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# # 4972482623 : MAJOR BIOTECHNOLOGY

KEYWORDS : Penaeus monodon / GIANT TIGER SHRIMP / TWO-DIMENSIONAL
GEL ELECTROPHORESIS / MASS SPECTROMETRY
WITCHULADA TALAKHUN: IDENTIFICATION OF GENES AND
PROTENES RELATED TO OVARAIN DEVELOPMENT OF THE GIANT
TIGER SHRIMP  Penaeus monodon ADVISOR: PROF. PIAMSAK
MENASVETA, Ph.D, CO-ADVISOR: SIRAWUT KLINBUNGA, Ph.D, 23! pp.

Two dimensional gel electrophoresis (2-DE) of proteins in different ovarian stages (I, 11, 111
and IV ovaries, respectively) of normal and eyestalk-ablated giant tiger shrimp (Penaeus monodon)
broodstock was carried out. Proteomic patterns between different stages of ovaries were clearly
different. Protein spots after 2-DE were further analyzed by mass spectrometry. Initially, 35 protein
spots from various ovarian stages were selected and analyzed by peptide mass fingerprinting (PMF)
using MALDI-TOF. All protein spots did not match any protein in the database. Additionally, 90 protein
spots were analyzed by peptide fragmentation using MALDI-TOF/TOF and only 4 protein spots
significantly matched calreticulin, protein disulfide isemerase, transketolase and allergen pen m2.
Afterwards, nanoLC-MS/MS was used for identification©f ovarian proteins separated by 2-DE. A total
of 375 protein spots (215 spots from stage Il and 160 spots from stage 1V) from ovaries of normal P.
monodon broodstock were examined. Of which, 90 (41.86%) and 102 (63.75%) spots of respective
ovarian stages were significantly homolegous to known proteins. The remaining 183 (125 and 58 from
stages 1l and 1V, 58.14 and 36.25%, respectively) protein spots did not match any protein and were
regarded as novel uncharacterized proteins of P. monodon. In addition, 300 protein spots (180 and 120
spots from stages Il and IV).from sovaries of-eyestalk-ablated P. monodon broodstock were also
characterized. A total of 857(47.22%)/and 4] (34.16%) proteins matched proteins in the databases,
respectively. A large number offunknown protein; 95 and 79 protein spots accounting for 52.77 and
65.83%, were observed. Results clearly indicated that'additional unknown proteins expressed at stage [V
ovaries were induced by eyestalkjablation. Comparative analysis using MW and p/ of protein spots can
classify proteins in ovaries of Pi monodaon to 4 categories; those expressed in stages I, [V, both stages Il
and 1V ovaries of normal and eyestalk-ablated broodstock and those expressed only in ovaries of
eyestalk-ablated broodstock. o

The full length cDNA of DEAD“hox 52 (ORFof 1824 bp deduced to a polypeptide of 607
amino acids), DEAD box ATP-dependeniyRNA helicase (1209 bp, 402 aa), ATP-dependent RNA helicase
(1206 bp, 401 aa) and L-3-hydroxyacyl-coenzyme A dehydrogenase (933 bp, 301 aa) and protein
disulfide isomerase (PDI, 1293 bp, 430 aa).and the partial sequence of valosin containing protein (VCP)
were successfully characterized. Tissues distribution analysis of various genes was examined. Generally,
these genes were constitutively expressed in all examined tissues'of P. monodon broodstock.
Nevertheless, ATP-dependerit RNA helicase was not expressed in eyestalk whereas L-3-hydroxyacyl
coenzyme A dehydrogenaseé was expressed in intestine. PD/ and helicase [ymphoid-specific isoform 2
were not expressed in both eyestalk and thoracic ganglion.

Semiquantitative RT-PCR of DEAD box 52, DEAD box ATP-dependent RNA helicase, ATP-
dependent RNA helicase, helicaseslymphoid specificlisoform 2 and PD/ in ovaries of normal and
eyestalk-ablated were carried out. \DEAD | box''ATP-dependent RNA helicase, ATP-dependent RNA
helicase and PD! were differentially expressed duringovarian development of normal broodstock (P <
0.05). However, expression of helicase lymphoid-specific isoform 2 was comparable during ovarian
development of both normal and eyestalk-ablated P. monodon broodstock (P > 0.05). In addition,
expression-of fDEA Db oxsATP-dependentrRNA helicase, Y€ PrandyRD[rwere~examined by quantitative
real-time PCR. DEAD box ATE-dependent RNA helicase were up-regulated at stage l11and 1V ovaries of
normal shrimp and at stage IV ovaries of eyestalk-ablated shrimp (P < 0.05). VCP was comparably
expressed during ovarian development of normal P. monodon but was up-regulated at the final stage of
ovarian development in eyestalk-ablated P. monodon broodstock. Considering expression levels of PD/
in both normal and eyestalk-ablated P. monodon simultaneously, PD! was up-regulated at stage Il
ovaries of normal shrimp (P < 0.05) but its levels were not significant different during ovarian
development of eyestalk-ablated broodstock (P > 0.05).
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CHAPTER1

INTRODUCTION

1.1 Background information and objectives of this thesis

Farming of the giant tiger shrimp (Penaus monodon) in Thailand relies almost
entirely on wild-caught broodstock for #supply of juveniles because of poor
reproductive maturation of.cultured P. monodon females (Withyachumnarnkul et al.,
1998; Preechaphol et al., 2007)" As a fésult, breeding of pond-reared P. monodon is
extremely difficult and sarely produced enough quality of larvae required by the

industry. '

The high demand on wild female broodstock leads to overexploitation of the
natural populations of# P. & menodon 1n JThai waters (Klinbunga et al.,, 1999;
Khamnamtong et al., 2005). The lack g)-f' high quality wild and/or domesticated
broodstock of P. monodon has catised a silghif_i_cant decrease in its farmed production
since the last few years (Limsuwan, 26641) Reduced degrees of reproductive
maturation in captive P. monodon femal'élé;._ﬁé\'/e limited the potential of genetic
improvement resulted in remarkably slow domestication and selective breeding
programs of P. monodon in Thailand (Withyachumnarnkul et al., 1998; Clifford and
Preston, 2006; Preechaphol et al., 2007).

Progress |in+geneticcand 'biotechnology researches /ingpenaeid shrimps have
been slow because a lack of knowledge on fundamental aspegts of their biology
(Benziey 1998). The demestication and selective breeding programs of penaeid shrimp
would provide a more reliable supply of seed stock and the improvement of their
production efficiency (Makinouchi and Hirata, 1995; Clifford and Preston, 2006;
Coman et al., 2006). The use of selectively bred stocks having improved culture
performance, disease resistance and/or other commercially desired traits rather than
the reliance on wild-caught stocks is a major determinant of sustainability of the

shrimp industry (Clifford and Preston, 20006).



Eyestalk ablation is used commercially to induce ovarian maturation of
penaeid shrimp but the technique leads to an eventual loss in egg quality and death of
the spawner (Benzie, 1998). Therefore, predictable maturation and spawning of
captive penaeid shrimp without the use of eyestalk ablation is a long-term goal for the

industry (Quackenbush, 2001).

A research concerning domestication of P. monodon is being carried out in
Thailand by production of high quality pond-reared P. monodon broodstock.
Subsequently, it is expected-that selective brecding programmes of P. monodon will
be the key to provide shemps having commereially desired phenotypes (e.g. high
growth rate and/or disease resistance) and to produee P. monodon stocks with the
ability to induce high guality egg develiopment i domesticated females without the
irreversible side-effects gaused by a typic.:'ilJl'l'.eyestalk ablation technique (Lyons and Li,
2002). Applications of the knowledge fdg genetic selection and biotechnology of P.
monodon should also be swudied and pract@gqlly implemented to fulfill that purpose.
Despite the potential benefits, the domesti‘qgt_ibn of P. monodon has been remarkably

slow in Thailand (Withyachumnarnkul er al.'-;'"19_98) and is still at the initial stage.

