
cycles of 94 °C for 25 second, annealing at 650tC3fminutes. The final extension
was carried out at 67 °C for 7 minutes. The primRGR products were 50 fold

diluted in nuclease-free.

For the secondary PCRs, 1 pl of the diluted prim@angduct was used as
template. Components of the secondary PCR mixtere &s the same as those of the
primary PCR except for replacements of AP1 with AB2ACT ATA GGG CAC
GCG TGG T-3") and GSP1 with GSP2 of the same cdratgon. GSP2 used for
amplification of each product was shown in Table 2CR was carried out under the
following cycle: 5 cycles of a denaturing step & 9 for 25 seconds and an
annealing/extension step at 70 °C for 3 minutdevi@d by 20 cycles of 94 °C for 25
second and 65 °C for 3 minutes. The final extensibf7 °C was carried out for 7
minutes. Five microlitres of the:-secondary PCR potsl were electrophoretically
analyzed on 1.2% agarose gels.

Finally, individual interested product bands wenern cloned and sequenced

as described above.
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Table 2.8Sequences and Tm of primers for PCR amplificatiogemomicCRT.

No. of pair Name of
primers sequence Primer sequence Tm (°C)
1 ORFCRT-F 5" CAAGAGCGAAGACGGAACGATG3’ 62
CRT-R 5TCGTAGGTGTTGTCAGGATTG3’ 58
2 CRT-F 5" ACATTGACTGTGGTGGAGGAT3’ 58

ORFCRT-R 5" GCATCTTTAGTAGCACCCCAAGTCTC3 60

2.10 Studies of effect of heat stress @RT, CNX and ERp57expression
2.10.1 Sample preparation

P. monodon juvenile (4 month-old with the body weight estim&0 g) were
used in this experiment. They were acclimatizethataboratory conditions (ambient
temperature of 28 — 30 °C, salinity of 20 ppt) éoe week. The experimental animals
were fasted approximately 24 hours prior to theperature treatment. Six shrimps
were collected as a control group before the resevireated at 35 °C for 3 hours.
After the high temperature treatment, they werexdi@rred back to the ambient
temperature. Six. shrimps were collected at 0, 6, 22 and 36 hours after the
treatment. Haemocyte, gill'and hepatopancreas wareediately dissected from the
harvested shrimps, quick-frozen in liquid nitrogerd stored at —80 °C until required.
Total RNA was' extracted from the collected tissaesl treated with DNase as
previously described. The first strand cDNA wastisgnthesized from the prepared
RNA.
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Table 2.9 Sequences and Tm of gene specific primers (GSPAd)nasted gene

specific primers (GSP2) for genome walking analyses

Tm
no. Gene Name of primer Primer sequence (°C)
CRT
GSP1
1 1% Promoter CRT GW. 5 TTGTTTTGGTCCGACGTAAGAGCGGAG3’ 86
GSP2
2 2" Promoter CRT GW 5" TCCTTACACCAGCCAGGGCCGTGACCA3’ 69
CNX
GSP1
3 ORFCNX-F 5 GAAGCGTGAGTCGTCCATTGACTAAA3" 62
4 ORFCNX-R 5 TTAATCTCTCCGGGACTTGCGCAGC3’ 65
5 1st 5' cont GW-CNX 5 TCTGTGCTTTTATTGGTCAGCAGGGTC3’ 68
6 1%t3’cont GW-CNX 5 TGTACTTACACGCCATGCCCCCAGTGA3’ 66
GSP2
2nd 5' cont GW-CNX 5°'AACCATATGTAGTGGATTCTGGGCCTTG3’ 73
2nd 3' cont GW-CNX 5°GGCTCTACACGTACTACCTGTCTCACCTGS3 67
ERp57
GSP1
9 ORF ERp57-F 5'AATGGCTACGAGATTGTTAATACTACTCC3’ 68
10 ORF ERp57-R 5'CACTCTTTACACAACACACTGCGGTGA3’ 66
11 1% 5’cont GW-ERp57 5'GGCAGCTGTTGGGTTGTGGGCTTTCGTTTG3 80
12 1% 3'cont GW-ERp57 5°CACAAATTACTGGCTTGTCACCAGGAATZ’ 68
13 5'1st next ERp57GW 5'TAGCAAGGTAGACGGGAGGGTCGTTG3" 68
14 3'1% next ERp57GW 5'CTCTACCACCTTGAAGGCCAACGACC3’ 68
15 last ERp57GW R 1st 5'TCCTTAGAGGCTGGTGGTCCAACCTGTGA3 66
GSP2
16 2nd 5'cont GW-ERp57 5"ACCAGACTGTCAAAGCTGTAATGTGTGH 3’ 64
17 2nd 3'cont GW-ERp57 5 TGCTGGAAGTCGTCCTTATTGGCAACG3 66
18 5'2nd next ERp57GW 5" CGGGAGGGTCGTTGGCCTTCAAGGTG3’ 71
19 3'2nd next ERp57GW 5" TTGAAGGCCAACGACCCTCCCGTCTAC3’ 69
20 last ERp57GW R 2nd 5'CTTCAGGGTAGGGTAGCCAGACACAC3’ 68
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2.10.2 Semi-quantitative Reverse Transcription-PCH{T-PCR)

Expression levels dERT, CNX andERp57 were semi-quatitatively examined,
using primers shown in Table 2.10. Elongation fadt@alpha (EFXt) was used as an
internal control. The amplification conditions wergtimized as follow.

PCRs were performed in 25-ul reactions containirigi(y of the first strand
cDNA template, 1X PCR buffer (10mM Tris-HCI pH 8.80 mM KCI and 0.1%
Triton X-100), 200 uM each of dNTP and 1 unit ofdiagyme™ DNA Polymerase
(FINZYMES, Finland). Concentrations of each prinaed MgC} ranged from 0.05 -
0.25 uM and 1 - 2.5 mM, respectively. For optimizatof primer and MgGl the

number of cycles were showed in Table 2.11.

After RT-PCR, 5 microlitres of the PCR products &eombined with 21l of
the loading dye (5 g Ficoll type 400, 0.05 g Bromepol blue adjust volume to 20 ml
with water) before loaded to 1.8% agarose gel déectrephorized at 5-6 volt/cm. The
gel was stained with 2.pg/ml Ethidium bromide (EtBr) for 5 min and destaine
the TE buffer for 15 min. Intensity of target anontrol bands was quantified from

photographs of the gels using the Gel Pro program.

The determined band intensity value of interes&teg was normalized by
that ofEF-1a. The normalized data were then tested using oneawalysis of
variance (ANOVA) followed by Duncan multiple rangest @ < 0.05).
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Table 2.10Nucleotide sequences of primers used for semitaaletime quantitative
PCR analysis o€RT, CNX andERp57 in P. monodon

Tm(°C) Expected
No Gene Name of primer Sequence size
(bp)
CRT
1 Real-timeCRT F 5'CATACCTCATTATGTTTGGTCCTG’ 68
2 RealtimeCRT-Rnew 5 TTCTGGGTCCTTGATCTTCTTG’ 69 257
CNX
3 Real-timeCNX F 5 CACGGAAGAGCAAACAGAAGGAG3’ 72
4 Real-timeCNX R 5 TAAGAGCCAATCGTTCAGCAGG B 69 221
ERp57
5 Real-timeERp57 F 5 CTGTCACTGTTGCTGTGGGTAAG 71
6 Real-timeERp57 R 5'ACATCTTCATCCTTCATCGCTTG’ 69 151
EF-1a
Semi
EFlaF 5 ATGGTTGTCAACTTTGCCCC3’ 58
EFlaR 5 TTGACCTCCTTGATCACACC3’ 58 500
Real-time
9 EFlapi4r 5GTCTTCCCCTTCAGGACGTC3 58
10 EFloz14r 5 CTTTACAGACACGTTICTTCACGTTG3 58 214




Table 2.11Amplification condition for interesting gene expseEs level analysis in thermal stress shrimp us#mgi quantitative
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Amplification

condition Gene homologue
CRT CNX ERp57 EF-la
Temp.(°®C) Time  Number of cycles Temp.(°C) Time  Nemif cycles | Temp.(°C) Time  Number of cyclg Tefi).( Time  Number of cycles
3 3 3 3
Initial denaturation 94 min 1 94 min 1 94 min 1 94 min 1
Denaturation 94 30s 94 30s 94 30s 94 30s
Annealing 65 30s 26-35 69 45s 26-35 65 30s 26-35 53 45s 21
Extension 72 30s 72 45s 72 30s 72 45s
Final extension 72 7min 1 72 7min 1 72 7min 1 72 7min 1
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2.10.3 Quantitative real-time PCR

Expression levels o€RT, CNX and ERp57 were examined by quantitative
Real-time PCR, using primers shown in Table 2HPB1-o was used as an internal
control. The primers used for amplificatidéF1-a (EF1-a»14) were showed in table
2.10.

2.10.3.1 Construction of standard curves

Standard curve of each gene was constructed ubiegaccording ORF-
PGEMT construct prepared in section 2.13.1 as #meptates. The amount of the
templates in each reaction ranged from-1@° copy numbers, which were determined

from the following equation:

1 kb = 6.6 x 18dalton; 1ug of 1 kb cDNA contains 0.91xibmolecules

The amplifications were performed. in a reactionunoé of 10ul containing
LightCycler 480 SYBR Green | Master (Roch€pncentration of each primer was
0.2 uM (except for theCNX amplification, in which 0.3:M primers were used). The
thermal profile was 95 °C for 5 min followed by dficles of 95 °C for 10 s, 68 °C for
30 s and a final extension at 72 °C for 30 s. Sgysetly, cycles for the melting curve
analysis was carried out at 95 °C for 15 s, 60ACLfmin and at 95 °C for 15 s. Real-
time RT-PCR assay was carried out in a 96 welleptatd each sample was run in

duplicate.
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2.10.3.2 Quantitative real-time PCR

The amplifications were performed in a reactiofuwte of 10ul composed of
the fluorescence master mix and primers as describe2.10.3.1Each reaction
contain 11.25 (folEF-1a) or 25 (for CRT, CNX and ERp57) ng of the first strand
cDNA template The thermal profile was the same as that destribbéhe previous
section. Real-time RT-PCR assay was carried oat9 well plate and each sample
was run in duplicate. Relative expression levelsliierent groups of samples were
statistically tested by ANOVA followed by Duncaniew multiple range test or
Tukey test P < 0.05).

2.11 In vitro expression of recombinant proteins using a bactal expression

system

2.11.1 Cloning of ORF into a cloning vector (pGEM-Teasy)

ORF of the desired genes were amplified frothsttanded cDNA derived
from ovaries. Primers for the amplifications weesigned according to the derived
full-length cDNA obtained from above and are showitable 2.12.

The amplified ORF were ligated and cloned into pGEMasy vector. The ligation

products were transformed ink coli JM109. Plasmid DNA of the positive clones
was sequenced to confirm their sequences and ati@mtof the inserts. The ORF-
pGEM-T constructs were then used as templatesnigliication of the inserts to be

cloned into the expression vectors. in the next.step

2.11.2 Cloning of recombinant expression plasmids

Primers were designed to include an appropriatgictsn site before and
after the start and stop codons, respectively @abl3). For mature CRT, CNX and
ERp57, the first 1,173, 1359 and 1410 bp, respegtivwhich are the signal

sequences were excluded.
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The amplified products were digested with restittenzymes that were

specific to the introduced restriction sites. Thgedted products were then analyzed

by agarose gel electrophoresis and eluted frongéheThe purified digested ERp57

product was ligated into pET15b (Invitrogen) white others were ligated into pGEX
AT (GE Healthcare). The ligation products were $farmed intoE. coli JIM109. The

plasmid constructs were purified from the transfednk. coli JM109 cultures and

sequenced. Plasmid of the positive clones was guksdy transformed into an
expression hosk. coli BL21 (DE3) codon+ RIPL (Stratagene).

Table 2.12Nucleotide sequences of primers used for ORF aiogibn of CRT,
CNX andERp57 in P. monodon

Name of Tm(°C) Expected
No Gene primer Sequence size
(bp)
CRT
1 ORFCRT-F 5'CAAGAGCGAAGACGGAACGATG3’ 62
2 ORFCRT-R 5 GCATCTTTAGTAGCACCCCAAGTCTCS' 60 1221
CNX
3 ORFCNX-F 5 GAAGCGTGAGTCGTCCATTGACTAAA3’ 62
4 ORFCNX-R 5 TTAATCTCTCCGGGACTTGCGCAGCS' 65 1788
ERp57
5 ORF ERp57-F 5’ AATGGCTACGAGATTGTTAATACTACTCCS’ 68

ORF ERp57-R

5"CACTCTTTACACAACACACTGCGGTGA3’

66

1458
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Table 2.13 Nucleotide sequences of primers used for cloninghef expression

plasmids of recombinant CRT, CNX and ERp57.

no. Gene Name of primer  Restriction site Primer sagence

CRT

1 w/o CRT-GST_F BamHI 5 TTTGGATCCATGAAAGTATTTTTCGAAGAAAGATS

2 all CRT-GST_R EcoRl 5 TTTGAATTCTTACAGCTCGTCATGTTCAAG3’
CNX

3 CNX-GST_F BamHI 5 TTTGGATCCATGGATGACGATGACGATGAAGAAS’

4 CNX-GST_R EcoRl 5 TTTGAATTCTTATGGATTCTTATTGGAGTAGTTG3’
ERp57

5 EXpERp57-F Nde | 5 TTTCATATGGGAGACGATGTCCTGCAATTA3'

6 EXpERp57-R BamHI 5 TTTGGATCCTCATCAAAGTTCAGTCTTCTTGCC3!

Note: For amplification of the two CRT forms, thense reverse primer was used

2.11.3 Expression of recombinant proteins

A single colony of recombinari. coli BL21 (DE3) codon+ RIPL carrying
desired recombinant plasmid was selected for tipeession. Cells were grown in LB
medium, containing 5Qg/ml ampicillin and 34ug/ml chloramphenicol at 37 °C with
shaking. Protein expression was induced by 1 mM prigwyl-beta-D-
thiogalactopyranoside (IPTG) at an @pPof 0.4-0.6. For the time course studies,
samples were time-interval taken (at 1, 2, 3, @n8 14 hr) and centrifuged at 12000
g for-1 min.-The pellets were resuspended with RB8 2 x SDS-PAGE sample
loading buffer before examined by 15 % SDS-PAGHEI&&.14) (Laemmli, 1970).
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2.11.4 Western blotting

Recombinant proteins were analyzed by 15% SDS-PAGEe
electrophoresed proteins were transferred to PVD&mbrane (Hybind P; GE
Healthcare) (Towbin, 1979). The blotted membrans washed three times with 1X
TBST (0.5 % Tween20) for 5 min, blocked with a img buffer (5% BSA in 1X
TBST) and incubated overnight at room temperatuith wentle shaking. The
membrane was washed three times in 1XTBST and atedtwith 1:5,000 dilution of
an appropriate primary antibody (Anti-His (GE Heatire) for ERp57 and Anti-GST
(Biorad) for the rest) in the blocking buffer forht. After that, the previous wash
process was repeated before the membrane was tedulwégh Anti-mouse-IgG-AP
Conjugate (Promega; 1:10,000 dilution in the blagkbuffer) for 1 hr. The alkaline
phosphatase activity was detected by BCIP/NBT (fgah The membrane was
incubated in a dark place for 2-15 min.

2.11.5 Electrospray ionizationmass spectrometric (ESI-LC MS/MS) analysis of

recombinant proteins

The recombinant proteins were resolved by 15% BB&E and the protein
bands at the expected molecular mass were excisad the gel. In-gel trypsin
digestion was performed as described elsewherev(B8hrko et al., 1996). The
digestion products were injected with a flow rat&@0 nl/min into a 1090.18 mm, 5
um BioBasic C18 Kappa column (Thermo Electron) catee to a linear ion trap
mass spectrometer (Bruku). Peptides were eluted fh@ column by a concentration
gradient of acetonitrile from 2-65 % in 0.1% fornaicid for over 40 min. The peptide
mass spectra were measured by the connected medsosmeter equipped. Using
MASCOT, the results were searched against a namdhtP. mondon translated
protein database derived from an EST library datelfhttp://161.200.123.190/home).
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2.11.6 Protein purification

2.11.6.1 Protein sample preparation

Protein samples were obtained from 300 ml of IPM@uced cultures
prepared as previously described. Cells were htegds/ centrifugation at 6,790 g at
4 °C for 15 min. The pellet was resuspended inhilneling buffer (20 mM sodium
phosphate, 500 mM NaCl, 20 mM imidazole, pH 7.4mBles were incubated on ice
with 2 mg/ml lysozyme for 30 min before sonicataéter that, DNA was removed by
an on-ice incubation with 0.03 mg/ml DNase supplet®@ with 1 mM MgCJ. To
separate the soluble and insoluble fractions, sasnwkre centrifuged at 19,000 g for
30 min. Fraction containing the target expressedepm was selected to subject to the

next purification process.

2.11.6.2 His-Tag/ Ni affinity system

Recombinant ERp57 tagged with 6 histidine residuas subjected to the Ni
purification system using a His GraviTrap columri(Bealthcare), containing Ni ion
bound to the beads. Before sample loading, thenwolwas equilibrated with 10 x
column volumes of the binding buffer. Sample predairom the previous step was
then applied to the column twice. After that, th@duenn was washed with 10 x
column volumes of the binding buffer, followed byl8 x column volumes of the
washing buffer (20 mM sodium phosphate, 500 mM N&DI mM imidazole, pH
7.4). Target protein was finally eluted with 6 nfiltbe elution buffer (20 mM sodium
phosphate, 500 mM NaCl, 500 mM imidazole, pH 73he entire purification

process was performed at 4 °C and the purified amas stored at 4 °C until use.
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2.11.6.3 GST-Tag/ glutathione system

Recombinant GST tagged CRT and CNX proteins wendgfigdi using a
GSTrap FF column (GE Healthcare). The column waseguilibrated with 10 x
column volumes of binding buffer (2 M NaCl, 2.7 mikCl, 10 mM NaHPQO,, pH
7.3). Samples prepared from the previous step thereinjected into the column. The
column was washed with 5-10 column volumes ofttimeling buffer Target proteins
were eluted with 5-10 column volumes of elutionfbuf50 mM Tris-HCI, 10 mM
reduced glutathione, pH 8.0). The entire purificatprocess was performed at 4 °C
and the purified sample was stored at 4 °C unéled.

2.121In vitro characterization of protein activities
2.12.1 Calcium binding ability

One microgram of the purified protein was added t@M of either CaGlor
EDTA and mixedThe mixtures were incubated on ice 30 minbefore resolved
through 12% SDS-PAGE gel or 10% native-PAGE gahlé 2.14). The results were

detected by Coomassie blue staining.
2.12.2 Assay of binding activity of CRT and CNX td&eRp57

To examine the binding activity of CRT and CNX tRf57, 200ug of either
CRT or CNX were mixed with 200g of ERp57 and incubated on ice for 30 min. The
mixtures were then subjected to 10% native-PAGEagel detected by Coomassie
blue staining. The shifted bands were excised aradyaed LC-MS/MS to confirm
the binding.



Table 2.14Solutions for Tris/Glycine Native and SDS-Polyaaryide Gel Electrophoresis

Native-PAGE SDS-PAGE
Resolving gel Stacking gel Resolving gel Stacking ¢l

% gel 10% % gel 12% 15%

no. of gels 2 | no. of gels 2 | no. of gels 2 2 2

H,0 4| H,O 14| H,O 3.89 3.22| H,O 2.5

30% Acrylamide mix 3.3 | 30% Acrylamide mix 0.33| 40% Acrylamide:Bis 37.5:1 2.7 3.376| 40% Acrylamide:Bis 37.5:1  0.35

1.5 M Tris (pH 8.8) 2.5| 1.0 M Tris (pH 6.8) 0.25 | 4xLower* 2.25  2.25| AxUpper** 1

10% APS 0.1| 10% APS 0.02 | 10%APS 0.05 0.05| 10%APS 0.05

TEMED 0.004| TEMED 0.002| 10%SDS 0.09 0.09| 10%SDS 0.04
TEMED 0.02 0.02| TEMED 0.01

Total (ml) 10 | Total (ml) 2 | Total (ml) 9 9.006| Total (ml) 3.95

* AxLower buffer : 1.5 M Tris, 0.4% SDS, pH 8.8
** AxUpper buffer : 0.5 M Tris, 0.4% SDS, pH 6.8
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CHAPTER 111

RESULTS

3.1 Genomic DNA extraction

Genomic DNA was extracted from a piece of pleopddPo monodon
broodstock using a phenol-chloroform method. Thaligu of extracted genomic
DNA was electrophoretically determined. High molecweight DNA at the similar
size as that of undigest@dNA (approximately 50 kb) along with slightly shedr
DNA was obtained (Figure 3.1).

The ratio of ODRs/OD,gp of extracted DNA ranged from 1.8-2.0 indicating
that the acceptable quality of extracted DNA. S@NA samples were contaminated
with the residual RNA as visualized by the discreéad at the bottom of gel and
exhibited a ratio of ORJODygo > 2.0. However, contamination of RNA does not

affect the use of the extracted genomic DNA for Paiplification.

Figure 3.1 A 0.8% ethidium bromide-stained agarose gel shgwhre quality of
genomic DNA (lanes 1 - 4) extracted from pleopofi®.anonodon individuals. Lane
M = undigested. DNA (200 ng).

3.2 Total RNA extraction and first stand cDNA synthesis

Total RNA was extracted from various tissues ohljatenile and broodstock
of P. monodon using TRI REAGENT. The quality of total RNA was
electrophoretically determined using 1% agarose Betdominant discrete bands
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were observed along with smeared high moleculagtiveRNA (Figure 3.2). The
ratios of ODgy/ODygo Of purified RNA were 1.8 - 2.0. The first stand NB
synthesized from the obtained total RNA coveredlénge sized products indicating

the acceptable quality of the synthesized firgtretircDNA (Figure 3.3)

Figure 3.2 A 1.0% ethidium bromide-stained agarose gel shgulre quality of total
RNA extracted from various tissuesffmonodon. Lane M = 100 bp ladder. Lanes 1
- 3 = Total RNA from thoracic ganglia, hemocytesd alymphoid organ ofP.

monodon broodstock, respectively.

Kb M 1 2 3 4 5 6

Figure 3.3 A 1.0% ethidium bromide-stained agarose gel showirg synthesized
first strand cDNA from total RNA oP. monodon broodstock. Lane M %-Hind I
DNA marrker. Lane 1 - 6 = the first strand cDNA rfrointestine, ovary, testis,

thoracic ganglia, heamocyte and lymphoid orgarpeeisvely.
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3.3ESTs

Partial nucleotide sequencesaafreticulin (CRT, clone number OV-N-STO1-
0117-W, Figure 3.4A),calnexin (CNX, LP-V-S01-0622-LF Figure 3.4B) and
endoplasmic reticulum protein 57 (ERp57, HC-N-N01-2411-LF; Figure 3.4C) were
previously identified by theP. monodon EST project (http://161.200.123.190/
Tassanakajon et al., 2006; Preechaphol et al.,)2@STs representinGRT, CNX
andERp57 possessed 714, 686 and 672 bp in length. CRT gt/ EESTs contained
the putative start and stop codons of each gen®logues, respectively.

A)

GGGACTTACT CGAGT GACAGT CAAGAGCGAAGACGGAACCAT GAAGACCTGEGT TTTTCTTGCCCTATTTGEEGT T
GCCCTAGTGGAATCTAAAGTATTTTTCGAAGAAAGAT TCGACAGCCCTGAT TGGGAGAAAAATTGEGT TCAGTCTG
CACACAAGGGGAAGGAGT TTGGACCCTTCAAGT TGACAGCT GGCAAAT TTTATGGCGAT GCTGAAAAGGATAAGGEG
AATCCAGACTGGACAGGATGCCCCCTTTTATGGT CTTTCTACGAAGT TTGAGCCCTTCAGTAATAAGGATTCCCCA
CTTGTCATCCAGITTTCTGTAAAACAT GAACAGAACATTGACTGT GGTGGAGGATATCTAAAGGTCTTCGATTCCT
CTTTAGACCAGAAAGACATGCACGGAGAGT CGCCATACCTCAT TATGT TTGGT CCTGATATCTGT GGCCCAGGCAC
CAAGAAGGT TCATGTAATCTTCAAT TACAAGGGT GAGAACCATCT GATCAAGAAGGAAAT CCGT TGCAAGGATGAC
GTATTTTCCCATCTGTATACCCTCATTGTCAATCCTGACAACACCTACGAAGT TCTTATTGACAATGAAAAACGCTC
AGTCTGGT GAACT CGAGGAGGACT GEGACT TCCT TCCACCCAAGAAGAT CAAGGACCCAGAAGCCAAGAAGCCCEA
CGATTGGGATGACCGCCCCACCATTGCTGA

B)

GACAGACTGGAGT TATTCGACGAATCATCAACTACT CCAATAAGAAT CCATGGECTATATGGTATCTACGTACTCCT
AGTGGCCATTCCTGTAGIGT TGATATTTGCCTGI TGI TGT GCAGAAGCAAAGGACACCAAGGAAGATAAGGATGCA
GAGAGGAAAAAGACCGATGCACCT TCTCCTGAT GATCCACAAT CAGAGCAAAACAAAGAAGATTCTAGT CAAACTG
CAGCAGATGATGATGCT CCT GGAAGT GGEGAT GAAGCT GAAGGGGAT GAAGACAAAGGT GAT GAAGAGGGAGAGCGA
GGAAGAAGAT GAGGAAGAGGAGGAGGAAGCAGAGAAAGCT GAT GCAGCT GAGGAGGT CCAGACT CGCACATCACCA
AGGCTGCCCAAGT CCCCGAGAGAT TAAATGCCCT GT GGATGATGTACACTACAACT TAGGAGCAAGAAGAGGT GCAA
CATGTACCTGI TGGAAGGAAGATATTTTTTGATTGGATTTTTATATGAGGCCT TAACAATATCTATTAGTACAGTA
TAAGCATTTTATGCAAGATATCTCAGTCATATAATGTAGT GACGAATGTGGGTAATATGI TCAGTATATGI TTCAT
AAATAGAATATTTTTGTCTTGT TCTAATACAGAGAAGAGT TATGAATCCTGTATTTTGCTCTGATTACGGTAAGCT
TG

C)

ATCTGAAGT CTGAGGCAGT GCCAACACAAGATGGECCCAGT CACTGT TGCTGT GGGTAAGAACT TCAATGAAGT TGT
CTCTGATGAGCGT GATGCCCTCATTGAAT TCTATCGCTCCT TGGT GTGGT CACTGCAAGAAAT TAGCGCCCACCTAT
GATGAGCTGGGAGAAGCGATGAAGGAT GAAGATGT AGACAT T GT GAAGAT GGATGCCACTGCCAATGATGI TCCTC
CTCAGTACAATGI TCAAGGCT TCCCCACCATCT TCTGGAAACCCAAGGGT GGTGT TCCAAGGAAT TACAATGGT GG
CCGGGAACTTGACGATTTTGICAAGT ACATTGCCCAACATTCCACAAAT GAACT GAATGGGT AT GACCGCAAGGEEG
AAGGCAAAGAAAGGCAAGAAGACT GAACT TTGAGAATAAGAAAT TTTTACGAGGAGGGT GI TGTCACCGCAGTGTG
TTGTGTAAAGAGT GCTGCCAAATATGT TAGTCATGTATGATTATTCCATGCATTATAATTTT TCCATATGTAGCAAT
CAAAGGATGTICTTTTTGATGTAATATCTGTATTGT TGTATGCAAT TAAACATACGCAAATTTGI TTCCTCTCCAAG
AGCCTTGT CAGGT GAAAACTTGCTGACAGCATAACAAT TGGATATATTAAAATGAATTACCGGT

Figure 3.4 Nucleotide sequences of ESTs Rf monodon that were significantly
matchedcalreticulin (CRT, clone no. OV-N-ST01-0117-W; Agalnexin (CNX, clone
no. LP-V-S01-0622-LF; B) anéndoplasmic reticulum protein 57 (ERp57, HC-N-
NO1-2411-LF; C) previously identified (Tassanakajenal., 2006). Primers were
designed for further analysis. The putative stAG) and stop (TGA) codons are
boldfaced and underlined.
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3.4 Isolation and characterization of the full length cDNA of calreticulin, calnexin
and ERp57 homologuesin P. monodon using RACE-PCR

3.4.1 Calreticulin (CRT)

The partial sequence oélreticulin from ovarian cDNA library was confirmed
by re-sequencing of a 714 bp fragment generated fsamers CRT-F and CRT-R.
Similarity analysis using BlastX revealed that tteamplete 5° end of this gene was
already obtained. Therefore, only 3'RACE-PCR wase out.

A 1344 bp fragment was generated by 3"RACE-PCRPofmonodon
calreticulin. This fragment was cloned and sequenced. Nuclkeagdjuence of this
fragment partially overlapped with that of the ame) EST for 376 bp (Figure 3.5).
Nucleotide sequences of EST and 3’'RACE-PCR werendded. The full length
cDNA P. monodon calreticulin (PM-CRT) was 1682 bp in length with an ORF of
1221 bp encoding a polypeptide of 406 amino adrid:CRT contained 5~ and’3
UTR of 40 and 421 nucleotides, repectively. Theygohdditional signal (AATAAA)
was located between 1646-1651 of Bi-CRT cDNA. The closest sequenceRM-
CRT wascalreticulin of Apis melliferal (E-value = 2e-157).

The deduced PmCRT protein has the calculated maleaeight (MW) and
theoretical isoelectric point (pof 46.76 kilodalton (kDa) and 4.3. SMART analysis
shows the predicted signal peptide (MKTWVFLALFGVAE®) was located
between & and K. The calreticulin domain conserved in the CRT g@iroffamily
was found at positions 19-330 (2.30e-212). Thisseoved domain contained 3
repeats of IXDXEXXKPE(/D)DWD and a single motif &xWxPPXxIXNPxYx. The
putative endoplasmic reticulum targeting tetrapdpitHDEL was found at the C-
terminus of PmCRT (Figure 3.6).
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A)
bp
1500 =
1000 =
500 —
B)

ACATTGACT GTGGT GGAGGATAT CTGAAGGT CTTCGATTGCTCT T TAGACCAGAAAGACAT GCACGGAGAGT CGCC
ATACCTCATTATGTTTGGTCCTGATAT CTGT GGCCCAGGCACCAAGAAGGT TCATGTAATCTTCAATTACAAGGGT
GAGAACCATCTGATCAAGAAGGAAATCCGT TGCAAGGATGACGTATTTTCCCATCTGTATACCCTCATTGTCAATC
CTGACAACACCTACGAAGT TCTTATTGACAAT GAAAAAGCT CAGT CT GGT GAACT CGAGGAGGACTGGGACT TCCT
TCCACCCAAGAAGAT CAAGGACCCAGAAGCCAAGAAGCCCGACCGAT TGEGATGACCGCCCCACCAT TGCTGATCCT
GACGATACTAAGCCT GAAGAT TGEGACCAACCT GAACACATTCCTGATCCT GATGCCACCAAACCT GAGGACT GGG
ATGATGAAAT GGATGGCGAGT GGGAACCACCCAT GATTGACAATCCTGACT ACAAGGGT GAATGGAAGCCTAAGCA
GATTGATAACCCT GATTACAAGGGT CCATGGAT TCACCCT GAAATTGACAACCCAGAATACACACCT GACCCAGAG
ATCTACAAGTATGATGAGGTCTGIGCTCTTGGT TTGGATCT TTGECAGGTAAAATCTGGTACTATCTTTGACAACT
TCCTCATCTCAAAT GATCCT GAAGAAGCCCGCAAGAT TGGT GAAGAGACT TGGEGGT GCTACTAAAGAT GCAGCTAA
GAAGATGAAGGAT GAACAGGAT GAAGAGGAGCGAAAGAGAGCAGAGGAAGAAGCT AAGGCAGCTGCTGATGCTGAG
AAGGAT GAGGACGAT GATGACGACGACGAT CT TGECCGAT GAAGACGAAGAT GATCTTGATAATGATCTTGAACATG
ACGAGCTGTAAAGTI TATATTATTTTATTAAGGAAGT TATTATTTAAATAGCCTGT TGTACTATTTAAACATCAAAG
TACAATTAACTGAACCTTTTGGI TGTACATTCT TGTAAATACCAAGGECCTTCGGT TAATTCTAGTCATGGAATCTT
TTGITGT GGGCAAACT AAAATCCAAGCAT TCCAGTAGCT GAAGCT GATTGGAGGT TCCT TGACAAGAAGCCACCTA
TTTAGGTGGTATTCATAGTACATCACTCATCATTAATCATCCCATCATCATGTATGCAGCACAGTCCTGTATGTTT
GTACGAGACAAAAGT GTGTCAGTACTGATGT CAATTTAAACATGATTCAGTATCGCTGATTGCACAATGTI GTGTCT
GAGTGAGCGAT TTCCAATAAACACAATCAAAAAAAAAAAAAAAAAAAAAAAA

Figure 3.5.3° RACE-PCR product oP. monodon calreticulin (PmCRT, lane 1, A)
electrophoretically analyzed on a 1.5% agarose AydlO0 bp DNA ladder (lane M,
A) was included as the DNA marker. The RACE-PCRdpt (1344 bp) was cloned
and sequenced for both directions (B). Nucleotelguence that overlapped with that
of the original EST is highlighted. The sequencdR&CE-PCR primer is illustrated
in boldface.
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GGGACT TACT CGAGT GACAGT CAAGAGCGAAGACGGAACGATGAAGACCTGGGTTTTTCT 60
M K T WV F L] 7

TGCCCTATTTGGGGT TGCCCTAGT GGAATCTAAAGTATTT TTCGAAGAAAGATTCGACAG 120
AL F GV ATLUVETSIKVYFFETETZ RTFTDS 27
CCCTGATTGGGAGAAAAATTGGGT TCAGT CTGCACACAAGGGGAAGGAGT TTGGACCCTT 180
P DWEJKNWY QSAUHTIKGTEKTETFEGFP F 47

CAAGTTGACAGCT GGCAAATTTTAT GGCGATGCT GAAAAGGATAAGGGAATCCAGACTGG 240
K L TAGIKTFYGDATETZKTDTEKTGI QT G 67

ACAGGATGCCCGCTTTTATGGTCTTTCTACGAAGT TTGAGCCCTTCAGTAATAAGGATTC 300
QDARFYGL STI KT FEUPTFSNTKTDS 87

CCCACTTGTCATCCAGTTTTCTGTAAAACATGAACAGAACATTGACT GTGGTGGAGGATA 360
PLVI QFSVKHETU QNI DTCGG G Y 107

TCTAAAGGTCTTCGATTGCTCTTTAGACCAGAAAGACAT GCATGGAGAGT CGCCATACCT 420
L KV FDCSLUDG QKT DMHGETSZPY L 127

CATTATGTTTGGTCCTGATATCTGT GGCCCAGGCACAAAGAAGGT TCATGTAATCTTCAA 480
| MF GP DI CGPGTKKVHV I F N 147

TTACAAGGGT GAGAACCAT CTGATCAAGAAGGAAAT CCGT TGCAAGGATGACGTATTTTC 540
Y KGENUHILI KKZEI RCKUDTUDV F S 167

CCATCTGTATACCCTCATTGTCAATCCT GACAACACCTACGAAGT TCTTATTGACAATGA 600
HLYTLI VNPDNTYEVTLI DN E 187

AAAAGCT CAGT CTGGT GAACT CGAGGAGGACT GGGACT TCCTTCCACCCAAGAAGATCAA 660
K AQSGETULTETEUDMWDTETLZPPIK K I K 207

GGACCCAGAAGCCAAGAAGCCCGACGAT TGGGAT GACCGCCCCACCATTGCTGATCCTGA 720
DPEAKTKPDD WDDRZPTI ADZP D 227

CGATACTAAGCCT GAAGAT T GBGACCAACCT GAACACAT TCCTGATCCTGATGCCACCAA 780
DT KPEWDWDIOQPTETU HI P DWPDAT K 247

ACCT GAGGACT GGGAT GATGAAAT GGAT GGCGAGT GGGAACCACCCATGATTGACAATCC 840
P EDWDUDTEMDGEWTETPTPMI DN P 267

TGACTACAAGGGT GAATGGAAGCCT AAGCAGATTGATAACCCT GATTACAAGGGTCCATG 900
DY K GEWIKUPIKO QI DNZPUDYKGUP W 287

GATTCACCCT GAAAT TGACAACCCAGAATACACACCT GACCCAGAGATCTACAAGTATGA 960
| HP EI DNWPEVYTPDZPTETILI Y K Y D 307

TGAGGTCTGTGCTCTTGGT TTGGATCT TTGGCAGGTAAAATCTGGTACTATCTTTGACAA 1020
EVCALGLTUDLWQVIKSGTI F D N 327

CTTCCTCATCTCAAATGATCCTGAAGAAGCCCGCAAGAT TGGT GAAGAGACTTGGGGTGC 1080
F LI SNDZPTETEARIKI GEZET WG A 347

TACTAAAGAT GCAGCTAAGAAGAT GAAGGAT GCACAGGAT GAAGAGGAGCGAAAGAGAGC 1140
T KDAAKUKMKT DA AGO QDTETETETRTKR A 367

AGAGGAAGAAGCT AAGECAGCT GCTGAT GCT GAGAAGGAT GAGGACGATGATGACGACGA 1200
EEEAKAAATDATETKTDTETDTDTDTD D D 387

CGATCTTGGCGATGAAGACGAAGAT GATCT TGATAATGATCTTGAACATGACGAGCTGTA 1260
DL GDTETUDTEDTDLTUDNTDTLTETHTDE L * 406

AAGTTATATTATTTTATTAAGGAAGT TATTATTTAAATAGCCTGI TGTACTATTTAAACA 1320
TCAAAGTACAATTAACT GAACCT TTTGGT TGTACATTCTTGTAAATACCAAGGGCTTCGG 1380
TTAATTCTAGTCATGGAATCTTTTGITGI GGGCAAACTAAAATCCAAGCATTCCAGTAGC 1440
TGAAGCTGATTGGAGGT TCCT TGACAAGAAGCCACCTATTTAGGTGGTATTCATAGTACA 1500
TCACTCATCATTAATCATCCCATCATCATGTATGCAGCACAGT CCTGTATGTTTGTACGA 1560
GACAAAAGTGTGTCAGTACTGATGT CAATTTAAACATGATTCAGTATCGCTGATTGCACA 1620
ATGTGTGTCTGAGT GAGCGATTTCCAATAAACACAATCAAAAAAAAAAAAAAAAAAAAAA 1680
AA 1682

Figure 3.6 The full length cDNA sequences BMCRT. Start and stop codons are illustrated
in boldface and underlined. The predicted signalptide is boxed. Three
IXDXEXXKPE(/D)DWD repeats (position 206-218, 2232and 240-252) are highlighted
and underlined. The consens@XWxPPxIXNPxYx motif is double-undelined. The
endoplasmic reticulum targeting sequence (HDELjabcized. Sequence of theé RACE-
PCR primer is underlined, boldfaced and italiciZEloe polyA additional signal is boldfaced.
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Start codon Stop codon
SUTH
N
L
11T M e ans
Signal Calreticulin famnily o
peptide complexity 20bp
Name Position E-value

Signal peptide 1-17 -
Plam : Calretrenlin 19-330 1.30e-212

Low complexity 349-406 -

Figure 3.7 Diagram illustrating the full length cDNA ¢mCRT. The signal peptide
and calreticulin domain were found in positions7Ldnd 19-330, respectively. The

scale bar is 200 bp in length.