The development of obéytes consists 6?5 sefies of complex cellular events, in
which specific gene “¢lasses were expressed to ensurerthe proper development of
oocytes and to store transcripts and proteins as maternal factors for early
embryogenesis (Qiu and_.Yamano, 2005; Qiu et al., 2005). An understanding of sex
determination land"gonad development is fiecessary to' manipulate the sex ratio and to
control reproduétive maturation of this economically important species (Benzie et al.,
1998; Leclatanawit-et al.,-2009).-Accerdinglys-thesidentificationscharacterization and
expression ‘analysis of genes and proteins involving ‘'ovary/oocyte development is an
initial step toward understanding the molecular mechanism governing reproductive

maturation in P. monodon (Khamnamtong et al., 2006; Preechaphol et al., 2007).

To identify sex-related genes expressed in vitellogenic ovaries of P. monodon,
1051 cDNAs (expressed sequence tags, EST) were unidirectionally sequenced from
the 5° terminus. Nucleotide sequences of 743 EST (70.7%) significantly matched
known genes previously deposited in the GenBank (E-value <10™*) whereas 308 ESTs



(29.3%) were regarded as newly unidentified transcripts (E-value >10_4). A total of
559 transcripts (87 contigs and 472 singletons) were obtained. Several full length
transcripts (e.g. cyclophilin, profillin and thioredoxin peroxidase) were also isolated.
Expression patterns of 14 gene homologues in ovaries and testes of P. monodon
broodstock were examined by RT-PCR. Polehole and ovarian lipoprotein receptor
homologues were only expressed in ovaries. Almost all transcripts (thioredoxin
peroxidase, phosphatidylinositol 4 kinase, Rab-protein 10 CG17060-PA, ubiquitin
specific protease 9, agCPIl3148, nuclear atiioantigenic sperm protein, adenine
nucleotide translocator 2yehromobox-protein, small androgen receptor interacting
protein, Y-box protein Ct-pUsand Zonadhesin precursor) were higher expressed in
ovaries than testes of P. monodon broodstock. A homologue of ubiquitin-specific
proteinase 9, X chromosgmes(Usp9X) revealed a preferential expression level in
ovaries than testes of broodstock-sized P.;monodon (N=13and 11, P <0.05) but was
only expressed in ovaries of 4-month-old j*oj_thjimp (N =5 for each sex) (Preechaphol et
al., 2007). 2

Understanding mechanisins and furiCﬁQns of genes and proteins in different
stages of ovarian development would providé_ a new tool applicable for understanding
of their important biological and molecular processesand finally, for improving
reproductive maturation P. monodon. Nevertheless, identification of proteins in

ovaries during ovarian.development of penaeid shrimp-have not been performed and

reported in any species.

Proteomi¢ technique is a powerful and wildly used method for analysis of
protein-mapping, and expression.of interesting-expressed proteins<ingvarious cells and
tissues of organisms. Proteomic‘techniques provide the basic ‘information on protein
expression profiles and post-translational modification of interesting proteins.
Molecular mechanisms and expression patterns of proteins controlling each step of
oocyte maturation and formation of CRs could be further carried out for better

understanding the reproductive maturation of P. monodon in captivity.



Objective of this thesis

The objectives of this thesis were determination of protein profiles in different
ovarian stages of normal and eyestalk-ablated wild female P. monodon broodstock by
two-dimensional gel electrophoresis and identification of electrophoresed protein
spots by mass spectrometry. In addition, the full length cDNA and expression of

reproduction-related genes form EST and ; proteomlc analyses were also analyzed.
//
1.2 General introduction
-

1.2.1 Taxonomy-of P. monodo

The giant tlger)h/ﬁ taxorﬁamlcally classified as a member of Phylum

Arthropoda; Subphylum Crustacea; Cla.s§* Malacostraca; Subclass Eumalacostraca;
Order Decapoda; Suborder Natantia; Infﬂaorder Penaeidea; Superfamily Penaeoidea;
€, 1985 Geﬂus Penaeus, Fabricius, 1798 and Subgenus

FraA * ¥
e f shrnmp 1s:Penaeus monodon (Fabrlclus 1798) where

= J:’"'

Family Penaeidae, Rafines

Penaeus. The scientific

and Moss, 1992). T

The externai Jnenphel@gy—ef—P—manedan—andﬁ?( characteristics of male

(petasma) and female &helycum) are illustrated in Figure-1.1.

A i darsal abdarminal

Figure. 1.1 External morpnology of P. monodon (A). Sexes of juveniles and
broodstok of penaeid shrimp can be externally differentiated by petasma of male (B)

and thelycum of female (C).



1.2.2 Farming of P. monodon in Thailand

The giant tiger shrimp, P. monodon has dominated production of farmed
shrimp along with the Pacific white shrimp (Litopenaeus vannamei) and is one of the
most economically important penaeid species in South East Asia. Farming of P.
monodon has achieved a considerable economic and social importance, constituting a

significant source of income and employment in this region.

In Thailand, P. monedon had been antensively cultured for more than two
decades and had contributed approximately 60% of the total cultivated shrimp
production. The reasons for" this ate supported by several factors including the
appropriate farming areas without serious disturbing from typhoons or cyclone, small
variable of seawater during seasons, and ideal soils for pond construction. Culture of
P. monodon had increased the national,';reyenue, therefore P. monodon was, until

recently, the most economically important“"cultured species in Thailand.

Marine shrimp farms and. hatcheties, are located along the coastal areas of
Thailand where Nakorn Sri “Thammarat gnd Surat Thani located in peninsular
Thailand are the major parts ot shitmp cult-i;/aﬁon. In addition, Chanthaburi (eastern
Thailand), Samut Sakhon and Samut Songkhran (central 'region) also significantly
contribute on the country production. The intensive farming system has resulted in
consistent production“ef marine shrimp of Thailand. Thailand has been regarded as

the leading shrimp.producer of.cultivated shrimp for over a.decade (Table 1.1).

Farmingiof P. monodon in Thailand relies almost entirely on wild-caught
broodstocK! for supplyof: juvéniles| bedalisé teprodictive matutitién| of cultured P.
monodon female is extremely low. As a result, breeding of pond-reared P. monodon is
extremely difficult and rarely produced enough quality of larvae required by the
industry. The high demand on wild female broodstock leads to overexploitation of the

natural populations of P. monodon in Thai waters (Klinbunga et al., 1999).

Despite the success of the farmed production, the shrimp industry has
encountered problems outbreaks of diseases and environmental degradation. Besides

these, the lack of high quality wild and/or domesticated broodstock of P. monodo



has possibly caused an occurrence of a large portion of stunted shrimp at the harvest
time. The farmed production of P. monodon has significantly decreased since the last
few years (Table 1.2). As a result, domesticated Pacific white shrimp, Litopenaeus
vannamei, has recently been introduced to Thailand as a new cultured species
(Khamnamtong et al., 2005) and initially contributed approximately 20000 MT
(7.4%) of the cultured production in 2002 and dramatically increased to 220000 MT
(73.3%) in 2004, respectively (Figure 1.2) (Limsuwan, 2004).

However, the price-of L. vannamei 1s.quite low and broodstock used relies
almost entirely on genetie~improved| stocks brought from different sources. In
addition, the labor costs«an Thailand are pi gher than other countries (e.g. Vietnam and
China) preventing the advaneage of comlpetition for the world market. In contrast, the
market of premium-sized P. onddonis _s}ﬂl open for Thailand because L. vannamei
is not suitable for that market: Accordingi’y, P. monoden culture is currently promoted
for increasing the production of this speciétfs:.. ’

‘,

Table 1.1 Total shrimp productioh"(metﬁé‘fqns) from the aquaculture sector during
i #e i A

&

2000 — 2005 in Southeast Asia _ =

Country 2000 - ;2_001 2002 2003 2004 2005
Thailand 290,000 250,000 250,000 350,000 360,600 360,000
Indonesia 110,000 90,000 102,000 168,000 180,000 230,000
China 200,000 300,000 280,000 400,000 350,000 280,000
India 85,000 80,000 125,000 100,250 100,000 100,000
Vietnam 75,000 95,000 85,000 110,000 160,000 115,000
Malaysia 17,000 20,000 24,000 280,000 280,000 320,000
Philippines 30,000 20,000 30,000 30,000 35,000 35,000
Total 807,000 885,000 896,000 1,186,250 1,213,000 1,152,000

(Source: World shrimp farming, 2004)