3.4.2 Calnexin (CNX)

Several amplification fragments were obtained frginand 3 RACE-PCR of
P. monodon calnexin. However, 1934 bp and 769 bp fragments were clcaedl
sequenced, respectively (Figure 3.8). Overlappeguences between thé BACE-
PCR fragment and EST and thé BACE-PCR fragment were 423 and 456 bp,
respectively. Nucleotide sequences of EST and RRCIR products were assembled.

The full length cDNA ofP. monodon CNX (called PmCNX) was 2509 bp in
length consisting the’&d 3 UTRs of 130 and 591 bp and an ORF of 1788 bp
encoding a polypeptide of 595 amino acids, respelgti(Figure 3.9). The poly A
additional signal (AATAAA) was located at positior160-2465 of the®PmCNX
transcript. The closest similarity of PmCNX was CNKAedes aegypti (E-value =
2e-169).
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A)

1500=
1000 =

500 =—

B)

GCAGATGATGAT GCT CCT GGAAGT GCGGAT GAAGCT GAAGGEGEGAT GAAGACAAAGGT GAT GAAGAGGGAGAGGAGGAAGAAGAT GG
AAGAGGAGGAGGAAGCAGAGAAAGCTGAT GCAGCT GAGGAGGT CCAGACT CGCACAT CACCAAGGCT GCGCAAGT CCCGGAGAGAT
TAAATGGCT GT GGAT GATGTACACT ACAACT TAGGAGCAAGAAGAGGT GCAACAT GTACCT GTTGGAAGGAAGATATTTTTTGATT
GGATTTTTATATGAGGCCT TAACAATATCTATTAGTACAGTATAAGCATTTTATGCAAGATATCTCAGT CATATAATGTAGIGACG
AATGTGGGTAATATGT TCAGT TTTTGT TTCATAAATAGAATATTTTTGTCT TGT TCTAATACAGAGAAGAGT TATGAATCCTGTAT
TTTCCTCTGATTACAGTAAGCTIGT TATATTTTACATTGTAGTACCTAGT CATGI TGGGCT CAGACTATTTGAGAAGGAAAATGTA
TTGTACAATGTCAGTAGGTATTTCTGI TAGCTCTTTCAATTTTTAGGAAATGCTGTGATAGT CTGAAGCTTCTTACTTCATCTCAG
ATACATTCCTTTGGT TCTTGATCT GCGCCAGGT TATTGTATAGAAACAT GAACAGAGCAGGAAGAAATGI TCTTTTCTTTTTGITG
GATATAAAATTAATATCATAGATGTATGAATAAAATTTTGTAGT TCACT GT CAAAAAAAAAAAAAAAAAAAAAAAAAAA

C)

CTAATACGACT CACTATAGGGGCAAGCAGT GGTATCAACGCAGAGT ACCCGEEGEEEEEGAAAGGACGACAGCT GAAGCGT GAGT CG
TCCATTGACTAAATACCT GAAATACGACCGAT TTAGGAGGAGCGAT GAAGT CGAGGT GECAGAGAAAAGCAGT AT TAGCACTGCTA
GITCTTGGECCTGCTGI TACCTTTTGGTAT TAAGGCAGATGACGAT GACGAT GAAGAAGCT GT TGT CACGGAAGAGCAAACAGAAGG
AGAGGAAGATGATGT AGAGGAGGT TGT GTATGCAACACCCAAGGCACT ACCAAAT GCATATCTGACTGAAACGT TTGATGACATAG
CTACTTTTGAGAAGACGT GGAT CAAAT CT GAAGCCAAGAAGGCECGGT GT TGATGAAAACAT TGCTAAATATGATGGT GT TTGGGCA
GTAGAACCTGCTGAACGATTGCCT CTTACT GGGGAT CGT GGGT TGGT GT TGAAGT CAAAGGCAAAACAT GCAGCAAT TGCAGCACC
ACTGAAGAAACCATTTGTATTCAGTAACAAGCCT TTTGTGGT TCAGTATGAAGT TAATTTACAGAATGGT CAAGAATGTGGT GGAG
CATATATCAAACTAAT CAGT GCCCAAAAAGGACGT GT GGATCT TAAAAAT TTCCAT GACAAAACACCGTACACTATTATGT TTGGA
CCAGACAAATGT GGCAATGACT TCAAGT TGCATTTCATCT TCAGGCATGI TAATCCTCT TACTGAAGAAAT TGAAGAAAAACATGC
TAAGAGACCACGT GACAAGAT TGAGGAACCAT TTAAGGACAAGAAGT CTCATTTGTACACAT TAGT AAT TCGACCAGACAACACCT
TTGAAATAAGCCT GGATCACGAGGT AATCAAT TCAGGAAGCCT TCT GGAGGACT TCACCCCAT CTGT CAACCCT CCCAAAGAAAT T
GATGATCCTGAAGACT TTATGCCAGAAGACT GGGAT GAAAGAGAAAAGAT TCCAGAT CCAGAAGCCGCAAAGCCTGATGACTGGGA
TGAGGATGCTCCCATGCAGAT CCCTGATCCAGT GGCTGAGAAACCT AGT GGAT GGCTGGAT GATGAGCCAGAAATGGTGCCAGATC
CCACT GCTGAGAAACCT GATGACT GGGAT GAT GAAAT GGAT GGT GAAT GGGAAGCTCCACT GATCACCAACCCCAAGT GTGTTGAT
GCACCGGGECT GT GEAGAGT GGAAGCCT CCCATGGT GGACAATCCT GAGT TCAAGGGCAAATGECGT CCACCCATGATTGACAATCC
TAATTACCGT GGAAAAT GGAAGCCACGAAAGAT CCCCAACCCTGACT TCTTTGAAGACCT GGAACCT TTCAAGATGACTGCTATTG
ATGCTGI TGGTCTGGAATTGT GGTCAATGICAGACAATATCCTCTTTGACAACATACT TGT CACAGACAATGT TGCTGAGGCTTAC
CAGT TTGCTCAAGAAACT TTTGACT TGAAGGT CAT GAAGAT AGAGAAGCGACAGACT GGAGT CAT TCGACGAATCATCAACCACTC
CAATAAGAATCCATGGCTATATGGTATCTACGTACTCCTAGT GECCATTCCTGTAGTGT TGATATTTGCCTGT TGT TGT GCAGAAG
CAAAGGACACCAAGGAAGATAAGGAT GCAGAGAGGAAAAAGACCGATGCACCT TCT CCTGATGATCCACAATCAGAGCAAAACAAA
GAAGATTCTAGT CAAACT GCAGCAGAT GAT GAT GCT CCTGGAAGT GGGGAT GAAGCT GAAGGEGGAT GAAGACAAAGGT GATGAAGA
GGGAGAGGAGGAAGAAGAT GAGGAAGAGGAGGAGGAAGCAGAGAAAGCT GAT GCAGCT GAGGAGGT CCAGACT CGCACAT CACCAA
GGCTGCGCAAGT CCCGGAGAGATTAAATGCCTGTGGATGATG

Figure 3.8 3 and 5 RACE-PCR products d?. monodon calnexin (PmCNX, lanes 1
and 2, A) electrophoretically analyzed on a 1.5%rage gel. A 100 bp DNA ladder
(lane M, A) was included as the DNA marker. Arrowatle indicated bands that were
cloned and sequenced. Nucleotide sequences$ @69 bp, B) and '5(1934 bp, C)
RACE-PCR products are shown. Overlapping nucleaetpuences between RACE-
PCR products and EST (456 and 423 bp, respectiaetyhighlighted.
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The calulcated Ipand MW of the deduced PmCNX protein were 4.4 and 6
kDa, respectively. PmCNXontained a signal peptide of 26 amino acids amd th
putative peptidase cleavage site was located batweeand Ds. A transmembrane
domain was predicted at positions 478-500. PmMCNs$ abntained the calreticulin
domain located at residues 62-436 (E-value = 13®-2(Figure 3.10). The
calreticulin  domain contained four motifs of IXDxB&PE(/D)DWD and
GXWxPPxIXNPxYx. This large domain also consistedtamnembrane (lysine rich),
acidic and phosphorylation domains. The phosphtoyladomains contained a PKC
(TXXD) and two CK2 (SSXXD/E) motifs, respectivelyhe C terminus of PmCNX
possessed glutamic acid-rich region at positior&%83. The putative ER retrieval
motif (RKXRRE/D) was observed at the C-terminal efid®mCNX.

CTAATACGACTCACTATAGGGGCAAGCAGT GGTAT CAACGCAGAGT ACGCGGGGGGGEEA 60
AAGGACGACAGCT GAAGCGT GAGT CGT CCATTGACTAAATACCT GAAATACGACCGATTT 120
AGGAGGAGCGAT GAAGT CGAGGT GBCAGAGAAAAGCAGT AT TAGCACTGCTAGTTCTTGG 180
[M K S R WORKAUV L ATLTLV L _§17
CCTGCTGTTACCTTTTGGTAT TAAGGCAGAT GACGAT GACGAT GAAGAAGCTGTTGTCAC 240
[C T L PF GIT KAIDDDTUDTDTETEAVV T 37
GGAAGAGCAAACAGAAGGAGAGGAAGAT GAT GTAGAGGAGGT TGTGTATGCAACACCCAA 300
EEQTTEGETEDODVETEVVYATP K 57
GGCACTACCAAATGCATATCTGACTGAAACGT TTGATGACATAGCTACTTTTGAGAAGAC 360
AL PNAYLTTETT EDDI ATTFTETKT 77
GTGGATCAAAT CTGAAGCCAAGAAGGGECGGT GT TGATGAAAACATTGCTAAATATGATGG 420
Wl KSEAZKJZKTGGVDTENIAKYTDG 97
TGTTTGGGCAGTAGAACCT GCTGAACGAT TGECTCT TACT GGGGATCGTGGGTTGGTGIT 480
VWAV EPAERTLALTGDURGTL V L 117
GAAGT CAAAGGCAAAACAT GCAGCAAT TGCAGCACCACT GAAGAAACCATTTGTATTCAG 540
K S KA KHAAI AAPLTIKTEKTPTFV F S 137
TAACAAGCCTTTTGTGGT TCAGTATGAAGT TAATTTACAGAATGGT CAAGAATGTGGTGG 600
NKPF VVQYEVNLU ONGO QETCG G 157
AGCATATATCAAACTAATCAGT GCCCAAAAAGGACGT GTGGATCTTAAAAATTTCCATGA 660
AY 1l KLl SAQZKGRVDLIKNTFHD 177
CAAAACACCGTACACTATTATGT TTGGACCAGACAAATGT GGCAATGACTTCAAGTTGCA 720
K TPYTI MFGP DKTGCGNUDF KoL H 197
TTTCATCTTCAGGCATGTTAATCCTCTTACT GAAGAAATTGAAGAAAAACATGCTAAGAG 780
FI' FRHVNZPILTETEI EEKHAK R 217
ACCACGTGACAAGAT TGAGGAACCAT TTAAGGACAAGAAGT CTCATTTGTACACATTAGT 840
P RDIKI EETPTFI KTDI KT KT SHLYTL V 237
AATTCGACCAGACAACACCT TTGAAAT AAGCCT GGATCACGAGGTAATCAATTCAGGAAG 900
| RPDNTTFEI SLDHEVI NSG S 257
CCTTCTGGAGGACT TCACCCCATCTGT CAACCCT CCCAAAGAAAT TGATGATCCTGAAGA 960
L LEDTFTZPSVNFPZPIKTETI DDFPE D 277
CTTTATGCCAGAAGACT GGGAT GAAAGAGAAAAGAT TCCAGAT CCAGAAGCCGCAAAGCC 1020
F MPEDMWDTETRTETKTI PDZPEAAK P 297
TGATGACT GGGAT GAGGAT GCTCCCATGCAGATCCCTGATCCAGT GGCTGAGAAACCTAG 1080
DDWDEUDAGPMOQOI PDZPVAEKP S 317
TGGATGGCT GGATGATGAGCCAGAAAT GGTGCCAGAT CCCACT GCTGAGAAACCTGATGA 1140
G WL DDEUPEMVYZPDZPTAEIKTPDD 337
CTGGGAT GATGAAAT GGAT GGT GAAT GGGAAGCT CCACT GATCACCAACCCCAAGTGTGT 1200
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wbDEMDGEWEAPL I TNWPK C V 357
TGATGCACCGGCECT GTGGAGAGT GGAAGCCT CCCAT GGTGGACAATCCTGAGT TCAAGGG 1260
DAPGCGEWKZPZPMVDNUPTETFK G 377
CAAATGCCGT CCACCCATGATTGACAAT CCTAATTACCGT GGAAAAT GGAAGCCACGAAA 1320
K WR PP MI DNZPNYRGKWKP R K 39
GATCCCCAACCCTGACTTCTTTGAAGACCTGGAACCTTTCAAGATGACTGCTATTGATGC 1380
| P NP DF F EDULEPFKMT A1 D A 417
TGTTGGTCTGGAATTGT GGTCAATGTCAGACAATATCCTCTTTGACAACATACTTGICAC 1440
v G L EL WS MSDNI L F DNI L V T 437
AGACAATGT TGCTGAGGCTTACCAGT TTGCTCAAGAAACT TTTGACTTGAAGGTCATGAA 1500
DNV AEAYQFAQETUFDUL KV MK 457
GATAGAGAAGGGACAGACT GGAGT CATTCGACGAAT CATCAACCACT CCAATAAGAATCC 1560

I E K GQT GV I RRI1 I NHSNK N P 477
ATGGCTATATGGTATCTACGTACTCCTAGTGCCCATTCCTGTAGTGITGATATTTGCCTG 1620
wL Y GI Y VL L VAI PV VLI F A C 497

TTGTTGTGCAGAAGCAAAGGACACCAAGGAAGAT AAGGAT GCAGAGAGGAAAAAGACCGA 1680
CCAEAAKUDTTU KTETGDTEKTDATETRTIKIKT D 517
TGCACCTTCTCCTGATGATCCACAAT CAGAGCAAAACAAAGAAGATTCTAGTCAAACTGC 1740
A PSPDDP®QSTETI QNTZKTETDSSO QT A 537
AGCAGATGATGATGCT CCT GGAAGT GGGGATGAAGCT GAAGGGGATGAAGACAAAGGTGA 1800
A DDDAPGS'GDEATETGDTETDTK G D 557
TGAAGAGGGAGAGGAGGAAGAAGAT GAGGAAGAGGAGGAGGAAGCAGAGAAAGCTGATGC 1860
EEGETETEEWDTETETETEEEAETKATD A 577
AGCT GAGGAGGT CCAGACT CGCACAT CACCAAGGCT GCGCAAGT CCCGGAGAGATTAAAT 1920
A EEVQTRTSPRLU REKSRRDF-*
GGCTGTGGATGATGTACACTACAACT TAGGAGCAAGAAGAGGT GCAACATGTACCTGTTG 1980
GAAGGAAGATATTTTTTGATTGGATTTTTATATGAGGCCT TAACAATATCTATTAGTACA 2040
GTATAAGCATTTTATGCAAGATATCTCAGT CATATAATGTAGT GACGAATGTGGGTAATA 2100
TGTTCAGTTTTTGT TTCATAAATAGAATATTTTTGTCTTGT TCTAATACAGAGAAGAGTT 2160
ATGAATCCTGTATTTTGCTCTGATTACAGTAAGCT TGTTATATTTTACATTGTAGTACCT 2220
AGTCATGTTGGGCTCAGACTATT TGAGAAGGAAAAT GTATTGTACAATGTCAGTAGGTAT 2280
TTCTGTTAGCTCTTTCAATTTTTAGGAAAT GCTGTGATAGTCTGAAGCTTCTTACTTCAT 2340
CTCAGATACATTCCTTTGGT TCTTGATCTGCGCCAGGT TATTGTATAGAAACATGAACAG 2400
AGCAGGAAGAAATGTTCTTTTCTTTTTGT TGGATATAAAATTAATATCATAGATGTATGA 2460
ATAAAATTTTGTAGT TCACT GTCAAAAAAAAAAAAAAAAAAAAAAAAAAA 2510

Figure 3.9 The full length cDNA sequence ¢TmCNX. Start and stop codons are
illustrated in boldfaced and underlined. The presticsignal peptide is boxed. Three
IXDXEXXKPE(/D)DWD repeats (position 206-218, 22323and 240-252) are
highlighted and underlined.- Four consensieNxPPxIXNPxYx motif are double-
underlined. A Lys-rich (juxtamembrane) domain fouad residues 503-515 was
boldfaced and italicized. Two putative CK2 . (SXXD/phosphorylation motifs
(residues 520-523 and 545-548) are highlighted amderlined. A PKC (TXXD)
phosphorylation motif (positions 536-539 of the deed CNX protein) is underlined.
An acidic acid domain and a putative ER retrievaltim(RKXRRE/D) are double-
underlined and highlighted, respectively. The pobdtitional signal is boldfaced.
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Figure 3.10 Diagram illustrating the full length cDNA d®PmCNX (A). The signal
peptide and calreticulin domain were found at nessd 1-26 and 62-436 of the
deduced CNX, respectively. A predicted transmembraomain was found at
positions 478-500 (arrowhead, B). The scale ba0&bp in length.
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3.4.3 Endoplasmic reticulum protein 57 (ERp57)

A discrete band of 1571 bp was obtained frofRACE-PCR whereas both
713 and 529 bp fragments were obtained froRAEE-PCR (Figure 3.11). These
amplified fragments were cloned and sequenced. édtide sequences of these
fragments were overlapped with the original ESThek for 32, 320 and 320 bp,
respectively. After sequence assembly, two differeoforms ofP. monodon ERp57
with 2100 and 2284 bp in length regarded as shattlang isoforms oPMMERp57,
respectively. They shared an identical ORF of 148orresponding to a polypeptide
of 485 amino acids with’8JTR of 113 bp and length polymorphism of theld'R
for 529 and 713 bp, respectively. The putative adgnylation signals (AATAAA)
were found in both transcripts. Nucleotide sequermafebothPmCNX isoforms were
aligned and the difference between these sequevaesbserved due to the length of
3’ UTR (Figure 3.14). This sequence significantlyfchad CNX ofBombyx mori (E-
value = 5e-154).

A)
bp
1500=—
2000— 1000—
1500—
1000— S00—
500—
B)

CTAATACGACT CACTATAGGCCAAGCAGT GGTATCAACGCAGAGT ACGCGEGGAAGAAAGGT CACGT GG
AAGGAGT GGCAAGAAAGAACGT GAAGAAGCAGAAAAAGAAAAGAAT GGCTACGAGATTGT TAATACTAC
TCCTCTCCCT CGT GGCCGT GGCGCT GGGAGACGAT GT CCTGCAAT TAAACGACGCGGAT TTCGACGGGA
AAGT GGCCAGCTACGACACGGT CCTCGT CATGT TCTACGCCCCGT GGT GT GGTCACT GCAAGAGATTAA
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AGCCTGAGT TTGAGAAGGCCT CTACCACCT TGAAGGCCAACGACCCT CCCGTCTACCT TGCTAAGGT GG
ATTGTACT GATGATGGAAAGGACAGCTGTAGCAGATTTGGT GTCTCTGGCTACCCTACCCTGAAGATCT
TCAAGGGAGGAGAGCT CTCTACGGACTACAAT GGT CCACGAGATGCCAGT GGTATTGTAAAATACATGA
GGTCACAGGT TGGACCAGCCT CTAAGGAGT TGACAT CCGT GGAGGCAGCAGAAGCATTCCTTGGTGCTG
CTGAAGT TGGAGT CGT TTACTTTGGAGGAGAT TCCAAACT TAAAGATGCT TTCCTAAAGGCTGCTGATA
AGCTGAGGGAATCCATCCGT TTTGCACACT CCCTCGATGCCACTGT TAATGAAAAGTATGGGTACAGT G
ATGTTGTTGTACTTTTCCGACCAAAACACCT GGAGAACAAATTTGAGCCTTCCTCTGI TGTATTTGAGG
GATCGGCAGACAGCCCTGAGATTGAGT CTTTCATCAAAAAGAACT TCCATGGT TTGGTAGGACACCTAA
CGCAAGACACTGCTCAGGATTTCAAACCTCCAGT TGTGATTCCT TACTACAATGT TGATTACATCAAAA
ATGTTAAGGGTACAAAT TACT GGCGCAATCGT GT CCTTAAGGT GGCACAAAACTTTGCTGATGACTTCA
AGTI TTGCCGTTGCCAATAAGGACGACT TCCAGCATGACCTCAATGAATATGECCTTGATTATGI TCCTG
GTGACAAGCCAGTAATTTGTGCACGTAAT GCTAAAGCCCAGAAGT TTGT CATGCAGGAAGAATTTTCAA
TGGATAACCT CCAAGCAT TCCTCACCAAT CT CAAGGECGGEGT GAGCT TGAGCCATATCTGAAGT CTGAGG
CAGT GCCAACACAAGAT

C)

TGAACT GAAT GGGTAT GACCGCAAGGGEGAAGGCAAAGAAAGCCAAGAAGACTGAACTTTGAG
AATAAGAAATTTTTACGAGGAGSGT GI'TGT CACCGCAGT GI GT TGT GTAAAGAGT GCTGCAG
ATATGITAGICATGTATGATTATTCCATGCATTATAATTTTTCCATATGTAGCAATCAAAGG
ATGICTTTTTGATGTAATATCTGTATTGI TGTATGCAATTAAACATACGCAAATTTGITTCC
TCTCAAAGAGCCTTTCAGGT GAAAACT TGCTGACAGTATTAAGATTGGAATATATTAAAATG
AATTACCGGT GAAGCT TGTCCTGIGCCTCTGT TTGT GT GAAAGCTAAGAATGGGTGAAGTTT
TGTGCAATAGTTTTTCCTAAATTTCTCTTGT AAAGAAAAAT GACGCAATGCAGTGGACTTTT
GAAGACTAAATTGATACAAT CAATCAT TCCGECCCT TGT CTGAAATACAAGAGCACAAGTTT
ATCCAGTGTAATGCATTCAGI TAACTTAATAAATTTTATAATATAAAAAAAAAAAAAAAAAA
AAATAAAAAAAAAAAAAAAAAAAAAAAAAAAA

D)

TGAACT GAAT GGGT AT GACCGCAAGCEGAAGECAAAGAAAGCCAAGAAGACT GAACT TTGAGAATAAGA
AATTTTTACGAGGAGCGT GI TGTCACCCCAGI GTGT TGTGTAAAGAGT GCTGCAGATATGI TAGTCATG
TATGATTATTCCATGCATTATAATTTTTCCATATGTAGCAATCAAAGGATGTCTTTTTGATGTAATATC
TGTATTGT TGTATCGCAAT TAAACATACGCAAAT TTGI T TCCTCTCAAAGAGECT TTCAGGTGAAAACTT
GCTGACAGTATTAAGATTGGAATATAT TAAAATGAAT TACCCGT GAAGCTTGTCCTGTGCCTCTGITTG
TGTGAAAGCTAAGAATGCEGTGAAGT TTTGTGCAATAGT TTTTCCTAAATTTCTCTTGTAAAGAAAAATG
ACGCAATGCAGTGGACT TTTGAAGACTAAATTGATACAATCAATCATTCCGGCCCTTGTCTGAAATACA
AGAGCACAAGTTTATCCAGI GTAATGCATTCAGT TAACTTAATAAATTTTATAATATATTTATTTACTT
TTTTTGAACCTTGGAAAAACTT GTGGTGGCCTGCATGGT TATTGCACAAATTTGATTACTGTAATGAGG
ACTTGAATTATGICTGCTAAACGGATTGAATCT TGT GTGATTGTACTGT TAAAATTTCCAATGAAATAT
TTGATAGGAAATATTGACT TTTTGACATGTAAAAACAAATAAAAACATTTACTCAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAA

Figure 3.11 5" and 3 RACE-PCR products d?. monodon ERp57 (PMERpP57, lanes

1; A, left and right panels) electrophoreticallyafzed in a 1.5% agarose gel. A 100
bp DNA ladder (lane M, A) and-Hind Il (Lane L, A) were included as DNA

markers. Arrowheads indicated bands that were daral sequenced. Nucleotide
sequences of'§B) and different length of'JC and D) RACE-PCR products are
shown. Overlapping nucleotide sequences between ERRACR products and EST

(320 bp) are highlighted.
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The deduced PmERpP57 has a calculated MW of 53.@rkDa theoreticallp
of 5.48. The predicted signal peptide of PmERp5% W& amino acids long. The
predicted peptidase cleavage site was located betw@g and Do residues.
PmERpP57 contained domains a, h,dand atypically found in the ERp57 proteins of
various taxa. Two thioredoxin domains were foundesidues 20-126 (E-value =
5.9e-46) and 361-463 (E-value = 1e-46) which weoated in the redox-active (a and
a domains, respectively). These thioredoxin regiomstain CGHC motifs typically
found in the zinc finger proteins. Domains b anadbERP57 are redox-inactive and
located at residues 130-232 and 235-342, respéclivigure 3.16).

CTAATACGACT CACTATAGGGCAAGCAGT GGTAT CAACGCAGAGT ACGCGGGEGAAGAAAG 60
GTCACGT GGAAGGAGT GGCAAGAAAGAACGT GAAGAAGCAGAAAAAGAAAAGAATGGECTA 120

M A T3
CGAGATTGTTAATACTACTCCTCTCCCT CGT GGCCGT GGCGCTGGGAGACGATGICCTCGC 180
R L L I L L L SL VA AVAL GDUDV L Q23

AATTAAACGACGCCGGAT TTCGACGCGGAAAGT GCGCCAGCTACGACACGGTCCTCGTCATGT 240
L NDADWVFDGIKVASY DTV L V MFA43
TCTACGCCCCGT GGT GT GGT CACT GCAAGAGAT TAAAGCCT GAGT TTGAGAAGGCCTCTA 300
Y A PWCGHT CIKRLIKZPETFEIKAS TE63
CCACCTTGAAGGCCAACGACCCTCCCGI CTACCT TGCTAAGGT GGATTGTACTGATGATG 360
T L K ANDWPWPVY L AKV DT CT D D GB83
GAAAGGACAGCTGTAGCAGAT TTGGTGT CTCTGECTACCCTACCCTGAAGATCTTCAAGG 420
K bsCSRFGWV S GYPTL K1 F K G103
GAGGAGAGCTCTCTACGGACTACAATGGT CCACGAGATGCCAGT GGTATTGTAAAATACA 480
GEL STUDYNGPARDASGI V K Y MI123
TGAGGT CACAGGT TGGACCAGCCT CTAAGGAGT TGACAT CCGT GGAGGCAGCAGAAGCAT 540
R S QVGPASKELT SV E A A E A F143
TCCTTGGTGCTCCTGAAGT TGGAGTCGT TTACT TTGGAGGAGATTCCAAACTTAAAGATG 600
L GA AEV GV VY FGGUDSK L K D A163
CTTTCCTAAAGGCTGCTGATAAGCT GAGGGAATCCATCCGT TTTGCACACTCCCTCGATG 660
F L KAADIKILWRESI RFAMHSL D AI183
CCACTGI TAATGAAAAGTATGGGTACAGTGATGT TGTTGTACTTTTCCGACCAAAACACC 720
T VNE K Y GY SDVV VL FRP K H L 203
TGGAGAACAAATTTGAGCCTTCCTCTGTTGTAT TTGAGGGATCGECAGACAGGCCTGAGA 780
E NKFEP S S V.V F EGS S ADRAE | 223
TTGAGTCTTTCATCAAAAAGAACTTCCATGGT TTGGTAGGACACCTAACGCAAGACACTG 840
E S FI KKNFMHGL V GHL T Q DT AZ243
CTCAGGAT TTCAAACCTCCAGT TGTGATTGCT TACTACAATGI TGATTACATCAAAAATG 900
QDFKWPPWV VI A Y Y NVDY I K N V263
TTAAGGGTACAAAT TACTGGCGCAATCGT GTCCTTAAGGT GGCACAAAACTTTCCTGATG 960
K G T NY WR NRV L KV A QNF A D D283
ACTTCAAGT TTGCCGT TGCCAATAAGGACGACT TCCAGCATGACCTCAATGAATATGGECC 1020
F K F AV ANIKDUDUFQHDIL NE Y G L 303
TTGATTATGI TCCTGGT GACAAGCCAGTAAT TTGT GCACGT AATGCTAAAGCCCAGAAGT 1080
DYVv P GDIKWPVI CARNAIKAAOQK FZ323
TTGTCATGCAGGAAGAATTTTCAATGGATAACCTCCAAGCATTCCTCACCAATCTCAAGG 1140
vV M QE EF S MDNULQATFTULTNL K A343
CCGGTGAGCT TGAGCCATATCTGAAGT CT GAGGCAGT GCCAACACAAGATGGECCCTGTCA 1200
GELEPYULIKSEAVZPTQDGUP V TS363
CTGITGCTGI GGGTAAGAACTTCAATGAAGT TGTCTCTGATGAGCGTGATGCCCTCATTG 1260
V AV GK NFNEVV S DERUDA AL | EZ383
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AATTCTATGCTCCTTGGTGT GGTCACTGCAAGAAATTAGCGCCCACCTATGATGAGCTGG 1320
FYAPWCGMHT CIKIKILAPTY DE L G403
GAGAAGCGATGAAGGATGAAGATGTAGACAT TGT GAAGAT GGATGCCACT GCCAATGATG 1380
E AMKUDEDVDI VKMDA AT AN D V423
TTCCTCCTCAGTACAATGT TCAAGGCT TCCCCGCCATCT TCTGGAAACCCAAGGGTGGTG 1440
P P QY NV QGFPAI F WK P K G G V443
TTCCAAGGAATTACAACGGT GCCCGEGAACT GGACGATTTTGTCAAGTACATTGCCCAAC 1500
P R NY NG GRETULDUDUFV K Y I A Q HA463
ATTCCACAAAT GAACT GAAT GGGT AT GACCGCAAGGGGAAGGCAAAGAAAGCCAAGAAGA 1560
S T NE L NGY DR RKGIK AKK G K K T483
CTGAACTTTGAGAATAAGAAATTTTTACGAGGAGGGTGT TGTCACCGCAGTGTGITGTGT 1620
E L * 485
AAAGAGT GCTGCAGATATGI TAGTCATGTATGATTATTCCATGCATTATAATTTTTCCAT 1680
ATGTAGCAATCAAAGCGATGTICTTTTTGATGTAATATCTGTATTGT TGTATGCAATTAAAC 1740
ATACCCAAATTTGI TTCCTCTCAAAGAGCCT TTCAGGT GAAAACTTGCTGACAGTATTAA 1800
GATTGGAATATATTAAAATGAAT TACCCGTGAAGCT TGTCCTGTGCCTCTGI TTGTGTGA 1860
AACCTAAGAATGCGTGAAGT TTTGTGCAATAGT TTTTCCTAAATTTCTCTTGTAAAGAAA 1920
AATGACGCAATGCAGT GGACT T TTGAAGACTAAATTGATACAATCAATCATTCCGGCCCT 1980
TGTCTGAAATACAAGAGCACAAGT TTATCCAGT GTAATGCATTCAGT TAACTTAATAAAT 2040
TTTATAATATAAAAAAAAAAAAAAAAAAAAATAAAAAAAAAAAAAAAAAAAAAAAAAAAA 2100

Figure 3.12 The full length cDNA and deduce protein sequen@49@ bp in length
with an ORF 1458 bp corresponding to a poly pepid485 aa) of a short form &%
monodon ERp57 (PmERpS7-s). Start and stop were illustrated in boldface and
underlined. The poly A additional signal is boldfdc

CTAATACGACT CACTATAGGGCAAGCAGT GGTATCAACGCAGAGT ACGCGGEGEGAAGAAAG 60
GT CACGT GGAAGGAGT GGCAAGAAAGAACGT GAAGAAGCAGAAAAAGAAAAGAATGGCTA 120

M A T3
CGAGATTGTTAATACTACTCCTCTCCCTCGT GECCGT GECCCT GGGAGACGATGTCCTCGC 180
R L L I L L L S L VAVA AL GDUDV L Q23

AATTAAACGACGCCGGAT T TCGACCEGAAAGT GCCCCAGCTACGACACGGTCCTCGTCATGT 240
L NDADZFDGI KVASYDTV L V MFA43
TCTACGCCCCGT GGT GI'GGTCACT GCAAGAGAT TAAAGCCTGAGT TTGAGAAGGCCTCTA 300
Y AP WCGHT CIKWRLIKWPETFEIKAS TE63
CCACCTTGAAGGCCAACGACCCTCCCGTCTACCTTGCTAAGGTGGATTGTACTGATGATG 360
T L K ANDWPPVYL AKV DT CT D D GB83
GAAAGGACAGCTGTAGCAGATTTGGTGICTCTGGCTACCCTACCCT GAAGATCTTCAAGG 420
K bsCSRFGV S GY PT L K1 F K G103
GAGGAGAGCTCTCTACGGACTACAATGGT CCACGAGATGCCAGTGGTATTGTAAAATACA 480
GEL STDYNGZPRDASG GI V K.Y MI123
TGAGGT CACAGGT TGGACCAGCCT CT AAGGAGT TGACATCCGT GGAGGCAGCAGAAGCAT 540
RS Q v GP A S K EL T SV E A A E A F143
TCCTTGGTCCTGCCTGAAGT TGGAGTCGT TTACTTTGGAGGAGATTCCAAACTTAAAGATG 600
L GA A EV GV VYF GGUDSK L K D A1l63
CTTTCCTAAAGCCTGCTGATAAGCT GAGGGAATCCATCCGT TTTGCACACTCCCTCGATG 660
F L KAADJIKILWRESI RFAMHSL D AI183
CCACTGI TAATGAAAAGTATGGGTACAGTGATGI TGTTGTACT TTTCCGACCAAAACACC 720
T VNEKY GY SDVVVL FRP K H L 203
TGGAGAACAAATTTGAGCCTTCCTCTGI TGTATTTGAGGGAT CGGCAGACAGEECTGAGA 780
E NKFEP S SVVFEGSADIRAE I 223
TTGAGTCTTTCATCAAAAAGAACTTCCATGGT TTGGT AGGACACCTAACGCAAGACACTG 840
E S FI1 KKNFHGLV GHULT QD T AZ243
CTCAGGATTTCAAACCTCCAGT TGTGATTGCTTACTACAATGT TGATTACATCAAAAATG 900
QDbFKWPPVVI AYY NVDY I KN V263
TTAAGGGTACAAATTACT GGCGCCAATCGTGTCCTTAAGGT GGCACAAAACTTTGCTGATG 960
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K G T NY WRNIRV L KV A QNF A D D283
ACTTCAAGT TTGCCGT TGCCAATAAGGACGACT TCCAGCATGACCTCAATGAATATGGECC 1020
F K F A VANIKUDUDUZFQHUDTILNE Y G L 303
TTGATTATGI TCCTGGT GACAAGCCAGTAAT TTGT GCACGT AATGCTAAAGCCCAGAAGT 1080
DYVvPGDIKWPVI CARNAIKAAOQK FZ323
TTGTCATGCAGGAAGAATTTTCAATGGATAACCT CCAAGCATTCCTCACCAATCTCAAGG 1140
vV M QE EF S MDNULQATFTULTNIL K A343
CGGGTGAGCTTGAGCCATATCTGAAGT CTGAGGCAGT GCCAACACAAGATGECCCTGICA 1200
GELEPYULIKSEAVZPTQDGUP V TS363
CTGITGCTGI GGGTAAGAACTTCAATGAAGT TGTCTCTGATGAGCGTGATGCCCTCATTG 1260
vV AV G K NF NEVV S DEIRUDA AL | E 383
AATTCTATGCTCCTTGGTGT GGTCACTGCAAGAAATTAGCGCCCACCTATGATGAGCTGG 1320
FYAPWCGMHT CIKIKILAPTY DE L GA403
GAGAAGCGATGAAGGATGAAGATGTAGACAT TGTGAAGAT GGATGCCACT GCCAATGATG 1380
E AMKUDEDVUDI VK MDA AT A N D V423
TTCCTCCTCAGTACAATGTI TCAAGGCT TCCCCGCCATCTTCTGGAAACCCAAGGGTGGTG 1440
P P QY NV QGFUPAI F WK P K G G V443
TTCCAAGGAAT TACAACGGT GGCCCEGAACT GGACGAT T TTGT CAAGTACATTGCCCAAC 1500
P R NY NG GRETLDUDUFV K Y I A Q HA463
ATTCCACAAATGAACT GAAT GGGTATGACCGCAAGGGGAAGGECAAAGAAAGCCAAGAAGA 1560
S T NEL NGY DR RIKGIK A KK G K K T483
CTGAACTTTGAGAATAAGAAATTTTTACGAGGAGGGT GT TGTCACCGCAGTGTGITGTGT 1620
E L *
AAAGAGT GCTGCAGATATGI TAGT CATGTATGAT TATTCCATGCATTATAATTTTTCCAT 1680
ATGTAGCAATCAAAGCGATGICTTTTTGATGTAATATCTGTATTGT TGTATGCAATTAAAC 1740
ATACGCAAATTTGT TTCCTCTCAAAGAGCECT TTCAGGT GAAAACTTGCTGACAGTATTAA 1800
GATTGGAATATATTAAAATGAAT TACCGCGTGAAGCTTGTCCTGIGCCTCTGI TTGTGTGA 1860
AAGCTAAGAATGCCGTGAAGI TTTGTGCAATAGI TTTTCCTAAATTTCTCTTGTAAAGAAA 1920
AATGACGCAATGCAGT GGACT T TTGAAGACTAAATTGATACAATCAATCATTCCGGCCCT 1980
TGTCTGAAATACAAGAGCACAAGT TTATCCAGIGTAATGCATTCAGT TAACTTAATAAAT 2040
TTTATAATATATTTATTTACTTTTTTTGAACCT TGGAAAAACT TGTGGTGGCCTGCATGG 2100
TTATTGCACAAATTTGATTACTGTAATGAGGACT TGAATTATGTCTGCTAAACGGATTGA 2160
ATCTTGTGTGATTGTACTGI TAAAAT TTCCAATGAAATATTTGATAGGAAATATTGACTT 2220
TTTGACATGTAAAAACAAATAAAAACAT T TACT CAAAAAAAAAAAAAAAAAAAAAAAAAA 2280
AAAA 2284