Table 1.2 Export of the giant tiger shrimp from Thailand during 2002-2007

Country 2002 2003 2004 2 2005 2006 2007
Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value
(MT) (MB) (MT) (MB) (MB (MB) (MT) (MB) (MT) (MB) (MT) (MB)
36,011.4 29,032.8 17,206.7 17,206.7
USA 97681.81 1 89115.28 ye 68365 2 '1 5. 29116.62 5 34537.23  8,847.42 7979.91  1,909.64
13,813.3 11,916.8
Japan 16644.6 3 33235.52 7 2797727/ 958659 2018285 9,586.59 1570939  3,832.31 371132 1,067.25
Canada 645576 3,890.48 1121647  3,412.09 6490.08. 72,07225 324937 2,072.25 2798.61 744.95 1762.16 462.68
h L A
Singapore 5251.66  3,138.86 3317.14  1,258.13 3383.18 53%.88 1933.5 537.88 1580.11 236.31 401.47 63.53
Taiwan 4917.65 1,276.86 3051.77 799.44 2964.62 f 564;5’8 " 167365 564.58 607.7 170.12 692.69 194.78
Australia 448125  1,326.06 48175 1,252.31 241849 - 1,042:02 1 209776 1,042.02 1418.36 445.05 658.54 225.13
Hong Kong 1365.12 533.26 1437.54 340.42 139698 409._9?,; . 1026.84 409.93 921.88 256.91 1569 365.91
Chaina 1649.23 352.68 992.91 214.54 833.1 162.66 1003_-“" | 162.66 710.7 85.65 1629.74 235.57
U. Kingdom 661.07 210.81 184.23 64 1L 505.76 181.63 16179 181.63 24191 70.54 242 4 73.46
180,615.8  63,822.7 51,524.1 | 16.629.0 16,629.0 16,178.8
Total 1 3 160,986.48 0 118,343.12 5  69,168.96 5  64,565.41 5 23,933.1  5,922.11

Source: http://www fisheries.go.th/foreign/doc/excel/exportsbacktiger.xls
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1.2.3 Ovarian development—of Pe@gu& monodon and hormonal control in
-mJ “-u ‘—-—

reproductive manipulation ln’shrrmp. S "
A £)

= - =1
In penaeid shpi‘r'_qp, the major part of ovaries is fo_n-né within the cephalothorax

area. Ovaries are paired, but partially fused in the cephalothoracic region, and consist
of a number of lateral lobes The 1nten31ty of the ovarian shadow is due to the
different densny of the ovaties and the plgmentatlon of the egg mass. The ovarian
development of penaeid shrimp are generally classified to four different stages;
underdeveloped 'stage, (Stage 1), dévéloping or early vitellogenic ‘stage (Stage II),
nearly ripe or late vitellogenic stagé (Stage III) aﬁd ripe or mature stage (Stage IV;

Figure 1.3).

In an undeveloped stage, the ovaries either do not cast any shadow or a thin
opaque line is seen along the length of the tail. At this point the ovaries are composed
of a connective tissue capsule surrounding a soft vascular area containing oogonia,
and accessory cells (called follicle or nurse cells, Figure 1.3A). The internal wall of

the ovary capsule is lined with epithelial cells (called the germinal epithelium). Once
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the female is sexually mature, the germinal epithelium will produce oogonia by

mitosis division throughout the reproductive life of the females.

The eggs develop from oogonia in an area known as the zone of proliferation.
As the oogonia develop they increase in size and enter the first stage of meiotic
division and henceforth are irreversibly destined to become haploid, with only one set

of maternal chromosomes. At this ough the developing eggs are increasing

in size (Figure 1.3B), they oducing yolk, and are known as
s 0@ be visualized with a light beam

—

e S ture, and classified as the stage 2.

-'-

fxe: “-f'

Figure 1.3 Different ovarian development stages of P. monodon. Panel A.,

theunderdeveloped ovaries (Stage 1), B., the developing stage (Stage II), C., the nearly
ripe  stage (Stage III) and D., the ripe stage (Stage IV)

(www.aims.gov.au/.../mdef/images/fie01-4a.gif).
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As the oocytes develop, they migrate towards the margins of the ovarian lobes
in preparation for ovulation. During this migration, follicle cells are attached to the
periphery of each oocyte. It is believed that the follicle cells produce the yolk that is
internal in the oocytes in a process called vitellogenesis. As vitellogenesis proceeds,
oocytes mature synchronously as yolk accumulates and develop a characteristic dark
green colour as a result of deposition of carotenoid pigments. It is the carotenoid
pigmentation that mainly causes the dark ovarian shadow during illumination of the

female by the torchlight. The female is now.in.the stage 3 (Figure 1.3C).

By the end of vitellegencsis, thé eggs develop cortical granules filled with a
jelly-like substance destined to form part of the egg shell membrane after ovulation.
At this time the shadow Casi'by the ovaries is large, resulting in a very distinct dark
thick region extending the length of thé;ébdomen, with an enlarged bulbous region
directly behind the carapace, called the sé},ddle. The saddle may not be as apparent in
some broodstock. The fémale i now in a pre-spawning state and is regarded as in the

stage 4. ¥,

Penaeid shrimp are divided into t_l\"vo'J.J groups: open-thelycum and closed-
thelycum species. Inuthe life 'hi'story of peﬁééiél_ shrimps, final maturation, spawning
and mating behaviour presage successful reproduction. The final phase of maturation,
spawning, mating and their interrelationships differ significantly between the groups.
The giant tiger shrimp is_one of the closed-thelycum species. Typically, mature males
insert their spermatophore ‘into the'soft thelycum of newly'moulted immature females.
Final maturation with germinal vesicle breakdown (GVBD) immediately precedes
spawning insa closed thelycum species (Y aney, 1988) nTwo phases are involved: the
appearance of ripe’ova. and germinal“vesicle breakdown<(GVBD) in"preparation for

fertilization after spawning (Figure 1.4).

Ovulation occurs when nuclei, shrunken during the late prematuration phase,
have migrated to the peripheral cytoplasm of the oocytes. In the late phase of the
maturation cycle, meiotic metaphase is arrested and remains visible just beneath the
cytoplasmic membrane of the oocyte, indicating that GVBD is completed after

ovulation.
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Immediately after release from the female gonopore, the mature eggs, still in
metaphase (for example in Marsupenaeus. japonicus), are fertilized by sperm released
into the seawater from the spermatophore held in the thelycum. Once begun,
spawning is continuous, females releasing batches of eggs from the ripe ovaries and
sperm from the spermatophore into the seawater, where fertilization takes place.
Therefore, female shrimp have to repeat the process of molting, mating, and sexual

maturation in order to achieve several spawning during their life.

Prematuration accumulation of egg=yolke=protein (vitellin) in developing
oocytes at the yolk-granule-stage, occurs approximately 1 month after spawning
without mating in speat”shamps: (for, example in M. japonicus). Female shrimp
(closed thelycum), dogmot mature fof several months, even after mating with
spermatophore transfer in the season fror_l}'l'.late autumn to early spring (Yano, 1995).
These observations indicate that mating QOSe not directly accelerate vitellogenesis in

closed-thelycum species.

" Vitellogenersis
Mating ——®» | Spermatophore transfer : (several weeks)
T 1-8 months.
Molting
T several heurs

Fertilization «— Spawrning d—l— Final maturation

Figure 1.4 Reproductive cycle of the close-thelycum penaeid shrimp.

1.2.4 Hormonal studies in shrimp

Biological and physiological processes (growth, reproduction, body color, and

metabolism etc.) are hormonal controlled (Figure 1.5). Knowledge from shrimp
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endocrinology is necessary to develop the hormonal manipulation techniques in

shrimp

Eyestalk hormones play the important role for regulating several physiological
mechanisms and unilateral eyestalk ablation is practically used for induction of

ovarian development and oviposition. The technique gives predictable peaks of

—*}~Color changes

| Sex determination
—> Reproduction —[:
; Gonadal activity
Lo Continuous
> Growth i_ e
== ¢ Discontinuous
Metabolism
| THomeostasis —E
Osmolarity

Figure 1.5 Diagram-illustrating the-hormonal controls ‘of physiological processes of

Hormone

penaeid shrimp.

maturation and spawning but many associated problems, which leads to an
eventual loss in egg quality and causes high mortality and death (Benzie, 1998).
Predictable maturation and spawning in captive shrimp without the use of eyestalk

ablation is a long—term goal for the industry (Quackenbush, 1991).