Figure 3.13 The full length cDNA and deduce protein sequen@284 bp in length
with an ORF 1458 bp corresponding to a poly pepbidé85 aa) of a long form d?.
monodon ERp57 (PmERp57-1). -Start. and.- stop- were. illustrated in boldfaced an
underlined. The polyA additional signal is boldfdce

PMERp57- | CTAATACGACTCACTATAGGEGCAAGCAGT GGTATCAACGCAGAGTACGCGGGEGAAGAAAG 60
PMERPS57- S CTAATACGACTCACTATAGGGCAAGCAGT GGTAT CAACGCAGAGT ACGCGGEGGAAGAAAG 60
IR EEEEEEEEEEEEEEEEEEEEEEEEE R R R R R R R R SRR EEREEEREEEEEEEEEEEESESESE]
PMERpP57- | GT CACGT GGAAGGAGT GGCAAGAAAGAACGT GAAGAAGCAGAAAAAGAAAAGAATGGCTA 120
PMERPS7- S GTI' CACGT GGAAGGAGT GGCAAGAAAGAACGT GAAGAAGCAGAAAAAGAAAAGAATGGECTA 120
kkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhhhhkhkhhkhkhkkhkhkhkkhkhkhkhkhkhkhkkhkkkkkkkkk*x*%
PMERpP57- | CGAGATTGITAATACTACTCCTCTCCCT CGT GECCGT GECGCT GGGAGACGATGTCCTGC 180
PMERp57- S CGAGATTGITAATACTACTCCTCTCCCT CGT GECCGT GECGCT GGGAGACGATGTCCTGC 180
kkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhhkhhkhhkhkhkkhkhkhkkhkhkhkhkkhkhkhkhkkkkkkkkkk*x*%
PMERp57- | AATTAAACGACGCGGAT TTCGACGGGAAAGT GGCCAGCTACGACACGGTCCTCGTCATGT 240
PMERp57- S AATTAAACGACGCGGAT TTCGACGEGAAAGT GGCCAGCTACGACACGGTCCTCGTCATGT 240
IR EEEEEEEEEEEEEEEEEEEEEEE R R R R R R R R R RS EEEEEEEEEEEEEEEEEEESESESE]
PMERp57- | TCTACGCCCCGT GGT GTGGT CACTGCAAGAGATTAAAGCCT GAGT TTGAGAAGGCCTCTA 300
PMERPS7- S TCTACGCCCCGT GGT GTGGT CACTGCAAGAGATTAAAGCCT GAGT TTGAGAAGGCCTCTA 300

khkkhkkhhkhhkhhhkhhkhhhkhhhhhhhhhkhhhhhhhhhkrhkhhkhhkhhkhhkhkkkhkhkkkkk k%

PMERpS57- | CCACCT TGAAGGCCAACGACCCTCCCGTCTACCTTGCTAAGGTGGATTGTACTGATGATG 360



PMERp57- S

PMERD57- |
PVERD57- s

PMERD57- |
PVERD57- s

PVERp57- |
PMERD57- S

PMERD57- |
PVERD57- s

PMERp57- |
PVERD57- s

PVERp57- |
PVERD57- s

PMERpS57- |
PMERP57- S

PMERp57- |
PVERDP57- s

PMERD57- |
PVERD57- s

PVERp57- |
PVERD57- s

PMERpS57- |
PMERp57- S

PMERp57- |
PVERD57- s

PVERp57- |
PVERD57- s

PMERpS57- |
PMERP57- S

PMERD57- |
PVERD57- s

PMERD57- |
PVERD57- s

PVERp57- |
PVERD57- s

PMERpS57- |
PMERp57- S

PMERD57- |
PVERD57- s

PVERp57- |
PVERD57- s

PMERpS57- |
PMERp57- S

PMVERp57- |
PVERD57- s

PMVERD57- |
PVERD57- s

PVERp57- |
PVERD57- S

PMERpS57- |
PMERp57- S

CCACCTTGAAGGCCAACGACCCTCCCGT CTACCTTGCTAAGGTGGATTGTACTGATGATG
IR EEEEEEEEEEEEEEEEEEEEEEEEE R R R R R R R R RS EEEEEEEREEEEEEEEEEEESESESE]
GAAAGGACAGCTGTAGCAGATTTGGT GTCTCTGGCTACCCTACCCTGAAGATCTTCAAGG
GAAAGGACAGCTGTAGCAGATTTGGTGT CTCTGGCTACCCTACCCTGAAGATCTTCAAGG
kkhkkhkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhkhkhkhhkhkhkkhkhkhkkhkhkhkhkhkhkhkhkhkkhkkkkkkk*x*%
GAGGAGAGCTCTCTACGGACTACAATGGTCCACGAGATGCCAGT GGTATTGTAAAATACA
GAGGAGAGCTCTCTACGGACTACAATGGTCCACGAGATGCCAGT GGTATTGTAAAATACA
kkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhkhkhhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkhkkhkkhkkkkk*x*%
TGAGGT CACAGGT TGGACCAGCCT CTAAGGAGT TGACAT CCGT GGAGGCAGCAGAAGCAT
TGAGGT CACAGGT TGGACCAGCCT CTAAGGAGT TGACAT CCGT GGAGGCAGCAGAAGCAT
IR EEEEEEEEEEEEEEEEEEEEEEEEE R R R R R R R R RS EEEEEEEREEEEEEEEEEEESESESE]
TCCTTGGTGCTGCTGAAGT TGGAGT CGT TTACT TTGGAGGAGAT TCCAAACT TAAAGATG
TCCTTGGTGCTGCTGAAGI TGGAGT CGT TTACT TTGGAGGAGATTCCAAACT TAAAGATG
kkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhkhhkhkhkkhkhkhkhkhkkhkkhkkhkhkhkhkkkkkhkhkhkkk*x*%
CTTTCCTAAAGGCTGCTGATAAGCT GAGGGAATCCATCCGT TTTGCACACTCCCTCGATG
CTTTCCTAAAGGCTGCTGATAAGCT GAGGGAATCCATCCGT TTTGCACACTCCCTCGATG
kkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkk*x*%
CCACTGITAATGAAAAGTATGGEGTACAGTGATGT TGT TGTACT TTTCCGACCAAAACACC
CCACTGITAATGAAAAGTATGGGTACAGTIGATGT TGT TGTACTTTTCCGACCAAAACACC
IR EEEEEEEEEREEEEREEEEEEEEEREREEEE R R R R R R EEEEEEEEEEEEEEEEEEEEESESE]
TGGAGAACAAATTTGAGCCT TCCTCTGT TGTAT T T GAGGGAT CCGECAGACAGGCECTGAGA
TGGAGAACAAATTTGAGCCT TCCTCTGT TGTAT T T GAGCGAT CCGECAGACAGGCECTGAGA
IR EEEEEEEEEEEEEEEEEEEEEEEREE R R EEREEEE R R EEEEEEEEEEEEEEEEEEEESESESE]
TTGAGICTTTCATCAAAAAGAACT TCCATGGT TTGGTAGGACACCTAACGCAAGACACT G
TTGAGTCTTTCATCAAAAAGAACT TCCATGGT TTGGTAGGACACCTAACCCAAGACACT G
kkhkkhkkhkkhkhkhkhkhkhkhhhkhhhkhhhhhhhhhhhhhhhhhhhhkhkhhkhkrhhhhhhhhhhkhkkhkkhkrk*x*
CTCAGGATTTCAAACCTCCAGT TGTGATTGCT TACTACAATGT TGATTACATCAAAAATG
CTCAGGATTTCAAACCT CCAGI TGTGATTGCTTACTACAATGI TGATTACATCAAAAATG
kkhkkhkkkhkhkhkhkhkhkhkhkhhkhhkhhkhhkhhhkhhkhhhhhhhhhhkhhhhkhhkhhhhhhhkhhhkhkkkkhkk*x*
TTAAGCGTACAAAT TACTGCCGCAATCGT GT CCT TAAGGT GGCACAAAACTTTCCTGATG
TTAAGGGTACAAAT TACT GGCGCAAT CGT GT CCT TAAGGT GGCACAAAACTTTCCTGATG
EEEEEEEEEEEEEEEEEEREEEEEEEE AR R R R R R R R R R EEEEEREEEEEEEEEEEEEEESESE]
ACTTCAAGTI TTGCCGT TGCCAATAAGGACGACT TCCAGCATGACCT CAATGAATATGGCC
ACTTCAAGT TTGCCGT TGCCAATAAGCACCGACT TCCAGCATGACCT CAATGAATATGCECC
kkhkkhkkhkkhkkhkhkhkhhkhhhhhhhhhhhhhhhhhhhhhhhhhhdhhhhkhhhhkhkhhkhkhhkhkhkhkhkhkhkk*x*
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Figure 3.14 Pairwise alignment dPmERp57-s andPmERp57-1.
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Figure 3.15 Diagram illustrating the full length cDNA of théart (A) and long (B)
isoformsP. monodon ERp57. Different isoforms oERpS57 shared identical ORF but
exhibited length polymorphism at thé 3TR. Two thioredoxin motif were found
(known as a and @omains) in the deduced ERp57 protein. The scalesklO0 bp in
length.

A)

MATRLLILLLSLVAVALG DDVLQLNDAPEDERVASYDTVIVMEYAPWICCHCKRIEKPEFERA
STTLKANDPPVYLAKVDCTDDGKDSCSRFGVSCYRPTLKIFKGGELSTDYN®RDASGIVKYMR
SQVGPASKELTSVEAAEAFLGAAEVGVVYFGGDSKLKDAFLKAADKLRESIRFAHSLDATVN

EKYGYSDVVVLFRPKHLENKFEPSSVVFEGSADRAEIESFIKKNFHGLVGHTQDTAQDFKPPV
VIAYYNVDYIKNVKGTNYWRNRVLKVAQNFADDFKFAVANKDDFQHDLNEY GLDYVPGDK
PVICARNAKAQKFVMQEEFSMDNLQAFLTNLKAGELEPYLKSEAVPTQDGR/TVAVGKNENE
VVSDERDALIEFYAPWCGHCKKLAPTYDELGEAMKDEDVDIVKMDATANDVPPQYNVQGFP
TIFWKPKGGVPRNYNECRELDDEVKY AQHSTNELNGYDRKGKAKKGKKTEL*

B)

ERpS7 protein

Start codan Ktop codan

L CORC B L cGHC

99 aa 102 aa 108 aa 100 aa

a-domain D-domain b’-domain a’-domain

Figure 3.16 Organization of functional domains (a, bamd & respectively) in the
deduce PmERp57 protein (A). The signal peptidendedined. Catalytic sites in a
and adomains (WCGHCK) are bold-italicized and highligtht A schematic diagram
of ERp57 also illustrated (B).
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3.4.4 Phylogenetic analysis

A bootstrapped neighbor-joining tree illustratinglationships of CRT from
different taxa was constructed (Figure 3.17). Itelerate and vertebrat€RT were
allocated to different groups. The tree topologBIT was statistically supported as only
on branch as the bootsrapping value < 5P#CRT was allocated to be a member of the
invertebrateCRT and it clustered with that of the Chinese shrirkpnneropenaeus

chinensis.

A phylogenetic tree indicated close relationshigsween vertebrat€NX. The
topology of this tree was well supported by boaising values and all branches showed
the bootstrapping values > 50%. In addition, thetsimapped_NX tree clearly supported
that vertebrateCNX and CMG are closely related and shared the same evoluyiona
ancestor. Invertebrat€NX was quite diverse an®mCNX showed relatively large
divergence from other invertebra@NX. Accordingly, PmCNX should be regarded as a

new member of this protein family (Figure 3.18).

For the construction of a phylogenetic treeE®p57, protein sequences BRp57
from various species and those of protein disulisdeneraseRDI) were retrieved. Like
CNX, the topology oERp57 tree is also statistically supportd@mERpS57 clustered with
PDI of the mud cralscylla paramanosain. This strongly indicates th&Rp57 and PDI
are members of the same protein family (Figure)3.19
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Cotesia rubecula CRT

97|

96 Anopheles gambiae CRT
97 L Aedesaegypti CRT
85 lool_Penaeusmonodon CRT ; . L. . .
| Fennerop BIeohasi s CRE Figure 3.17 A bootstrapped neighbor-joining tree illustrating
o Ixodles-scapular CRT relationships between CRT of various taxa. Valuegha node
] Jl—CfmafeagigaSCRT represent the percentage of times that the paaticulde occurred in
92 Pinctada fucata CRT d b b . h iirsda. d .
o Lo Eiceriaidlfih i 500 trees generated by bootstrapping the origirsdé.dProtein
u Aplysia californica CRT sequences of CRT frorRenneropenaeus chinensis (ABC50166),
69 9q Danio rerio CRS Apis melifera (XP_392689)Cotesia rubecula (AAN73309), Ixodes
100 I ctalurus punctatus CRT . i i .
. . scapular (AAT99573,Eisenia fetida (AB174618),Crassostrea gigas
% Paralichthys olivaceus CRT . _ . _
| Salmo salar CRT (BAF63639), Pinctada fucata (ABR68546), Aplysia californica
93 1ool:Xe”""’“""““‘“’iSCRT (AAB24569), Danio rerio (AAH68336), Ictalurus punctatus
Xenopustropicalis CRT . i
57 (AAQ19852), Paralichthys olivaceus (ABG00263), Salmo salar
Gallusgallus CRT
Ornithorhynchus anatinus CRT (ACI33338), Xenopus laevis (NP_001080765)Xenopus tropicalis
100~ Musmusculus CRT (NP_001001253), Ornithorhynchus anatinus (XP_001514084),
4 Rattus norvegicus CRT 4 .
_ Monodelphis domestica (XP_001377711), Equus caballus
100 Oryctolagus cuniculus CRT
Homo sapiens CRT (XP_001504932),0ryctolagus cuniculus (NP_001075704),Mus
! Equus caballus CRT musculus (NP_031617),Rattus norvegicus (NP_071794),Gallus
o Monodelphis domestioa CRT gallus (AAS49610), Anopheles gambiae (AAL68781), Aedes

aegypti-(XP_001657748), Homo sapiens (NP_004334) were

retrieved from the GenBank and compared with tfid. enonodon.
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Figure 3.18 A bootstrapped neighbor-joining tree illustrating
relationships between CNX of various taxa. Valuesha node
represent the percentage of times that the paaticulde occurred in
500 trees generated by bootstrapping the origirsh.dProtein
sequences of CNX fronTrichoplax adhaerens (XP_002112490),
Apis mellifera (XP_624907)Nasonia vitripennis (XP_001608138),
Tribolium castaneum (XP_975051))xodes scapularis (EEC05774),
Gallus gallus (CNX, NP_001025791; CMG, XP_420413),
Ornithorhynchus anatinus (XP_001513600), Rattus norvegicus
(NP_742005), Mus musculus (NP_031623), Equus caballus
(XP_001497517)Canis familiaris (NP_001003232)Danio rerio
(NP_001071009),Ictalurus punctatus (AAQ18011), Bos taurus
(NP_001099082), Homo sapiens (NP_001737), Pongo abdlii
(CAH92563), Crassostrea gigas (BAF63638), were retrieved from
that

the GenBank and' compared with d¢?. monodon.
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Figure 3.19 A bootstrapped neighbor-joining tree illustrating
relationships between ERp57 of various taxa. Valatethe node
represent the percentage of times that the paaticulde occurred in
500 trees generated by bootstrapping the origirsaé.dProtein
sequences of ERp57 frorfcylla paramamosain (ACD44938),
Strongylocentrotus purpuratus (XP_782981), Cricetulus griseus
(AAL18160), Rhinolophus ferrumequinum (ACC69114), Homo
sapiens (BAA11928), Gallus gallus (NP_989441) Xenopus laevis
(NP_001080051), Salmo salar (ACI34304), Apis mellifera
(XP_623282), Nasonia vitripennis (XP_001599732), Tribolium
castaneum (XP_971685) were retrieved from the GenBank and
compared with that d®. monodon.
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3.5 Organization of PmCRT, PmMCNX and PmERp57 genes examined by genome
walk analysis

3.5.1 Genomic organization of Calreticulin

Amplification of genomic DNA ofP. monodon using primers ORFCRT-F &
CRT-R and CRT-F and ORFCRT-R yielded the product3{0 and 1050 bp fragments,
respectively (Figure 3.20). These fragments weoaead and sequenced. The nucleotide
length of these fragments was 1297 and 1036 bpecéisely (Figures 3.21 and 3.22).
Nucleotide sequences of these two fragments wezdapped for 357 bp. A total of 1976

bp was obtained after sequence assembly.

In addition, 5 and 3" UTR oPmCRT were studied using genome walking
analysis. A 781 bp fragment of the 5° UTR' @nd 29 CRT-Promoter primers with AP1
and AP2 primers) and a 1046 bp fragment of andBR (CRT-F and AP1 primers)
were obtained, respectively (Figures 3.23-3.25)quBaces of the genome walking

fragments were assembled with those described above

The complete gene sequence RINCRT was 3043 bp in length (Figure 3.26).
PmCRT was composed of 4 exons and 3 introns (Figure 8@/ Table 3.1). The length
of each exon varies from 85 bp (exon 1) - 830 bited). The GC content reflected a
slightly greater thermal stability in exons (42.8-#%) than in introns (28.6-34.1%) of
the CRT (table 3.1). The exon/intron boundary sites deteech by corresponding cDNA
sequences were consistent with GT/AG rule. Intrbasd 3 of thémCRT gene interrupt
the ORFs after the®lor 2'% codon (type 1 intron), whereas the remain int¢edhe
ORFs between two codons (type 0 intron) (Figuré)3.2

The ‘putative. TATA box of this gene was found at +{8#Qupstream from the
transcription initiation site. The predicted CAA&gulatory box (CCAAT) was located
between 95-91 nucleotide downstream from the trgstgun starting point. Moreover,
potentialcis-acting elements for multiple transcription factarsluding an ultraspiracle-
TF (USP, GCTCA), a heat shock-TF (HS, GAATTTTCTQ)datwo endoplasmic
reticulum stress elements (ERSE, CCAATXXXXXXXXXCCAT where X is any
nucleotide) were found implying thatPmCRT is regulated by both hormonal and

environmental stimuli.
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o 1036 bp
CRT-F ORFURT-R

Figure 3.20 Genomic amplification oPMCRT using ORFCRT-R & CRT-F (lane 1) and
ORFCRT-F & CRT-R (lane 2) primers. A 100 bp DNA died (lane M1) and-Hind I
(lane M2) were used as the markers. Genomic otientaf each amplified fragment (B).
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ATGAAGACCTGGGITTTTCTITGCCCTATTTGGGGTTGCCCTAGTGGAATCTAAAGTATTTTTCGAAGAAAGA
TTCGACAGCCCTGGTAAGCTTGTATATTTTATATAAAAATCCTTCABATTAATTACTTAGTTAAAT
GGTCGTCATTGACAGGCCCGGCTAATATGACCGGTGATTACAGACTTASBTATTAATTGTAAAAA
GGAATGCTTGTATGTTTATGTAGTGATTGTATAGTAGTTGACGACGGUTAAATAATGAAATTTTAA
AGTTGGAAATATTAGTTGCTTAAACTATAGCTATTTATGCCGCAAGRRBIACAGAATTTTTTCTGT
GAAGGCGTTGCCACAAGTCATGTCTTCATCACTATTTATGTGAAAGI GGXIMACGTCATGTGATTT
GTGTAATATCTTCTTGATGATCAAGTGTGAGGAGTCCTGAAGATGAOATTTCTTGCAGATTGGGAG
AAAAATTGGGTTCAGTCTGCACACAAGGGGAAGGAGTTTGGACCLTITAABAGCTGGCAAATTTTAT
GGCGATGCTGAAAAGGATAAGGGAATCCAGACTGGACAGGTAAAATGTIIORGAGACTTGCTTGTT
GTCACTCAACTTTCAGAATTTTTTTTATTATGTTGAGATATTTTGTE&RNTACTTCATGAATTTGCTT
AGAAATCAAGTAAAATTGAGTTGAAAGTATTTTCAAACACTGGTAARGANGTTCAAAACAGAAGG
TATGTGAACTTTCACATTTTGACTCCTTATTTATGTCTGCCTTTATCAGGATGCCCGCTTTTATGGT
CTTTCTACGAAGTTTGAGCCCTTCAGTAATAAGGATTCCCCACTTGAGATTTCTGTAAAACATGAA
CAGAACATTGACTGTGGTGGAGGATATCTAAAGGTCTTCGATTGGARTIOABAAAGACATGCACGGA
GAGTCGCCATACCTCATTATGTTTGGTAAGTAGCCTTCATAGCTTTAGFOCTTTAATTTTTTAAAC
TTTGACTTCATAAGATGCTTTAATAGTGTTGCTGTAGACATACTAAITENCTCTTTAAAGGTCCTG
ATATCTGTGGCCCAGGCACCAAGAAGGTTCATGTAATCTTCAATTACBAGRACCATCTGATCAAGA
AGGAAATCCGTTGCAAGGATGACGTATTTTICCCATCTGTATACCCITCAATOGT GACAACACCTACG

A

Figure 3.21 Nucleotide sequence of the PCR product amplifieith WvDRFCRT-F
(underlined, above) and CRT-R primers (underlinezglpw). Shared sequence with that
of the fragment generated from ORFCRT-R & CRT-fnaris is highlighted.

ACATTGACT GT GGTGGAGGATATCTAAAGGTCTTCGATTIGCTCTTTAGACCAAAAAGACATGCACGGAGAGT
CGCCATACCTCATTATGTTTGGTAAGTAGCCTTCATAGCTTTAGCCATTARATTTTTAAAACTTTG
ACTTCATAAGATGCTTTAATAGTGTTGCTGTAGACATACTAATTTCITTCGTI TAAAGGTCCTGATAT
CTGTGGCCCAGGCACCAAGAAGGTTCATGTAATCTTCAATTACAARIBGTBACTGATCAAGAAGGA
AATCCGTTGCAAGGATGACGTATTTTCCCATCTGTATACCCTCATTGTTABACAACACCTACGAAGT
TCTTATTGACAATGAAAAAGCTCACTCTGGTGAACTCGAGGAGGAITGGERACCTCCCAAGAAGAT
CAAGGACCCAAAAGCCAAGAAGCCCGACGATTGGGATGACCGCTGCAGEATCTGACGATACTAA
GCCTGAAGATTGGGACCAACCTGAACACATTCCTGATCCTGATGBCATGAGGACTGGGATGATGA
AATGGATGGCGAGTGGGAACCACCCATGATTGACAATCCTGACTBGAAGGGAAGCCTAACCAGAT
TGATAACCCTGATTACAAGGGTCCATGGATTCCCCCTGAAATTGAKMMIXNCCCACCTGACCCAAA
AATCTACAAGTATGATGAGGTCTGCGCTCTTGGTTTGGAATTTTGMAMNE@GEGGTACTATCTTTGA
CAACTTCCTCATCTCAAATGATCCTGAAGAAGCCCGCAAGATTGEIAENAGSGGTGCTACTAAAGA
TGCAGCTAAGAAGATGAAGGATGAACAGGATGAAGAGGAGCGANBAIENAGAAGCTAAGGCAGC
TGCTGATGCTGAGAAGGATGAGGACGATGATGACGACGACGATUGANBAGASAAGATGATCTTGA
TAATGATCT TGAACATGACGAGCTGTAA

Figure 3.22 Nucleotide sequence of the PCR product amplifigti ®RT-F (underlined,
above) and ORFCRT-R primers (underlined, below)ar&th sequence with that of the
fragment generated from ORFCRT-R & CRT-F primersighlighted.
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Figure 3.23 Genome walking analysis for isolation of 5° (laneafd 3" (lane 2) UTRs of

PmCRT. A Hind 11l (lane M2) and a 100 bp DNA ladder (lane M1) wesedias the
markers. Genomic orientation of each amplified finagt (B).
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GTAATACGACT CACTATAGGGECACGCGT GGT CGACGECCCAECCTGGTTCACTATAGGGCACGCGTGGTCAC
GGCCCTGGCTGGTGTAAGGAATTTTCTCACTTTCAAATGGTAAATBGARRTAGTACTTTGGCATTG
GTTATTCTGCTTTAGATCCCCCTCCGCTCTTACGTCGGACCAAAATRARZGBCCAATCAGCGACATC
CATGACATAACCCTAACCAATCACAGACGTCCATGTGAGGGAGTATEACCATTCTCCAAGTTAGA
AACAACACGCCTATGTTGATATCATAGATGACAGAATCAGGACCEIAILTTE&GAGATTTAGCTATTG
TGTACATTTCACTGGCATTCAAGAGAAAGAAATCGATGTTTAAAGERREMTTTATGATAATTTC
TACGTACACGAACATAGCCAATGCCTTCAACATAAGAGTTCAACTRAAMNGATCATATACTCCTTC
GAAGAGCACTTATAAAGAGATCTGAATCTACTTGTTCACAAAATTRIARCEATCCTCTGCCGCGAC
AACCAATCGGCGTTCTCCACTTGTATCAGCTTCCTAGCAAAATCTGUTGHEAZCGTCGGGGAGCAGTG
AAGGTGGGGACTTACTCGAGTGACAGTCAAGAGCGAAGALBWEIECTGGGTTTTTCTTGCCCT
ATTTGGGGTTGCCCTAGTGGAATCTAAAGITHIIOGAAGAAAGAT TCGACAGCCCTGGT

Figure 3.24 Nucleic acid sequence of the amplified fragmemtegated by -5 GWCRT
(underlined, above) and AP1 (underlined, below) AR® (underlined and highlighted)

primers. The start codon is illustrated in boldthead double-underlined.

ATTGCGACCAACCTGAACACATTCCTGATCCTGATGCCACCAAACCTGAGGACTGGGATGATGAAATGGATG
GCGAGTGGGAACCACCCATGATTGACAATCCTGACTACAAGGGTEZIATHHNGCAGATTGATAACC
CTGATTACAAGGGTCCATGGATTCACCCTGAAATTGACAACCCAGNETAKIMMCCCAGAGATCTACA
AGTATGATGAGGTCTGTGCTCTTGGTTTGGATCTTTGGCAGGTAARNMTIATICTTTGACAACTTCC
TCATCTCAAATGATCCTGAAGAAGCCCGCAAGATTGGTGAAGAGSTITGRIBGTAAAGATGCAGCTA
AGAAGATGAAGGATGAACAGGATGAAGAGGAGCGAAAGAGAGCAGBCTAMGGCAGCTGCTGATG
CTGAGAAGGATGAGGACGATGATGACGACGACGATCTTGGCGAFASRGBSBECTTGATAATGATC
TTGAACATGACGAGCIIARAAGTTATATTATTTTATTAAGGAAGTTATTATTTAAATAGCCTGTTGTACTA
TTAAACATCAAAGTACAATTAACTGAACCTTTTGGTTGTACATTCTATABBAAGGGCTTCGGTTAAT
TCTAGTCATGGAATCTTTTGTTGTGGGCAAACTAAAATCCAAGCATAGCAGAAGCTGATTGGAGGT
TCCTTGACAAGAAGCCACCTATTTAGGTGGTATTCATAGTACATCBATTAATCATCCCATCATCAT
GTATGCAGCACAGTCCTGTATGTTTGTACGAGACAAAAGTGTGTGHI GATRAATTTAAACATGATT
CAGTATCGCTGATTGCACAATGTGTGTCTGAGTGAGCGATTTCCAXIMIANAAAAAAAAAAAAAA
AAAAAAAAAGTACTCTGCGTGGATACCACTGCTTGCCCTATAGTGAG AGARATGGRECAGCCCCG
GCCGT CGACCACGCGT GCCCTATAGTGAGICGTATTAC

Figure 3.25 Nucleic acid sequence of the amplified fragmemtegated by 3" GWCRT
(underlined, above) and AP1 (underlined, belowiners. The stop codon is illustrated in

boldfaced and double-underlined

TCACTATAGGGCACG@GTCACGGCCCTGGCTGGTGTAAGGAATTTICTCACTTTCAA — 437
ATGGTAAATATATTTGGAAATAGTACTTTGGCATTGGTTATTCTGGNTOBGCCTC - 377
CGCTCTTACGTCGGACCAAAACAAATACTEGBECAGOGACATCCATGACATAACC - 317
CTAACCAATCACAGACGT CCATGTGAGGGAG TTTAACCAATCAGCTTTCTCCAAGTTAGA - 257
AACAACACGCCTATGTTGATATCATAGATGACAGAATCAGGACCEIAIITEGAG - 197
ATTTAGCTATTGTGTACATTTCACTGGCATTCAAGAGAAAGAAATTGARBECAA - 137
GAAATTACAATTTATGATAATTTCTACGTACACGAACATAGGCEATCAACATAAG - 77
AGTTCAACTGAAAAGAGAAACATCATATACTCCTTCGAAGABEABAGAGATCTG - 17

+

—
AATCTACTTGTTCA@MATTACATCACTTATGATCCTCTGCCGCGACAACCAATCGGCG 44
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TTCTCCACTTGTATCAGCTTCCTAGCAAAATCTGCGGCAGTCGACEEAGGESTG 104
AAGGTGGGGACTTACTCGAGTGACAGTCAAGAGCGAAGABBBWEXECTGGGT 164
TTTTCTTGCCCTATTTGGGGTTGCCCTAGTGGAATCTAAAGTATTRGAXRGATT 224

CGACAGCCCTGgtaagcttgtatattttatataaaaatccttcgtaatttg ttgaattac 284
ttagttaaatggtcgtcattgacaggcccggctaatatgaccggtgattac agacttaac 344
cctcggatattaattgtaaaaaggaatgcttgtatgtttatgtagtgattg tatagtagt 404
tgacgacgtttaaggctttataatgaaattttaaagttggaaatattagtt gcttaaact 464
atagctatttatgccgcaagttggacaagtacagaattttttctgtgaagg cgttgccac 524
aagtcatgtcttcatcactatttatgtgaaagtggcatgtcacaacgtcat gtgatttgt 584
gtaatatcttcttgatgatcaagtgtgaggagtcctgaagatgcatttttt ttttcttgc 644

agATTGGGAGAAAAATTGGGTTCAGTCTGCACACAAGGGGAAGGAGTTIGGAA 704
GTTGACAGCTGGCAAATTTTATGGCGATGCTGAAAAGGATAAGGGARTGGACA 764

Ggtaaaatttctcttgtttagagacttgcttgttgtcactcaactttcaga atttttttt 824
attatgttgagatattttgtgtattcaacacttcatgaatttgcttagaaa tcaagtaaa 884
attgagttgaaagtattttcaaacactggtaaactaatggatagttcaaaa cagaaggta 944
tgtgaactttcacattttgactccttatttatgtctgcctttatttttica gGATGCCCG 1004

CTTTTATGGTCTTTCTACGAAGTTTGAGCCCTTCAGTAATAAGGARCITGCCAT 1064
CCAGTTTTCTGTAAAACATGAACAGAACATTGACTGTGGTGGAGEWHMAETCTT 1124
CGATTGCTCTTTAGACCAGAAAGACATGCACGGAGAGTCGCCATARTIGCAIIGg 1184
taagtagccttcatagctttagatcttatccittaattitttaaactttga cttcataag 1244

atgctttaatagtgttgctgtagacatactaatttcttitgtcictttaaa ggtcctgaT 1304

ATCTGTGGCCCAGGCACCAAGAAGGTTCATGTAATCTTCAATTACMNGHAEICAT 1364
CTGATCAAGAAGGAAATCCGTTGCAAGGATGACGTATTTTCCCATRTIGIRTATT 1424
GTCAATCCTGACAACACCTACGAAGTTCTTATTGACAATGAAAAATCTGATGAA 1484
CTCGAGGAGGACTGGGACTTCCTTCCACCCAAGAAGATCAAGGARTITANGERAG 1544
CCCGACGATTGGGATGACCGCCCCACCATTGCTGATCCTGACGATRCIANGAT 1604
TGGGACCAACCTGAACACATTCCTGATCCTGATGCCACCAAACCTGSGBAGAT 1664
GAAATGGATGGCGAGTGGGAACCACCCATGATTGACAATCCTGARGAGAATGG 1724
AAGCCTAAGCAGATTGATAACCCTGATTACAAGGGTCCATGGATTEMRJTTGAC 1784
AACCCAGAATACACACCTGACCCAGAGATCTACAAGTATGATGAGETCTGGGT 1844
TTGGATCTTTGGCAGGTAAAATCTGGTACTATCTTTGACAACTTCTTBARTGAT 1904
CCTGAAGAAGCCCGCAAGATTGGTGAAGAGACTTGGGGTGCTAGCRMAGPAAG 1964
AAGATGAAGGATGAACAGGATGAAGAGGAGCGAAAGAGAGCAGAGGAAGALRA 2024
GCTGCTGATGCTGAGAAGGATGAGGACGATGATGACGACGACGSIIGANEAC 2084
GAAGATGATCTTGATAATGATCTTGAACATGACGABRAGTTATATTATTTTATTA 2144
AGGAAGTTATTATTTAAATAGCCTGTTGTACTATTTAAACATCAAASTROXCTGA 2204
ACCTTTTGGTTGTACATTCTTGTAAATACCAAGGGCTTCGGTTAATOATEBGAAT 2264
CTTTTGTTGTGGGCAAACTAAAATCCAAGCATTCCAGTAGCTGAAGEEMBGTTC 2324
CTTGACAAGAAGCCACCTATTTAGGTGGTATTCATAGTACATCACTUMTRZATC 2384
CCATCATCATGTATGCAGCACAGTCCTGTATGTTTGTACGAGACARARGAGIAC 2444
TGATGTCAATTTAAACATGATTCAGTATCGCTGATTGCACAATGCTGREIIGIAGCG 2504
ATTTCCAATAABACAATCAAAAAAAAAAAAAAAAAAAAAAAA 2564

Figure 3.26 Organization of th MCRT gene. Nucleotides of exons are capitalized while
those of introns are highlighted and shown in lole&ers. The TATA box and start and
stop codons are bold-italicized and highlighted.e TGBAAT box and transcription
initiation site are double-underlined and bold-talded, respectively. The poly A
additional signal site is underlined. 5° UTR BMCRT contained two endoplasmic
reticulum stress elements (underline-italicized), w@traspiracle-TF (bold and double

under lines) and a heat shock-TF (boxed letter).
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Table 3.1 GC content and length of exons and introns oPIRERT gene

Compositions of gene Genomic DNA mRNA GC content (%)

Exon (No. of nucleotides) (No. of nucleotides)

1 1-85 (85 bp) 1-85 435 %

2 496-614 (119 bp) 86-204 46.2 %

3 846-1032 (187 bp) 205-391 42.8 %

4 1146-1975 (830 bp) 392-1221 46.7 %

Intron Genomic DNA Type GC content (%) GT/AG rule

(No. of nucleotides)

1 86-496 (411 bp) 1 34.1 % Yes
2 616-846 (231 bp) 0 28.6 % Yes
3 1034-1153 (120 bp) 1 30.0 % Yes

P. monodon CET cDNA

St caden Fop codon Paly (A
! | | 1M} b
i | —_—
FMCRT gene J. l L
e [ %,
o .f"f ."|l * \\\
Start codon —~ [ , '\_7\\ Stop codon
411 bp ' 31bp - AW bp
ORFCET-F CRT-R
i o o it i i i i i o i s i
CRT-F ORFCRT-R

Figure 3.27 Schematic diagrams oPmCRT cDNA and gene. Coding regions are
represented in open bars. Introns (with numbers) gary shaded. Primers used for

amplification of genomi®MCRT are illustrated.
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3.5.2 Genomic organization of Calnexin

Genomic organization dMCNX was characterized by genome walking analysis.
Initially, ORFCNX-F and ORFCNX-R were used alongwihe adaptor primer (AP1 or
AP2) (Figure 2.28). A 514 bp fragment was obtaifredh ORFCNX-F and AP1 primer
whereas ORFCNX-R and AP1 primer generated a 178§8dmhuct (Figures 2.29-2.30).

Subsequently, primer®15 cont GW-CNX & AP1 and 13" cont GW-CNX &
AP1 were used for the primary genome walking PCRPIICNX. The primary PCR
products were diluted 50 fold and used as temptatéhe secondary PCR. A fragments
of 1164 bp fragments was obtained froffl & cont GW-CNX and AP2 (Figure 2.31 and
2.32). However, no amplification band was obtaifredn amplification ofP. monodon
genomic DNA with 2° 3 cont GW-CNX and AP2 primers.

After that the T'and 2° GW CNX-new primers were designed from the sequence
obtained from # 5"cont GW-CNX and AP2 for further analysis. TRE@GW CNX-new
and AP1 were used for the primary PCR whereas th&® CNX-new and AP2 were
used for the secondary genome walking amplificatidrfragment of 659 bp in length
was obtained (Figure 3.33). Nucleotide sequencehisf fragment is shown by Figure
3.34. Many primers were designed and applied fahéur characterization &?#mCNX but

the amplificatiob product was not obtained.
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A) B)
bp bp
1500 =
1000 —
500 = 1500 —
1000 —

500 =

C)

PMCNX gene
200 bp

Start codon Stop codon

514 bp 1783 bp
= (m—
= .

— - 1—-{-:11:'1 AP I_—p.—r/ --------------- -
ORFCNX-F AP AP2 ORFCNX-R

Figure 3.28 Genome walking analysis 8fnCNX using ORFCNX-F & AP1 (lane 1, A)

and ORFCNX-R & AP1 (lane 1, B). A-100 bp DNA ladd&ne M) was used as the
markers. Genomic orientation of the amplicon resulrom ORFCNX-F & AP1 and

ORFCNX-R & AP1 primers are shown (C).
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GAAGCGT GAGT CGTCCATTGACTAAATACCTGAAATACGACCGATTTAGGAGGAERBGTCGAGGTGG
CAGAGAAAAGCAGTATTAGCACTGCTAGTTCTTGGCCTGCTGTTARETATITAAAGCAGATGACGAT
GACGATGAAGAAGCTGTTGTCACGGAAGAGCAAACAGTAAGTTATTEBAATAATTTTGGCTTTAA
AGAACAATATGCAGAATTATAAAAAATGGATTTCTAAATCTATTGATATAATGTATGGTGATTTATG
GGAAGAGATTATGATTTCAGATAGTGGATAACCTACTTCTGTGCTGTGIARAGCAGGGTCTTCAAAAA
TCAATAACCATATGTAGTGGATTCTGGGCCTTGGGGGAACCTTTARTRTBGEGACCTTTTTTTTCA
ATAATGATAAGAATTCCACCAGCCCGGGCCGTCGACCAGCCCCHEOCBGTBUGEICCCTATAGIGA
GICGTATTAC

Figure 3.29 Nucleotide sequences of the genome walking fragmmieBmCNX amplified
by ORF-F & AP1. The start codon is double-undedin@rimer sequences are boldfaced
and underlined. The adaptor sequence is highlighted

GIAATACGACTCACTATAGGGCACGCGIGGICGACGGCCCGGGCTGGTCGACGGCCCGGGCTGGTATTTTTA
AAAATGAATGAAAAGGGTAAACAGGTGAGACAGGTAGTACGTGTAGHSIEIMTAAGAAAAAATTT
ATAAAATAAACTCACTGGGGGCATGGCGTGTAAGTACATGCTGTGGCNGTGGGTTAATAAAACAA
GATGTATTACACTAATTTCATTACTTTTTTTGTAGCAAACTTTTTGRBBTBTTGAAGCTAACCAATT
ACAAGCCTGTAATGTGGGCACTCTACGTACTTTATATGATTATTCGMTAGTAATCTTTTGTCTAC
TGAAGAGAGTATATGAGGTATTTTTCTGGTAAAATTTTTTGCTAGAABEEGATTACATAAGGGCTA
GTGCAAGAAACTATGTTAGCTAGGGTGAGCATATGAATTGCTCTE@®AFENTIGTGACATTTGTGTAT
GAGTAATTATATGAAAAGTAGGGGTAGGTTATTAGTAAGAGTTGAITTANTAGS TGTTGCTTTATGTA
AAATATATTTTTTTTTTATTTTTAAAAATCTTTCATACTTTAACATATGBAAAGCCTTTTTGATACACA
CCTTCTAGATACAGATTATTTGGCATTCTTTTCAGTGCTTTAATACBBCGTETGTGATTGCCCTGCTT
TAGAGTAATAGCCACATTCATCTGTATCTGTGTATTCTTTATTGTAGAGTGATTCGACGAATCATCA
ACTACTCCAATAAGAATCCATGGCTATATGGTATCTACGTACTCCTABTEGCTGTAGTGTTGATAT
TTGCCTGTTGTTGTGCAGAAGCAAAGGTAGAGTATGATAATAGCTIGITAMASATTTCTTTGCTTTT
AAGTGTAAAAACTAAAAGATTTAACATTAATAATAGTGTAGACAAGNCIINICACACGTGTTTGAAAA
TGAATGTGCAATATTACTAGAACTTCAAAAATATATATTTTGTGTCAGITARTTTGGATCTCTCAGGA
CACCAAGGAAGATAAGGATGCAGAGAGGAAAAAGACCGATGCATGHIGAIT CACAATCAGAGCA
AAACAAAGAAGATTCTAGTCAAACTGCAGCAGATGATGATGCTCAGERERIAET GAAGCTGAAGGGGA
TGAAGACAAAGGTGATGAAGAGGGAGAGGAGGAAGAAGATGAGGBAGSBBECAGAGAAAGCTGA
TGCAGCTGAGGTATTGATCCAAAACCAGTTATCTTAACTATTTTCTEEIGOTACTTTATATAAATGT
TTGAATCTGCATTTCTCCATCTAATTGTCTTTAAAAGTTTGAATGTTGATTCTCTCTCAATGTGCAAA
CCACTTTATCAGATTTTTAAAACACTGTTTTGTGTTTCATTTCTTITATTGACAGTTGTACATTTTTT
GAGTACCACATATTGTTCATATTTGTCTAGGGTTGCTTATTTTCAGATAMATAACATAACTGGTGCTG
CATATCCAAGTAAAGAGTACTITTTTGGTTTTGCCAAGTATTTTTTTTTCRAAAAACATGATCCATAG
GTGTATACCAATGTTTCAGTAGTGTATCACATACAAGAAAATTTGTAIRATATTAATTTTTTCTTT
CAAGGAGGTCCAGACTCGCACATCACHEAMSGCCAAGI CCCGGAGAGATTAA

Figure 3.30 Nucleotide sequences of the genome walking fragmmieBmCNX amplified
by ORF-R & AP1. Primer sequences are boldfacedusmaerlined. The adaptor sequence
is highlighted.
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A)
bp ™ 1
1500 =
1000 =
500 =—
B)
PMCNX gene
i i 1164 bp i :: 200_1)13
15 cont GW-C N?\L\\

Figure 3.31 Genomic organization d®PMCNX was further carried out using®s" cont
GW-CNX and AP2 (lane 1, A). A:100 bp DNA ladder (leaM, A) was used as the
marker. Genomic orientation of the amplified fragrn).
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AACCATATGTAGIGGATTCTGGECCTTGGGGGAACCTTTAACTTGGAATATATGACCTTTTTTTTCAATAAT
GATAAGAATTCCACCAGCAGAATATACATAAGGATTTAACCTTCTBTATEGAGAAATTGTGTACTAG
GACAAAATCAGAACAGAACATTTTTGTAATGAGCTGTACAAAAGAGAGEACAAAGTCAGGATGAGA
CCTGGACACAGCTTGAGGGCTTCAGGGGCTTCTTCCTGCTAAGYBI @B GAAGAAGCAAACC
TAATGCATTGATCCATATATAGTGGAAATACTTCATTCTAGGTTCONWRAGATTATTGAAGGTGCT
CATTTGGGATAGGTTATACTTTTAGATTTAGATTTTTATGAAATAARTAARATTGAAATGATTTCAT
GGTTCTTGTGGAAAATGGGTATTAAAGCTTATGGGATAAATCTATEGATTTTTACCAGTGTTCATT
TAGAAGACTTGATCTCTGAACAGCAGTATAGATATATTAAAGTTAGATERAGAGAGTTGAATTTAA
AGGTGACTATGAATTGATTAGATAATTTTACTTGTTTATGCTGTTAGNAITMACATTAAATAGCCATG
CAGTAATAACTTTTTAGGTTTGCCAAGAAATGATGTAGCTGTGTGCBAGIGTGGCAAGGTATTTCG
TCATCCTAGCAACCTAACAAATGCTAAAATGACTACAGTACAGTGAAGCEBAGAAATTTTATGTAT
TTGCTCAGGAGTAGTGCATTCTAATAATTCATGTTTTAACTATATAGITITIAMAATCCAATATCTTCCC
CTTGCTGATATGATTTTGATGTATCAACATTTTGAAGACTGAATATCATIAATTTCCTTTTAACTTT
CCATTTATCTTGGTCAGGAATATAGAATGCCTGTTATGAGTTATTAGAAKAAAAGGCATGAACAG
CAGGAATATCAAATCCAGTGTTGGATAATTTTTTITTTITTTTTTTTATUAGEBAAGGAGAGGAAGATGAT
GTAGAGGAGGTTGTGTATGCAACACCCAAGGCACTACCAAATGCATAGBABACCAGCGEECCG
TCGACCACCCGT

Figure 3.32 Nucleotide sequences of the genome walking fragmoeBmCNX amplified
by 2" 5'cont GW-CNX & AP2. Primer sequences are boldfaaad underlined. The
adaptor sequence is highlighted.

A) bp M X
1500 — e
1000 =
500 =

B)
PMCNX gene
Start codon Stop codon
[ St H iy

1%t GWneww —p—ip - - - 4—g— AP1
2ma GwWndhw sz

Figure 3.33 Genomic organization oPMCNX was further carried out usind'2GW
CNX-new and AP2 (lane 1, A). A 100 bp DNA ladderfle M) was used as the marker.

Genomic orientation of the amplified fragment (B).
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CAAGGCACTACCAAATGCATATCTGACTGAAACGTTTGATGACATAGCTACTTTTGAGAAGACGTGGATCAA
ATCTGAAGCCAAGAAGGACGGTGTTGATGAAAACATTGCTAAATATIATGGGCAGTAGAACCTGC
TGAACGATTGGCTCTTACTGGGGATCGTGGGTTGGTGTTGAAGTEAAAGSILCAGCAATTGCAGC
ACCACTGAAGAAACCATTTGTATTCAGTAACAAGCCTTTTGTGGTTGABBATAATTTACAGAATGG
TCAAGAATGTGGTGGAGCATATATCAAACTAATCAGTGCCCAAAABGGREETTCTTATTTGGGACA
TTTGGATCCACGTGGAAAACAGCCACGTGGTCCACTGGTAATAGBAAAAGBACATCCTGTAACAG
AAATAGAATTATCCACATCTTATACACCCATCCACCCACCCATCCATACACATCCATCCATCCACT
CAGCCACTCATCCACCCACCCACCTACCCACCCACCCATCCACCCUIINEIGCGTGCCCTATAGT
AATCGAATTCCCGCGGCCGCCATGGCGGCCGGGAGCATGCGACGNATGIGACCAGUGGEECCGT
CGACCACGCGT

Figure 3.34 Nucleotide sequences of the genome walking fragmieBmCNX amplified
by 2" 5°GW-CNX-new & AP2. Primer sequences are boldfasad underlined. The
adaptor sequence is highlighted.

Genomic organization dMCNX gene is not completely characterized at present.
In total, 5 complete exons and 3 complete introesewdentified and characterized. The
complete exons were located at positions 1-1241Bg¢mplete exon), 125-504 bp"(2
complete exon), 1385-1510 bp (presumiffgc®mplete exon), 1511-1737 (presumirly 4
complete exon) and 1738-1788 bp (presumifigcBmplete exon) oPMCNX mRNA.
Genomic organization of the coding sequence bets@&nr1384 bp is still unknown and

further studies are required.

The F' complete intron was 1245 bp and located betweertfrand 2° exons.
While the remaining introns inserted after the preimg 3° and 4" complete exons. They
were 189 and 426 bp in length, respectively. Moeemther incomplete introns were also
found after the ' complete exon (296 bp) and before the presumihgdnplete exon
(700 bp) (Figure 3.35).

The GC content of complete exons (41.6-56.9%) wgmeater than that of
complete introns (27.5-31.6%), reflecting a grdtermal stability of the coding regions
than that of the noncoding regions (Table 3.2). il the complete exon-introns
boundaries followed the GT/AG rule and interrupt (BRFs between two codons (type 0

introns).
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AGATGATGTAGAGGAGGTTGTGTATGCAACACBAGGCACTACCAAATGCATATCTGAC 1440
AGATGATGTAGAGGAGGTTGTGTATGCAACACBAGGCACTACCAAATGCATATCTGAC 195
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TGAAACGTTTGATGACATAGCTACTTTTGAGABACGTGGATCAAATCTGAAGCCAAGAA 255
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GGACGGTGTTGATGAAAACATTGCTAAATATAKSGTGTTTGGGCAGTAGAACCTGCTGA 315
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GCAGAGAGGAAAAAGACCGATGCACCTTCTCEATGATCCACAATCAGAGCAAAACAAA 4020
GCAGAGAGGAAAAAGACCGATGCACCTTCTCEATGATCCACAATCAGAGCAAAACAAA 1590

genomicPMCNX
MRNAPMCNX

GAAGATTCTAGTCAAACTGCAGCAGATGATGACTCCTGGAAGTGGGGATGAAGCTGAA 4080
GAAGATTCTAGTCAAACTGCAGCAGATGATGACTCCTGGAAGTGGGGATGAAGCTGAA 1650

genomicPMCNX
MRNAPMCNX

GGGGATGAAGACAAAGGTGATGAAGAGGGAGAGGAAGAAGATGAGGAAGAGGAGGAG 4140
GGGGATGAAGACAAAGGTGATGAAGAGGGAGAGGAAGAAGATGAGGAAGAGGAGGAG 1710

genomicPMCNX
MRNAPMCNX

GAAGCAGAGAAAGCTGATGCAGCTGAGtattgatccaaaaccagttatcttaactattt 4200
GAAGCAGAGAAAGCTGATGCAGCTGAG 1737

genomicPMCNX
MRNAPMCNX

genomicPMCNX
MRNAPMCNX

genomicPMCNX
MRNAPMCNX

genomicPMCNX
MRNAPMCNX

genomicPMCNX
MRNAPMCNX

genomicPMCNX
MRNAPMCNX

genomicPMCNX
MRNAPMCNX

tcttgtgttgccctactttatataaatgtttga atctgcatttctccatctaattgtctt 4260

taaaagtttgaatgttgttctcatttctctcaa

aaacactgttitgtgtttcatttctttgctgat

acatattgttcatatttgtctagggttgcttat

tgctgcatatccaagtaaagagtacttttttgg

aaaaacatgatccataggtgtataccaatgttt

GAGGTCCAGACTCGCACATCACCAAGG 4620
GAGGTCCAGACTCGCACATCACCAAGG 1762

tgtacttttctaatattaattttttctttcaag
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genomicPMCNX ~ CTGCGCAAGTCCCGGAGAGATAA 4644
MRNAPMCNX CTGCGCAAGTCCCGGAGAGATAA 1788

Figure 3.35 Organization of th& MCNX gene. Nucleotide sequences of complete exons
are capitalized and those of complete introns &@va in lower letters. Highlighted
lower letters are incomplete introns while hightiggh capitalized letters indicated un-
studied regions. Start and stop codons are boldfacd underlined. Results from genome
walking analysis were successfully identified 5 gbete exonsi® exon: positions 1-124

in genomic and MRNA sequence®™ exon: positions 1371-1750 and 125-504;
presuming 3" exon: positions 3627-3752 and 1385-15pesuming 4" exon: positions
3941-4167 and 1511-1737 apesuming 5™ exon: positions 4594-4644 and 1738-1788)
and 3 complete introns Ydintron inserted betweerf'land 2¢ exons, presuming"?
intron was found betweer®and 4 exons and the last complete intron intervenesatste

exon).

Table 3.2 GC content and length of exons and introns irPME&ENX gene

Compositions of gene Genomic DNA mRNA GC content (%)

Exon (No. of nucleotides) (No. of nucleotides)

1 1-124 (124 bp) 1-124 45.2 %

2 1370-1750 (380 bp) 125-504 42.0 %

3

4 3627-3751 (126 bp) 1385-1510 416 %

5 3941-4029 (227 bp) 1511-1737 47.6 %

6 4594-4644 (51 bp) 1738-1788 56.9 %

Intron Genomic DNA Type GC content (%) GT/AGrule

(No. of nucleotides)

1 125-1369 (1245 bp) 0 31.6 % Yes

2 3752-3940 (189 bp) 0 27.5 % Yes

3 4030-4593 (426 bp) 0 28.9 % Yes
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Figure 3.36 Schematic diagrams dPmCNX cDNA and gene. Coding regions are
illustrated in open bars. Complete introns (withmiers) are gray-shaded and shown in
boxes while incomplete intron (s) was illustratedyray-shaded broken boxes. Unstudied
region (s) is marked by a diagonal line box. Prenesed for amplification of genomic
PMCNX are illustrated.

3.5.3 Genomic or ganization of ERp57

The genomic organization oPMERp57 was also characterized by genome
walking analysis. Initially, ORFERp57-F and ORFER@ES primers were used in
combination with the adaptor primer (AP1l. A 705 bpgment was successfully
amplified by ORFERp57-F & AP1 whereas a 863 bp pobavas successfully amplified
by ORFCNX-R and AP1 (Figures 3.37-3.39).

Afterwards, primers t5 cont and 3" cont GW-ERp57 were used to perform
the primary genome walking PCR in combination vifite AP1 primer. The primary PCR
products were diluted 50 fold and used as tempiatdhe secondary PCR. The
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amplification product of 2350 bp was generated faf2™ 5"-cont GW-ERp57 and AP2
primers (Figure 3.40) whereas a 2604 bp fragmerst gemerated from"23" cont GW-
ERp57 and AP2 primers (Figures 3.41 and 3.42).

The primary and secondary PCR were further cawmigdising additional primers
(called 5°- and 3"-next ERp57-GW). Genome walki@RRusing 5 -next ERp57-GW and
AP1 generated a 1286 bp PCR product while 3"-n&p37-GW and AP2 generated a
1505 bp product (Figure 3.43). These fragments wdomed and their nucleotide
sequences are illustrated by Figures 3.44 and 3.45.

Finally, a fragment of 1543 bp in length was sustid amplified using primers
last-ERp57GW R % & AP1 and last-ERp57GW R"2and AP2 for the primary and
secondary PCR, respectively (Figure 3.46) Nucleosieiquence of this fragment is shown
by Figure 3.47.

bp M N\ 2

A)
1500 =
1000 =
500 =
B)
2000 bp
Start codon Stop codon
ORF rmﬁ_? AL -?...‘ml-'r:;ﬁ-w

PMERp37 gene

Figure 3.37 Genome walking analysis 8®ERp57 using ORFERp57-F & AP1 (lane 1,
A) and ORFERpP57-R & AP1 (lane 2, A). A 100 bp DNsidter (lane M1) andl Hind 11

(lane M2) were used as the markers. Genomic otientaf each amplified fragment (B).
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ATGGCTACGAGATTGTTAATACTACTCCTCTCCCTCGTGGCCGTGGCGBUGAGATCCTGCAATTA
AACGACGCGGATTTCGACGGGAAAGTGGCCAGCTACCACACGGATGTTCGITACGCCCCGTGGTGA
GCCTTGGGGTCCTGTGGGTCCTTTGGGGTCCTGTGGGGTCCTCTCGGTTAGGTGGGTCCTCTCG
TGCCTTGGGGTCACCTTCCCCTTGAGCGAGGGGAGCGCTCGCGGGTBITUECCTTCCTACGGTC
TCGTATTAGGGGGCCAAACAGCGGGCCTTCATAGCAGGTTTTGABGCGRAGATGTAGATTAATCT
GTAATATATTGGGTTTGGTTCAAGATAGGGCCATGGATAGACGCGHNGEIGTATGCACGCACGCAT
GCTGCTGCTGCATGCGTGCGAGGGCGTCCGCCTTTGGCAGGCOEaIGGCGTGGCCGGGCTTGGCA
GGAGGCAAAGGGCCGAGCTGGGGACTTGGCCGTTGGGCCTAGBCGUBGCTGTTGGGTTGTGGG
CTTTCGTTTGGTTGGTAATCTCGTAATTAATATTACCAGACTGTCAAMBTIGTGTGAATACCAGCCC
GGGCCGTCGCGACCAGCCCGGGCCGTCGACTACCIG AGTGAGICGTATTAC

Figure 3.38 Nucleotide sequences of the genome walking fragnwnPmERpP57
amplified by ORFERp57-F & AP1 primers. Primers baddfaced and underlined. The
adaptor sequence is highlighted. The start consldmuble-underlined.

GIAATACGACTCACTATAGEECACGCGITGGTCGACGTAAGTTCTTGTGTAGCCTGTTTTGTTTTGTATTTCT
AATATTTGCCTGTATTATATTTAACAACTTACTCATCTCTAACTTCAANTKGAATGGATAACCTCCAA
GCATTCCTCACCAATCTCAAGGCGGGTGAGCTTGAGCCATATCTGASGUAGTGCCAACACAAGAT
GGCCCTGTCACTGTTGCTGTGGGTAAGAACTTCAATGAAGTTCGTGRGEWAITGATGCCCTCATTGAA
TTCTATGCTCCTTGGTGTGGTCACTGCAAGAAATTAGCGCCCACGHMIGRAGGAGAAGCGGTAAGG
TTTTTCTAATTATTCTTGTGTATTCATTTGAGAATGAATACTGGATRATTPACAATGCATTCTTTCTG
GTAAACACTAATTTCCTTACAGATGAAGGATGAAGATGTAGACATEATGBATGCCACTGCCAATGA
TGTTCCTCCTCAGTACAATGTTCAAGGCTTCCCCACCATCTTCTGGAMBGGTGGTGTTCCAAGGAA
TTACAATGTAAGTAGAGCCTATTTTATACCAATTTTTGACATTGAATRTABGAGTTCATAGACACTG
AGCTTCAATCAAATGCTTGTTCAAAGGCACCCAAGCTCTTTGATAAGTAGRAAATATTTGATTTGG
TGAACTAAACTTGATCTTAACTTCCCCAGGGTGGCCGGGAACTGERAGCBAPAAGTACATTGCCCAAC
ATTCCACAAATGAACTGAATGGGTATGACCGCAAGGGGAAGGCABRBANBASGACTGAAQTA

Figure 3.39 Nucleotide sequences of the genome walking fragnoénPmERpP57
amplified by ORFERp57-R & AP1 primer. The AP1 prine boldfaced and underlined.
The adaptor sequence is highlighted.
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Figure 3.40 Genomic organization d®MERp57 was further carried out using’s" and -
3" cont GW-ERp57 and the Adaptor primer 2 (AP2h¢k& 1 and 2, respectively) primers.
A 100 bp DNA ladder (Lane M1, A) angtHind 1il (lane M2, A) were used as the

markers. Genomic orientation of each amplified finagt (B).

ACCAGACTGTCAAAGCTGTAATGIGTGAATATTTTCCGTCGCAAGTGATATAAATGAAGAGGGTATTTGTTA
GTGATGCACCGGCCCCACCAGACATTCTAAAAACCAGGGTATTGTEAARBAABTCCAAACTTAACCA
TCTCTACCTTTTTTTTTTTTATTATTACATCCCCCCCTTCCTTTATCBTGAGGCAACTGTCACAATTT
TAAGTGTGGAAGGTTTGACGTGCGATAGTGAGGAATTGCAGAAABGTCCTCITAAGAAGGGGTGGGG
TACATTTCTCTTGCTCTTGATAATAATTACCTATTCCACTAAATTTABBABTGTATACCAAAGTATA
GTGTTGCACGACTTTAATATGAACTTGCAAAGGTAATACCATAGTATGITPATTGTCCATTGCAGCA
CTGTTTTCCCACAGCCATGTAGTACAAGATAGACTAATGTTACCATAOTMBAGTCCTTTATTTTTC
ATTGCAAGTTTTATTTTAAGAATTGCTTATGGAGACTGCACCCCTGARBTITATTACTCCAGCCCCT
CTTGGAGATACATTGATGTATACAAGAAAAAAAACTGACCGCCGT®BACTICTATCGGGGGCTCTG
ACCCCAACCCTCCCCTTTTTGCCATGGAACTAATGTTTTGTACAATABGRAAXCTATGCTTTGATATTT
ACCTTCCAACACATCTAGGTAAAAAAACTTGCCAAAATGACCCCCUAGIATACAGTTTGAATAAGT
GCGTGAACTGGGGGGTGGCAATACACCACCTTTTCTTGGGTGAMGEGAARGCGTAGTCATGGCA
GTTTCGATTGTTGGGTTAACGTTAGAGTTGGGCACAGATAGAGGARRLTGBCTATCTTATAAAGC
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ATAAAAATATTAATTCCCCATCTAAAAAATAAAAGGGAGGAAAGTTEEATT TGGGTTGATACCAGC
CCCGGGAATCCACTAAGTGAATTCGCGGGCCCCTGCAGGTCCAGGAIBGAABGCCTCCCACCCGCG
GTGGGAGTGCCAAAGCCTGGGGGAATTATCGATAATTAAAATAGTTTCAGSCTATGACACTTGTG
TGCCTAACAACTTTTATTATTTTTGAGTTGCGATGGAAATGCACAAGGEGETTCATTTGCTATAGTT
TGCATGGTAAAATGAATTGAAAGAGGAAAGCAGTCTTAAGGTGG CAEITIIAAAATACATTAATTA
AGAGGAGCCACTGTTGATTAATGTTTTCAAGTGCATAGTGAACCATAAERANGACTACAACATGTGCA
GTCATTCTTGTTTATCCTAGCAAGCTAAACACAGTGGTGACTTATTRGITCTTTTTAGCCTTGTTAC
ATCCTTCTGCAGCTACAAAGGTCATGATTTTTTCCTGCACAATTT@OGAGCTTGATCAATGCACTA
CCAGATGCAGGGCTTGGTATAAGTGAAACATACTAATTTTGATCARTBARACGTAATGACATATAG
GTCTTGAAAGCCAAGTCATTGCTATGAGTAACCCATTTCCATAAAGPRARCTTAATGGGTAACCCCT
TCCCCCTCTAAGGTGGGTTTTGGGCTGGTTCTTACTAAAATTTCATSEGAAAAAGTTTACATTTGA
TTACAATTTCATTTAATAATTAGATTGGGTTTCCACAGCATAGAAABBCGRAAGTGAGTAATAATTCT
TAGTATCCCTGGCATAAGTGCCAAACTAATCTTCTATTTTGGGTAARTGARGTTAATGCACCTTAG
AATGTCCCAGACTAAGGGGTTACTTATGTTAATCCAGTCATTAGTGIMTITTTGTTTTTTTTACTTC
CAAATCGGTACTATAGTTGATAGATCAGGAGGTTTTAGAAAGTGGIRIKATAGTAGTTGGATGCTCT
TAACTATAAACCCATTTACTAGGCTTATAGTGTAGCATAGCATTTCIGAMATTTCTTCTATGGTTGA
ACAAATGCTAGTTAGTGGCACAGCACTTACTTTGAGCGCATGGTATAPRGGAATATAACTGATCC
TGGAAATGACAGGTTTGTCAAACCTCCACCCCAATCCACCCTTCAGHMWBREGATTTTAATAAGTTGC
TGAAGCAAAATGTGCCTGAATGTATGGGATAGTCTCAGGATTATGAIGSECAGGCATTAAGTTG
ACTTTTTTTCCAGGTGTGGTCACACEECCGI CGACCACCCGT

Figure 3.41 Nucleotide sequences of the genome walking fragnénPmERpP57
amplified by 2%5" cont GW-ERp57 & AP2 primers. Primer sequencesbaldfaced and
underlined. The adaptor sequence is highlighted. skart codon is boldfaced and double-

underlined

ACGCGI GGT CGACGECCCAECCTGTGGAAATCAGTTGTGATGGGAGAAGTTGGGATTTATTTCCCTCGGTGT
ACAAGGCAGGGTATGCTAGAAATTGTAACTGACCACCTATGTTGGRCTATACGTTACAGAATGTA
TCATTGTTCGCTGGTTGAATACAGTCAAAATGGTCTGATCAGGCAERTTAENT GATAGTTTGAAGTG
TGCAGTTTCATACACTGGCTACTCTCCATGGAAGTAATTTGAAGTASARTATCAGCATCCTGTTAT
TAGGGCTTTTGGTGCTGTATATGAAATGGGCTTTGTCATGTTAAGBBBATAATATTAGGGAAAAGA
GAACTAGGTTTGTCCAAAGCATTTGCTAATAGCAGCACATGTAGRGRNTIG TGATACTTGTGGTT
TACAACATTCATTTGGGCCCCATTTGCAGAGTTCGGCTTCAAACTEEATRECTACAGAGCTTGGTT
GATGGCTTTGGTTTGTATTTTTGGACAAGTTACTTGGCATTAAATTIRGGTBCACCGGCAAATCAAAA
TGGTTTGGCTGCTGAGTGCACACTTCACACCAATGTTCTTAAAATGCRGCRAGCCATTTCTTTTAT
CAACACATGTTTGGTTACTAACATAATTGTGAAATATGGATATGAATGAAACTGGTGGTTAAAAGT
TTCGACTGTATAGCATGGATTCCTCAGACCAAATGTCTGCTTAAABBBATTTTGAATTTATGCAGT
TGATATTAATGGTGGTAAATGCGTGTTGATTAACCCAAATAACTTUORPMILATGGTTACAAGATTG
AATGTGTGAAGGTTTAGGTTGAAACCTTTCTAGTATATTTCATAATAMEGTTGGGTAGTGTAAAAA
ATTTCCACATGTAATTAATGTTTTCCCTTTATCAGGTGGATTGTACABAGBAAGGACAGCTGTAGCA
GATTTGGTGTGTCTGGCTACCCTACCCTGAAGATCTTCAAGGGAGCGAGMEIGACTACAATGGTC
CACGAGATGCCAGTAAGTGCTTGATGTACTTATGTATCTTGATCARBARTRAACACCAAGCCCCCT
TGTCTGTCCTTTITGTGCATATTCTCCCTTTTAAATGTTTCTTCTCCGIEIGIGTATTGTAAAGTACATG
AGGTCACAGGTTGGACCAGCCTCTAAGGAGTTGACATCCGTGGARFRGABTACCTTGGTGCTGCT
GAAGTTGGAGTCGTTTACTTTGGAGGAGATTCCAAACTTAAAGGTIIUGIATGCTGTTACTTTGAAA
TGGGTATTTGATCAATGCTTTACCAATGAAAAGGGGAAAAGACAATRT AMARATCATTGCATAAATCT
AGAATTTAAACATTCTTAGTTTTAAACTTCAAAATGCACACTACTGRBTATCCCAAATATTTTTGAA
ACCAGGACAAGTCCAATTACATCTTGCTTCAGACATGTGAGAATEARAKBGTTGGTGGCAGTGAA
CTCTTACACTTTTCATGAGCATCATAGGTTTGCACTTCAGAAGTARBBRCAATCCTGTTTCACTTT
GATAACTTTTTTGCAGTGTGCAGTTGTGCTGAAATCTTTTGCCTTASITAKAGGTGGTCCATTTTGT
TTTACTATTCCTATAGTATGGGAATATTATTAAAGCAGTATAACCAAATGETTTTGTTTCAAGTAAT
TGACCAATGAATCCTGGATTACCTTGAAACATTGAATATATTTCAGAGGTAAAGGCTGCTGATAAG
CTGAGGGAATCCATCCGTTTTGCACACTCCCTCGATGCCACTGTAAGIIRASGGTACAGCGATGTT
GTTGTACTTTTCCGACCGAAACACCTGGAGAACAAATTTGAGCCOTKIATTTGAGGGATCGGCA
GACAGGGCTGAGATTGAGTCTTTCATCAAAAAGAACTTCCATGGTTHTCATECATACTTGCTCACTC
CATTGCAATAACTTCAAGTACATATTTTGTTTTAGTTTATACTACTAGKEITTGTTTGATTCTGCAGA
CTATGCAAGGAATCTATTGTAATACGATCTCTCATTGTGGCTTTATXOARBAGAGCTCTTGTCTGAA
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CACTTAAATGCTATGTATATTGAATAGATGCAAGTATTTGACCTGTWABGRATCAATTACTGTTCTT
TACAGCCATGGTTTGGTAGGACACCTAACGCAAGACACTGCTCAGENITTCCAGTTGTGATTGCT
TACTACAATGTTGATTACATCAAAAATGTTAAGGGTACAAATTACTAXJOGTGTCCTTAAGGTAAGA
CTTTGTATGTTTGGAAAAAGGTTTACAGAATTCATTTCTTAGCTTTGAGAAGGAGAGTTGACAAGTA
GTTAAAAGGTGTTGTATTTGCAGGTGGCACAAAACTTTGCTGATGATITICAEGT TGCCAATAAGGA
CGACTTCCAGCA

Figure 3.42 Nucleotide sequences of the genome walking fragnwnPmERpP57
amplified by 2°3" cont GW-ERp57 & AP2 primers. Primer sequencesbaldfaced and

underlined. The adaptor sequence is highlighted.
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Figure 3.43 Genomic organization &dMERp57 was further carried out using’5” and -
3" next ERp57GW and the Adaptor primer 2 (AP2) €l and 2, respectively). A 100
bp DNA ladder was used as the marker (A). Genomientation of each amplified

fragment (B).
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GIAATACGACTCACTATAGGGCACGCGTGGTCGACATGACACTTGTGTGCCTAACAACTTTTATTATTTITG
AGTTGCGATGGAAATGCACAAGTTTCTTGGGTTCATTTGCTATAGTGBGEAAATGAATTGAAAGAG
GAAAGCAGTCTTAAGGTGGTTTGTTACAGTTTTAAATACATTAATTAAGBCGACTGTTGATTAATGTT
TTCAAGTGCATAGTGAACCACAACTGCTTGAGACTACAACATGTAUARGTCGATTATCCTAGCAAGC
TAAACACAGTGGTGACTTATTTTATTTAGGCTTTTTAGCCTTGTTACROBECAGCTACAAAGGTCAT
GATTTTTTCCTGCACAATTTCCTTTTATGGGCTTGATCAATGCACTAIGHMEGGCTTGGTATAAGTG
AAACATACTAATTTTGATCAATGAAATCTCTTCGTAATGACATATABGARAGCCAAGTCATTGCTAT
GAGTAACCCATTTCCATAAAGATCTTTTAACTTAATGGGTAACCCCTLIIMOBAGGTGGGTTTTGGGC
TGGTTCTTACTAAAATTTCATGGAAATATTTTAAAGTTTACATTTGARNIAT CATTTAATAATTAGAT
TGGGTTTCCACAGCATAGAAAAACTACGGAAAGTGAGTAATAATIATABGTGGCATAAGTGCCAAA
CTAATCTTCTATTTTGGGTAATTGATTATGAAGTTAATGCACCTTABABTAEGACTAAGGGGTTACTT
ATGTTAATCCAGTCATTAGTTTTTTTGTTTTTTGTTTTTTTTACTTCCASSTACTATAGTTGATAGAT
CAGGAGGTTTTAGAAAGTGGTAAATAAATGCTGTAGTTGGATGCTIATAWCCCATTTACTAGGCT
TATAGTGTAGCATAGCATTTCTGCAACCAAGTTTCTTICTATGGTTGASCAAGTTAGTGGCACAGCA
CTTACTTTGAGCGCATGGTATTTAATACATAGGAATATAACTGATCATGBAAGGTTTGTCAAACCT
CCACCCCAATCCACCCTTCACAAAAGAGAAGGATTTTAATAAGTTGCASARNTGTGCCTGAATGTAT
GGGATAGTCTCAGGATTATGCTGGAGAAGTTGTCAGGCATTAAGTTGRARITAGGTGTGGTCACTG
CAAGAGATTAAAGCCTGAGTTTGAGAAGGCCTAIBIT GAAGGCCAACGACCCTCCCG

Figure 3.44 Nucleotide sequences of the genome walking fragnoénPmERpP57
amplified by 245" next ERp57GW & AP2 primers. Primer sequencesbatdfaced and
underlined. The adaptor sequence is highlighted.

TTGAAGGCCAACGACCCTCCCGICTACCTTGCTAAGGTAAGCTGGCAAATTTGGGTGCAGGTTACCTTGTGG
ATTTTAGGTTGTAGATCTTGAAGCAAGTTTTACAGAGTAAAATTTARGTIRLGTGTACAATAGCTGAT
TACAGTTGTTAGCAAAGCCTAGCAATATATTTGTACTACACTATAAOTNAT TGCAAATGTCTTGAT
TAAAGAATTGTAGGGAAGGTATTTTCATTGATTTTGGCCATGTCCAAGITGCATAACATGAACAGT
GGGTGTGGTTATATTAAACTAAGTATGTATCCCATGTCATGTTTT@ATTBGBGTGTCGTTCTAATTT
TTGACATGAGCTTGCAGCTACTATAAAGCAAATTTCCCCCCTTCATEHBRTTBGCAACGTAAGAATT
TCTATTGGATATGTGTAGTTAATGCAACACCCATGCTCAGCAGT CIGAGGTCTATATTTTAACTTTA
AATACTAACTTGTTCAAAAGGTTAAACCTTCCATTTGGAAACCCTELEIGEAAT TGTGCTGTTGCAGTG
GTATAGCAAATTTTTGCACAGATAGGTGTTGGAAGTATGAATTTTGATTAGTTGAACATGAAATGT
TGGATTAATGCCCAATTTGAGTTTTGTATGTGTACATTTTAGCGTTAAGITRI CCAAATTGCTACTGA
AAGCGAAGACCAGGGCTCCCTTCCACAATGAGTAAAATAACATGTTOTGIAGTGCTCTTCCCTA
CTAGCAGCCCTACTATACACCTGGTTTCATATCTGCATTTGAGATTATATCTCTTCTGTAGACTTC
TGATTCAGTAGATTGTGATTTTTTITATATTCAAAACCTGTATACTAGATRRAGTTTGACAATTGGTC
CTTCCAGTACAATGTTTACCCAATTTATTICGTGATAAATCGTACCARIUGCAATCACAGCCCAGCTA
TCTTTGATATACTTCATGCCCTCCCCAACTATTGGGACTAGTCAGAGEAARRAACCATCACAATTTA
TTAATTTTTGGCATTTGGTGGGCTTGAATACTAAACTGAAGTCTATTIATFIAATATATTGATAAATG
ACCTGGAGTTTGGTTGCACTTTATTCCAACAAATGCTGGCAAGTAORGAIAXICTGGTGCTGTTCATA
CACATTTGCAAGTTATTGTACAGAATAGTGGGAAAACTATTAATGBSTREGN AAATAAAAAAAGTGC
ATTAAATGTGCATGCCTTATGAAAATCAGGCATTTCACTTTITTICAAEITAGTTAACTAATTAACAA
ATTGCAGTAATGAGTTTTGCAGTTATTGGATGGTCAGTGTAACCAABABGGAAAAGATGGGTTGAA
CTTTATATATCTATTTTTTATTTTTTTTCCTTTCCCATAACCAGHIGCCGI CGACCACGCGT

Figure 3.45 Nucleotide sequences of the genome walking fragnwnPmERpP57
amplified by 293 next ERp57GW & AP2 primers. Primer sequencesbatdfaced and

underlined. The adaptor sequence is highlighted.
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Figure 3.46 Genomic organization 0PMERpP57 was further carried out using the last
ERp57GW R ¥ & the Adaptor primer 2 (AP2) (lanes 1, A) primess.100 bp DNA

ladder was used as the marker (A). Genomic oriemtaif each amplified fragment (B).