Crustacean hyperglycemic hormone (CHH) is a member of a structurally
related peptide family, which also includes molt-inhibiting hormone (MIH), gonad-
inhibiting hormone (GIH) and mandibular organ-inhibiting hormone (MOIH). It is the
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most abundant peptide in the eyestalk of crustaceans (Chang et al., 1990) This
hormone not only plays its major role in controlling the glucose level in the
hemolymph, but is also significantly contributed to other processes such as
ecdysteroid synthesis and ovarian maturation. Multiple forms of CHH have been
reported. CHH has been isolated from several crustaceans such as crabs, (Kegel et al.,
1989; Chung et al., 1998), lobster (Tensen et al., 1991), crayfishes (Kegel et al., 1991;
Huberman et al., 1993), shrimp (Sithigoragulet al., 1999) as well as isopod (Martin et
al., 1984).

The growth in crustaeceans is not continuous.because of the rigid exoskeleton.
It is often shed to allow.periodic growth. Molting is controlled by a complex interplay
of hormones (Figure 1:6), in particulall, the negative regulation of molt-inhibiting
hormone (MIH) from the X-orgarﬂsinué;éiand (XO/SG) complex which suppresses
the synthesis or secretion/of molting hori?;lones (ecdysteroids) from the Y-organ (Fig

1.7).

MIH is classified as a. member olff:fthfc‘ crustacean hyperglycemic hormone
(CHH) family and has been showi to inhibit the synthesis of the molting hormone,
ecdysone, which release from the Y-organ (.);f'ldlcﬂic_apod crugtaceans keeps the animal in
the intermolt stage that dominates its molting cycle. MiH is thus one of the major

keys in mediating growth and reproduction.

Udomkit.et al. (2004) cloned and characterized P..monodon CHH transcripts
and produced' recombinant’Pem-CHH2! afid Pem-CHH3 peptides, a member of a
structurally related CHH/MIH/GIM/MO-IH peptide family. Both.cDNAs contained
381-bprepen reading frame encoding 127 amino acids. Amino aecid sequence analysis
revealed ‘that Pem-CHH?2 and Pem-CHH3 shared 95% identity in their amino acid
sequence to that of Pem-CHH1 (Udomkit et al., 2000). Both recombinant Pem-CHH?2
and Pem-CHH3 expressed as secreted proteins in Pichia pastoris exhibited the
hyperglycemic activity at the comparable level to that of Pem-CHHI1. The Pem-CHH
transcript in several tissues of P. monodon was examined by RT-PCR. Expression of

Pem-CHHI1, Pem-CHH2, Pem-CHH3 was not restricted only to the eyestalk but also
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detectable in heart. In addition, the transcript of Pem-CHHI1 was also present in gills.

CHHs form various origins may play different physiological roles.

Figure 1.6. (a) A s ati g afn:J tﬂr e major endocrine organs in
shrimp. The sinus gla di :  " the te als from neurons which have their

cell bodies in the X-orga (; tron microscopy section (8500X) of the

FFF
=

sinus gland demonstrating hormen
released their contents 1nt0—-‘12§€_'%109d, ( VWW. ai
4a.gif).

les (dark circles) which are fused and

s.gov.au/.../mdef/images/fig01-

Figure 1.7 Localization of hormones that control several physiological systems from

the sinus gland/X-organ complex of P. monodon. (Okumura, 2004)
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Yodmuang et al. (2004) isolated cDNA encoding two types of MIH, Pem-
MIHI and Pem-MIH2 of P. monodon by direct PCR amplification and PCR-based
genome walking strategies. Pem-MIHI cDNA contained a 318 bp ORF encoded for a
translated product containing 28 amino acids of the signal peptide and a putative
mature Pem-MIH of 77 amino acids. Pem-MIHI and Pem-MIH2 genes have the same
structures. The interruption of the three exons by the two introns occurs at the same
positions in both genes. RT-PCR was used to detect the expression of Pem-MIHI and
Pem-MIH2 in several tissues of P. monodon.and found that Pem-MIHI was
abundantly detected in eyestalk and ‘thoracic ganglia, whereas no transcript was
present in heart. A lower expression level was detected in gill and muscle, Pem-MIH?2
was detected only in €yestalk but not in other tissues. The recombinant Pem-MIH]
was expressed in Pichia_pasioris as a. secreted protein. Pem-MIHI exhibited the
ability to extend moliing «duration ~of P monodon from 11.8 days to 16.3 days

suggesting that Pem-MIHT played the moi’t:irihibiting function in this shrimp.

In crustacean females, the late phég;s,_e_ of gonadal maturation to form mature
oocytes is named vitellogenesist-This procés'"s; comprises the synthesis or deposition,
or both, of yolk or vitellus. The major coﬁ_lpgnent of this nutritive material is the
lipoprotein vitellin, “derived from a precursor called -vitellogenin that can be

synthesized in extraovarian tissues or in the ovaries.

Penhouse (1943 and 1944 cited in Huberman, 2000) described that unilateral
eyestalk ablatien has been used to accelerate ovarian| matdration and spawning in
different shrimp! species used as broodstock in aquaculture. The effect has been
attributed tor the /presence of ~gonad jinhibiting, hormoney, GIH s(or vitellogenin

inhibiting hormone, VIH) in the X- organ-sinus gland complex.

Gonad inhibiting hormone (GIH or vitellogenin inhibiting hormone, VIH) is a
member of the CHH/MIH/GIH family. It plays an important role on inhibition of
ovarian development. The removal of GIH by unilateral eyestalk ablation is
practically used for stimulation of ovarian development in shrimp but identification of

GIH was only reported in lobsters. Two isoforms of the GIH were isolated and
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sequenced by Soyez et al. (1991) from the sinus gland of the lobster H. americanus.

Both consisted of 77 residues and MWs of 9.135 Kda.

Treerattrakoo et al. (2007) characterized a cDNA encoding a GIH (Pem-GIH)
from the eyestalk of Penaeus monodon. Pem-GIH cDNA 1is 861 bp in size with an
ORF of 288 bp. The deduced Pem-GIH consists of a 17-residue signal peptide and a
mature peptide region of 79 amino acids with features typical of type II peptide
hormones from the CHH family. Pem-GlFl tianseript was detected in eyestalk, brain,
thoracic and abdominal nerve cords of P.-Ziuenedon adults. The gonad-inhibiting
activity of Pem-GIH was investigated u-sing the RNA interference technique. Double-
stranded RNA, correspondingsto.the mature Pem-GIH sequence, triggered a decrease
in Pem-GIH transcript levelsibothin vinj‘o (eyestalk ganglia and abdominal nerve cord
culture) and in vivo (female P. onodon .lzf"'oodstock). The conspicuous increase in Vg
transcript level in the ovary of GIH—knoc'lj;do'wn shrimp suggests a negative influence
for Pem-GIH on Vg gefie expression, and thus implies its role as the gonad-inhibiting
hormone. J» A -‘

d # -y : IJ:I;I
Recombinant peptides related to vitellogenesis-inhibiting hormone (VIH) of

the American lobster (Homaﬁi;éramerican.ﬂsz)t;x;ére expressed in bacterial cells, and
then purified after bcihg allowed to refold: Biological activities of the recombinant
VIHs having an amidated C-terminus (rHoa-VIH-amide) and a free carboxyl-terminus
(rHoa-VIH-OH) were examined using an ovarian fragmént incubation system derived
from the kuruma prawn, Marsupenaeus japenicus. The rHoa-VIH-amide significantly
reduced vitellogenin mRNA levels, while rHoa-VIH-OH had no effect on vitellogenin
mRNA-levels imoyvaries (Ohira-ct-al:, 2006):

Gonad stimulating hormones, GSH (or vitellogenin stimulating hormone,
VSH), believed to be secreted by the supraesophageal and thoracic ganglia has been
proposed to have the opposite effects of GIH (stimulates the gonadal maturation) of
shrimp. However, this hormone has not been identified and characterized in any

shrimp.
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Ecdysteroids are known as the molting hormones in crustacean and insects. In
crustacean, the inactive forms are secreted and converted to 20-hydroxyecdysone by
the Y-organ. Ecdysteriods stimulate vitellogenesis in some insects. However, the
levels of ecdysteriods in hemolymph of the giant freshwater shrimp (Macrobrachium
rosenbergii) were not related to vitellogenesis and showed no distinct relation to the
molt cycle suggesting that ecdysteroids are not involved in vitellogenesis in M.

rosenbergii (Okumura and Aida, 2000).

Central nervous i X-organ-sinus
y erand
\ 4 !
y v MOIH
GIH(G -\ 4
GSH (VIE) d / Mandibular
(VSH)? w, / y organ
\ A 4
y’ VSOH?
Vg synthetic site
(ovary and/or > >
hepatopancrease)
Oocyte
1 ¥t
Steroid-

Figure 1.8 Schematic diagram of the endocrine control of vitellogenesis in shrimp
(Okumura, 2004) GIH: gonad inhibiting hormone, GSH: gonad stimulating hormone,
MF: methyl farnesoate, MOIH: mandibular organ inhibiting hormone, Vg:
vitellogenin, VIH: vitellogenesis-inhibiting hormone, VSH: vitellogenesis stimulating

hormone.
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MF is structurally related to the juvenile hormone and synthesized by
mandibular organ (MO). MF has been implicated in the regulation of crustacean
development and reproduction in conjunction with eyestalk molt inhibiting hormones
and ecdysteroids. The presence of MF in the medium for culturing of ovarian tissue in
vitro of L. vannamei resulted in a significant increase in sizes of oocytes. In contrast,
MF inhibits ovarian development in the tadpole shrimp, Troops longicaudatus

(Tsukimura et al. 2006).

Farnesoic acid O-meilyltransferase (IFAMeT) catalyzes the methylation of
farnesoic acid (FA) in_the«terminal step of MF synthesis. A schematic diagram of

regulatory mechanism ofwitellogenersisiin shrimp is shown in (Figure 1.8).
|

Laufer et al. (1998) reported stimulating effects of MF on ovarian maturation
in the red swamp crayfish Procambarﬁs clarkii in “three different trials of MF
administration. After 30'days of treatmen’lt,_ ovaties of pre-reproductive females were
2- to 10-fold larger and werg in the later '%tei'ges of vitellogenesis than those of the
controls. Similar and statistically signiﬁcarlftr:fe_sjlyllts were observed in a second 30-day
trial, which was begun during the middie of The .i;/itellogenic cycle. The control ovaries
were white or yellowish colored but ovaries fr6m the ME=fed groups were larger and
showed a dose response for which the I-jig MF group had tan colored ovaries. A

group receiving the higher dose of 2 pg MF had dark brown to black colored ovaries.

Lam Hui.et al (2008) studies, functions, of L. vannamei FAmeT (LvFAMeT) in
molting using ‘the RNA-intérference (RNAi) technique. Injection of double stranded
RNA (dsRNA) of LvFAMeT successfully knockedsdown the expression of LvFAMeT
in juvenile shrimp for'at least.3 days and shrimp did not proceed ‘to the final stage of
molt cycle. Furthermore, the expression of molt-related genes encoding cathepsin-L
and hemocyanin gene was disturbed. Subsequently, 100% mortality of shrimp was
observed in LvFAMeT dsRNA-injected shrimp. In contrast, control shrimp completed
their molt and proceeded to the next molt cycle. Therefore, RNAIi injection knocked
down the expression of LvFAMeT which could potentially result in a decrease in the

production of MF and subsequently, could affect the molting process.
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1.3 Molecular techniques used in this thesis
1.3.1 Two-dimensional electrophoresis

Two-dimensional electrophoresis is a powerful and widely used method for
the analysis of complex protein mixture extracted from cells, tissues, or orther
biological samples. This technique sorts proteins according to two independent
properties in two steps. Initially, samples are'prepared by extraction of proteins in the

appropriate buffer. The extraeted proteins arc-then€lectrophoretically analyzed.

The first dimension siep; isoelectric focusing (IEF), separates proteins
according to their isoelectrie” points (pl). Proteins are amphoteric molecules; they
carry either positive, mégative /or zero |neIt charges, depending on the pH of their
surroundings. The net charge of a protein, is the sum of all the negative and positive
charges of its amino acid¢side chaim and 'janiino and carboxyl-termini. The isoelectric
point (p/) is the specific pH at which the nét_.charge of the protein is zero. Proteins are
positively charged at pH values helow théi-f_p] and negatively charged at pH values

Ad

above their pl.

The IEF step is the Iﬁoét critical stelp--f*o_rr 2-DE process. During IEF, protein
mixtures must be solubilized in denaturing buffer without non-ionic detergents,
usually in chaotrophs [high concentrate urea solution (8M urea or 7M urea with 2M
thiourea)] together withsurfactant (CHAPS), and reducing agents (DTT). To obtain
high quality separation,-samples protein should be optimized t0 select a suitable range

of isoelectric focusing pH gradients due to different types of interesting proteins.

The second dimension step, SBS-polyacrylamide_gel electrophoresis (SDS-
PAGE), separates proteins according to their molecular weights. Each spot on the
resulting two-dimensional array corresponds to a single (or minxed) protein in the
sample. Thousands of different proteins can thus be separated, and information such
as the protein p/, the apparent molecular weight, and the amount of each protein is
obtained. The resolution of the secondary separation can be optimized be varying the

percentage of crosslink of the acrylamide gel.
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After electrophoresis, the separated proteins must be visualized in the gel.
Most commonly, this is achieved with dyes that firmly bind protein. Individual dyes
differ in sensitivity and the ability to stain all types of proteins equally. The most
frequently use dye is Coomassie Blue R-250 (with a direction limit of about 1 pg of a
protein). Alternatively, Coomassie Blue G-250, Amido black, and Nigrosine are also

used.

Silver staining is more sensitive than.€gemassie Blue staining for about 10 -
20 fold. Silver staining leads to.a non-stoichiomeirie binding of silver ions to proteins.
After reduction, these compléxes become visible as black to brownish bands.
Unfortunately, silver stams ar€ inconsistent as some proteins are hardly stained by
silver ions. Therefore, quantity of stained proteins is not proportionally indicated from
intensity of the protein spots: Fluorescent:é.taining has been recently developed as an
alternative choice for high sensitivity of S}ai‘ning. Dyes including SyproRuby™, deep
Purple™  and 5—hexadecanoylamino-ﬂii—grq_scein are commercially available.
However, the fluorescent staining:is mor‘q;f_e_:xpensive than conventional Coomassie
Blue and silver staining and requires a specifié.lgel documentation for visualization of

electrophoresed proteins.

1.3.2 Mass spectrometry

Mass spectrometry is a highly sensitive technique of instrumental analysis of
molecules invented about'90 years ago. In the ,1950s, mass.spectrometry expanded
into organic chemistry.. Today, ‘al.wide 'range ofl.mass spectrometry types that are
specialized for the analysis of elements, small gaseous molecules, or biomolecules
and biopolymer, exists. Protein, identification by this analysi§, ‘used proteomically
digested "protein to give higher accuracy of identification than the intact proteins.
Proteolysis is achieved using common enzymes such as trypsin prior to MS analysis.
This enzyme hydrolyzes peptide bonds on the C terminal side of lysine (Lys) and
arginine (Arg) residues, except when they are immediately followed by proline (Pro).
Other enzymes such as pepsin, proteinase K and even chemical digestion using

reagent such as cyanogenbromide (CNBr) can also be used for the protein digestion.
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However, the use of CNBr yields large peptide fragments that may not useful for

peptide sequencing by MS.

Mass spectrometers are made up of three functional units: an ion source, a
mass analyzer, and a detector. For mass spectrometric analyses, free gaseous ions are
generated from the sample in the ion source and then focused into and ion beam in
vacuum. The mass analyzer separates ions in this beam according to their
mass/charge(m/z)-ratio; these ions are then .registered by detector. Individual
measurements are plotted im-a mass spectrum-with-m/z (x-axis) and intensity (y-axis)

as show in (Fig 1.9).