GIAATACGACTCACTATAGGGCACGCGTGGTCGACTAAAGTAGTAAATAAAAAAAGTGCATTAAATGTGCAT
GCCTTATGAAAATCAGGCATTTCACTTTTTCAAGCTGTGATTTGT PNABGRKCAAATTGCAGTAATGA
GTTTTGCAGTTATTGGATGGTCAGTGTAACCATAAGGGACATGGARRBGIIAACTTTATATATCTA
TTTTTTATTTTTTTTCCTTTCCCATAGACCACTCCAGTTTGTCAAGATCAIICCACTCAATTTCCTATT
AATTTCTCTGCCCAAAGAAAATTAAAACTTTAATTTGTTATACCTTGARMSCTAGTTTGTCCCTCTT
CCCCCACATTGTATTGGAGAATGCAATCAAGATTTTTTAATGTACABAARGTTTGATTTGCCAAGT
GAGGAATCAAGGTTGAGATTGCTTCAATGAAATTGGACAATGGGRCMGPAGAGGGAAGTGCATT
TAATGATTTGTTACCACTGAAACTGGAAATCAGTTGTGATGGGACBBSTTGATTTCCCTCGGTGTA
CAAGGCAGGGTATGCTAGAAATTGTAACTGACCACCTATGTTGGRCTATATGTTACAGAATGTAT
CATTGTTCGCTGGTTGAATACAGTCAAAATGGTCTGATCAGGCATIVWGATAGTTTGAAGTGT
GCAGTTTCATACACTGGCTACTCTCCATGGAAGTAATTTGAAGTABAATAGCAGCATCCTGTTATT
AGGGCTTTTGGTGCTGTATATGAAATGGGCTTTGTCATGTTAAGABBRTARTATTAGGGAAAAGAG
AACTAGGTTTGTCCAAAGCATTTGCTAATAGCAGCACATGTAGGGEIMGEHAGATACTTGTGGTTT
ACAACATTCATTTGGGCCCCATTTGCAGAGTTCGGCTTCAAACTCEATRNGITACAGAGCTTGGTTG
ATGGCTTTGGTTTGTATTTTTGGACAAGTTACTTGGCATTAAATTAGGTBGACCGGCAAATCAAAAT
GGTTTGGCTGCTGAGTGCACACTTCACACCAATGTTCTTAAAATTCAGTCABGCCATTTCTTTTATC
AACACATGTTTGGTTACTAACATAATTGTGAAATATGGATATGAATI MMACTGGTGGTTAAAAGTT
TCGACTGTATAGCATGGATTCCTCAGACCAAATGTCTGCTTAAAGCBBATTTTGAATTTATGCAGTT
GATATTAATGGTGGTAAATGCGTGTTGATTAACCCAAATAACTTTTANIRBTGGTTACAAGATTGA
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ATGTGTGAAGGTTTAGGTTGAAACCTTTCTAGTATATTTCATAATTAAIGTAGGGTAGTGTAAAAAA
TTTCCACATGTAATTAATGTTTTCCCTTTATCAGGTGGATTGTACTBAGBAAGGACAGCTGTAGCAG
ATTTGGTGIGICTGECTACCCTACCCTGAAG

Figure 3.47 Nucleotide sequences of the genome walking fragnoénPmERP57
amplified by the last ERp57GW R and AP2 primersmr sequences are boldfaced and
underlined. The adaptor sequence is highlighted.

Genomic organization oErp57 deduced from nucleotide sequences of genome
walking analysis spanned 8254 bp, composing of xidhe (88-226 bp in length) and 9
introns (93-2787 bp in length) (Figure 3.48). Atgrethermal stability in exons (40.8-
56.3%) than that in introns (29.0-41.9%) of the ARpE7 gene was observed. Introns 2,
6 and 8 ofPMERp57 interrupt the ORFs between two codon (type O mj{trovhereas
other introns interrupt the ORFs within the samdar® (type 1 intron). Boundaries of
introns 1, 2 and 5 did not follow the GT/AG ruladtre 3.49 and Table 3.3).

ATGGCTACGAGATTGTTAATACTACTCCTCTCCCTCGTGGCCGTGGCGBUGAGAO
GTCCTGCAATTAAACGACGCGGATTTCGACGGGAAAGTGGCCAGTIAETACTC 120
GTCATGTTCTACGCCCCGTGGTgagecttggggtcctgtgggtectttgag gtcctgtgg 180

ggtcctctcgectagttggtectgtgggtectetcgtgecttggggteace
agcgaggggagcgctcgegggtgtttgcgetgecccecttectacggteteg
gccaaacagcgggccttcatagcaggttitgaagcgaatggcttggatgta
gtaatatattgggtttggttcaagatagggccatggatagacgccagaggce
gcacgcacgcatgctgctgctgcatgcegtgcgagggegteegectttggea

gtggcggcegtggecgggcttggcaggaggcaaagggecgagcetggggactt

gcctaggcgeggctcaggcagctgttgggttgtgggcttiegittggtigg
aattaatattaccagactgtcaaagctgtaatgtgtgaatattttccgtcg

taaatgaagagggtatttgttagtgatgcaccggccccaccagacattcta
gtattgtatgaacccaaaaatccaaacttaaccatctctaccttttttttt
acatcccccccttectitatcatcactgtggcaactgtcacaattttaagt
ttgacgtgcgatagtgaggaattgcagaaaagtccttgttctttaagaagg
catttctcttgctcttgataataattacctattccactaaatttgcctgta
ccaaagtatagtgttgcacgactttaatatgaacttgcaaaggtaatacca
aatgtatttgtccattgcagcactgttttcccacagccatgtagtacaaga
gttaccagtgttatatctgagtcctttatttttcattgcaagttttatttt
ttatggagactgcacccctgaaactgtccctattactccagcccctettgg
gatgtatacaagaaaaaaaactgaccgccgtgcacttgtttccctatcggg
cccaaccctcccctttttgccatggaactaatgttttgtacaacattaatg
tttgatatttaccttccaacacatctaggtaaaaaaacttgccaaaatgac
cccatacacagtttgaataagtgcgtgaactggggggtggcaatacaccac
ggtgaatgcccaaagggaatgcgtagtcatggcagtttcgattgttgggtt
gttgggcacagatagaggtaaatggacccttactatcttataaagcataaa
tccccatctaaaaaataaaagggaggaaagttaggtctggatttgggttga

ttccecttg 240
tattagggg 300
gattaatct 360
gacgtgtat 420
ggccgtecc 480
ggccgttgg 540
taatctcgt 600
caagtgata 660
aaaaccagg 720
tttattatt 780
gtggaaggt 840
ggtggggta 900
aaatgtata 960
tagtttttt 1020
tagactaat 1080
aagaattgc 1140
agatacatt 1200
ggctctgac 1260
gacctatgc 1320
cccccagtt 1380
cttttcttg 1440
aacgttaga 1500
aatattaat 1560
taccagccc 1620



cgggaatccactaagtgaattcgcgggcccctgcaggtccaccattatggg
cccacccgcggtgggagtgccaaagectgggggaattatcgataattaaaa
atttcaggctatgacacttgtgtgcctaacaacttttattatttttgagtt
atgcacaagtttcttgggttcatttgctatagtttgcatggtaaaatgaat
aaagcagtcttaaggtggtttgttacagttttaaatacattaattaagagg
tgattaatgttttcaagtgcatagtgaaccacaactgcttgagactacaac
cattcttgtttatcctagcaagctaaacacagtggtgacttattttattta
gccttgttacatccttictgcagctacaaaggtcatgattttttcctgcaca
tatgggcttgatcaatgcactaccagatgcagggcttggtataagtgaaac
ttgatcaatgaaatctcttcgtaatgacatataggtcttgaaagccaagtc
agtaacccatttccataaagatcttttaacttaatgggtaaccccttcccc
gggttttgggctggttcttactaaaatttcatggaaatattttaaagttta
acaatttcatttaataattagattgggtttccacagcatagaaaaactacg
taataattcttagtatccctggcataagtgccaaactaatcttctattttg
ttatgaagttaatgcaccttagaatgtcccagactaaggggttacttatgt
cattagtttttttgttttttgttttttttacttccaaatcggtactatagt
aggaggttttagaaagtggtaaataaatgctgtagttggatgctcttaact
tttactaggcttatagtgtagcatagcatttctgcaaccaagtttcticta
aaatgctagttagtggcacagcacttactttgagcgcatggtatttaatac
taactgatcctggaaatgacaggttigtcaaacctccaccccaatccacce
gagaaggattttaataagttgctgaagcaaaatgtgcctgaatgtatggga
gattatgctggagaagttgtcaggcattaagttgactttttttccaggtGT

ggaaagcct 1680
tagtttttc 1740
gcgatggaa 1800
tgaaagagg 1860
agccactgt 1920
atgtgcagt 1980
ggcttttta 2040
atttccttt 2100
atactaatt 2160
attgctatg 2220
ctctaaggt 2280
catttgatt 2340
gaaagtgag 2400
ggtaattga 2460
taatccagt 2520
tgatagatc 2580
ataaaccca 2640
tggttgaac 2700
ataggaata 2760
ttcacaaaa 2820
tagtctcag 2880
GGTCACTGC 2940

AAGAGATTAAAGCCTGAGTTTGAGAAGGCCTCTACCACCTTGAAGACCAACCC 3000

GTCTACCTTGCTAaggtaagctggcaaatttgggtgcaggttaccttgtgg

tgtagatcttgaagcaagttttacagagtaaaatttaagtacagettgtgt
gattacagttgttagcaaagcctagcaatatatttgtactacactataact
tgcaaatgtcttgattaaagaattgtagggaaggtattticattgattttg
aagttcattttgcataacatgaacagtgggtgtggttatattaaactaagt
atgtcatgttttgactgaattttggtgtcgttctaatttttgacatgagcet
tataaagcaaatttccccccttcacggctctttatcagcaacgtaagaatt
tatgtgtagttaatgcaacacccatgctcagcagtctgatgctgagattat
ttaaatactaacttgttcaaaaggttaaaccttccattiggaaaccctget
tgtgctgttgcagtggtatagcaaatttttgcacagataggtgttggaagt
gatcttgaccagttgaacatgaaatgttggattaatgcccaattigagtit
acattttagcgttttgtaaactttccaaattgctactgaaagcgaagacca
tccacaatgagtaaaataacatgccctgctttccttgagtgctcttcccta
ctactatacacctggtttcatatctgcatttgagattttgcctacatctct
ttctgattcagtagattgtgatttttttataticaaaacctgtatactaga
gtttgacaattggtccttccagtacaatgtttacccaatttattcgtgata
acttccgtcgcaatcacagcccagctatctttgatatacttcatgcectce
gggactagtcagagtattgtgtaaaaccatcacaatttattaatttttggc
gcttgaatactaaactgaagtctattctatttagcaatatattgataaatg
ttggttgcactttattccaacaaatgctggcaagtctcgcaacacatcctg
atacacatttgcaagttatigtacagaatagtgggaaaactattaatgcat
aaataaaaaaagtgcattaaatgtgcatgccttatgaaaatcaggcatttc
agctgtgatttgttaactaattaacaaattgcagtaatgagttttgcagtt
tcagtgtaaccataagggacatggaaaagatgggttgaactttatatatct
tttttttcctttcccatagaccactecagtttgtcaagatttctcatccac
tattaatttctctgcccaaagaaaattaaaactttaatttgttataccttg
ctagtttgtccctcttcccccacattgtattggagaatgcaatcaagattt
cacaaagtaaacctttgatttgccaagtgaggaatcaaggttgagattgct
ttggacaatgggacaactaccatgaagagggaagtgcatttaatgatttgt
aactggaaatcagttgtgatgggagaagttgggatttatttccctcggtgt
ggtatgctagaaattgtaactgaccacctatgttggaccacatcctattcg
gtatcattgttcgctggttgaatacagtcaaaatggtctgatcaggcactt
tgatagtttgaagtgtgcagtttcatacactggctactctccatggaagta
aaattaggtatttcagcatcctgttattagggcttttggtgctgtatatga
tgtcatgttaagaaaattcccttaatattagggaaaagagaactaggtttg
tttgctaatagcagcacatgtagggtatggagaactttgatacttgtggtt
catttgggccccatttgcagagttcggcticaaactcgtgtgtgatagcta
gttgatggctttggtttgtatttttggacaagttacttggcattaaattat

attttaggt 3060
acaatagct 3120
aacatctgt 3180
gccatgtcc 3240
atgtatccc 3300
tgcagctac 3360
tctattgga 3420
attttaact 3480
gaagggtgt 3540
atgaatttt 3600
tgtatgtgt 3660
gggctccct 3720
ctagcagcc 3780
tctgtagac 3840
taattttta 3900
aatcgtacc 3960
ccaactatt 4020
atttggtgg 4080
acctggagt 4140
gtgctgttc 4200
taaagtagt 4260
actttttca 4320
attggatgg 4380
attttttat 4440
tcaatttce 4500
attacaaag 4560
tttaatgta 4620
tcaatgaaa 4680
taccactga 4740
acaaggcag 4800
ttacagaat 4860
agagttgaa 4920
atttgaagt 4980
aatgggctt 5040
tccaaagca 5100
tacaacatt 5160
cagagcttg 5220
gtcgggcac 5280
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accggcaaatcaaaatggtttggctgctgagtgcacacttcacaccaatgt tcttaaaat 5340
tttgttgcatcaagccatttcttttatcaacacatgtttggttactaacat aattgtgaa 5400
atatggatatgaatgtaatttaaactggtggttaaaagtttcgactgtata gcatggatt 5460
cctcagaccaaatgtctgcttaaagaattttgcactttgaatttatgcagt tgatattaa 5520
tggtggtaaatgcgtgttgattaacccaaataacttttaacactaatcatg gttacaaga 5580
ttgaatgtgtgaaggtttaggttgaaacctttctagtatatttcataattg ggcaaattt 5640
tgggtagtgtaaaaaatttccacatgtaattaatgttttccctitatcAGG TGGATTGTA 5700

CTGATGATGGAAAGGACAGCTGTAGCAGATTTGGTGTGTCTGGCTBCTGAAGA 5760
TCTTCAAGGGAGGAGAGCTCTCTACGGACTACAATGGTCCACGAG2dgE§eC3820
tgatgtacttatgtatcttgatcacaaataagatttaacaccaagccccct tgtctgtcc 5880
ttttgtgcatattctcccttttaaatgtttcttctccttccagGTGGTATT GTAAAGTAC 5940
ATGAGGTCACAGGTTGGACCAGCCTCTAAGGAGTTGACATCCGCTGGNEAKIFICA 6000
TTCCTTGGTGCTGCTGAAGTTGGAGTCGTTTACTTTGGAGGAGATIUBAASGL 6060

ttgtattcccatgctgttactttgaaatgggtatttgattcaatgctttac caatgaaaa 6119
ggggaaaagacaatctaaatgctattcattgcataaatctagaatttaaac attcttagt 6179
tttaaacttcaaaatgcaaacactactgcatatagcatcccaaatattttt gaaaccagg 6237
acaagtccaattacatcttgcttcagacatgtgagaatgctatgccattag gttggtggc 6297
agtgaactcttacacttttcatgagcatcataggtttgcactticagaagta accttccaa 6357
acaatcctgtttcactttgataacttttttgcagtgtgcagttgtgctgaa atcttttgc 6417
cttgatttcagtacaggtggtccattttgttttactaticctatagtatgg gaatattat 6477
taaagcagtataaccatttgaaatgottitgtttcaagtaattgaccaatg aatcctgga 6537

ttaccttgaaacattgaatatatttcagATGCTTTCCTAAAGGCTGCTGAT AAGCTGAGG 6596
GAATCCATCCGTTTTGCACACTCCCTCGATGCCACTGTTAATGAABBGTATAGC 6656
GATGTTGTTGTACTTTTCCGACCGAAACACCTGGAGAACAAATTTE2CGKIIGTT 6716
GTATTTGAGGGATCGGCAGACAGGGCTGAGATTGAGTCTTTCATEABARBGAT 6776

GGTTtttcttgcatgcatacttgctcaciccattgcaataacticaagtac atattttgt 6836
tttagtttatactactactgttgccttgtitgattctgcagactatgcaag gaatctatt 6896
gtaatacgatctctcattgtggctttatattaaccatcagagctcttgtct gaacactta 6956
aatgctatgtatattgaatagatgcaagtatttgacctgtcggcticaaga tcaattact 7016

gttctttacagccatggttTGGTAGGACACCTAACGCAAGACACTGCTCAGGATTTCAAA 7076
CCTCCAGTTGTGATTGCTTACTACAATGTTGATTACATCAAAAAT GG MGAAAT 7136
TACTGGCGCAATCGTGTCCTTAAGgiaagactitgtatgitiggaaaaagg  tttacagaa 7196
ttcatttcttagctttgacatgtgtaggagagttgacaagtagttaaaagg tgttgtatt 7256
tgcagGTGGCACAAAACTTTGCTGATGACTTCAAGTTTGCCGTTGCRBEGREGACT 7316
TCCAGCATGACCTCAATGAATATGGCCTTGATTATGTTCCTGGTCARBRSATTT 7376
GTGCACGTAATGCTAAAGCCCAGAAGTTTGTCATGCAGGAAGAAAAJIct 7436
tgtagcctgttttgttttgtatttctaatattigectgtattatatttaac aacttactc 7496
atctctaacttcacttccatagAATGGATAACCTCCAAGCATTCCTCACCA ATCTCAAGG 7556
CGGGTGAGCTTGAGCCATATCTGAAGTCTGAGGCAGTGCCAACARZAGIFAIBCA 7616
CTGTTGCTGTGGGTAAGAACTTCAATGAAGTTGTCTCTGATGAGMEETHARI TG 7676
AATTCTATGCTCCTTGGTGTGGTCACTGCAAGAAATTAGCGCCCAOGHMIGIGG 7736
GAGAAGCGgtaaggtttttctaattattcttgtgtattcatttgagaatga atactggat 7796
aattactgtacaatgcattcttictggtaaacactaatttccitacagATG AAGGATGAA 7856
GATGTAGACATTGTGAAGATGGATGCCACTGCCAATGATGTTCCTBCRBAGTT 7916
CAAGGCTTCCCCACCATCTTCTGGAAACCCAAGGGTGGTGTTCCARAGAH AJTa 7976

agtagagcctattttataccaatttttgacattgaatctaatataggagtt catagacac 8036
tgagcttcaatcaaatgcttgttcaaaggcacccaagctctttgatatgca gaattgaaa 8096
aatatttgatttggtgaactaaacttgatcttaacttcecccagGGTGGCCG GGAACTGGA 8156
CGATTTTGTCAAGTACATTGCCCAACATTCCACAAATGAACTGAATGECOIBCAA 8216
GGGGAAGGCAAAGAAAGGCAAGAAGACTGARACTT 8254

Figure 3.48 Organization of the PMERpP57 gene. Nucleotides»>afns are capitalized
while those of introns are highlighted and showrowver letters. Start and stop codons

are illustrated in boldfaced.
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Table 3.3 GC content and length of exons and introns irPlM&ERPS7 gene

Compositions of gene Genomic DNA mRNA GC content (%)
Exon (No. of nucleotides) (No. of nucleotides)

1 1-140 (140 bp) 1-140 56.3 %
2 2928-3015 (88 Bp 141-228 52.4 %

3 5691-5811 (121 bp) 229-349 50.4 %
4 5924-6058 (135 bp) 350-484 47.4 %
5 6566-6778 (213 bp) 485-697 449 %
6 7034-7161 (128 bp) 698-825 40.8 %
7 7263-7426 (164 bp) 826-989 43.3 %
8 7520-7745 (226 bp) 990-1215 49.6 %
9 7846-7974 (129 bp) 1216-1344 45.0 %
10 8141-8254 (114 bp) 1345-1458 47.4 %
Intron Genomic DNA Type GC content (%) GT/AGrule

(No. of nucleotides)

1 141-2927 (2787 bp) ax 41.9 % No
2 3016-5690 (2605 bp) 0 35.9 % No
3 5812-5923 (112 bp) i 37.5 % Yes
4 6059-6565 (507 bp) 1 33.9 % Yes
5 6779-7033 (255 bp) 1 34.9 % No
6 7162-7262 (101 bp) 0 33.7 % Yes
7 7427-7519 (93 bp) 1 30.1 % Yes
8 7746-7845 (100 bp) 0 29.0 % Yes

9 7975-8140 (166 bp) 0 33.7 % Yes
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Figure 3.49 Schematic diagrams & monodon ERp57 cDNA and gene. Coding regions
are represented open bars. Introns (with numbees)geey shaded. Primers used for
amplification of thePMERpP57 gene are illustrated.
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3.6 Tissue expression analysis of PmCRT, PmMCNX and PmERp57 analyzed by
RT-PCR

Tissue expression analysis BCRT, PmMCNX and PmERp57 was examined
revealed in various tissues of a female and te$tmale juveniles and broodstock of

P. monodon.

PmCRT was abundantly expressed in intestine of juveshemp. Lower
expression was observed hepatopancreas, ovaryt, hdaopod and gill. Rare
expression ofPmCRT was observed in eyestalk, hemocyte lymphoid orgad
antennal gland (Figure 3.50). In broodstoPK)CRT was comparably expressed in
various tissues but very low expression was foundhoracic ganglion, testis and

eyestalk.

ES GL PL HE OV TT HP ST IT HC TG LO AG

<244 bp

ES GL PL HE OV TT HP ST IT HC TG LO AG

<€ 493 bp

ES GL PL HE OV TT HP ST IT HC TG LO AG

C_

ES GL PL HE OV TT HP ST IT-HC TG LO AG

281 bp

D

<500 bp

Figure 3.50 1.5% ethidium bromide-stained agarose gel showasglts from tissue
expression analysis ?fmCRT (A), PmCNX (B), PmERp57 (C) using the first stand
cDNA of eye stalk (ES), pleopod (PL), gill (GL),dx (HE), ovary (OV), testis (TT),
hepatopancreas (HP), stomach (ST), intestine {i@moctye (HC), thoracic ganglia
(TG), lympiod organ (LO) and antennal gland (AG) Rxf monodon juveniles (28

cycles).EF 1-a was successfully amplified from the same tempéate included as

the positive control (D).
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PmCNX was abundantly expressed in hemocyte, thoraciglgem lymphoid
organ and antennal gland of juvenife monodon. This transcript was moderately
expressed in the remaining tissues except pleopuelfevlow abundant expression
was observed (Figure 3.5(MCNX was constitutively expressed in all tissues but

low expression was observed in eyestalk, gill dmacic ganglia (Figure 3.51).

PmERp57 was comparably expressed in al examined tissuegivahiles
(Figure 3.50) but the expression of this transcu@ts quite low in testis oP.
monodon broodstock (Figure 3.51).

ES GL PL HE OV TT HP ST IT HC TG LO

» AN S+

ES GL PL HE OV TT HP ST IT HC TG LO

ES GL PL HE OV TT HP ST IT HC TG LO

- — b7 7\ — — I

ES GL PL HE OV TT HP ST IT HC TG LO

Figure 3.51 The 1.5% ethidium bromide-stained agarose gel sigpwesults from
tissue distribution analysis of homologueGRT (A), CNX(B), ERp57 (C) using the
first stand cDNA synthesized from total RNA of etgdls (ES), pleopod (PL), qill
(GL), heart (HE), ovary (OV), testis (TT), hepatapseas (HP), stomach (ST),
intestine (IT), thoracic ganglia (TG) and lymphiadgan (LO) of P. monodon
broodstock (28 cyclesEF 1-a was successfully amplified from the same template

and included as the positive control (D).
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3.7 Semiquantitative RT-PCR of PmCRT, PmCNX and PmERp57 upon induction
by thermal stress.

3.7.1 Optimization of semi-quantitative RT-PCR conditions

The first stand cDNA of oPmMCRT, PmMCNX and PmERp57 in heamocytes,
hepatopancrease and gill of juvenile shrimps unldernormal condition and after
temperature stress for 0, 1, 3, 6, 12, 24 and 48shl = 3 for each group) was
subjected to semiquantitative RT-PCR analysis. Tdehnique requires optimization
of several parameters including concentration ahers, MgC}, and the number of

PCR cycles.

Primers for the target genes were desigi#dl o was used as the internal
control. Non-quantitative RT-PCR was carried ouingsl00 ng of the first stand
cDNA template from hemocytes, hepatopancreas ahadfgP. monodon using high
stringency conditions (annealing temperature ofC6fft PmCRT and PmERp57 and
69°C forPMCNX), 1 U of Dynazyme DNA polymerase and 0.2 mM Mg@ir 30
cycles. The most suitable primer and MgCbncentrations and number of cycles

were optimized and used for semiquantitative RT-R@GRlysis.
3.7.1.1 Optimization of the primer concentration

RT-PCR of each gene was carried out with fixed comemts except primer
concentrations (0.05, 0.10, 0.15, 0.20 and uRH as described above. Lower
concentrations of primers may result in non-quantieé amplification whereas higher
concentrations of primer may leave a large amodininoised primers which could
give rise to non-specific amplification producteTlsuitable concentration of primers

for each gene ineach tissue is shown in TabléRBgure 3.52-3.54 A).
3.7.1.2 Optimization of the MgCl, concentration

The optimal concentration of Mg&C(between 1.0, 1.5, 2.0 and 2.5 mM) for
each primer pair was carefully examined using tildication conditions with the
optimized primer concentration (Figure 3.52-3.54 H)e concentration of Mggihat

gave the highest yields and specificity for eaciRREoduct was chosen (Table 3.4).
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Figure 352  Optimization  of
conditions for semiquantitative RT-
PCR of PMCRT. RT-PCR was carried
out using different concentrations of
primers (0.05, 0.10, 0.15, 0.20, and
0.25uM, A) against the template from
hemocyte (HC), hapatopancrease (HP)
and gill (GL) (A). RT-PCR was carried
out using the suitable primer
concentration for the template from
different tissues with different Mggl
concentrations (1.0, 1.5, 2.0, and 2.5
mM, B). The number of RT-PCR
cycles was further carried out against
the first. strand cDNA of each tissue
using optimized primer and Mggl
concentrations for 26, 28, 30, 32 and
35 cycles (C). Lands M are a 100 bp
DNA ladder. The intensity of
amplified products was plotted against
the number of amplification cycles to
identify a plateau stage of
amplification (D).
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Figure 353  Optimization  of
conditions for semiquantitative RT-
PCR ofPmMCNX. RT-PCR was carried
out using different concentrations of
primers (0.05, 0.10, 0.15, 0.20, and
0.25uM, A) against the template from
hemocyte (HC), hapatopancrease (HP)
and gill (GL) (A). RT-PCR was carried
out using the suitable primer
concentration for the template from
different tissues with different Mggl
concentrations (1.0, 1.5, 2.0, and 2.5
mM, B). The number of RT-PCR
cycles was further carried out against
the first. strand cDNA of each tissue
using optimized primer and Mggl
concentrations for 26, 28, 30, 32 and
35 cycles (C). Lands M are a 100 bp
DNA ladder. The intensity of
amplified products was plotted against
the number of amplification cycles to
identify a plateau stage of
amplification (D).
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Figure 354  Optimization  of
conditions for semiquantitative RT-
PCR of PmERp57. RT-PCR was
carried out using different
concentrations of primers (0.05, 0.10,
0.15, 0.20, and 0.2pM, A) against the
template from hemocyte (HC),
hapatopancrease (HP) and qill (GL)
(A). RT-PCR was carried out using the
suitable primer concentration for the
template from different tissues with
different MgCL concentrations (1.0,
1.5, 2.0, and 2.5 mM, B). The number
of RT-PCR cycles was further carried
out against the first strand cDNA of
each tissue using optimized primer and
MgCl, concentrations for 26, 28, 30,
32 and 35 cycles (C). Lands M are a
100 bp DNA ladder. The intensity of
amplified products was plotted against
the number of amplification cycles to
identify a plateau stage  of

amplification (D).
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3.7.1.3 Optimization of the cycle numbers

The number of amplification cycles was importantcdiese the product
reflecting the expression level should be measugpueghtitatively before reaching a
plateau amplification phase. At the plateau staganscripts initially present at

different levels may give equal intensity of thepification products.

In this experiment, RT-PCR of each gene was pesdrosing the optimized
primers and MgGlconcentrations for 26, 28, 30, 32 and 35 cycleguié 3.52-3.54
C and D). The number of cycles that gave the higyiekl before the product reached

a plateau phase of amplification was chosen (Taldle

Table 3.4 Optimal primer and MgGlconcentrations and the number of amplification
cycles for semiquantitative analysisRHCRT, PmMCNX andPmERp57 in hemocytes,
hepatopancreas and gill of juvenitemonodon

Transcript Tissues Suitable RT-PCR component

Primer concentrations MgCI2 concentrations PCR

1tmM) (mM) cycles

PmCRT hemocyte 0.2 2.5 30
hepatopancrease 2 0. 2.0 30

gill 0.1 1.5 30

PmCNX hemocyte 0.05 2.0 30
hepatopancrease 1 0. 1.5 30

gill 0.2 25 30

PmERp57 hemocyte 0.2 2.5 30
hepatopancrease 2 0. 2.0 30

gill 0.2 1.5 30
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3.7.1.4 Elongation factor 1-a (EF-1 a)

The most suitable primer and MgQoncentrations for semiquantitative RT-
PCR ofEF-1a were 0.2uM and 1.5 mM of MgQ with the thermal profile of 94 °C
for 5 minutes followed by 23 cycles of @ for 30 seconds, 58 for 45 seconds and
72°C for 45 seconds. The final extension was carrigdad72C for 7 minutes. The
expression level dEF-1« of the same tissue among different groups of sasnwhs
not significantly different (P < 0.05) indicatinket the expression levEF-1 was
reasonably suitable to be used as the internataqftigure 3.55-3.56).

3.7.2 Semi-quantitative RT-PCR analysis
3.7.2.1 PmCRT

The relative expression levels ®CRT in hepatopancreas and gill was
greater than that of hemocytes (P < 0.05). The esgion level ofPmCRT in
hemocyte but not hepatopaancreas and gill was fisignily increased after
temperature stress (Figures 3.57 - 3.62). The bigkepression level dPmCRT in
hemocytes was observed at O hour post treatmehpt(00.863 + 0.011, P < 0.05).
The level of PmMCRT was slightly decreased from that at O hpt but significantly
higher than that of control at 1 hpt (0.679 + 0.0R1X 0.05). The expression level of
PmCRT retuned to the normal levels at 3 (0.476 = 0.62%,0.05), 6 (0.428 + 0.012,
P > 0.05), 12 (0.479 = 0.044, P > 0.05), 24 (0.478.020, P > 0.05) and 48 hpt
(0.442 £ 0.029, P > 0.05) (Figures 3.57 and 3.5%l& 3.5).

3.7.2.2 PmCNX

Like PmCNX, the relative expression levels BinCNX in hepatopancreas and
gill was significantly greater than that of hemas/t(P < 0.05). After temperature
stress, only the expression levelRVACNX in hemocytes was significantly increased
(Figures 3.63 - 3.68PmMCNX in hemocytes of juvenilB. monodon was up-regulated
and exhibited the highest expression level at 0(B@59 + 0.008, P < 0.05). The
expression of this gene was slightly decreased tr@nhat O hpt but still significantly
greater than that of the control (0.362 + 0.022) apt (0.534 + 0.018, P < 0.05). The
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expression oPMCNX at longer time course (3, 6, 12, 24 and 48 hgBrafeatment
was comparable with that of control (Figures 3.6343Table 3.5).

M 1 2 3 4 5 6 7 8 9

MAFLE 2 F Sl 556, W, "8pN9

1 M1 2 3 4 5 6 7 8 9

Figure 3.55 A 1.5% ethidium bromide-stained agarose gel showixession levels
of EF-1a in hemocyte (I), hepatopancrease (lI) and gill) (df P. monodon. The
template was from juvenile shrimp under the ambientperature as the control (lane
A 1-3) and that after heat stress at 35 °C foafglA, 4-6), 1 (lane A, 7-9), 3 (lane B,
1-3), 6 (lane B, 4-6), 12 (lane B, 7-9), 24 (langl€3) and 48 (lane, C 4-6) as the
treatment. Lane M = 100 bp DNA ladder.
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Figure 3.56 Histograms.showing the time-course relative expogslevels oiEF-1a

in hemocyte (A), hepatopancrease (B) and gill @), 1, 3, 6, 12, 24 and 48hours
post treatment of thermal stress and normal shasngontrol (N).

3.7.2.3 PmERpS7

Similarly, the relative expression levels BMERP57 in hepatopancreas and
gill was greater than that of hemocytes (P < 0.U& expression level 6*fmERp57
in hemocyte but not hepatopaancreas and gill wgsifgiantly increased after
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temperature stress (Figures 3.69 - 3.74). The bigkgression level ?PmERp57 in
hemocytes was observed at 0 hpt (0.609 + 0.012,005). The level oPmMERp57
was slightly decreased from that at O hpt but sidinificantly higher than that of
control at 1 hpt (0.391 £ 0.006, P < 0.05). Theregpion level oPMCRT retuned to
the normal levels at 3 (0.345 £+ 0.006, P > 0.05)0880 + 0.014, P > 0.05), 12
(0.354 £ 0.044, P > 0.01), 24 (0.439 + 0.014, PG5Pand 48 hpt (0.349+ 0.043, P >
0.05) (Figure 3.69 and 3.70; Table 3.5).

M 1 2 3 4 5 6 7 8 9

C

Figure 3.57 A 1.8% ethidium bromide-stained agarose gel shoviireg expression
level of PMCRT in hemocytes oP. monodon for O (lane A, 4-6), 1 (lane A, 7-9), 3
(lane B, 1-3), 6 (lane B, 4-6), 12 (lane, B 7-9, (fane, C 1-3) and 48 (lane C, 4-6)
post treatment. The first strand cDNA template froemocytes of untreated shrimp
was included as the control (lane A, 1-3). Lane W08 bp DNA ladder.
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Figure 3.58 Histograms showing time-course relative exprestorls of PmCRT in
hemocyte of juvenilé®. monodon for O, 1, 3, 6, 12, 24 and 48 hours post thermal
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treatment. Normal shrimp (N) were included as thetiol. The same letters indicated

that the expression levels were not significantffedent (P>0.05).

M1 2 3 45 6 7 8 9

Figure 3.59 A 1.8% ethidium bromide-stained agarose gel showtireg expression
level of PMCRT in hepatopancreas & monodon for O (lane A, 4-6), 1 (lane A, 7-9),
3 (lane B, 1-3), 6 (lane B, 4-6), 12 (lane, B 73),(lane, C 1-3) and 48 (lane C, 4-6)
post treatment. The first strand cDNA template freemocytes of untreated shrimp
was included as the control (lane A, 1-3). Lane Y08 bp DNA ladder.
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Figure 3.60 Histograms showing time-course relative expresiworls of PmCRT in

relative expression level

hepatopancreas of juveni®e monodon for 0, 1, 3, 6, 12, 24 and 48 hours post thermal
treatment. Normal shrimp (N) were included as thetiol. The same letters indicated

that the expression levels were not significantffedent (P>0.05).
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M 1 2 3 45 6 7 8 9

Figure 3.61 A 1.8% ethidium bromide-stained agarose gel shovtireg expression
level of PmMCRT in gill of P. monodon for O (lane A, 4-6), 1 (lane A, 7-9), 3 (lane B,
1-3), 6 (lane B, 4-6), 12 (lane, B 7-9), 24 (la@=1-3) and 48 (lane C, 4-6) post
treatment. The first strand cDNA template from hegtes of untreated shrimp was
included as the control (lane A, 1-3). Lane M = DRODNA ladder.

0.8 -
0.6 1

0.4 -

relative expression level

N 0 1 3 6 12 24 48
hour post treatment (hpt)

Figure 3.62 Histograms showing time-course relative exprestorls of PmCRT in
gill of juvenile P. monodon for O, 1, 3, 6, 12, 24 and 48 hours post thermestiment.
Normal shrimp (N) were included as the control. Baene letters indicated that the

expression levels were not significantly differ@at0.05).
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M 1 2 3 45 6 7 8 9

Figure 3.63 A 1.8% ethidium bromide-stained agarose gel shovtireg expression
level of PmMCNX in hemocytes oP. monodon for O (lane A, 4-6), 1 (lane A, 7-9), 3
(lane B, 1-3), 6 (lane B, 4-6), 12 (lane, B 7-9, (fane, C 1-3) and 48 (lane C, 4-6)
post treatment. The first strand cDNA template freemocytes of untreated shrimp
was included as the control (lane A, 1-3). Lane %08 bp DNA ladder.
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Figure 3.64 Histograms showing time-course relative expresioals ofPmCNX in
hemocyte of juvenilé®. monodon for O, 1, 3, 6, 12, 24 and 48 hours post thermal
treatment. Normal shrimp (N) were included as thetil. The same letters indicated

that the expression levels were not significantffedent (P>0.05).
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M 1 2 3 45 6 7 8 9

Figure 3.65 A 1.8% ethidium bromide-stained agarose gel shovitireg expression
level of PMCNX in hepatopancreas & monodon for O (lane A, 4-6), 1 (lane A, 7-9),
3 (lane B, 1-3), 6 (lane B, 4-6), 12 (lane, B 7-8},(lane, C 1-3) and 48 (lane C, 4-6)
post treatment. The first strand cDNA template frobemocytes of untreated shrimp
was included as the control (lane A, 1-3). Lane W08 bp DNA ladder.

relative expression level

N 0 1 3 6 12 24 48

hour post treatment (hpt)

Figure 3.66 Histograms showing time-course relative expresioals ofPmCNX in
hepatopancreas of juveni®e monodon for 0, 1, 3, 6, 12, 24 and 48 hours post thermal
treatment. Normal shrimp (N) were included as thetiol. The same letters indicated

that the expression levels were not significantffedent (P>0.05).
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M 1 2 3 45 6 7 8 9

Figure 3.67 A 1.8% ethidium bromide-stained agarose gel shovtireg expression
level of PMCNX in gill of P. monodon for O (lane A, 4-6), 1 (lane A, 7-9), 3 (lane B,
1-3), 6 (lane B, 4-6), 12 (lane, B 7-9), 24 (la@1-3) and 48 (lane C, 4-6) post
treatment. The first strand cDNA template from hegtes of untreated shrimp was
included as the control (lane A, 1-3). Lane M = DpODNA ladder.

X a
a
1 3 6 24 48

hour post treatment (hpt)
Figure 3.68 Histograms showing time-course relative expresioals ofPmCNX in
gill of juvenile P. monodon for O, 1, 3, 6, 12, 24 and 48 hours post thermestiment.

relative expression level

12

Normal shrimp (N) were included as the control. Baene letters indicated that the

expression levels were not significantly differ@at0.05).
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M 1 2 3 45 6 7 8 9

Figure 3.69 A 1.8% ethidium bromide-stained agarose gel shoviireg expression
level of PmMERpP57 in hemocytes oP. monodon for O (lane A, 4-6), 1 (lane A, 7-9), 3
(lane B, 1-3), 6 (lane B, 4-6), 12 (lane, B 7-93, (fane, C 1-3) and 48 (lane C, 4-6)
post treatment. The first strand cDNA template froemocytes of untreated shrimp
was included as the control (lane A, 1-3). Lane W09 bp DNA ladder.
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Figure 3.70 Histograms showing time-course relative exprestopls ofPmERp57
in hemocyte of juvenild>. monodon for 0, 1, 3, 6, 12, 24 and 48 hours post thermal
treatment. Normal shrimp (N) were included as thetiol. The same letters indicated

that the expression levels were not significantfiedent (P>0.05).
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M 1 2 3 45 6 7 8 9

Figure 3.71 A 1.8% ethidium bromide-stained agarose gel shovtireg expression
level of PmMERpP57 in hepatopancreas & monodon for O (lane A, 4-6), 1 (lane A, 7-
9), 3 (lane B, 1-3), 6 (lane B, 4-6), 12 (lane,B)724 (lane, C 1-3) and 48 (lane C, 4-
6) post treatment. The first strand cDNA templatenf hemocytes of untreated
shrimp was included as the control (lane A, 1-3né M = 100 bp DNA ladder.
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Figure 3.72 Histograms showing time-course relative exprestopls ofPmERp57

in hepatopancreas of juveni® monodon for 0, 1, 3, 6, 12, 24 and 48 hours post
thermal treatment. Normal shrimp (N) were inclu@edthe control. The same letters
indicated that the expression levels were not S8aamtly different (P>0.05).
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M1 2 3 45 6 7 8 9

Figure 3.73 A 1.8% ethidium bromide-stained agarose gel showtireg expression
level of PmERpP57 in gill of P. monodon for O (lane A, 4-6), 1 (lane A, 7-9), 3 (lane B,
1-3), 6 (lane B, 4-6), 12 (lane, B 7-9), 24 (la@=1-3) and 48 (lane C, 4-6) post
treatment. The first strand cDNA template from hegtes of untreated shrimp was
included as the control (lane A, 1-3). Lane M = bpODNA ladder.
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Figure 3.74 Histograms showing time-course relative exprestonls ofPmERp57

relative expression level

3 12

in gill of juvenile P. monodon for O, 1, 3, 6, 12, 24 and 48 hours post thermal
treatment. Normal shrimp (N) were included as thetil. The same letters indicated

that the expression levels were not significantlyiffedent (P>0.05).