Two techniques of mass  spectrometry have established in biomolecular
analysis; matrix-assisted #laser / desorption/ionization (MALDI) and electrospray

ionization (ESI).
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Figure 1.9 Partial ESI mass spectrum with two signals from doubly peptides. The
registered ion m/z-values (mass-to-charge ratio) are plotted on the x-axis, their

intensity on y-axis. www.waters.com/../,LCT Premier_ detail 3jpg.

Matrix-assisted laser desorption/ionization (MALDI) is a soft methods of
ionization. It can transfer large biomolecules like proteins, which fragile and are

fragmented when ionized by this conventional ionization method. It is most similar in
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character to electrospray ionization both in relative softness and the ions produced.
The ionization is triggered by a laser beam. A matrix is used to protect the
biomolecules from being destroyed by direct laser beam and to facilitate vaporization
and ionization. Known peptides can quickly be identified with MALDI-MS. The
technique is therefore routinely used for analysis of trypsin-digested fragments from
two-dimensional gel electrophoresis. The working schematic of MALDI is show in

(Fig. 1.10).

Electrospray ionization invelves sprayigg the analyte solution from a microcapillary
that carries a high (negative or positive) potential in reference to the mass
spectrometer. When theselecwosiatic force of the applied current exceeds the surface
tension of the analyte selutien,a Taylor cone forms at the tip of the microcapillary.
Highly charged droplets form and sbl%ﬁl "f::vaporation disintegrates them further to a
fine spray. This analyte Spray is t_hen _"§uc'ked into the evacuated mass. analyzer
through a microorifice:'In the interface ar';ff%z the droplets are dried and ion formation

occurs. The working schematic of an ESI 16}1 source 18 show in (Fig. 1.11).
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Figure 1.10. Schematic view representating MALDI-TOF mass spectrometry.
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1.3.3 PCR

The introduction o thﬁ,-;polymerasgfé_}}ain reaction (PCR) by Mullis et al.
(1987) has opened a new agp_rq_?_gh for, r’gﬁé@g}ar genetic studies. This method is

technique for enzyméhically replicating DNA without usi;i’gja living organism, such as

E. coli or yeast anﬁ is a method using specific D&A sequences by the two
oligonucleotide primers, usually 18-25 nucleotides in length. Million copies of the
target DNA sequence can be synthesized from the low a mount of starting the DNA

template within'a few hours,

The PCR components.are. composed of DNA template, a pair, of primers for
the target sequence, dNTPs (dATP; dCTP, dGTP and 'dTTP), PCR buffer and heat-
stable DNA polymerase (usually 7aqg polymerase). The amplification reaction
typically consists of three steps; denaturation of double stranded DNA at high
temperature, annealing to allow primers to form hybrid molecules at thr optimal
temperature, and extension of the annealed primers by heat-stable DNA polymerase.
The cycles is repeated for 30-40 times (Figure 1.13). The amplification product is

determined by agarose or polyacrylamide gel electrophoresis.
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1.3.4 Reverse transcription-polymerase chain reaction (RT-PCR)

RT-PCR is a comparable method of conventional PCR but the first strand
cDNA template rather than genomic DNA was used as the template in the
amplification reaction. (Figure 1.13). It is a direct method for examination of gene
expression of known sequence transcripts in the target species. The template for RT-

PCR can be the first stranded cDNA sized from total RNA or poly A" RNA.

Reverse transcription of tota formed with oligo(dT) or random

primers using a reverse is then subjected to the second

strand synthesis using a
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Figure 1.12 General illustration of the polymerase chain reaction (PCR) for

amplification of the target DNA.



25

Total RNA & BAABRAAAAA 3
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Figure 1.13 Overall concepts of RT-PCR. During the first strand cDNA synthesis, an
oligo d(T) (or random primers) primer anneals and extends from sites present within
mRNA. The second strand cDNA synthesis primed by the 18 — 25 base specific
primer proceeds during a single round of DNA synthesis catalyzed by thermostable

DNA polymerase (e.g. Tag polymerase).

RT-PCR can also be used to identify homologues of interesting genes by using

degenerate primers and/or conserved gene-specific primers from the original species
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and the first strand cDNA of the interesting species is used as the template. The

amplified product is further characterized by cloning and sequencing.

Semi-quantitative RT-PCR is an relatively quantitative approach where the
target genes and the internal control (e.g. a housekeeping gene) were separately or
simultaneously amplified using the same template. The internal control (such as S-
actin; elongation factor, EF-1a or G3PDH) is used under the assumption that those
coding genes are transcribed constantly @and andependently from the extracellular
environment stimuli and that their transcripis-aré reverse transcribed with the same

efficiency as the productefinteresting transcript.

1.3.5 Rapid amplification of c¢cDNA ends-polymerase chain reaction
(RACE-PCR)

RACE-PCR is the common appréaéh used for isolation of the full length of
characterized cDNA. Using SMART (E‘;{U-itching Mechanism At 5’ end of RNA
Transcript) technology, terminal transférase activity of Powerscript Reverse
Transcriptase (RT) adds 3 - 5 nucleotides (ﬁﬁé&gminantly dC) to the 3’ end of the first-
strand cDNA. This_activity is" hainessed "Byéthe SMART oligonucleotides whose
terminal stretch of dG can-anncal-to-the dC-rich cDNA tail and serve as an extended
template for reverse transcriptase. A complete eDNA- copy of original mRNA is

synthesized with the additional SMART sequence at the'¢nd (Fig. 1.15).

The first strand cDNA of 57and 3' RACE is synthesized using a modified oligo
(dT) primers and serve as the template for RACE PCR reactions. Gene specific
primers, (GSPs) | are' designed, from interested gene for. 5- RACE PCR (antisense
primer) dnd 3'-RACE PCR (sense primer) and used with the universal primer (UPM)
that recognize the SMART sequence. RACE products are characterized. Finally, the
full length cDNA is constructed.

1.3.6 Real-time PCR

Real Time PCR is a kinetic approach based on the polymerase chain reaction,

which is used to amplify and simultaneously quantify a target DNA molecule. It
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enables both detection and quantification (as absolute number of copies or relative
amount when the expression level of the target gene is normalized by that of the

reference gene) of a specific sequence in the sample.

The real-time PCR procedure follows the general principle of PCR. Its key

feature is that the amplification DNA is quantify as it accumulates in the reaction in

the real time situation after each a f ication cycle. Two common methods of
quantification are the use of (3} cen y at intercalate with double-stranded

r
DNA such as SYBR gr$' modifie oligonucleotide probes that are
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Figure 1.14 Ovéiview of the SMART™ RACE cDNA Amplification Kit.
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modified. oligo ( rimer. Aft verse trans ::ata e 'réaches of the mRNA

template, it added several dC residues. The SMART II A Oligonucleotide annels to
the tail of the cDNA and serves as an extended template for PowerScriptRT.
B. Relationships of gene-specific primers to the cDNA template. This diagram shows

a generalized first strand cDNA template.
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The general principle of SYBR green polymerase chain reaction is composed
of the first step, denaturation: at the beginning of amplification, the unbound dye
molecules are weakly fluorescent, the second step, annealing: after annealing of the
primer, a few dye molecules bind to the double strand. The last step, extension: during
elongation, more dye molecules bind to the newly synthesized DNA. Fluorescence
measurement at the end of the elongatl?n step of every PCR cycle is performed to

monitor the increasing the amount of quan NA (Fig. 1.16).

Polymerase

Figure 1.15 An overall concept of the Real-time PCR procedure

(www.thaiscience.com/lab vol/p23/Real-time PCR.asp).
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Real-time PCR in the laboratory can be applied to numerous applications. It is
common use for both diagnostic and research applications. Diagnostic real-time PCR
is applied to rapidly detect the presence of genes involved in infection diseases,
cancer and genetic abnormalities. In the research setting, real-time PCR is mainly use
to provide highly sensitive quantitative measurement of gene transcription. The
technology is commonly used in determining expression levels of a particular gene

changes over time.

1.4 Proteomics studies “for isolation and .characterization of functionally

important proteins in yarieus organisins
1.4.1 Immune-related proteins in shrimp

To identify the structiral and func;ti;)nal proteins of white spot syndrome virus
(WSSYV), the purified vifions were separated by SDS-PAGE and characterized by
mass spectrometry. Eighteén proteins mafc_:_hing the open reading frames of WSSV
genome were identified. Except for.three known structural proteins and collagen, the
functions of the remaining 14-proteins wei?ﬁ'nknown. Temporal analysis revealed
that all the genes were transeribed: in the' late: stage of WSSV infection except for
VP121. Of the newly identified proteins, VP466 was further characterized. The cDNA
encoding VP466 was expressed in E. coli as a glutathione S-transferase (GST) fusion
protein. Specific antibody was generated with the purified GST-VP466 fusion protein.
Western blot showed that the mouse, anti-GST-VP466.antibody bound specifically to
a 51-kDa protein of 'W.SSV. Immunogold labeling.revealed that VP466 protein is a

component of the viral envelope (Huang et al., 2002).

Two-dimensional gel electrophoresis (2-DE) was used to illustrate protein
expression profiles of stomach of normal and 48 h post-infected with white spot
syndrome virus (WSSV) of specific pathogen free Litopenaeus vannamei. Seventy-
five protein spots that consistently showed either a marked change (50%) in
accumulated levels or a highly expressed level throughout the course of WSSV
infection were selected for further study. A total of 53 proteins with functionally

involved in energy production, calcium homeostasis, nucleic acid synthesis,
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signaling/communication, oxygen carrier/transportation, and SUMO-related
modification were identified. 2-DE results were shown to be consistent with relative
EST database of two Penaeus monodon cDNA libraries. Expression profiles of seven
selected genes analyzed from time-course RT-PCR were comparable with 2-DE and
EST data. The results are useful both for identifying potential biomarkers and for

developing antiviral measures (Wang et al., 2007).

Bourchookarn et al. (2008) identificd altered proteins in the yellow head virus
(YHV) infected lymphoid ergan (LO) 9f Penaeus-monodon. At 24 h post-infection,
the infected shrimps showed 6bvious signs of infection, while the control shrimps
remained healthy. 2-DE“of jproteins extracted from the LO revealed significant
alterations in abundanée of /Séveral” proteins in the infected group. Protein
identification by MALDI-TOE MS ancll;'lr'.lanoLC—ESI—MSfl\/[S revealed significant
increase of transglutaminase. protein disu}fide isomerase, ATP synthase beta subunit,
V-ATPase subunit A,“andfhemocyanin fragments. A significant decrease was also
identified for Rab GDP=dissociation inhﬂg;;'gt_o'r, 6-phosphogluconate dehydrogenase,
actin, fast tropomyosin isoform, and hembIjnjph clottable protein. Some of these
altered proteins were further investigated at t—heﬂmRNA level using real-time PCR and
results confirmed preteomic data. Identification of these altered proteins in the YHV-
infected shrimps miay provide novel insights into the molecular responses of P.

monodon to YHV infection.
14.2 Reproduction-related proteins in various orgamisms

In sturgeon aquaculture, the fish are sexedsby an invasive surgical examination
of the gonads. Development of a non-invasive procedure for sexing fish based on a
molecular method is of special interest. Keyvanshokooh et al. (2008) applied a
proteomics approach to analyze a differential protein expression between mature male
and female gonads of the Persian sturgeon (Acipenser persicus). When comparing
protein patterns on the 2-DE gels of the testis and ovary, 48 unique spots were
distinguished in testis while only two spots were matchless in ovary. The largest
group of sturgeon testis proteins (31.8%) was related to metabolism and energy

production. Proteins related to translational and transcriptional regulation or DNA-
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and RNA-binding protein, such as aspartyl-tRNA synthetase, accounted for 20.4% of
identified sturgeon testis proteins. Testicular proteins identified as chaperones, heat
shock proteins and oxidative stress defense enzymes (16%) were also observed. Three
protein spots identified as heat shock proteins (HSPs). The cell structure protein class
(16%) was composed of cytoskeletal proteins such as tubulin and actin. The
remaining 15.8% of the identified testis proteins are implicated in diverse functions
such as signal transduction (6.8%), transport (6.8%), and cell division (2.2%). No

ovarian and testicular proteins were directly linked.to a sex-determining gene.

Ziv et al. (2008) defined the protein repertories of different maturation stages
of both gilthead seabream (GSB, Sparus aurata) and the zebrafish (ZF, Danio rerio),
oocytes to identify candidate stage—speciific proteins and examine comparative protein
profiles between maturesoocytes of ZF e}nd GSB analyzed by 1D, 2DE and tandem
masspectrometry. More than six hundi:,ed's proteins were identified. The result
indicated that VTGs accumulated to significantly higher levels in the ZF oocytes
relative to GSB oocytes. Furthermore, so.n_le unprocessed vitellogenins were still
detected in the ZF oocytes of all stages. These ‘protein can be divided into three main
families represented by vitellogenin | (szl;;j 4, 5, 6 and 7), vitellogenin 2 and
vitellogenin 3. The shifts in the non-VTGs protein patterns during oocytes maturation
were identified and the result indicated some non-vitellogenin proteins were increased
and others were decreased as the oocytes are mature Seme (member of TPCI protein
complex) were observed 4o peak at stage/IIl relative to both stages I/Il or IV.
Examples for non-vitellogenin proteins, whose (levels increase at the late stages
oocytes, include Serpin Al, importin'and ZP3a. Some proteins, such as Hsp90, Hsp96
and calreticulin were ‘observed at significantly higher levels only at-the early oocyte

stages.

Paz et al. (2006) comparatively analyzed proteomic profiles of the soluble
proteins expressed at different stages of mouse testis development (8, 18 and 45
postnatal day). After comparative analysis, 44 proteins or variant forms were further
identified by MALDI-TOF. Six proteins were classified as uniform expression, the
protein from this group are either involved in carbohydrate metabolism or

oxidoreductase activity. Nine proteins showed significant downregulation (P < 0.05).
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These protein expression occurs mainly in the Sertoli cells/spermatogonia (8 dpn) and
spermatocytes (18 dpn), becoming reduced or even abolished in postmeiotic
spermatids. However, Ran GDP-binding protein, glutathione S-transferase (GST) A4,
and one of the two forms of aldo-keto reductase 1B8 showed increased accumulation
at 18 dpn, suggesting their relative stronger expression in meiotic spermatocytes.
These upregulated proteins were detected mainly in 45 dpn maps, and only weakly or
not at all in 8 and 18 dpn protein maps. This accumulation pattern indicates a strong
relationship with the presence and differentiaaion of round and elongation spermatids.
Most of the upregulated eytosolic proteins identified were involved in oxidoreductase
processes (isocitrate dchydregenase 1, aldo-keto reductase B8, peroxiredoxin 4,
hydroxyacyl glutathione hydrolase; ‘DJ-1 and GSTMS5). Sixteen identified proteins
detected in testis exhibited changes -of: protein levels, but they did not reach the

significant level (P < 0405) during the testis development.

In fish, oocyte post=ovulatory ageih_g is associated with egg quality decrease.
During this period, eggs are held in the bod_y _cévity where they bath in a semi-viscous
liquid known as coelomic fluid (CE). CF cbiﬁponents are suspected to play a role in
maintaining oocyte fertility and developme;tal competence (egg quality). However,
CF proteic composition remains poorly studied. Thus rainbow trout (Oncorhynchus
mykiss) CF proteome was studied during the egg quality decrease associated with
oocyte post-ovulatory-ageing by 2-DE and MALDI-TOF. A first experiment was
performed using CF poolsforiginating fromi.17 females sampled at ovulation as well
as 7, 14 and 21 days later. These aobservatiens were verified using a second set of CF
pools originating from 22 females' sampled 5_and 16 days fellowing ovulation.
Approximately 200 protein spots of 10-105 kDa molecular mass and 3-10 p/ were
detected"in CF samples. Several protein spots, while undetected at the time of
ovulation, exhibited a progressive and strong accumulation in CF during post-
ovulatory ageing. After silver-staining and MALDI-TOF mass spectrometer analysis,
some of these protein spots were identified as lipovitellin II fragments. These
observations suggest that egg protein fragments accumulate in the CF during the post-
ovulatory period and could therefore be used to detect egg quality defects associated

with oocyte post-ovulatory ageing (Rime et al., 2004).
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Okumura et al. (2006) reported expression of vitellogenin and cortical rod
proteins during induced ovarian development by eyestalk ablation in the kuruma
prawn, Marsupenaeus japonicus. The synthesis of vitellogenin (VTG, precursor of
vitellin) and two kinds of cortical rod proteins (cortical rod protein, CRP; and
thrombospondin, MjTSP) was induced by bilateral eyestalk ablation in immature
females of M. japonicus and the synthesis process was monitored over a 7-day period
after the ablation. The ovarian weight and hemolymph VTG levels increased in the
ablated females. The VTG mRNA levels“in® ovary increased concomitantly with
vitellin accumulation in the-ovary after-€yestallk -ablation. On the other hand, the CRP
and MjTSP protein levels in the evary increased after cyestalk ablation, wherease the
CRP and MjTSP mRNA levels in the ovary did not change concomitantly. Results
suggested that the regulatory mechanism of gene expression by eyestalk hormone is
different between VIG (transcriptionai‘ control) and CRP-MjTSP (translational

control).