Table 3.5 A time-course analysis of relative expression lew# PmCRT, PmCNX and PmERpP57 in hemocytes, hepatopancreas andf gill

juvenile P. monodon by semiquantitative RT-PCR

Mean relative expression level

Hours post
treatment Hemocytes Hepatopancrease Gill
(HPT) PMCRT PMCNX PMERp57 PMCRT PMCNX PMERpPS57 PMCRT PMCNX PMERp57
N 0.412+0.051 | 0.362+0.022 | 0.384+0.010 | 1.504+0.092 | 0.705+0.029 | 0.629+0.012 | 0.945+0.132 | 0.640+0.071| 0.602+0.07
0 0.863+0.011 | 0.659+0.008 | 0.609+0.012 | 1.439+0.182 | 0.756+0.025 | 0.651+0.098 | 0.941+0.031 | 0.590+0.028 | 0.597+0.052
1 0.679+0.029 | 0.534+0.018 | 0.392+0.007 | 1.589+0.132 | 0.787+0.028 | 0.566+0.083 | 0.904+0.14 | 0.536+0.002 | 0.583+0.028
3 0.476+0.029 | 0.433+0.022 | 0.345+0.010| 1.544+0.12 | 0.779+0.099 | 0.615+0.068 | 0.951+0.081 | 0.537+0.1058 | 0.561+0.008
6 0.428+0.012 | 0.396+0.042 | 0.380+0.012 | 1.358+0.181 | 0.621+0.062 | 0.675+0.042 | 0.869+0.041 | 0.530+0.123 | 0.548+0.082
12 0.479+0.04%| 0.381+0.022 | 0.353+0.001 | 1.558+0.215 | 0.737+0.058 | 0.647+0.051 | 0.861+0.065 | 0.561+0.055 | 0.527+0.053
24 0.478+0.020| 0.432+0.043| 0.4399+0.01 | 1.260+0.042 | 0.771+0.108 | 0.572+0.028 | 0.907+0.015| 0.540+0.032 | 0.505+0.027
48 0.442+0.029| 0.420+0.008 | 0.349+0.004 | 1.288+0.091 | 0.670+0.004 | 0.579+0.015 | 0.835+0.023| 0.608+0.002 | 0.538+0.092

*The expression oEF-1la was normalized to 1.00

. The relative expressioellef the target genes was determined as the batiween that of the target aB&-1a. The

same superscripts between different time interagd ticate non-significant differences of eexpimstevels P>0.05)




138

3.8 Quantitative analysis of PmCRT, PmCNX and PmERp57 in hemocytes of

juvenile shrimp by quantitative real-time PCR

Semiquantitative RT-PCR clearly illustrated thahperature stress resulted in
upregulation of PmCRT, PmCNX and PmERp57 in hemocytes but not in
hepatopancreas and gill. Accordingly, quantitatarelysis on expression of those
genes in hemocytes of the control and treated ghviass reanalyzed using real-time
PCR.

The standard amplification curve of the targEmCRT, PmCNX and
PmERp57) and EF-1a were constructed (Figure 3.75). Due to large chffiees
between expression levelsPiniCRT, PmMCNX andPmERpS7 andEF-1a, quantitative
real-time PCR was carried out using 50 ng and 1h@%f the first strand cDNA
template for the target and the control, respelstivResults from real-time PCR
revealed that the expression levelEH-1a between different groups of specimens
was not statistically significant indicating th&F-la was an appropriate house-

keeping gene. Its suitable used as the internataai®>0.05, Figure 3.76).

The relative expression level BMCRT at 0-12 hpt was significantly greater
than that of the control (P < 0.05). LevelsRoiCRT mRNA at 0 (3.363+£0.400) and 1
hpt (3.355+0.204) were comparable (P > 0.05). Altifothe expression level of this
transcript was obviously decreased at 3 (0.743#0.83(0.626+0.156) and 12 hpt
(0.801+0.233), its expression level was still siigaint greater than that of the control
(0.104+0.015) (P < 0.05). The expression |&@CRT returned to the normal state at
24 and 48 hpt,R>0.05) (Figure 3.77 and Table 3.6).

PmCNX in hemocytes ofP. monodon was also upregulated following the
temperature stress. The relative expression lefvéie transcript was 0.071+0.018.
The highest relative expression levelRhACNX was observed at 0 hpt (0.658+0.12, P
< 0.05). Expression ofPmCNX was significantly reduced from O hpt for
approximately 2 fold at 1 hpt (0.332+0.005) andl $tirther decreased for about 3
fold at 3 (0.1886+0.034), 6 (0.223+0.074) and 12 (p224+0.068), respectively.
Interestingly, the expression level d®mCNX at 24 ((0.034+0.001) and 48
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(0.034+0.001 and 0.038+0.007) hpt was significamtdr than that of the control (P <
0.05) (Figure 3.78 and Table 3.6).
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Figure 3.75 The standard amplification curves of various geaesmined by real-

time PCR. The standard curveEf-1a (A; r* for standard curve = 0.9967, efficiency
for the amplification = 1.941)PmCRT (B; r* = 0.9985, efficiency for the

amplification = 1.997)PmCNX (C; ¥ = 0.974, efficiency for the amplification =
1.948) andPmERp57 (D; ¥ = 0.9755, efficiency for the amplification = 1.95The

abscissa reveals log copy number concentrationsaoh gene (foto 1G copy,
respectively).
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Figure 3.76 Real-time PCR analysis illustrating the absolutpression level (copy
number) ofEF-1a in hemocytes of juvenil®. monodon at the normal conditions (N)
and at 0, 1, 3, 6, 12, 24 and 48 hours post temperastress. The same letters
indicated that the expression levels were not Sgmtly different (P > 0.05).
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Figure 3.77 Real-time PCR analysis illustrating the relativ@ression oPmCRT in
hemocytes of juvenil®. monodon at the normal conditions (N) and at O, 1, 3, §, 12
24 and 48 hours post temperature stress. The sdtaeslindicated that the expression

levels were not significantly different (P > 0.05).
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Figure 3.78 Real-time PCR analysis illustrating the relativgression oPmMCNX in
hemocytes of juvenil®. monodon at the normal conditions (N) and at O, 1, 3, G, 12
24 and 48 hours post temperature stress. The sdtarslindicated that the expression

levels were not significantly different (P > 0.05).
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Figure 3.79 Real-time PCR analysis illustrating the relativpression ofPmERp57
in hemocytes of juvenil®. monodon at the normal conditions (N) and at O, 1, 3, 6,
12, 24 and 48 hours post temperature stress. Time $etters indicated that the

expression levels were not significantly differ@at> 0.05).
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Quantitative real-time PCR illustrated tHathERp57 was more temperature-
sensitive thafPmCRT andPmCNX. PmERp57 in hemocytes olP. monodon was rapid
upregulated following the temperature stress. Télative expression level of this
transcript at O hpt (18.324+2.691) was approxinyadgl times greater than that of the
control (0.482+0.11, P < 0.05). A time course rdnuc of PmERP57 mMRNA was
observed at 1 (11.812+0.274), 3 (9.048+2.07) an(4.@54+1.647) hpt but the
expression level was still greater than that ofdbetrol for about 24, 18 and 8 times,
respectively. Levels oPmMERpS57 at 12 (0.732+0.213), 24 (0.595+0.054) and 48
(0.858+0.161) hpt were comparable with that of ¢batrol (P > 0.05) (Figure 3.79
and Table 3.6).

Table 3.6 A time-course relative expression levels of PmCHPMCNX and
PmERpP57 in hemocytes of normal and temperaturessghrimp using quantitative
real-time PCR

Hour Post
Treatment Mean relative expression level
(HPT) PMCRT PmMCNX PMERp57

N 0.104+0.01% | 0.071+0.018 0.482+0.11
0 3.363+0.400 | 0.658+0.126 18.324+2.691
1 3.355+0.204 | 0.332+0.008 11.812+0.27%
3 0.743+0.181 | 0.1886x0.03% 9.048+2.07
6 0.626+0.156 | 0.223+0.074 4.254+1.64%
12 0.801+0.233 | 0.224+0.068 0.732+0.213
24 0.155+0.01% | 0.034+0.00% 0.595+0.052
48 0.157+0.011 | 0.038+0.007 0.858+0.161

*The expression oEF-1a was normalized to 1.00. The relative expressiwallef the target genes was
determined as the ratio between that of the taxgdEF-1a. The same superscripts between different

time interval data are not significantly differé®>0.05)
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3.91n vitro expression of interesting genes using the bactefiaxpression system

3.9.1 Construction of recombinant plasmid in clonig and expression vector

Before construction of recombinant plasmid, the Odhplified primers of
each interesting gene that covered from start op stodon were designed from
RACE-full length cDNA. The ORF PCR productsPihCRT, PmCNX andPmERp57
were 1221, 1788 and 1458 bp in length and enco@éd D5 and 465, respectively
(Figure 3.80). The ORF sequence RMCRT significantly matched that ofpis
mellifera (E-value = 2e-157) whil®mCNX still matched withAedes aegypti (E-value
= 1e-170) and another protein similarBBp57 of Bombyx mori (E-value = 8e-155).
All of them were ligated, cloned into pGEM-T eassctor and transformed inté.
coli JM109 (Figure 3.81). The recombinant plasmid of plositive clone was re-
sequenced to confirm the orientation and nuclectetpience of a partial recombinant
clone. Recombinant plasmid in the cloning vectorswesed as the template for

amplification of the fragment that inserted int@esssion vectors.

Figure 3.80 ORF amplification of interesting gene including PRIC (lane 1),
PmCNX (lane 2) and PmERp57 (lane 3). A 100 bp DEdder (lane M) was used as

the marker.
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PmCRT were expressed in two forms, providing felhdth cDNA and its
cDNA without signal peptide (mature protein). Thapdification products of further
and latter forms were 1221 bp and 1173 bp in lenglie nucleic acid sequence for
mature protein of PmMCNX that cut both signal peptathd transmembrane domain
was 1359 bp in length. While PCR product of matmeERp57 protein was 1410 bp
(Figure 3.82). All of nucleotide sequence and deduamino acid were aligned to its
ORF (Figure 3.83-3.88). Two forms of PmMCRT and m&atBmCNX amplification
products were digested wiBam HI andEco RI, eluted and ligated into pGEX 4T-1
expression vector. The amplification product of wmat PmERp57 product was
digested witiNde | andBam HI before eluttion and ligation with pET 15-b egpsion
vector. After that four ligated expression vectaese transformed int&. coli JM109
and re-sequenced to confirm the orientation andeotide sequence. The last, they
were transformed intB. coli BL21 (DE3) codon+ RIPL.

A) B)

bp

1500
1000

500

PMERp57

Figure 3.81 Colony PCR for determining sizes of positive clafenteresting ORF
(A). The orientation of PmCRT (1), PmCNX (2) and ERp57 (3) that insert into
pPpGEM-T easy vector were checked by colony PCR TBg 100 bp (M1) and Hind

[l (M2) markers were used as molecular ladder.
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Figure 3.82 Amplification product of interesting genes consigiPmCRT (full length
and mature cDNA are in lane 1 and 2, respectivélg)CNX (lane 3) andPmERp57
(lane 4) that were inserted into expression ve&dr00 bp DNA ladder (lane M) was

used as the marker.

ORF- PMCRT
ful |l - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful |l - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful |l - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful |l - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful | - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful |l - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful |l - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful | - PMCRT
mat ur ePMCRT

ATGAAGACCTGGGT TTTTCTTGCOCTAT T TGGGGTTGOCCTAGT GGAATCTAAAGTATTT
ATGAAGACCTGGGTTTTTCTTGCOCTAT T TGGGGT TGOCCTAGT GGAATCTAAAGTATTT
------------------------------------------------ ATGAAAGTATTT

kkkhkkkkkkk
TTCGAAGAAAGAT TCGACAGOCCT GATTGBGAGAAAAAT TGGGT TCAGT CTGCACACAAG
TTCGAAGAAAGAT TCGACAGOCCT GAT TGBGAGAAAAAT TGGGT TCAGT CTGCACACAAG
TTCGAAGAAAGAT TCGACAGOCCT GATTGGEGAGAAAAAT TGGGT TCAGT CTGCACACAAG
IR RS R SR EEEEEEEEEEREEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEESEE]
GGGAAGGAGT TTGGACCCTTCAAGT TGACAGCT GGCAAATTTTATGGOGATGCTGAAAAG
GGGAAGGAGT TTGGACCCT TCAAGT TGACAGCTGECAAAT TTTATGGOGATGCTGAAAAG
GGGAAGGAGT TTGGACCCT TCAAGTTGACAGCT GECAAAT TTTATGGOGATGCTGAAAAG
I E R SRR R SR EREEEEEEEEEEEEREREEEEEEEREEREESEEEEEEEEEEEEEEEEEEEEESEESE]
GATAAGGGAATCCAGACTGGACAGGATGOCOGCT TTTATGGTCTTTCTACGAAGT TTGAG
GATAAGGGAATCCAGACT GGACAGGATGOCOGCT TTTATGGTCTTTCTACGAAGTTTGAG
GATAAGGGAAT CCAGACT GGACAGGATGOCOGCT TTTATGGTCTTTCTACGAAGT TTGAG
IR SRR SR E SR E R SRR SR EEEREREEEEEEEEEREESEEEEESEESEEEEESEEE SRS EESEE]
CCCTTCAGT AAT AAGGAT TCOCCACT TGTCATCCAGT TTTCTGTAAAACATGAACAGAAC
CCCTTCAGT AAT AAGGAT TCOCCACT TGTCATCCAGT TTTCTGTAAAACATGAACAGAAC
CCCTTCAGT AAT AAGGAT TCOCCACT TGTCATCCAGT TTTCTGTAAAACAT GAACAGAAC
IR R SR EEEREEEEEEEEEEEREEEEEREEEEEEEEEEIEEEEEEEEEEEEEEEEEEEEEEEESEE]
ATTGACTGTGGTGGAGGATATCTGAAGGT CTTCGATTGCTCTTTAGACCAGAAAGACATG
ATTGACTGTGGTGGAGGATATCTGAAGGT CTTCGATTGCTCTTTAGACCAGAAAGACATG
ATTGACT GTGGTGGAGGATATCTGAAGGT CTTCGATTGCTCTTTAGACCAGAAAGACATG
IR RS R EEEEEEEEEEEEEEREEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEE]
CACGGAGAGTCGOCATACCT CATTATGT TTGGTCCTGATAT CTGT GGOCCAGGCACCAAG
CACGGAGAGT CGOCATACCT CATTATGT TTGGT CCTGATAT CTGT GGOCCAGGCACCAAG
CACGGAGAGT CGOCATACCT CATTATGT TTGGT CCTGATAT CTGT GGOCCAGGCACCAAG
IR RS R EEEEEEEEEEEEEEREEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEE]
AAGGTTCATGTAATCTTCAAT TACAAGGGT GAGAACCAT CTGAT CAAGAAGGAAAT COGT
AAGGTTCATGTAATCTTCAAT TACAAGGGT GAGAACCAT CTGAT CAAGAAGGAAAT COGT
AAGGTTCATGTAATCTTCAAT TACAAGGGT GAGAACCAT CTGAT CAAGAAGGAAAT COGT

kkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhhkhkhkhkhkhkkhkhkhkhkhkhkhkkhkkhkkhkkhkhkhkhkhkkkkkkkkkk*x*%

60
60
12

120
120
72

180
180
132

240
240
192

300
300
252

360
360
312

420
420
372

480
480
432



ORF- PMCRT TGCAAGGATGACGTATTTTCCCATCTGTATACCCT CATTGTCAATCCTGACAACACCTAC 540

ful | - PMCRT TGCAAGGATGACGTATTTTCCCATCTGTATACCCT CATTGTCAATCCTGACAACACCTAC 540

mat ur ePNCRT TGCAAGGATGACGTATTTTCCCATCTGTATACCCT CATTGTCAATCCTGACAACACCTAC 492
R EEEEEEEEEEEEEEEEEEEEEEEEE R R R R R RS RS EEEEEEEREEEEEEEEEEEEESESE]

ORF- PMCRT GAAGTTCTTATTGACAAT GAAAAAGCT CAGT CT GGT GAACT CGAGGAGGACTGGGACTTC 600

ful | - PMCRT GAAGTTCTTATTGACAAT GAAAAAGCT CAGT CTGGTGAACT CGAGGAGGACTGGGACTTC 600

mat ur ePNMCRT GAAGTTCTTATTGACAAT GAAAAAGCT CAGT CTGGTGAACT CGAGGAGGACTGGGACTTC 552
IR EEEEEEEEEEEEEEEEEEEEEEEE R R R R R R RS RS EEEEEEEREEEEEEEEEEEESESESE]

ORF- PMCRT CTTCCACCCAAGAAGAT CAAGGACCCAGAAGCCAAGAAGCCCGACGAT TGGGATGACCGE 660

ful | - PMCRT CTTCCACCCAAGAAGAT CAAGGACCCAGAAGCCAAGAAGCCCGACGAT TGGGATGACCGE 660

mat ur ePNMCRT CTTCCACCCAAGAAGAT CAAGGACCCAGAAGCCAAGAAGCCCGACGAT TGGGATGACCGE 612
IR EEEEEEEEEEEEEEEEEEEEEEEE R R R R R R RS R SRR EEEEEREEEEEEEEEEEEESESE]

ORF- PMCRT COCACCATTGCTGATCCT GACGATACT AAGCCT GAAGATTGGGACCAACCTGAACACATT 720

ful | - PMCRT COCACCATTGCTGATCCTGACGATACTAAGCCT GAAGATTGGGACCAACCTGAACACATT 720

mat ur ePNMCRT COCACCATTGCTGATCCT GACGATACTAAGCCT GAAGATTGGGACCAACCTGAACACATT 672
IR EEEEEEEEEEEEEEEEEEEEEERE R R R R R R R RS RS EEEEEEEREEEEEEEEEEEEESESE]

ORF- PMCRT CCTGATCCT GAT GCCACCAAACCT GAGGACT GGGAT GATGAAAT GGATGGOGAGTGGGAA 780

ful | - PMCRT CCTGATCCT GATGCCACCAAACCT GAGGACT GGGATGATGAAAT GGATGEOGAGTGGGAA 780

mat ur ePNMCRT CCTGATCCT GATGCCACCAAACCT GAGGACT GGGAT GATGAAAT GGATGEOGAGTGGGAA 732
IR EEEEEEEEEEEEEEEEEEEEEEEEREEEEE R R R R R R EEEEEEEEEEEEEEEEEEEESESESE]

ORF- PMCRT CCACCCAT GATTGACAAT CCTGACTACAAGEGT GAAT GGAAGOCTAAGCAGATTGATAAC 840

ful | - PMCRT CCACCCAT GATTGACAAT CCTGACTACAAGEGT GAATGGAAGCCTAAGCAGATTGATAAC 840

mat ur ePNMCRT CCACCCATGATTGACAAT CCTGACTACAAGGGT GAATGGAAGCCTAAGCAGATTGATAAC 792
kkhkkhkkhkkhkhkhkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhkhkhkhhhhhhhkhkhkhkhkhhkhkhkhhkhkhkhkk*x*%

ORF- PMCRT CCTGATTACAAGGGT CCAT GGAT TCACOCT GAAATTGACAACCCAGAATACACACCTGAC 900

ful | - PMCRT CCTGATTACAAGGGT CCAT GGAT TCACCCT GAAATTGACAACCCAGAATACACACCTGAC 900

mat ur ePNMCRT CCTGATTACAAGGGT CCATGGAT TCACCCT GAAATTGACAACCCAGAATACACACCTGAC 852
IR R SR EEEEEREEEEEEEEREEEREEREEEEEEEEEERE S EEREEEEEEEESEESEEREEEESEESE]

ORF- PMCRT CCAGAGAT CTACAAGTATGATGAGGT CTGTGCTCTTGGTTTGGATCTTTGGCAGGTAAAA 960

ful | - PMCRT CCAGAGATCTACAAGT ATGATGAGGTCTGTGCTCTTGGT TTGGATCTTTGGCAGGTAAAA 960

mat ur ePNMCRT CCAGAGATCTACAAGTATGATGAGGT CTGTGCTCTTGGTTTGGATCTTTGGCAGGTAAAA 912
kkhkkhkkhkhkhkhkhkhkhkhhkhkhhkhhhhkhkhkhkhkhkhkhkhhhhhhhhhhhrkhhkhhkhhkhhhkhkhhkhkhkhkhkhkhkrk*x*%

ORF- PMCRT TCTGGTACTATCTTTGACAACT TCCT CATCTCAAAT GATCCT GAAGAAGCCCGCAAGATT 1020

ful | - PMCRT TCTGGTACTATCT TTGACAACT TCCTCATCT CAAATGAT CCTGAAGAAGCCCGCAAGATT 1020

mat ur ePNMCRT TCTGGTACTATCTTTGACAACT TCCT CATCTCAAAT GATCCTGAAGAAGOCOGCAAGATT 972
IR RS S SR EEEEEEEERESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREESEESE]

ORF- PMCRT GGTGAAGAGACTTGGEGT GCTACT AAAGAT GCAGCTAAGAAGAT GAAGGATGAACAGGAT 1080

ful | - PMCRT GGTGAAGAGACT TGGGGT GCTACT AAAGAT GCAGCTAAGAAGAT GAAGGATGAACAGGAT 1080

mat ur ePNMCRT GGTGAAGAGACT TGGEGTGCTACTAAAGAT GCAGCTAAGAAGAT GAAGGATGAACAGGAT 1032
kkhkkhkkhkkhkkhkhkhhkhkhkhkhhhkhkhhhdhhhhhhhhhhhhhhkhhhhhhhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkkk*x*

ORF- PMCRT GAAGAGGAGCGAAAGAGAGCAGAGGAAGAAGCT AAGBCAGCT GCTGATGCTGAGAAGGAT 1140

ful | - PMCRT GAAGAGGAGCGAAAGAGAGCAGAGGAAGAAGCT AAGBCAGCT GCTGATGCTGAGAAGGAT 1140

mat ur ePNMCRT GAAGAGGAGCGAAAGAGAGCAGAGGAAGAAGCT AAGGCAGCT GCTGATGCTGAGAAGGAT 1092
kkhkkhkkhkkhkkhkhkhhkhhkhkhhhkhhhhhhhhhhhhdhhhhhhhhhdhhhhhhhhhhhhhhhhhhkhhxkx*x

ORF- PMCRT GAGGACGAT GATGACGACGACGAT CTTGGOGATGAAGACGAAGATGATCTTGATAATGAT 1200

ful | - PMCRT GAGGACGAT GATGACGACGACGAT CTTGGCOGAT GAAGACGAAGATGATCTTGATAATGAT 1200

mat ur ePNMCRT GAGGACGAT GATGACGACGACGAT CTTGGOGAT GAAGACGAAGATGATCTTGATAATGAT 1152
kkhkkhkkhkkhkhkhkhkhkhkhkhhkhkhkhhhhhhhhhhhhhhhhhhhhhhhhkhhhhkhhhhhhhrhkhhkhkhkhkx*x*x

ORF- PMCRT CTTGAACATGACGAGCTGTAA 1221

ful | - PMCRT CTTGAACATGACGAGCTGTAA 1221

mat ur ePMCRT CTTGAACATGACGAGCTGTAA 1173

kkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhk*k
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Figure 3.83 Alignment between the full length cDNA oPmCRT from ORF
amplification ORF-PMCRT) and amplification fragments fain vitro expression,
providing full-length ORFf0ll-PmCRT) and mature proteins with out signal peptide
(maturePmCRT).



ORF- PMCRT
ful | - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful | - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful | - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful | - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful | - PMCRT
mat ur ePMCRT

ORF- PMCRT
ful | - PMCRT
mat ur ePMCRT

MKTW/FLAL FGVAL VESKVIFFEERFDSPDVEKNVWQSAHKGKEF GPFKL TAGKFYGDAEK
MKTW/FLAL FGVAL VESKVIFFEERFDSPDVEKNVWQSAHKGKEF GPFKL TAGKFYGDAEK
---------------- VKVFFEERFDSPDWEKNVWQSAHKGKEF GPFKL TAGKFYGDAEK

EEEEEEEEEEEEEEEEE RS EEEEEEEEEEEEEEEEEEEEEEES]

60
60
44

DKG QTGQDARFYGLSTKFEPFSNKDSPLVI QFSVKHEQNI DCGGGYLKVFDCSLDQKDM 120
DKG QTGQDARFYGL STKFEPFSNKDSPL VI QFSVKHEQNI DCGGGYLKVFDCSLDQKDM 120
DKG QTGQDARFYGL STKFEPFSNKDSPL VI QFSVKHEQNI DCGGGYLKVFDCSLDQKDM 104

IR EEEEEEEEEEEEEEEEEEEEEEEE R R R R R R RS RS EEEEEEEREEEEEEEEEEEESESESE]

HGESPYLI MFGPDI CGPGTKKVHVI FNYKGENHL | KKEI RCKDDVFSHLYTLI VNPDNTY
HGESPYLI MFGPDI CGPGTKKVHVI FNYKGENHL | KKEI RCKDDVFSHLYTLI VNPDNTY
HGESPYLI MFGPDI CGPGTKKVHVI FNYKGENHL | KKEI RCKDDVFSHLYTLI VNPDNTY
IR EEEEEEEEEEEEEEEEEEEEEEEE R R R R R R RS R SRR EEEEEREEEEEEEEEEEEESESE]
EVLI DNEKAQSGEL EEDVWDFL PPKKI KDPEAKKPDDWDDRPTI ADPDDTKPEDWDQPEHI
EVLI DNEKAQSGEL EEDWDFL PPKKI KDPEAKKPDDWDDRPTI ADPDDTKPEDWDQPEHI
EVLI DNEKAQSGEL EEDWDFL PPKKI KDPEAKKPDDWDDRPTI ADPDDTKPEDWDQPEHI
IR EEEEEEEEEEEEEEEEEEEEEERE R R R R R R R RS RS EEEEEEEREEEEEEEEEEEEESESE]
PDPDATKPEDWDDENVDGEVWEPPM DNPDYKGEVWKPKQ DNPDYKGPW HPEI DNPEYTPD
PDPDATKPEDWDDENDGEWEPPM DNPDYKCEVWKPKQ DNPDYKGPW HPEI DNPEYTPD
PDPDATKPEDWDDENDGEVWEPPM DNPDYKCGEVKPKQ DNPDYKGPW HPEI DNPEYTPD
IR EEEEEEEEEEEEEEEEEEEEEEEEREEEEE R R R R R R EEEEEEEEEEEEEEEEEEEESESESE]
PE! YKYDEVCALGLDLWQVKSGT| FDNFLI SNDPEEARKI GEETWGATKDAAKKVKDEQD
PEI YKYDEVCAL GLDLWQVKSGT | FDNFLI SNDPEEARKI GEETWGATKDAAKKVKDEQD
PEI YKYDEVCAL GLDLWQVKSGT| FDNFLI SNDPEEARKI GEETWGATKDAAKKVKDEQD

kkhkkhkkhkkhkhkhkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhkhkhkhhhhhhhkhkhkhkhkhhkhkhkhhkhkhkhkk*x*%
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Figure 3.84 Alignment of deduced amino acid sequences betwédmERT from

ORF amplification ORF-PMCRT) and amplification fragments for recombinant

protein expression, providing full-length ORf&l(-PmCRT) and mature proteins with
out signal peptidenfaturePmCRT).

ORF- PMCNX
mat ur ePMCNX
ORF- PMCNX
mat ur e PMCNX

ORF- PMCNX
mat ur ePMCNX

ORF- PMCNX
mat ur ePMCNX

ORF- PMCNX
mat ur ePMCNX

ORF- PMCNX
mat ur e PMCNX

ORF- PMCNX
mat ur ePMCNX

ORF- PMCNX
mat ur ePMCNX

ORF- PMCNX
mat ur e PMCNX

ORF- PMCNX
mat ur ePMCNX

ATGAAGT CGAGGT GCCAGAGAAAAGCAGT AT TAGCACTGCTAGT TCTTGECCTGCTGI TA
CCTTTTGGTATTAAAGCAGAT GACGAT GACGAT GAAGAAGCT GT TGT CACGGAAGAGCAA
--------------- ATGGATGACGAT GACGAT GAAGAAGCT GT TGT CACGGAAGAGCAA

EEEEEEEEEEEEEEEE RS EEEEEEEEEEEEEEEEEEEEEESESE]
ACAGAAGCCAGAGGAAGAT GAT GT AGAGGAGGT TGTGTATGCAACACCCAAGECACTACCA
ACAGAAGCAGAGCGAAGAT GATGT AGAGGAGGT TGT GTATGCAACACCCAAGCCACTACCA
IR R EEEEEEEEEEEEEEEEEEEREEEEREREREERE RS EEEEEEEEEEEEEEEEEEEEESESESE]
AATGCATATCTGACTGAAACGT TTGATGACATAGCTACTTTTGAGAAGACGT GGATCAAA
AATGCATATCTGACTGAAACGT TTGATGACATAGCTACT TTTGAGAAGACGT GGATCAAA
kkhkkhkkhkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhhkhkhkhkhhhkhkhkhhhkhkhkhkhkhkhkkhkkhkkhkkhkhkhkhkkkkhkkkkk*x*%
TCTGAAGCCAAGAAGGACGGT GT TGATGAAAACAT TGCTAAATATGATGGT GT TTGGGCA
TCTGAAGCCAAGAAGGACGGT GTTGATGAAAACAT TGCTAAATATGATGGT GT TTGEGCA
kkhkkhkkkhkkhkhkhkhkhkhkhkhkhhkhhhhhhhhhhhhhhdhhhhhhhhhhkhhkhrhhkhkhrrrhkrkrxx***x*x*%
GTAGAACCT GCCTGAACGAT TGECTCTTACTGGGGATCGT GGGT TGGT GT TGAAGT CAAAG
GTAGAACCTGCTGAACGATTGGECTCTTACT GGGGATCGT GGGT TGGTGT TGAAGT CAAAG
R EEEEEEEEEEEEEEEEEEEEEE R R R R R R R R R RS RS EEEEEEEREEEEEEEEEEEEESESE]
GCAAAACAT GCAGCAAT TGCAGCACCACT GAAGAAACCATTTGTATTCAGTAACAAGCCT
GCAAAACAT GCAGCAAT TGCAGCACCACT GAAGAAACCATTTGTATTCAGTAACAAGCCT
IR EEEEEEEEEEEEEEEEEEEEEEE R R R R R R R R RS R SRR EEEEEREEEEEEEEEEEEESSE]
TTTGTGGT TCAGTATGAAGT TAATTTACAGAAT GGT CAAGAAT GT GGTGGAGCATATATC
TTTGIGGTTCAGTATGAAGT TAATTTACAGAAT GGTCAAGAAT GT GGTGGAGCATATATC
kkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkkkkkkkkkk*x*%
AAACTAATCAGT GCCCAAAAAGGACGT GTGGATCTTAAAAAT TTCCATGACAAAACACCG
AAACT AAT CAGT GCCCAAAAAGGACGT GT GGATCT TAAAAAT TTCCAT GACAAAACACCG
IR EEEEEEEEEEEEEEEEEEEEEEEEE R R R R R R RS RS EEEEEEEREEEEEEEEEEEEESESE]
TACACTATTATGI TTGGACCAGACAAATGTGGCAATGACTTCAAGT TGCATTTCATCTTC
TACACTATTATGI TTGGACCAGACAAATGTGGCAATGACTTCAAGT TGCATTTCATCTTC

R EEEEEEEEEEEEEEEEEEEEEEE R R R R R R R R RS RS EEEEEEEREEEEEEEEEEEEESESE]

60

120

180

105

240
165

300
225

360
285

420
345

480
405

540
465

600
525



ORF- PMCNX AGCCATGT TAATCCTCTTACT GAAGAAAT TGAAGAAAAACATGCTAAGAGACCACGTGAC 660

mat ur e PMCNX AGGCCATGTTAATCCTCTTACT GAAGAAAT TGAAGAAAAACATGCTAAGAGACCACGTGAC 585
IR R SR EEEEEEEEEEEEEEREEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEE]

ORF- PMCNX AAGATTGAGGAACCATTTAAGGACAAGAAGT CTCATTTGTACACATTAGTAATTCGACCA 720

mat ur e PMCNX AAGATTGAGGAACCATTTAAGGACAAGAAGT CTCATTTGTACACATTAGTAATTCGACCA 645
IR R SR SR EEEEEEEEEEEEREEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEE]

ORF- PMCNX GACAACACCTTTGAAATAAGCCTGGATCACGAGGTAATCAATTCAGGAAGCCTTCTGGAG 780

mat ur e PMCNX GACAACACCTTTGAAATAAGCCTGGATCACGAGGTAATCAATTCAGGAAGCCTTCTGGAG 705
IR RS R EEEEEEEEEEEEEEREEEEEREEEEEEEEEEIEEEEEEEEEEEEEEEEEEEEEEEESEE]

ORF- PMCNX GACTTCACCCCATCTGI CAACCCTCCCAAAGAAATCGATGATCCTGAAGACTTTATGCCA 840

mat ur e PMCNX GACTTCACCCCATCTGTI CAACCCTCCCAAAGAAATCGATGATCCTGAAGACTTTATGCCA 765
IR RS RS R R SRR SRR E SRR R R R R R R EE R RS EE R R RS RS R R R R EREEEREEREEEEREEESEES]

ORF- PMCNX GAAGACT GGGATGAAAGAGAAAAGATTCCAGAT CCAGAAGCCACAAAGCCTGATGACTGG 900

mat ur e PMCNX GAAGACT GGGATGAAAGAGAAAAGATTCCAGAT CCAGAAGCCACAAAGCCTGATGACTGG 825
IR RS RS R R SRR SR SR SRR R R R R RS EE R RS EE R R RS RS R R R R R EREEEREEREEEEREEREESES]

ORF- PMCNX GATGAGGATGCTCCCATGCAGAT CCCTGATCCAGT GGCTGAGAAACCTAGTGGATGECTG 960

mat ur e PMCNX GATGAGGATGCTCCCATGCAGATCCCTGATCCAGT GGCTGAGAAACCTAGTGGATGGECTG 885
IR R SRR R EREEEEEREEREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEESEE]

ORF- PMCNX GATGATGAGCCAGAAAT GGTGCCAGATCCCACT GCTGAGAAACCTGATGACTGGGATGAT 1020

mat ur e PMCNX GATGATGAGCCAGAAATGGT GCCAGATCCCACT GCTGAGAAACCTGATGACTGGGATGAT 945
IR R SRR R EEEEE SR EEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEE]

ORF- PMCNX GAAATGGATGGT GAGT GGGAAGCT CCACT GATCACCAACCCCAAGTGTGTTGATGCACCA 1080

mat ur ePMCNX GAAAT GGATGGT GAGT GGGAAGCT CCACT GATCACCAACCCCAAGTGTGTTGATGCACCA 1005
R RS RS R R R R RS SRR E R SRR R SRR RS RS RS R RS E SRR R E R EREEEREEREEEEREEEESES]

ORF- PMCNX GGCTGT CGAGAGT GGAAGCCT CCCATGGT GGACAATCCTGAGT TCAAGGGCAAATGECGT 1140

mat ur e PMCNX GGCTGT GGAGAGT GGAAGCCT CCCATGGTGGACAAT CCTGAGT TCAAGGGCAAATGECGT 1065
IR R SR EEEEEREEEEEEEEREEEREEREEEEEEEEEERE S EEREEEEEEEESEESEEREEEESEESE]

ORF- PMCNX CCACCCATGATTGACAATCCTAATTACCGT GGAAAATGGAAGCCACGAAAGATCCCCAAC 1200

mat ur e PMCNX CCACCCATGAT TGACAATCCTAAT TACCGT GGAAAAT GGAAGCCACGAAAGATCCCCAAC 1125
IR RS EEREEEEEEEREREEEEEEEEEEEEEEREEEEREEEEEEEEEREEEEEEEEEREESEESE

ORF- PMCNX CCTGACTTCTTTGAAGACCTGGAACCTTTCAAGATGACTGCTATTGATGCTGITGGTCTG 1260

mat ur e PMCNX CCTGACTTCTTTGAAGACCTGGAACCT TTCAAGATGACTGCTATTGATGCTGITGGTCTG 1185
RS SRR L EE RS EEE R E R E R R R SRS EE SRS E R R R R E R SRR ERERREREEREEEEREEREESESE]

ORF- PMCNX GAATTGTGGTCAATGTCAGACAATATCCTCTTTGACAACATACTTGTCACAGACAATGIT 1320

mat ur e PMCNX GAATTGTGGTCAATGTCAGACAATATCCTCTTTGACAACATACTTGTCACAGACAATGIT 1245
R R SRR R RS E RS R SRR R R R RS R R SRS R R R RS E TR RS E R EREEEEEEREEEEREREESESE]

ORF- PMCNX GCTGAGCCTTACCAGT TTGCTCAAGAAACTTTTGACT TGAAGGT CATGAAGATAGAGAAG 1380

mat ur e PMCNX GCTGAGCCTTACCAGTTTGCTCAAGAAACTTTTGACT TGAAGGT CATGAAGATAGAGAAG 1305
IR R SRR SRR SRR SRS SR EEEREEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEESE]

ORF- PMCNX GGACAGACTGGAGI TATTCGACGAATCATCAACTACTCCAATAAGAATCCATGGCTATAT 1440

mat ur e PMCNX GGACAGACTGGAGT TAT TCGACGAATCATCAACTACTCCAATAAGAATCCATAA:- - - - - - 1359
R R EEEEEEREEEEREEEEEEEEEEEEEEEEEEEEE RS EEEEEEEEEEEEEEE]

ORF- PMCNX GGTATCTACGTACTCCTAGTGECCATTCCTGTAGTGT TGATATTTGCCTGTTGTTGTGCA 1500

mat ur ePMCNX - - oo oo oo oo

ORF- PMCNX GAAGCAAAGGACACCAAGGAAGATAAGCGAT CCAGAGAGGAAAAAGACCGATGCACCTTCT 1560

mat ur ePMCNX - - - - oo oo oo oo

ORF- PMCNX CCTGATGATCCACAATCAGAGCAAAACAAAGAAGATTCTAGTCAAACTGCAGCAGATGAT 1620

mat ur ePMCONX - - s oo oo i oo oo oo oo oo

ORF- PMCNX GATCCTCCTGGAAGT GGGRATGAAGCT GAAGGGGAT GAAGACAAAGGT GATGAAGAGCGA 1680

MAt Ur @PMONX - o m oo o oo oo oo e oo

ORF- PMCNX GAGGAGGAAGAAGAT GAGGAAGAGGAGGAGGAAGCAGAGAAAGCTGATGCAGCTGAGGAG 1740

mat ur ePMCONX - - m e o e e e e e e e e e e e e oo e oo

ORF- PMCNX TCCAGACTCGCACATCACCAAGGCTGCGCAAGT CCCCGAGAGATTAA 1788

mat ur ePMCNX @ - m oo oo oo
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Figure 3.85 Alignment between the full length cDNA oPmCNX from ORF
amplification ORF-PMCNX) and mature proteins amplification with out signal

peptide (naturePMCmX) for in vitro expression.
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MKSRWORKAVL AL LVLGLLLPFG KADDDDDEEAWTEEQTEGEEDDVEEVVYATPKAL P
------------------------- MDDDDDEEAWVTEEQTEGEEDDVEEVVYATPKAL P

R R R R EEEEEEEEEEEEEEEEEEEEEEEEESE]
NAYLTETFDDI ATFEKTW KSEAKKGGVDENI AKYDGVWAVEPAERL AL TGDRGLVLKSK
NAYLTETFDDI ATFEKTW KSEAKKGGVDENI AKYDGVWAVEPAERL AL TGDRGLVLKSK
IR R SR SR EEEEEEEEEEEEREEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEE]
AKHAAI AAPL KKPFVFSNKPFVVQYEVNL QNGQECGGAY! KLI SAQKGRVDLKNFHDKTP
AKHAAI AAPL KKPFVFSNKPFVWQYEVNL QNGQECGGAY! KLI SAQKGRVDLKNFHDKTP
IR EEEEEEEEEEEEEEEEEEEEEEEEE R R R R R RS RS EEEEEEEREEEEEEEEEEEESESESE]
YTI MFEGPDKCGNDFKL HFI FRHVNPL TEEI EEKHAKRPRDKI EEPFKDKKSHLYTLVI RP
YTI MFGPDKCGNDFKL HFI FRHVNPL TEEI EEKHAKRPRDKI EEPFKDKKSHLYTLVI RP

IR EEEEEEEEEEEEEEEEEEEEEEEE R R R R R R RS R SRR EEEEEREEEEEEEEEEEEESESE]

60
35

120
95

180
155

240
215

DNTFEI SLDHEVI NSGSLLEDFTPSVNPPKEI DDPEDFMPEDWDEREKI PDPEAAKPDDW 300
DNTFEI SLDHEVI NSGSLLEDFTPSVNPPKEI DDPEDFMPEDWDEREKI PDPEAAKPDDW 275
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DEDAPMQ PDPVAEKPSGW. DDEPEMVPDPTAEKPDDVWDDEVDGEVEAPL | TNPKCVDAP
DEDAPMQ PDPVAEKPSGW. DDEPEMVPDPTAEKPDDWDDEVDGEVEAPL | TNPKCVDAP
kkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhhhhhhhhhhhdhhhhhhhhhhhhhhhhhhkhkhkhkhkhkhkhkhhkhkhkhkhkkk*x*
GCCEVKPPMVDNPEFKGKVWRPPM DNPNYRGKVKPRKI PNPDFFEDL EPFKMTAI DAVGL
GCGEVWKPPMWDNPEFKGKWRPPM DNPNYRGKVKPRKI PNPDFFEDL EPFKMTAl DAVGL
IR EEEEEREEEEEEEEEEEEEEEREEREEREREEEE R R R R R R EEEEEEEEEEEEEEEEEESESESE]
ELWSVEDNI LFDNI' LVTDNVAEAYQFAQETFDLKVIKI EKGQTGVI RRI | NHSNKNPW.Y
ELWSVEDNI LFDNI LVTDNVAEAYQFAQETFDLKVMKI EKGQTGVI RRI | NHSNKNP- - -

kkhkkhkkhkkhkhkhkhkhkhkhkhhhhhhhhhhhhhhhhhhhhhhhkhkhhhkhhhhhhkhkhhhhhhkhkhkk*x*
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Figure 3.86 Alignment of deduced amino acid sequences betwéenGNX from

ORF amplification ORF-PmMCNX) and mature proteins with out signal peptide

(maturePmCRT) for recombinant protein expression.

ORF- PMERpP57
mat ur e- PMERpS57

ORF- PMERp57
mat ur e- PMERpS57

ORF- PMERp57
mat ur e- PMERpS7

ORF- PMERpP57
mat ur e- PMERp57

ORF- PMERp57
mat ur e- PMERpS57

ORF- PMERp57
mat ur e- PVERPS7

ORF- PMERp57
mat ur e- PVERpPS57

ORF- PMERpP57
mat ur e- PMERpS57

ORF- PMERp57
mat ur e- PMERpS57

ORF- PMERp57
mat ur e- PVERpS57

ORF- PMERp57
mat ur e- PVERpS57

ATGGCTACGAGATTGTTAATACTACT CCTCTCOCT CGTGREOCGT GGOGCGGAGACGATGT
--------------------------------------------- ATG GGAGACGATGT

* kkkkkkkkhkkkk
CCTGCAAT TAAACGACGCGGAT TTCGACGEGAAAGT GBOCAGCT ACGACACGGT CCTCGT
CCTGCAAT TAAACGACGCGGAT TTCGACGEGAAAGT GGCCAGCT ACGACACGGT CCTCGT
IR R SR R R SRR E R SR SRS E RS RS E SRR R R R E R R R E SRR RS R EEEREEREEEEEREREREESE]
CATGTTCTACGCOCCATGGT GTGGTCACT GCAAGAGAT TAAAGCCT GAGT TTGAGAAGGC
CATGTTCTACGCOCCATGGT GTGGTCACT GCAAGAGAT TAAAGCCT GAGT TTGAGAAGGC
EEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEE]
CTCTACCACCTTGAAGGCCAACGACCCTCOCGT CTACCTTGCTAAGGT GGATTGTACTGA
CTCTACCACCTTGAAGGECAACGACCCT COCGT CTACCTTGCTAAGGT GGATTGTACTGA
I EEE SR EEEREEEE SRS EREEEEEEEEEEREEREESEEEEEEEEEEEREEEEEEEEEEESEEEES]
TGATGGAAAGGACAGCT GTAGCAGAT TTGGT GTGTCTGGCTACCCTACCCTGAAGATCTT
TGATGGAAAGGACAGCTGTAGCAGAT TTGGTGTGTCTGGCTACCCTACCCTGAAGATCTT
IR E R EE R E SRR EEEEREREREE SRR EE R RS E R SRR R RS R ERERER R R EEREEREREEEEES]
CAAGGGAGGAGAGCTCTCTACGGACTACAAT GGT CCACGAGAT GOCAGT GGTATTGTAAA
CAAGGGAGGAGAGCTCTCTACGGACTACAAT GGTCCACGAGAT GOCAGTGGTATTGTAAA
IR RS RS R R SRR R R SRS E R R R SRS EREE R RS R SRR R R R R R R EREREERREEREEEREEEEES]
GTACATGAGGT CACAGGT TGGACCAGCCT CTAAGGAGT TGACAT CCGT GGAGGCAGCAGA
GTACATGAGGT CACAGGT TGGACCAGCCT CTAAGGAGT TGACAT CCGT GGAGGCAGCAGA
EEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEESES]
AGCATTCCTTGGTGCTGCTGAAGT TGGAGTCGTTTACT TTGGAGGAGATTCCAAACTTAA
AGCATTCCTTGGTGCTGCTGAAGT TGGAGTCGTTTACT TTGGAGGAGATTCCAAACTTAA
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEESES]
AGATGCTTTCCTAAAGGCT GCTGATAAGCT GAGGGAAT CCATCCGT TTTGCACACTCOCT
AGATGCTTTCCTAAAGGCT GCTGAT AAGCT GAGGGAAT CCATCCGT TTTGCACACTCOCT
R R SRR R RS E R R R R RS R R R R R SRR EE R RS R R R R R R R R R R R EREREEREEREEEEREEEESES]
CGATGCCACTGTTAATGAAAAGTAT GGGTACAGOGATGT TGTTGTACT TTTCOGACCGAA
CGATGCCACTGTTAATGAAAAGTATGGGTACAGOGATGTTGTTGTACT TTTCOGACCGAA
IR R SRR R R SRR R R R E SRR R R R R SRR R R RS R R R R R EE R R R EREREREEREEREEEEREEESEES]
ACACCT GGAGAACAAAT TTGAGCCTTCCTCTGTTGTATTTGAGGGATCGGCAGACAGEEC
ACACCTGGAGAACAAAT TTGAGCCTTCCTCTGT TGTATTTGAGGGAT CGGCAGACAGEEC

60
14

120
74

180
134

240
194

300
254

360
314

420
374

480
434

540
494

600
554

660
614
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ORF- PMERPS57 TGAGATTGAGTCTTTCATCAAAAAGAACTTCCATGGT TTGGTAGGACACCTAACGCAAGA 720

mat ur e- PMERpS7 TGAGATTGAGTCTTTCATCAAAAAGAACTTCCATGGT TTGGTAGGACACCTAACGCAAGA 674
IR EEEEEEEEEEEEEEEEEEEEEEE R R R R R R RS S S SRR EEEEEEEREEEEEEEEEEEESESESE]

ORF- PMERp57 CACTGCTCAGGATTTCAAACCTCCAGI TGTGATTGCTTACTACAATGI TGATTACATCAA 780

mat ur e- PMERpS7 CACTGCTCAGGATTTCAAACCTCCAGITGTGATTGCTTACTACAATGI TGATTACATCAA 734
EEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEREEEEESEEEEEEEEEEEEEESESESSE]

ORF- PMERp57 AAATGT TAAGGGTACAAAT TACT GGCGCAAT CGTGT CCT TAAGGT GGCACAAAACTTTGC 840

mat ur e- PMERp57 AAATGT TAAGGGTACAAAT TACT GGCGCAAT CGTGT CCT TAAGGT GGCACAAAACTTTGC 794
EEEEEREEEEEEEEEEEEEEEEEREEREEEEEEEEEEEEREREEREESREREREEEEEEEEEESEESSE]

ORF- PMERPS57 TGATGACTTCAAGT TTGCCGT TGCCAATAAGGACGACT TCCAGCATGACCTCAATGAATA 900

mat ur e- PMERp57 TGATGACTTCAAGT TTGCCGT TGCCAATAAGGACGACT TCCAGCATGACCTCAATGAATA 854
IR EEEEEEEEEEEEEEEEEEEEEEE R R R R R R RS SR SRR EEEEEEEREEEEEEEEEEEESESESE]

ORF- PMERPS57 TGGCCTTGATTATGI TCCTGGTGACAAGCCAGTAATTTGTGCACGTAATGCTAAAGCCCA 960

mat ur e- PMERpS7 TGGCCTTGATTATGI TCCTGGTGACAAGCCAGTAATTTGTGCACGTAATGCTAAAGCCCA 914
IR EEEEEEEEEEEEEEEREEERE R R R R R R R RS S S SRR EEEEEEEREEEEEEEEEEEESESESE]

ORF- PMERp57 GAAGT TTGTCATGCAGGAAGAATTTTCAATGGATAACCT CCAAGCATTCCTCACCAATCT 1020

mat ur e- PMERpS7 GAAGT TTGTCATGCAGGAAGAAT TTTCAATGGATAACCT CCAAGCATTCCTCACCAATCT 974
R R R R R R R R R R R R R R R R R R R R R

ORF- PMERp57 CAAGGCGGEGTGAGCT TGAGCCATAT CTGAAGT CTGAGGCAGT GCCAACACAAGATGGECCC 1080

mat ur e- PMERp57 CAAGGCGGEGTGAGCT TGAGCCATATCTGAAGT CTGAGGCAGT GCCAACACAAGATGGECCC 1034
EEEEEEEEEEEEEEEEEREEEEEEEESEEEEEEEEEEEEEEEEEREEEEEEEEEEESEESEESESES]

ORF- PMERPS57 TGTCACTGT TCCTGT GGGTAAGAACT TCAAT GAAGT TGTCTCTGATGAGCGTGATGCCCT 1140

mat ur e- PMERpS7 TGTCACTGT TCCTGT GGGTAAGAACT TCAATGAAGT TGTCTCTGATGAGCGTGATGCCCT 1094
IR E R EEEEEEEEEEE SRR R EEEEEEEEEEE R RS S S SR EEEEEEEEEEEEEEEEEEESESESSE]

ORF- PMERp57 CATTGAATTCTATGCT CCTTGGT GT GGTCACT GCAAGAAATTAGCGCCCACCTATGATGA 1200

mat ur e- PMERpS7 CATTGAATTCTATGCTCCTTGGT GTGGT CACT GCCAAGAAATTAGCGCCCACCTATGATCA 1154
R R R R R R R R R R R R R R R R R R R R R R R

ORF- PMERp57 GCTGGGAGAAGCGAT GAAGGAT GAAGATGTAGACAT TGT GAAGATGGATGCCACTGCCAA 1260

mat ur e- PMERp57 GCTGGGAGAAGCGAT GAAGGATGAAGATGTAGACAT TGT GAAGATGGATGCCACTGCCAA 1214
R R R R R R R R R R R R R R R R R R

ORF- PMERPS57 TGATGITCCTCCTCAGTACAATGI TCAAGGCT TCCCCACCATCTTCTGGAAACCCAAGGG 1320

mat ur e- PMERp57 TGATGI TCCTCCTCAGTACAATGT TCAAGGCT TCCCCACCATCTTCTGGAAACCCAAGSG 1274
EEEEEEEEEEEEEEEEREEEEEEEEEE R R R R R RS SRR EEEEEEEEEEEEEEEEEEEEESESE]

ORF- PMERPS57 TGGTGT TCCAAGGAATTACAAT GGT GCCCCCCGAACTGGACGATTTTGTCAAGTACATTGC 1380

mat ur e- PMERpS7 TGGTGI TCCAAGGAAT TACAAT GGT GCCCCCCGAACTGGACGATTTTGTCAAGTACATTCC 1334
IR EEEEEREEEEEEEEEEEEREEEEEEE R R R R RS SRR EEEEEEEEEEEEEEEEEEESESESSE]

ORF- PMERp57 CCGACAT TCCACAAATGAACT GAAT GGGTAT GACCGCAAGGGGAAGGCAAAGAAAGGCAA 1440

mat ur e- PMERpS7 CCGACATTCCACAAATGAACT GAATGGGT AT GACCGCAAGGGGAAGGCAAAGAAAGGCAA 1394

ORF- PMERpP57
mat ur e- PMERp57

R EEEEEEEEEEEEEEEEEEEEEEEERESEEEEEEEEEEEEEEEEEEEEEEEEESESESESE]

GAAGACTGAACTTTGA 1456
GAAGACTGAACTTTGA 1410

khkkkkkkkhkhkhk Xk kk Kk

Figure 3.87 Alignment between the full length cDNA dPmERp57 from ORF
amplification ORF-PMERpPS57) and mature proteins amplification with out signal
peptide (naturePmERpPS57) for in vitro expression.
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ORF- PMERp57
mat ur e- PMERpS57

ORF- PMERp57
mat ur e- PVERpPS7

ORF- PMERp57
mat ur e- PVERpPS7

ORF- PMERp57
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ORF- PMERp57
mat ur e- PMERpS7

ORF- PMERpP57
mat ur e- PMERpS57

Figure 3.88 Alignment of deduced amino acid sequences betwe&®mB&Rp57 from
ORF amplification QRF-PmMERp57) and mature proteins with out signal peptide
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MATRLLI LLLSLVAVAL GDDVLQLNDADFDGKVASYDTVLVMFYAPWOGHCKRLKPEFEK 60
---------------- MGDDVL QLNDADFDGKVASYDTVL VMFYAPWOGHCKRLKPEFEK 44
: EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEESESESE]
ASTTLKANDPPVYL AKVDCTDDGKDSCSRFGVSGYPTLKI FKGGEL STDYNGPRDASG V' 120
ASTTLKANDPPVYL AKVDCTDDGKDSCSRFGVSGYPTLKI FKGGELSTDYNGPRDASG V' 104
EEE SRR EEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEESEEEES]
KYNMRSQVGPASKEL TSVEAAEAFL GAAEVGVVYFGGDSKL KDAFL KAADKL RES| RFAHS 180
KYNMRSQVGPASKEL TSVEAAEAFL GAAEVGVVYFGGDSKL KDAFL KAADKLRES| RFAHS 164
IR EEEEEEEEEEEEEEEEEEEEEEE R R R R R R RS S S SRR EEEEEEEREEEEEEEEEEEESESESE]
L DATVNEKYGYSDVWLFRPKHL ENKFEPSSVVFEGSADRAEI ESFI KKNFHGLVGHLTQ 240
L DATVNEKYGYSDVWL FRPKHL ENKFEPSSVVFEGSADRAEI ESFI KKNFHGLVGHLTQ 224
IR EEEEEEEEEEEEEEEEEEEEEEEEEREEE RS S S SRR EEEEEEEREEEEEEEEEEEESESESE]
DTAQDFKPPWI AYYNVDY! KNVKGTNYWRNRVL KVAQNFADDFKFAVANKDDFQHDLNE 300
DTAQDFKPPWWI AYYNVDY! KNVKGTNYWRNRVL KVAQNFADDFKFAVANKDDFQHDLNE 284
EEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEESES]
YGLDYVPGDKPVI CARNAKAQKFVMQEEF SMDNL QAFL TNLKAGEL EPYLKSEAVPTQDG 360
YGLDYVPGDKPVI CARNAKAQKFVMOEEFSMDNL QAFL TNLKAGEL EPYLKSEAVPTQDG 344
EEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEES]
PVTVAVGKNFNEVVSDERDAL | EF YAPWOGHCKKL APTYDEL GEAVKDEDVDI VKMDATA 420
PVTVAVGKNFNEVVSDERDAL | EFYAPVCGHCKKL APTYDEL GEAVKDEDVDI VKMDATA 404
R EEEEEEEEEEEEEEEEEREEREEREEE SRR R R R RS SR SR EEEEEEEEEEEEEEEEEESESESE]
NDVPPQYNVQGFPTI FWKPKGGVPRNYNGGREL DDFVKY! ARHSTNEL NGYDRKGKAKKG 480
NDVPPQYNVQGFPTI FWKPKGGVPRNYNGGREL DDFVKY! ARHSTNEL NGYDRKGKAKKG 464
EEEEEEEE SRR R R SR SRR EEREEEREEEEEEEEE SRR EREEEEEEEEEEEEEEEEEEESEEESES]
KKTEL 485
KKTEL 469

*kk ok k

(maturePmERp57) for recombinant protein expression.

3.9.2 Production of recombinant proteins

3.9.2.1 Time course study of the protein expressidavels

Expression levels of the three recombinant preteire. mature PmCRT
(71.35 kDa), PmCNX (77.95 kDa) and PmERp57 (52 Ba&)kwere followed in time
course to find out the optimal induction time yielgl maximum amounts of the

expressed proteins:.

As shown in Figures 3.89-3.91, all of the recorabin proteins were
expressed within the first hour. Their expressiewels increased in line with the
induction time. However, they are maximized at Hoars of 3-4 and the proteins
seemed not to be affected by proteolysis even wihemduction time was extended
to 14 hr.

Western blotting was also carried out to confirra tecombinant expression
of target proteins. All of them were recognized thy antibodies specific to the
attached sequence tag (Figures 3.89b, 3.90b athd)3.9
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Figure 3.89 Time course study of recombinant expression ofuneaPmCRT inE.
coli BL21 (DE3) codon+ RIPL induced for O, 1, 2, 3,64and 14 hr analyzed by
SDS-PAGE (A) and western blotting (B). Loaded saaplere whole harvested cells
taken from a grown culture after the specified tthn times. Lanes were specified
according to the induction‘times in hours. Lanei&a negative control derived from
the host cell containing pGEX 4T-1 vector withougert.
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Figure 3.90 Time @urééWessmn ofuneaPmCNX inE.

coli BL21 (DE3) codon+ RIPL induced for O, 1, 2, 3,64and 14 hr analyzed by
SDS-PAGE 3 Me whole harvested cells
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Figure 3.91 Time course study of recombinant expression oluneaPmERp57 irk.
coli BL21 (DE3) codon+ RIPL induced for 0, 1, 2, 3,64and 14 hr analyzed by
SDS-PAGE (A) and western blotting (B). Loaded saaplere whole harvested cells
taken from a grown culture after the specified tchn times. Lanes were specified
according to the induction times in hours. Laneisa negative control derived from
the host cell containing pET15b vector without imse
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3.9.2.2 Optimization of induction temperature

After cell disruption, soluble and insoluble fracts were separated to identify
the forms of expressed proteins in the host cdllith& 37 °C induction temperature,
recombinant PmCRT and PmCNX were expressed ordgluble form (Figure 3.92).
In contrast, some of the expressed PmMERp57 moka@Kested in inclusion body
(insoluble) form in the host cell when cells wereluced at 37 °C. Induction of
ERp57 expression at 20 °C was therefore trieddoae the protein production rate in
the cell, allowing more time for the protein todahnd become soluble. As seen in
Figure 3.93, lowering the induction temperatur@@®C resulted in the lower protein
expression level. Moreover, the proportions betwdlea soluble and insoluble
PmERp57 amounts produced at the two temperatures emmparable. Therefore,
induction at 37 °C resulted in a higher total amairihe target protein.

kD M -  PMCRT PMCNX
I Y I

100==

75 E”

25m— - g

’lll

u
r .mn- .

e i
'y

kA ..

Figure 3.92 SDS-PAGE analyses of cell fractionations from rebmant expression
of PmCRT and PmCNX. Cultured cells were induced®)G for 3 hr at 37°C. Cells

were then harvested and disrupted. Soluble anduinigofractions were separated by
centrifuging at 19,000 g. Lanes “S” and “I"
respectively.

are gk and insoluble fractions,
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Figure 3.93SDS-PAGE analysis of cell fractionation from redmnant expression of
PmERp57. Cultured cells were induced by IPTG fdw &t 37 or 20 °C. Cells were
then harvested and disrupted. Soluble and insolédaletions were separated by
centrifuging at 19,000 g. Lanes “S” and “I” are gk and insoluble fractions,

respectively.

3.9.3 Peptide fingerprints of the recombinant protens by mass-spectrometry

ESI-LC-MS/MS was performed to confirm the expressidhe result
showed that PmCRT was significantly matched withmonodon EST-translated
peptides similar to calreticulin (Figure 3.94A). ellnighest match was a peptide
similar to calreticulin ofGalleria mellonella (Score = 131; % coverage = 36%;
Queries matched =17). For PmERp57, the proteinsigasficantly matched witle.
monodon EST-deduced peptides similar to protein disulfidemerase. The most
significant hit-was that fronfribolium castaneum (Score = 609, %coverage = 42%;
Queries matched = 21) " (Figure 3.94B). In contrB8CNX was not significantly
matched with any deduced peptide in themonodon EST library (Figure 3.94C).
This is because the C-terminal transmembrane do(tidinhamino acid residues) was
excluded for the recombinant PMCNX and the pepgidalar to CNX in the database

was only the last C-terminal 80 amino acids ofpihatein.
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Figure 3.94 Identifications of peptide mass. fingerprints-of PRIC(A) PmERp57
(B)and PmCNX (C) by ESI-LC MS/MS. The Mowse scae10log (P), where P is
the probability that the observed match is a randwent. The height of each bar
represents the number of protein(s) matched wihsnore range. The matches falling
into the shaded area, where the probability ofrimelom event is more than 5 %, are
considered to be insignificant. Samples were pexpény in-gel tryptic digestion of
the interested SDS-PAGE gel slices.
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3.9.4 Purification of the recombinant proteins

Purification of the recombinant PmCRT and PmCNXjch were tagged with
a GST sequence, was carried out, using the GSatglahe system. Both proteins
were specifically bound to the column. Some of boeind PmCRT and PmCNX
proteins were washed out in the wash buffer coimgimo reduced glutathione.
However, most of them were eluted with 10 mM ofueed glutathione (Figure 3.95
and 3.96). Yields of PmMCRT and PmCNX purified fr800-ml bacterial cell cultures
were 23.9 and 59.1 mg, respectively (Table 3.7).

For PmERpS57, the purification was performed throtdigh His-Ni system.
From a SDS-PAGE gel, some of the PmERp57 protegamdo be eluted together
with other protein contaminants from the columrb@® mM imidazole in the wash
buffer (Figure 3.97). However, most of the proteias found to come out with 500
mM imidazole. Yield of PmERp57 purified from 300-kultures was 98.6hg (Table
3.7).

kD

100 =
75—

50

25mm

Figure 3.95 SDS-PAGE analysis of recombinant PmCRT purificatiasing a
GSTrap FF column. Lane 1 is the unpurified solufskction prepared from an
induced cell culture. Lanes 2 and 3 are the unbdlemdthrough and wash fractions,
respectively. Lanes 4-8 are the eluted (10 mM reduglutathione) fractions 1-5,

respectively).
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Figure 3.96 SDS-PAGE analysis of recombinant PmCNX purificatiarsing a

GSTrap FF column. Lane 1 is the unpurified solufskction prepared from an
induced cell culture. Lanes 2 and 3 are the unbdlendthrough and wash fractions,
respectively. Lanes 4-8 are the eluted (10 mM reduglutathione) fractions 1-5,

respectively).

kb M ' =22 Vau i 5 6 7 8 ¢
— =
E— e —— —
100w : 1
75 | W i
I @ =
- —
T
- 9
~ | HBE
- L
e —

Figure 3.97 SDS-PAGE analysis of recombinant PmERp57 purificatusing a His
GraviTrap columnLane 1 is the unpurified soluble fraction prepairedh an induced

cell culture. Lanes 2 and 3 are the unbound flomugh and wash (with 80 mM
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imidazole) fractions, respectively. Lanes 4-8 ane eluted (500 mM imidazole)

fractions 1-5, respectively.

3.9.51n vitro activity assays of PmCRT, PmERp57 and PmCNX

3.9.5.1 Calcium binding assay

Assay of C& binding activities of PmMCRT, PmCNX and PmERPp57 st
performed using a gel shift assay technique matlifem Wilson et.al. (1980),
which has been used to characterize calmodulirg®atinding protein. In this assay,
the proteins were incubated with Cefore resolved by SDS-PAGE. Results from
the SDS-PAGE showed no electrophoretic mobilityftshivhen the proteins were
incubated with C& (Figure 3.98).

Consequently, calcium binding activity of the thpgeteins was then assayed
by SDS-free PAGE in the native condition. Bindingcalcium could be detected if
the binding results in change of their conformaticausing the band mobility to shift.
However, this technigue is not applicable to PmG@Rd PmERp57 since no mobility
shift could be observed. No conclusion could be en&hding of C&" may not cause
any conformational change to the proteins; altévabt, the expressed recombinant
PmCRT and PmERp57 did not exhibit the activity (fFey 3.99). In contrast, the
recombinant PmCNX seemed to bind to*Qa the assay as a mobility shift could be
observed for both the folded (bottom band) and ldefd (top band) PmCNX.
However, the shift was somewhat indistinct and #ssay is not a standard method
for testing the C& binding activity of CRT and CNX. Therefore, a masdiable
technique C& autoradiography overlay assay is required to confhese results.



Table 3.7Summary of preparation and purification of recamait PmCRT, PmCNX and PmERp57

Recombinant protein

PMCRT

PmCNX

PmERp57

Size of protein (kDa)

Type and site of fusion tag
Form of the expressed protein
Culture size

Induction conditions

Weight of bacterial wet cell (g/1)
Total yield (mg)
Yield (mg protein/l of culture)

71.35
GST-tag/ N-terminal
Soluble protein
300 ml
37°C, 3 hr

5.09
7.17
23.9

77.95

GST-tag/ N-terminal

Solube protein

300 ml

37°C, 3 hr

6.7
17.73
50.11

53.90
His-tag/ N-terminal
Soluble protein
300 ml
37°C, 3hr

7.42
29.57
98.57

161



162

M CRT CNX ERp57
EDTA CacCl; EDTA CacCl; EDTA CaCl;
100 ==
75
50
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Figure 3.98 SDS-PAGE gel mobility shift assay of PmCRT (ladesnd 2), PmMCNX
(lanes 3 and 4) and PmERp57 (lanes 5 and 67 kiading (lanes 2, 4 and 6) was
performed by an on-ice incubation of the interegiemtein with 1 mM CaGlfor 30
min. For the controls (lanes 1, 3 and 5), protewese incubated with 1 mM EDTA
for 30 min. Protein bands were detected by Coomdsse staining. Lane marked M

contained molecular mass standard proteins

CRT CNX ERp57
EDTA CacCl, EDTA CaCl; EDTA CaCl;

hl-'-l Ed.‘}

« UW

Figure 3.99 To analyze calcium-induced electrophoretic mopilif the PmCRT,
PmMCNX and - PmERp57 on native-PAGE, one microgranthef eluted interesting
protein and 1 mM of either EDTA (lanel = PmCRT+EQT&ne3 = PmMCNX+EDTA
and lane 5= PmERp57+EDTA) or CaCl2 (lanes 2, 4@ad PmCRT, PmCNX and
PmERpP57 incubated with 50mM CaClespectively) were resolved. Protein bands
were detected by Coomassie blue staining. Laneedavk contained molecular mass
standard proteins. The arrow heads show the mpbtift band. The upper and lower
bands in lane 1-4 correspond to the unfolded andedbform of the according

proteins (see Figure 3.100).
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3.9.5.1 ERp57 binding assay of PmCRT and PmCNX

Interactions of PmMCRT and PmCNX with PmERp57 wstedied by a
mobility shift assay on a native PAGE gel. Wherh@itPmCRT or PmCNX was
combined and incubated with PmERp57, a protein bsimét can be observed,
suggesting that they complexed with PmERp57 (FigBuwE0). Moreover, these
complexes could be disrupted when heated, resultingwo separated proteins.
Interestingly, incubation of PmCRT with PmERp57utesd in disappearance of the
unfolded PmCRT (the upper band in lane 1). Thisgeats that PmERp57 may be
able to form a complex with unfolded PmCRT or tihahay refold PmCRT and then
form the complex. Nevertheless, these results riagtier confirmation by other
methods. In particular, complex formation of PmCBTPmMCNX with PmERp57
could be confirmed by mass spectrometry, proteinosstinking or

immunoprecipitation.

4 5 6
™ H
e J <
- =

Figure 3.100 Gel mobility shift assay of PmCRT and PmCNX intgi@ns with
PmERpP57. Onaig of PMCRT and PmCNX mixed with' ig PmERp57 (lane 3 =
PmCRT mixed PmERp57 while lane 6 = PmCNX incubatéth PmERp57) were
fractionated in a 10% (w/v) native PAGE gel andrngd by Coomassie blue. Each

protein was loaded on the gel as control for bdanfi somparison (PmCRT = lane 1,

PmCNX = lane4 and PmERp57 = lanes 2 and 5). Thewalreads indicate the

mobility shift band. The lower bands in lanes 3 &dre the excess uncomplexed
PmERpP57.
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The arrow headed bands were cut to confirm usiS¢LEE MS/MS. The
results showed that all of these bands were realptax of PmCRT/ PmCNX and
PmERpP57. The PmCRT and PmERp57 complex was signific matched withP.
monodon EST-translated peptides similar to both calretic@nd protein disulfide
isomerase (Figure 3.101A). The PmCRT and PmERpS® wee highest match to
calreticulin of Apis mellifera (Score = 154; % coverage = 7%; Queries matchejl = 4
and protein disulfide isomerase Tfibolium castaneum (Score = 373; % coverage =
31%; Queries matched = 9), respectively. For PmGMX=Rp57 complex band,
PmCNX was significantly matched to calnexin Mis musculus (Score = 88; %
coverage = 2%; Queries matched = 1) when compaitbdNCBInr (Figure 3.101B).
Wile PmERpP57 in PmMCNX-PmERpP57 complex band wasifsogmtly matched with
P. monodon EST-deduced peptides similar to protein disulfisemerase. The most
significant hit was that froniribolium castaneum (Score = 501, %coverage = 39%;

Queries matched = 12) (Figure 3.101C).
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Figure 3.101 Identifications of peptide mass fingerprints of PRICPMERp57
complex (A), PmCNX (B) and PmERp57 (C) in their qoex band by ESI-LC
MS/MS. The Mowse score is -10log (P), where P esglobability that the observed
match is a random event. The height of each baesepts the number of protein(s)

matched within a score range. The matches fallimg the shaded area, where the

probability of the random event is more than 5 %, @onsidered to be insignificant.

Samples were prepared by in-gel tryptic digestibithe interested SDS-PAGE gel

slices.



CHAPTER IV
DISCUSSION

The basic information on nucleotide sequences @ambmgic organization of
CRT, CNX andERp57 genes and functional studies of their productseasential for
understanding the involvement of these genes orebstasis (e.g. Cametabolism

and stress) in shrimp.

The full length cDNA ofPMCRT, PmCNX and PmERp57 were characterized
and reported for the first time . monodon. The translated amino acid sequence of
PmCRT contained the signal sequence (MKTWVFLALFGWALS), which play a
role in its localization at the ER. Like other enj@e CRTSs, the deduced amino acid
of PmMCRT contained three typical conserved domg@iishalaket al., 1999), which
are N-, P- and C-domains. For PmCNX, its translat®ého acid sequence contained
the signal sequence, a luminal domain containing ¢alreticulin-signature motifs
and two four-time repeated motifs (IXDXEXXKPE(/D)DW and
GXWxPPxIXNPxYx), a hydrophobic transmembrane regamd highly charged
cytosolic domain. PmERp57 possessed a four-dontaiotgre containing a,’ @ and
b’ domains. Like ERp57 in other species, two a andh@redoxin regions of
PmERpP57 contained a CGHC motif. These distinguikhalomains found inP.
monodon CRT, CNX and CRT to those from other species ceo# the fact that the

domains are conserved for the proteins and estéotiheir functions.

From phylogenetic analysis, the tree topology sugpthe lack of gene
duplication of CRT. PmCRT. was allocated within the invertebrate groam
evolutionary closely related to that of the Chinekeémp €. chinensis). In contrast,
invertebrateCNX is rather diverse. PmCNX is distantly related tbeo invertebrate
CNX. For the ERp57, phylogenetic analysis clealllystrated lineage separation of
vertebrate and invertebrate ERp57 with the excapdbS. purpuratus ERp57 that
was misplaced in the vertebrate group. InvertebERp57, including PmERp57
contain an ER retention signal of KXEL while thaft most vertebrates are QDEL
(Mazzarellaet al., 1994). PmERp57 was closely similar to the mudb ¢&#®I, which
also contains an ER retention motif and the,&y,a&3 pattern (Maattanee al., 2006).
This further indicated that ERp57 and PDI are membéthe same protein family.
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The length ofCRT transcripts and genes in various species is goifgiantly
different. Generally, the genomic DNA sequenc€RBifs is approximately 3.0-4.6 kb
in length. The genomic organization of human andise€RT consist of 9 exons. In
contrast, thd®mCRT gene contains only 4 exons. This data preliminagwed that
evolution of theCRT gene may follow the general acceptance that arease in
genome size (3.3x£03.45x18 and 2.53x1dbp in human, mouse aril monodon,
respectively, www.genomesize.com) and gene numberdifferent eukaryotic
lineages is paralleled by a general decrease iargertompactness and an increase in
the number and size of introns (Patthy, 1999). Theoretical phenomenon may

respond to more numbers of intron@RT in human and mouse th&monodon.

The genomic structure @NX was only reported idrabidopsis. It contained
6 exons and 5 introns of 80-233 bp in length. (Bostcal., 1994). In this study, the
genomic organizatioRmCNX was partially characterizeBmCNX contained at least
6 exons and only 3 complete introns (189 — 1245rbfength) were successfully
identified. Accordingly, the actual numbers of examnd introns oPMCNX is still

inconclusive and should be further characterized.

The genomic structure dERp57 has not been reported in any species. Two
forms of PmMERp57 shared the same ORF but different length of théT&® (529 and
713 bp for the short and long forms, respectivelgre found. The nucleotide
sequence of the long form except the additionalf&RWegion of 179 bp in length was
identical to that of the short form. Accordinglgngth polymorphism of this gene
should be generated through the alternative spglipiocess. Southern blot analysis
and genome walking at the 3"UTR should be furtlaried out to indentify whether
PmERpP57 is encoded from a single locus.

Generally, CRT has two main functions as a chamerond regulator of Ga
homeostasis (Michalaét al., 2002). Accumulation of unfolded or misfolded @iot
in the ER and depletion of intracellular Tastore cause “ER stress”, leading to
upregulation of theCRT expression. Expression oLRT is regulated through
endoplasmic reticulum stress elements (ERSE) Idaatés promoter region (Waser
et al., 1997; Yoshidat al., 1998). ERSE sequences, possessing the consensifis m
CCAATTNNNNNNNNNCCACG, are necessary for inductiohtibe CRT expression
through the unfolded protein (UPR) (Kokarteal., 2001). Promoter deletion assays
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revealed that the responsive ‘C&omeostasis antagonist (CHA) is controlled by
ERSE sequences (Wasaral., 1997). In the present work, two ERSEs were latate
in the promoter region dMCRT. The number of ERSE #mCRT was the same as
that of the rainbow trout (Kaleat al., 2007), while three ERSEs were found in the
promoter region of mouse and hun@RT (Yoshidaet al., 1998).

It is interesting to note that tHBMCRT promoter contained the classical heat
shock element (NGAAN) like that dfeat shock protein 70 (Abravayaet al., 1991),
suggesting thaPmCRT is responsive to heat. In addition, a generalau#ipiracle
transcription factor binding site (USP), which lesen found in insects, was found in
the promoter region d?mCRT. This USP site binds specifically to juvenile homeo
(JH) to regulate of cellular and tissue developmantl to form stage specific
morphological structures (Jones and Sharp, 199fj)s $uggests that PmCRT is
associated with molting. These results showed BraCRT might play multiple
functions inP. monodon just like those reported in other organisms.

Similar to those in other species (Nakametral., 1997; Munoz-Goteraet al.,
2001; Tutuncuwet al., 2004; Huanget al., 1993; Kozakiet al. 1994; lidaet al. 1996;
Marcuset al. 1996),PmCRT, PmCNX and PmERS7 were expressed in various tissues
in broodstocks and juveniles. In particul@mCRT was abundantly expressed in
ovaries of both juvenile and broodstock. PmCRT m&y the important role in
oocyte ofP. monadon. CRT has been thought to have a role in signalsttaction

during or after sperm-egg interactions at ferttii@a (Tutuncuet al., 2004).

In this study, temporal response of #reCRT, PmCNX andPmERp57 to heat
stress was clearly observed in hemocytes. The heagtment caused early
upregulation of these genes after the treatmentohirast, the expression levels of
these genes were relatively stable in gill and teggncreas. This indicated that
shrimp hemocytes provide vital cellular protectiagainst stress (Gourdoa al.,
2000).

Several experiments showed that a particular hesggensive gene in different
tissues responds to temperature stress differantyther expression patterns or time
of response (Luanet al., 2007). For instance, heat shock protein 70 (Hspvds
rapidly expressed in brain, salivary gland, imabidiscs and hindgut while other
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tissues expressed Hsp70 more slowly at the relgtigenstant levels during
temperature stress Birosophilla melanogaster larvae (Krebs and Feder, 1997).

Semiquantitative RT-PCR illustrated that expressiemels of PmCRT,
PmCNX andPmERp57 in gill and hepatopancreas were not significaattgred upon
temperature stress. In contrast levels of theseggenhemocytes were immediately
increased during and early after the treatment.nftasive real-time PCR further
confirmed the results of these genes in hemocytdd oonodon. As a result, both
semiquantitative and quantitative real-time PCR banused to monitor effects of
temperature stress on expression of these genegeudo, the former is simpler and

more convenient than the latter approach.

The relative expression levels BMERp57 during 6 hrs after the treatment
were much greater than that BMCRT and PmCNX. In addition, those oPmCRT
during the same period were also substantiallydnghan that oPmCNX. Therefore,
PmERp57 was the most suitable gene that can be applieddicdte the temperature
stress status ifP. monodon. The possible reason to explain strong respon$es o
PmERpP57 upon temperature stress is tHAMERP57 contained two thioredoxin
domains and the major function of proteins contgjnthe thioredoxin motif is
environmental stress responses (Zeller and Klud@)6R0In various organisms,
overexpression of protein containing thioredoxintifiwelps maintaining homeostasis
after the stress induction (Matsebal., 2001). In additionERp57 is a member of
protein disulfide isomerase (PDI) protein family.eMbers of this family play an

important role on response to diverse ER stresesg)(lier-Sarlin and Polla, 1996).

Previous studies in other species had also denadedtthe inducible effects
of temperature stress on BT expression at the mRNA level (Conwetyal., 1995;
Nguyenet al., 1996). The promoter region @RT contains classical the heat shock
element like that of heat shock protein #§o70). Moreover, expression patternf
monodon hsp70 in response to thermal stress (#aal., 2004) was similar to that of
PmMCRT, PmCNX and PmERp57. Results from the present study indicated thasehe
proteins should be regarded as heat inducible ganoésins.

CNX could be crucial for an organism to survive e@ntleat stress. INn@GNX ™~

mutant ofC. elegens, the survival rate under heat stress was lowen that of the
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wild type (Lee et al., 2005). In addition, due to their role as protmlting
chaperones, any stresses, which cause proteioldirgf, may induce expression of
these chaperones in order to attenuate the pratesfolding event (Frickekt al.,
2004; Grilloet al., 2007).

Results from this study also suggest that incrgasirpression levels of
PmMCRT, PmCNX and PmERp57 are associated with stress status. Upregulatesdslev
of these genes during temperature stress partiglPanERp57 and PmCRT may be
applied as a stress bioindicator fh monodon. In Thailand, domestication d®.
monodon has been carried out for a period of time (Wittgannarnkul et al., 1998)
The basic knowledge on stress responseBna@ERp57 and PmCRT can be directly
used for the selection of a stress tolerance stfeom different families of

domesticatedP. monodon.

For further functional analysis, PmMCRT, PmCNX anthBRp57 were
expressedn vitro using the bacterial expression system. RecombiRamCRT and
PmCNX were successfully expressed using pGEX 4medlexpressed as GST-tagged
proteins. These recombinant proteins were expresséue soluble form similar to
SCRT and sCNX of dog that were expressef.iooli using pGEX-3X as the vector
(Iharaet al., 1999). Expression and purification of GST-fused@RT and PmCNX
were performed under standard conditions and PmC5811 mg/l) gave a better
yield than PmCRT (23.9 mg/l).

Alternatively, recombinant PmERp57 cloned into thET15b expression
vector was also successfully expressed in the Bolfidrm at a low culturing
temperature (20°C). The yield of recombinant PmER@8.57 mg/l) was much
greater than that of PmCRT and PmCNX. Typicallye #ize GST-fused proteins
were  increased from the expected size of an exguiegzrotein alone for
approximately 20 kDa. This may cause a lower yiefdPmCRT and PmCNX
compared to PmERp57 which was expressed as théagtied form. Nevertheless,
purification of western blot analysis of GST-fusethCRT and PmCNX give more
specific results than His-tagged PmERp57.

In this study, C& binding activity of the recombinant PmCRT, PmCNixda
PmERpP57 were assayed by gel mobility shift on BEIS-PAGE and native-PAGE
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gels. No mobility shift from the SDS-PAGE approacbuld be because of the
presence of EDTA in the sample loading buffer, Wwhinay remove the G&in
sample. Since this method relies on a unique ptpmércalmodulin, it may not be
applicable to some other Eainding proteins. Autoradiography and fluorescent
overlay assays which are commonly used to assag#iebinding activity of CRT
and CNX should be used instead.

The native-PAGE approach was performed on the gsom that C&'
binding might cause change in the protein confoiznatHowever, conclusion could
be made only for PmCNX. Binding of PmCNX to*Caaused its conformation to be
more compact. Like CNX from other species, itsQzinding are sequence motif-
dependent rather than conformation-dependent. Hemvdhe shift was somewhat
indistinct and this assay is not a standard mefbptesting the C4 binding activity
of CRT and CNX. Therefore, a more reliable techai@&® autoradiography overlay

assay is required to confirm these results.

Furthermore, interactions of PmCRT and PmCNX witmBRp57 were
demonstrated. Interestingly, PmERp57 seemed tobhke ta form a complex with
unfolded PmCRT. The complex formation of PmCRT-Pm&R and PmCNX-

PmERpP57 were confirmed by mass spectrometry.

Stress is strongly related to shrimp health (Zefled Klug, 2006). Stressed
shrimp have higher mortality rates and are moresisea to bacterial and viral
infection (Luaneet al., 2007). In adults, physical stressors (e.g. layhd temperature)
suppress reproductive maturation of shrimp broazkstdhe knowledge on isolation,
characterization and functional analysisRohCRT, PmCNX and PmERp57 genes in
P. monodon strongly suggest the ‘significant involvement aésé C&" homeostasis-
related genes on temperature stresB.ahonodon. Expression levels dmCRT and
PmERp57 may be used as bioindicators for the health statu$®. monodon.
RecombinantPmCRT, PmCNX and PmERp57 were successfully expressetvitro
allowing further functional analysis of these prmsein the calcium metabolism

regulation and stress response pathwaya ofonodon.



CHAPTER YV
CONCLUSION

The full length cDNA oPMCRT contained 1682 nucleotides, whose 1221 bp
were ORF encoding 406 amino acid residues. The adeblprotein has a
theoretical molecular weight (MW) of 46.76 kDa amdheoretical isoelectric
point (o) of 4.3. Genomid®MCRT was 3043 bp in length and consisted of 4

exons and 3 introns.

The full length cDNA of &@MCNX homologue was 2509 bp long. Its ORF
was 1788 bp long and encoded 595 amino acid residiee deduced protein

had a theoreticapl and MW of 4.4 and 67.4 kDa, respectively. Genomic
organization ofPMCNX was partially characterized in this study. Only 4

exons and 3 introns could be established.

Two forms ofPMERp57 transcripts were isolated. They contained an idaht
ORF of 1458 bp but different length of the 3° UTB29 and 713 bp) The
deduced protein contained 485 amino acid residodshas a theoretical MW
andpl of 53.9 kDa and 5.48, respectively. GenofMERp57 spanned 8254

bp and was composed of 10 exons and 9 introns.

All genes were expressed Iin eye stalk, pleomid, heart, ovaries, testis,
hepatopancreas, stomach, intestine, hemocytesacthoganglia, lympiod
organ-and. antennal gland. Bf monodon juveniles-and broodstocks. Their
transcripts were abundant in gill, hemocytes, ®@grtestis, hepatopancreas

and intestine.

From the semi-quantitative and real-time PCRIis&) 3-hr heat treatment at
35 °C upregulated the expression RMCRT, PMCNX and PMERpP57 in
hemocytes within the first hour after treatmentteffthat, the effect was
attenuated R < 0.05). Their expression was not affected in hmpatcrease

and gill.
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Recombinant proteins of PMCRT, PMCNX and PMERp#te produced
using ankE. coli system. The proteins were expressed in the sofobie. By
growing a 300-ml culture, 7.17, 17.73 and 29.57ahBMCRT, PMCNX and

PMERpP57 were produced, respectively.

From the calcium binding assay using native PABECNX could bind to
C&* while PMCRT and PMERp57 did not. The result sutggshe sequence
motif dependence of calcium binding. However, daddal studies are

required to affirm the result.

The native-PAGE gel shift assay demonstratedirttexraction of PMERp57
with PMCRT or PMCNX. Similar to the Gabinding study, this result needs

further confirmation by other techniques.
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Appendix A

Table A1 Raw materials and relative expression level data of PMCRT in hemocytes
of thermal stress treated juvenile P. monodon using semi-quantitative RT-PCR

Densities of band Average STD
Sample Group PMCRT Density EF-1a  Ratio of gene/EF-1a

Control  N-1 646.66 1676.86 0.385637441
N-2 641.77 1722.96 0.372481079 0.41155  0.0507
N-3 815.77 1711.88 0.47653457

0 hpt 0-1 1279.59 1465.47 0.873160147
0-2 1304.82 1536.66 0.849127328 0.86261 0.011
0-3 1297.62 1499.2 0.865541622

1 hpt 11 1232.71 1781.48 0.691958372
12 114752 1759.33 0.652248299 0.67902 0.0207
13 1194.97 1724.7 0.692856729

3 hpt 31 794.71 1788.39 0.444371753
32 831.75 1752.56 0.474591455 0.47576  0.0286
33 881.42 1733.99 0.508318964

6 hpt 6.1 714.63 1702.1 0.419851948
6.2 711.05 1600.87 0.444164735 042826 0.0123
6.3 7221 1716.13 0.420772319

12 hpt 12 1 797.64 1737.93 0.458959797
12 2 755.1 1704.18 0.443086998 047931 0.0444
12 3 950.09 1772.95 0.535880877

24 hpt 24 4 661.54 1348.88 0.49043651
24 5 704.42 1434.32 0.491117742 0.47776  0.0202
24 6 683.32 1512.67 0.451731045

48 hpt 481 668.98 1585.48 042194162
48 2 672.93 1588.73 0.423564734 0.44174  0.0294

48_3 789.79 1646.38 0.479713067
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Table A2 Raw materials and relative expression level data of PMCNX in hemocytes

of thermal stress treated juvenile P. monodon using semi-quantitative RT-PCR

Densities of band Average STD
Ratio of

SampleGroup PMCNX Density EF-la gene/EF-la,

Control N-1 593.82 1676.86 0.354126164
N-2 670.42 1722.96  0.38910944 0.36194 0.022

N-3 586.48 1711.88  0.342594107

0 hpt 0-1 951.32 1465.47 0.649156926
0-2 1018.68 1536.66 0.662918277 0.65922 0.008

0-3 997.83 1499.2  0.665574973

1 hpt 11 990.149 1781.48 0.555801356
12 929.4 1759.33  0.528269284 0.53383 0.018

13 892.4 1724.7  0.51742332

3 hpt 31 750.73 1788.39 0.419779802
32 812.97 1752.56  0.463875702 0.43327 0.024

33 721.59 1733.99 0.416144268

6 hpt 6_1 583.13 1702.1  0.342594442
62 691.29 1600.87 0.431821447 0.39586 0.042

6_3 709.05 1716.13 0.413168

12 hpt 121 613.12 1737.93 0.352787512
12 2 650.59 1704.18 0.381761316 0.38056 0.024

12 3 721.83 1772.95 0.407135001

24 hpt 24 4 650.59 1348.88  0.482318664
24 5 613.12 1434.32 0.427463885 0.43176 0.043

24 6 583.13 1512.67 0.385497167

48 hpt 48 1 650.59 1585.48 0.410342609
48 2 680.43 1588.73 - 0.428285486 0.4195 0.008

48 3 691.29 1646.38 0.419884838
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Table A3 Raw materials and relative expression level data of ERp57 in hemocytes of

thermal stress treated juvenile P. monodon using semi-quantitative RT-PCR

Densities of band Average STD
PMERp57 Ratio of

Sample Group Density EF-la gene/EF-1a.

Control N-1 646.66 1676.86 0.385637441
N-2 641.77 1722.96 0.372481079 0.3845 0.01
N-3 676.77 1711.88 0.39533729

0 hpt 01 876.93 1465.47 0.598395054
0-2 930.37 1536.66 0.605449481 0.6096 0.01
0-3 936.844 1499.2 0.624895945

1 hpt 11 689.23 1781.48 0.386886185
12 683.57 1759.33 0.388539956 0.3919 0.01
13 690.54 1724.7 0.400382675

3 hpt 31 605.37 1788.39 0.338499992
32 603.12 1752.56 0.344136577 0.3452 0.01
33 612.01 1733.99 0.352948979

6 hpt 6.1 617.49 1702.1 0.36278127
6 2 619.71 1600.87 0.38710826 0.3803 0.01
63 670.88 1716.13 0.390926095

12 hpt 12 1 609.55 1737.93 0.350733344
12 2 622.36 1704.18 0.365196165 0.3536 0.01
123 611.48 1772.95 0.344894103

24 hpt 24 4 614.87 1348.88 0.455837436
24 5 611 1434.32 0.425985833 0.4395 0.01
24 6 660.4 1512.67 0.436579029

48 hpt 48 1 548.99 1585.48 0.346261069
48 2 551.63 1588.73 0.347214442 0.3495 0
48 3 584.4 1646.38 0.35496058
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Table A4 Raw materiadls and relative expression level data of PMCRT in

hepatopancrease of thermal stress treated juvenile P. monodon using semi-quantitative

RT-PCR
Densities of band Average STD
Ratio of

SampleGroup PMCRT Density EF-lo  gene/EF-la

Control N-1 606.85 373.58 1.624417795
N-2 571.8 393.21 1.454184787 1.5040449 0.0937

N-3 588.68 410.65 1.433532205

0 hpt 0-1 498.57 393.46 1.267142785
0-2 470.76 340.03 1.384466077 1.4395659 0.1839

0-3 605.67 363.31 1.667088712

1 hpt 11 687.11 413.6 1.661291103
12 721.29 427 1.689203747 1.5880868 0.1342

13 604.76 426.95 1.416465628

3 hpt 31 593.87 351.81 1.688041841
32 551.65 362.37 1.522339046 15439223 0.1204

33 527.32 370.99 1.421386021

6 hpt 61 464.91 384.92 1.207809415
62 479.29 374.87 1.278549897 1.3583191 0.1812

63 657.06 413.61 1588597955

12 hpt 12 1 604.97 448.59 1.348603402
12 2 672.76 447.08 1.504786615 15581407 0.2153

12 3 795.7 436.95 1.821032155

24 hpt 24 4 480.11 381.61 1.258116926
24 5 523.47 400.18 1.308086361 1.259966  0.0422

24 6 489.92 403.66 1.213694694

48 hpt 48 1 453.36 384.92 1.17780318
48 2 515.11 393.46 1.309180095 1.2881553  0.0908
48 3 541.64 39321 1.37748277
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Table A5 Raw materias and relative expression level data of PMCNX in

hepatopancrease of thermal stress treated juvenile P. monodon using semi-quantitative

RT-PCR

Densities of band Average STD

Sample Ratio of

Group PMCNX Density EF-la  gene/EF-la

Control ~ N-1 273.26 373.58 0.73146314
N-2 280.81 393.21 0.714147656  0.7050936  0.02851

N-3 275 410.65 0.669670035

0 hpt 01 285.6 393.46 0.725867941
0-2 265.59 340.03 0.78107814  0.7560197 0.025

0-3 276.52 363.31 0.761113099

1 hpt 11 312.52 413.6 0.755609284
12 347.37 427 0.813512881  0.7873574  0.02626

13 338.55 426.95 0.792949994

3 hpt 31 234.38 351.81 0.666211876
32 321.91 362.37 0.888346166  0.7791634  0.09938

33 290.46 370.99 0.782932155

6 hpt 6.1 220.57 384.92 0.573028162
6 2 220.09 374.87 0.587110198  0.6213864  0.06432

63 291.19 413.61 0.704020696

12 hpt 121 362.48 448,59 0.808042979
12 2 304.69 447.08 0.681511139  0.7367057  0.05795

12 3 314.85 436.95 0.720562993

24 hpt 24 4 304.22 381.61 0.797201331
24 5 351.14 400.18 0.877455145  0.7713602  0.10832

24 6 258.11 403.66 0.639424268

48 hpt 48 1 257.2 384.92 0.668190793
48 2 262.2 393.46 0.666395568  0.6701107  0.00444

48 3 265.71 393.21 0.675745785
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Table A6 Raw materials and relative expression level data of ERp57 in

hepatopancrease of thermal stress treated juvenile P. monodon using semi-quantitative

RT-PCR
Densities of band Average STD
PMERp57 Ratio of
Sample Group Density EF-l0 gene/EF-la
Control N-1 232.66 37358  0.622784946
N-2 244.09 39321  0.620762442 0.6291917 0.011527
N-3 264.47 41065  0.644027761
0 hpt 0-1 206.18 39346  0.524017689
0-2 24383 340.03  0.717083787 0.6508533 0.098279
0-3 258.48 363.31  0.711458534
1 hpt 11 230.88 413.6 0.558220503
12 283.2 427 0.66323185  0.565936  0.083787
13 203.38 42695  0.476355545
3 hpt 31 206.8 351.81  0.587817288
32 252.9 36237  0.697905456 0.6145092 0.065978
33 206.94 37099  0.557804793
6 hpt 61 240.31 384.92  0.624311545
62 256.34 374.87  0.683810388 0.6747277 0.04163
6.3 296.17 41361  0.716061024
12 hpt 12 1 281.48 44859  0.627477206
12 2 269.43 447.08  0.602643822 0.6474436 0.051382
12 3 3112 436,95  0.712209635
24 hpt 24 4 225.38 381.61  0.590602972
24 5 236.11 400.18  0.590009496 0.5719467 0.028444
24 6 216.05 40366  0.535227667
48 hpt 48 1 225.1 384.92 . 0.584796841
48 2 220.44 39346  0.560260255 0.578756  0.014611
48 3 232.47 39321 = 0.591210803
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Table A7 Raw materials and relative expression level data of PMCRT in gill of

thermal stress treated juvenile P. monodon using semi-quantitative RT-PCR

Densities of band Average STD
Sample Ratio of
Group PMCRT Density EF-la  gene/EF-la

Control N-1 480.38 431.61 1.1129955
N-2 426.82 481.63 0.8861989 0.9450268 0.1320393

N-3 4175 499.47 0.835886

0 hpt 0-1 490.26 507.45 0.9661247
0-2 514.88 538.81 0.9555873 0.9411518 0.0308872

0-3 509.99 565.56 0.9017434

1 hpt 11 460.48 541.44 0.8504728
12 434.6 556.64 0.780756 0.9036099  0.139842

13 604.76 560.17 1.0796008

3 hpt 31 447.04 517.6 0.8636785
32 551.65 527.76 1.0452668 0.9508648 0.0814009

33 500.37 530.25 0.9436492

6 hpt 61 438.72 520.53 0.8428333
62 427.34 507.47 0.842099 0.8688242  0.040835

6.3 465 504.59 0.9215403

12 hpt 121 432.08 492.24 0.8777832
12 2 471.16 509.73 0.9243325 0.8611494 0.0652366

12 3 414.95 531.08 0.7813324

24 hpt 24 4 403.29 454.08 0.8881475
24 5 399.84 439.24 0.9102996 0.9066629 0.0151977

24 6 415.09 450.43 0.9215416

48 hpt 48 1 391.84 475.3 0.8244056
48 2 390.62 478.51 0.8163257 0.8353512 0.0234951

48 3 403.37 466.15 0.8653223
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Table A8 Raw materials and relative expression level data of PMCNX in gill of

thermal stress treated juvenile P. monodon using semi-quantitative RT-PCR

Densities of band Average STD

Sample EF- Ratio of

Group PMCNX Density la gene/EF-1a.

Control  N-1 290.83 431.61 0.6738259
N-2 335.77 481.63 0.6971534 0.6400738 0.0711271

N-3 274.33 499.47 0.5492422

0 hpt 0-1 316.41 507.45 0.6235294
0-2 3125 538.81 0.5799818 0.5900628 0.0265972

0-3 320.49 565.56 0.5666773

1 hpt 11 289.57 541.44 0.5348146
12 299.46 556.64 0.5379779 0.5360255 0.0015268

13 299.85 560.17 0.5352839

3 hpt 31 236.53 517.6 0.4569745
32 254.53 527.76 0.4822836 0.5371942 0.1052816

33 356.5 530.25 0.6723244

6 hpt 6.1 253.12 520.53 0.4862736
6 2 212.49 507.47 0.4187243 0.5299437 0.1237216

6.3 345.56 504.59 0.6848332

12hpt 121 283.02 492.24 0.5749634
12 2 251.8 509.73 0.493987 0.5609501 0.0547142

12 3 326.03 531.08 0.6139

24hpt 24 4 229.22 454.08 0.5048009
24 5 236.43 439.24 0.5382706 0.5399513 0.0322173

24 6 250.8 450.43 0.5767822

48hpt 48 1 288.54 475.3 0.6070692
48 2 293.07 478,51 0.6124637 0.6078982 0.0037679

48 3 281.63 466.15 0.6041618
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Table A9 Raw materials and relative expression level dataof ERp57 in gill of thermal

stress treated juvenile P. monodon using semi-quantitative RT-PCR

Densities of band Average STD

Sample EF- Ratio of

Group PMERp57 Density lo gene/EF-la

Control ~ N-1 298.86 43161  0.6924307
N-2 264 48163 05481386  0.6020563 0.0704

N-3 282.5 499.47  0.5655995

0 hpt 01 269.43 507.45  0.5309489
0-2 345.77 538.81 0.641729 0.5970953  0.0523

0-3 349.86 565.56  0.6186081

1 hpt 11 333.27 54144  0.6155253
12 313.77 556.64 05636857  0.5825426 0.0256

13 318.41 560.17  0.5684167

3 hpt 31 294.38 517.6 0.5687403
32 294.21 527.76 ~ 05574693  0.5611081 0.0059

33 295.41 53025  0.5571146

6 hpt 6.1 256.54 520.53  0.4928438
6.2 333.27 507.47  0.6567285  0.5485329 0.0838

63 250.29 50459  0.4960265

12hpt 121 229.97 49224  0.4671908
12.2 269.43 509.73 0.528574 0.5272468  0.0531

12.3 311.2 531.08  0.5859757

24hpt 24 4 225.38 45408  0.4963443
24 5 236.11 43924 05375421 05045131 0.0267

24 6 216.05 450.43  0.4796528

48hpt 48 1 311.2 475.3 0.6547444
48 2 220.44 478.51 0.46068 0.5380422  0.092

48 3 232.47 466.15 -0.4987021
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Table B1 Relative expression level data of PMCRT in hemocytes of thermal stress
treated juvenile P. monodon using real time-PCR

Concentration Average STD

Sample Ratio of

Group PMCRT Density EF-la gene/EF-la

Control N-1 3195 30650 0.104241436
N-2 2995 25250 0.118613861 0.103821  0.015

N-3 3150 35550 0.088607595

0 hpt 0-1 96200 28400 3.387323944
0-2 88300 23550 3.749469214  3.3626241 0.3998

0-3 102550 34750 2.951079137

1 hpt 11 73250 21250 3.447058824
12 69600 19900 3.497487437 3.355436  0.2039

13 60250 19300 3.121761658

3 hpt 31 21950 35650 0.615708275
32 22200 33500 0.662686567  0.7425047  0.1805

33 24250 25550 0.949119374

6 hpt 6.1 16900 34600 0.488439306
6 2 15850 26700 0.593632959 0.625803  0.156

6 3 15350 19300 0.795336788

12 hpt 12 1 20150 35900 0.561281337
12 2 19500 19000 1.026315789  0.8005911 0.2328

12 3 21250 26100 0.814176245

24 hpt 24 4 4755 27750 0.171351351
245 3920 25300 0.154940711  0.1547742 0.0167

24 6 4065 29450 0.13803056

48 hpt 48 1 3140 18600 0.168817204
48 2 2965 19450 0152442159 = 0.1568662 0.0105

48 3 3390 22700 0149339207
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Table B2 Relative expression level data of PMCNX in hemocytes of thermal stress
treated juvenile P. monodon using real time -PCR

Concentration Average STD
Sample Ratio of
Group PM CNX EF-la gene/EF-la
Control N-1 1930 30650 0.062969
N-2 2320 25250 0.0918812 0.07135419  0.0179
N-3 2105 35550 0.0592124
0 hpt 0-1 18850 28400 0.6637324
0-2 18250 23550 0.7749469 0.657977038  0.12
0-3 18600 34750 0.5352518
1 hpt 11 7105 21250 0.3343529
12 6495 19900 0.3263819 0.33173027  0.0046
13 6455 19300 0.334456
3 hpt 31 5895 35650 0.1653576
32 5770 33500 0.1722388 0.188592163  0.0345
33 5830 25550 0.22818
6 hpt 6.1 5540 34600 0.1601156
6 2 5450 26700 0.2041199 0.223052579  0.0742
63 5885 19300 0.3049223
12 hpt 12.1 5845 35900 0.1628134
122 5660 19000 0.2978947 0.224322881  0.0683
123 5540 26100 0.2122605
24 hpt 24 4 917.5 27750 0.0330631
24 5 890.5 25300 0.0351976 0.033783558  0.0012
24 6 974.5 29450 0.03309
48 hpt 481 730 18600 0.0392473
48 2 876.5 19450 0.0450643 0.038434256  0.0071

48 3 703.5 22700 0.0309912
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Table B3 Relative expression level data of ERp57 in hemocytes of thermal stress

treated juvenile P. monodon using real time RT-PCR

Concentration Average STD

Ratio of

Sample Group PMERp57 EF-la gene/EF-1a

Control N-1 1.82E+04 30650 0.592169657
N-2 1.22E+04 25250 0.481188119  0.481555264 0.1104

N-3 1.32E+04 35550 0.371308017

0 hpt 0-1 5.23E+05 28400 18.39788732
0-2 4.94E+05 23550 2097664544  18.32388502 2.6905

0-3 5.42E+05 34750 15.5971223

1 hpt 11 2.56E+05 21250 12.02352941
12 2.37E+05 19900 11.90954774  11.81188927 0.2739

13 2.22E+05 19300 11.50259067

3 hpt 31 2. 7T4E+05 35650 7.671809257
32 269500 33500 8.044776119  9.048385602 2.0697

33 292000 25550 11.42857143

6 hpt 6.1 100400 34600 2.901734104
62 100750 26700 3.77340824 4254408415 1.6467

63 117500 19300 6.088082902

12 hpt 12 1 18100 35900 0.504178273
12 2 17600 19000 0.926315789  0.731620626  0.213

12 3 19950 26100 0.764367816

24 hpt 24 4 16950 27750 0.610810811
24 5 16150 25300 0.638339921  0.594651829 0.0536

24 6 15750 29450 0.534804754

48 hpt 48 1 18300 18600 0.983870968
48 2 17750 19450 0.912596401  0.857559608  0.161

48 3 15350 22700 0.676211454
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Restriction mapping of pGEM® T-easy Vector

Xmn'| 2009
Nae |
Scal 1890 2707 17 l
\ 1 start

f1 ori Apall 14
Aatll 20
Sphl | 26
BstZ | 31
Amp" Ncol 37
b PGEM®-TEasy  facz Bzl | 43
o B Sacll | 49
(30156p) EcoR1 | 52
Spe | €4
EcoR | 70
Not | 77
BstZ | 77
_ Pstl 88
Gii Sal'l 90
Nde | 97
Sacl 109
BstX | 118
Nsil 127
141

| 3

T7 Transcription Start

5 TGTAA TACGA CTCAC TATAG GGCGA ATTGG GCCCG ACGIC. GCATG CTCCC GGCCG CCATG
¥.. ACATT ATGCT GAGTG ATATC CCGCT TAACC CGGGC TGCAG CGTAC GAGGG CCGGC GGTAC

T7 Promater l H “
Apal Aatll Sphl BstZ |

GCGGC CGCGG GAATT CGATTS'(Cloned inser)
CGCCG GCGCC CTTAA GCTA

r e T T
S S

SP6 Transcription Start
]

CAIAT GGGA GAGCT CCCAA CGCGT TGGAT GCATA GCTTG AGTAT TCTAT AGTGT CACCT AAAT ...
GTATA CCCT CTCGA GGGTT GCGCA ACCTA CGTAT CGAAC TCATA AGATA TCACA GTGGATTTA . ..

!

| J I “ H I - SP6 Promoter
Nde | Sac | BstX | Nsil

Ncol

" ATCAC TAGTG AATTC GCGGC CGCCT GCAGG TCGAC
3’ TTAGTG ATCAC TTAAG CGCCG GCGGA CGTCC AGCTG
S

Sal'l
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Restriction mapping of pET 15b
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Restriction mapping of pGEX 4T-1

PGEX-4T-1 {27-4580-01)
Thrombin

lLou val P Argtal SerlPro Glu Phe Pro Gly &g Leu Gln AW Pro HIS Arg Asp
CTG GTT COG DAT GiA TO0 C05,GAA TG 0O GET C6A, TG GAR 06E UGG GAT CGL GAT TG4

Y

S| -
BH.I'I'IH | EEUH | amal Sal | % | Mot | Stop codans
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Appendix D

Mass spectrometric analysis of full length protein CRT

gi| 000213038
gi| 000213092
gi|000224869
gi|000083215
gi|000227491
gi|000236012
gi| 000063700
gi| 000063934
gi| 000069544
gi|000077410
gi|000087916
gi|000132056
gi|000151043
gi] 000054484
gi|000146335
gi|000023269
gi|000235076

gi|000031277
gi|000163372

gil000109045

OV-N-N01-1242-W calreticulin frame +2

OV-N-NOL

-W calreticulin frame +2

mellonella]

OV-N-8501-155%-W calreticulin [Galleria frame +1
HC-N-101 1 PREDICTED: similar to calreticulin [Zpis melliferal
oV-N-301 PREDICTED: similar to calreticulin [Apis mellifera]

similar to hopscotch CGl5%4-Pa

-LF C—type lectin
-LF frame -1

3-LE frame -1

-LF €frames 132

163

0503-LF NRDH dehydrogenase subunit 5

e W i

-LE .Penasus monedon, complete mitochondrial

[Penasus monodon]

G1Ep-N-S01<

fit
fre
[Bpis mellife
genome frame

genome frame
frame

HC-V-801-0340-LEfframe +1
GL-H-S@=1057<LF JPREDICTED: similar to Y43E1Z2A.2 [Tribolium castaneum]

TT-N-S01-1 E-W I1CT4 protein [ frame +2

¥/ Gallid herpesvirus 3]
GL-N-STHO1-0

0W0e-LE unknown [Schistosema japonicum] frame -2
HPa2-N-NU3-1063-1LF conserved hypothetical protein [Aedes aegypti] frame
HC-N-NO1-4023-L8 frame +1

M ass spectrometric analysis of mature CRT

gi| 000091748
gil000218638
gi| 000056284
gi]000114671
gi] 000037784

gi|00016B082
gi|000011077

gi| 000083308
gi| 000103873
gi| 000235248

gi| 000030059

gi| 0000005374  AC-N-NOT=1221-4W ENSENGROOOCDO14086 [Encrvhelasigambiae str.

gi| 000192946
gi] 000079968
gi] 000115715
gi] 000197184
gi]| 000206303
gi] 000100133
gi] 000103675
gi] 000208659

HC-N-N01-12532-LEF-ealreticulin [Rnopheles albimanus] frame +2
OV-N-501-0416-W PREDICTED:
GlEp-N-S01-082}Y=LF frame -1
HC-N-NO1-5048-LF frame
GlEp-N-NO1-0430-LF frame +2
HPa-N-N03-1%67-LF mitochondrial ribosomal
ES-N-802-02¢4-W frame +1
HC-N-NO1-10827-LF frame -1
HC-N-NO1-307é-LF frame +1
TT-N-ST02-0063-LF PREDICTED: hypothetical protein
GL-N-STCOZ-00¢3-LECframe -2

similar to CZ18572-PA, isoform A

protein, LY,

[Rattus norvegicus]

LP-N-NO01-0800-LE, frame -1

HC-N-N01-10156-1LF ENSANGP0OO0000Z23397
HC-N-WN01-5Z33-LF frame -2

LEFN=501+-02384-LF frame
OV-N-NO1-0088-W [PREDICTED:
HC-N-NO1-14204-1LF frame -2
HC-N-N01-3037-LF transfer RNA-Glu-Fro amincacyl synthetase frame +1
OV-N-N01-049%1-W

[Znopheles gambiae str. PEST]

=3

frame +3

[Triboliun

putative [Redes

PEST] frame

fr:

similar to chromosome 21 gpen reading frame
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M ass spectrometric analysis of mature CNX

gi|000058254 GElEp-N-201-11€%-LF frame -3

gi|000083124 HC-N-N01-107%5-1LF SJCHGC019%74 protein [Schistosoma japonicum] frame -3
gi|000131885 HC-N-N0OL1-2110-LF PREDICTED: similar to hypothstical protein MGC4L253 (&
gi|0000001197 AG-N-NOL1-0275-W G protein s alpha subunit [Litopenasus vannamei] frame
gi|000151364 HEPA-N-N01-0230-LF Penasus monodon, complete mitochondrizl genome frame
gi|000157664 HPa-N-N0O2-0754-LF Penasus monodon, complete mitochondrizl genome frame
gi|000056680 GlEp-N-301-08%5-LF Malic enzyme, NAD binding domain containing proteir
gi| 000059457 GlEp-N-201-1410-LF frams +3

gi|000128122 HC-N-N01-7435-LF hypothetical protein LOCS562615 [Danioc rerio] frame -]
gi|000111662 HC-N-NO1-4£512-LF frame +2

gi|000028201 GL-N-501-1131-LF unnamed protein product [Eluyveromyces lactis] frame
gi|000191497 LP-N-NO1-0514-1LF frame +1

gil|000023089 GL-E-S01-10Z2Z-LF frame +1

gi|000158120 HPa-N-NO3-0047-LF Litcopenasus vannamei high density lipoprotein/1l, 3-be
gi|000015070 ES-N-S03-0553-W frame -1

gil|000126885 HC-N-NO1-T7208-1LF frame +3

gi|0000006009 BT-N-S0U1-003%-W frame +3

gi000214741 OV-N-NOA-1543-W.PREDICTED: similar to €@G10077-PR, iscform B, partial [
gi|000048149 GlEp-N-NOLl-2251-LF frams -2

gi|000041369 GlEp-N-N01-1l099%-LF frame -2

M ass spectrometric analysisof CRT-ERp57 complex

Databane : BT Pmonodon (240000 asgquencss: 46497054 paniduaa)

Times bangp : 16 Map 2008 at 06:44:36 o847

Protein hits : gi]OD0ZI0IE] ofSN-N0L-DIEY A0 PEShEEEEn: slmliar ¢
gl | 000073443 HO- 3T PREDEOTRL: similac
R4 1900083215 FAEDECTRES si=milac
@l IO00L 76344 L EfaRdes]
gl [OD0DEETEE HAREmES mros
g4 000041162
g1 | 0001 60935
011000413
gl fANONUGERTL
gy |H0OUAERIT CL-ET-502-0452-LF hypethetical protedn ¥@008] (Xylslla

[Tetrasder nigroviridin] #

s ganbias £Lr.

Bi=h-dba~obod- Liase =+l

M ass spectrometric analysis of CNX-ERp57 complex

- PmERpP57 in CNX-ERp57 complex analysis

batabase ¢ &I Pmcncden (240000 (scquendes| 46437254 resldues)
Timastanp
Protein“hits

A [Teibs
[Trib

de iscmerase [Redes asgypti] frame =

gi|o00073449
gi|0001863T74
Qi 000234250
i ]00D034T5]
g1 9000003990
Hl!uﬂu!b??ﬂl HFA=N
gi 0001 31367
gl|000232714
gi|0001TELEL

zlog A; centractin alg

related protein | ho

LEmp20 [Elngrisy tensll

nol

osgrarmed cell death

LF unkpowsn [Echiseoscss
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- PmMCNX in CNX-ERp57 complex analysis

Database : HCBIne 20070216 (4626804 sequences; 15960791597 residuss)
Timestamp + L6 Mar 2008 at .ﬂl’ 24:03 GMT
Probein hikas ; ﬁm glutathions toansfszass (B2 2.5.1.16) = £luks (Schistsscma japenicus)

calnekin [Hus muscualus]
W calnexin [hedes asgypti]
gil118TH4TIA ENEANGROOSOLOZIELE [Rnophales ganbiae ste. FEST]
gL|3564592% FProteln disulfide lscmerass asscciazed 4 [Danio zecla]
gi|73978405 PREDICTED: similar == Prorsin disulfids-issmerase AS precurssr (Praesir
gi|1862116) polyprotein |[Sugarcane mwosaic virus]
ai| 90589387 Bota-lactamase [Flavobacterium johasonise UWLOL]
gi|3293544 unknown [Etreptomyces lividans]
gl 110636554 preproteln translocase, sschA subunlec [Cytophaga hutshinsoali ATCE 33400

AOUUINYUINNS )
ANRINITNIVENAY
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