Tomoharu et al. (2005) isolated va1_§§iﬁe containing protein (VCPs) from the
commom lumbricid earthworm (Eisenia fetida)! Nucleotide sequence of eVCP-1 and
eVCP-2, display a similarity of 74%. Resul%.f_fom blast search against the databases
demonstrated that both transcripts are closely related to each other and to
VCP/P97/Cdc48, a gene family known to be involved m cell cycle regulation and
meiosis. The predicted ‘amino acid sequence reveals that eVCP-1 contains two AAA
domains and a VCP/P97/Cde48 consensus €atboxyl-terminal motif including a stretch
of acidic residues and/carbexyl-terminal tyrosine (DDDLY). Likewise, eVCP-2 also
contains two AAA domaims, but dose not have the carboxyl-terminal DDDLY motif.
The deduced amine acid sequence of eVCP-1 is 58.9% identical to eVCP-2. The
intron/exon organizations of eVCP-1 and eVCP-2 genes were deduced from fragments
amplified by genomic PCR. Both contain 14 introns and 15 exons with 10 conserved
intronic splice sites. Results from in sifu hybridization demonstrated that eVCP-2
mRNA is abundant in the enlarged cytophores surrounded by small and isodiametric

nuclei.

DEAD-box (D-E-A-D is the single letter code of Asp-Glu-Ala-Asp) RNA

helicase are present in almost all organisms and play important roles in RNA
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metabolism, mRNA export, pre-mRNA splicing, translation initiation and ribosomal
biogenesis (Matsumoto et al., 2005). Expression of rck/p54, a DEAD-box RNA
helicase, in mouse gametogenesis and early embryogenesis were examined. Resulting
from western blot analysis revealed that rck/p54 was highly expression in both the
ovary and testis. In the ovary, maturing oocytes strongly expressed rck/p54 in their
cytoplasm. In contrast, rck/p54 was highly expressed in cytoplasm of spermatogonia
and primary spermatocytes, but its expression decrease in spermatids. Importantly, the
expression of rck/p54 is found to be regulaled in gametogenesis and in early
embryogenesis. The finding indicated that rck/pS4-may execute its roles in the cells in

which gene expression is stricily sgegulated or repressed (Matsumoto et al., 2005).

Vitellin (Vt) waspurified from o‘jVary extracts of mature females of the Pacific
white shrimp (Litopenaeus Vahidamet) .llﬁéing sepharose CL-4B and Q-Sepharose
columns. Native Vt had an apparent m'(;)lleCular weight of 388 kDa as detected in
Native-PAGE and bound the lipophilic dye Oil Red O and had a total lipid content of
approximately 43.8%. Under the dendtj;@ﬁon condition (SDS-PAGE), Vt is
composed of three major subunits of 87, 78fféﬁdﬂ 46 kDa, although minor bands of 65,
61 and 31 kDa are also detected.” The 87Taqd 78 kDa polypeptide were strongly
recognized by Penagus semisulcatus anti-Vt polyclonal and Penaeus monodon anti-Vt
monoclonal antibodies. Furthermore, the N-terminal amino acid sequence of the 78-
kDa poypeptide is very similar to Marsupenaeus japonicus vitellogenin (Vg) and P.
semisulcatus Vt, with and identity of 76%."The B-helix content of Vt was 25% while
B-sheet correspond.to(37 and 14% of unerdered' secondaty structure. These values
were similar to insect microvitellogenin. Litopenaeus vannamei Vit has an emission
fluoresgence, maximam ;| at 329 nm, comparable to- the Shrimp high-density

lipoprotein/beta-glucan binding protein (HDL/BGBP) (Karina et al., 2002).



CHAPTER 11

MATERIALS AND METHODS
2.1 Experimental samples

Female broodstock were wild-caught from the Andaman Sea and acclimated
under the farm conditions for 2-3 days. The post-spawning group was immediately
collected after shrimp were ovulated (N.-=#6).Ovaries were dissected out from
cultured juveniles (N ="5)-and normal brooedstock-and weighed (N = 34). For the
eyestalk ablation group, shrump were acclimated for 7 days prior to unilateral eyestalk
ablation. Ovaries of eyestalk-ablated shrimp were collected at 2-7 days after ablation
(N = 32). The gonadosomatic index (GSI, ovarian weight/body weight x 100) of each
shrimp was calculated#Ovarian developmental stages were classified by conventional
histology (Qiu et al., 2005) and divided t(n)": p}evitellogenic (I, N =10 and 4 for normal
and eyestalk-ablated broodstock: respectiyély)', vitellogenic (I, N = 7 and 7), early
cortical rod (IIl, N = 7 and 10) and maturé':#‘(fI'_V_, N = 10 and 11) stages, respectively.
The average body weight of P. menodon bro;zydgiock was 142.98 +28.37 g.

=

2.2 Protein extraction
2.2.1 Phenol-based extraction

Ovarian-preteins ;,0f-P..monoden, broodstock , were-extracted from the organic
phase after extraction-of RNA' by TRI-reagent.-DNA" was- precipitated from the
organic phase by an addition of absolute ethamel. The mixturé/was left at room
temperature for 2-5 minutes before centrifuged at-2000 g for 5 minutes at 4° C. The
supernatant was transferred to a new tube and proteins were precipitated by adding 3
volume of acetone and left at room temperature for 10 minutes before centrifugation
at 12000 g for 10 minutes at 4° C. The pellet was washed by guanidine hydrochloride
in ethanol containing 2.5 % glycerol, left at room temperature for 10 minutes and
centrifuge three times at 8000 g for 5 minutes at 4° C. The pellet was air-dried and
dissolved in the lysis buffer. The amount of extracted protein was measured by a dye

binding assay (Bradford, 1976).
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2.2.2 Total protein extraction

Approximately 0.5 gram of frozen ovaries of P. monodon were ground to fine
power in the presence of liquid N, and suspended in a three fold-diluted PBS buffer
containing protease inhibitor cocktail. After centrifugation at 10000 g for 10 minutes
at 4 ° C. The supernatant were collected. Trichloroacetic acid in acetone (TCA; 10%
w/v) was added and left at -20°C overnight. The mixture was centrifuged at 10000 g
for 30 minutes at 4° C. The supernatant was discarded and the pellet was suspended in
acetone containing 0.1% dithiothreifol (DTT)."Thessample was spun at 10000 g for 30
minutees at 4° C. The_pellet Was. air-dried and dissolved in the lysis buffer. The

amount of extracted protein was measured by a dye binding assay (Bradford, 1976).
|

2.3 RNA extraction

Total RNA was extracted from dyaﬁes and testes of each the shrimp using
TRI-REAGENT (Molecular Research Céﬁ__ter). A piece of tissue was immediately
placed in mortar containing liquid nitrogei-ﬁnd ground to the fine powder. The tissue
powder was transferred to a microcentfifﬁgé tube containing 500 pl of TRI
REAGENT (1 ml/50-100 mg- tissue) and-ﬁorhogenized. Additional 500 pl of TRI
REAGENT were added. The homogenate was left at rooiitemperature for 5 minutes
before 0.2 ml of chloroform was added. The homogenate was vortexed for at least 15
seconds, left at room temperature for 2 - 15 minutes and*Centrifuged at 12000 g for 15
minutes at 4°C.,The mixtureé was separated into the lower phenol-chloroform phase

(red), the interphasejand thé upperaqueousphase (colorless).

The aqueods) phase (incldsively ¢ontaining RINA ) was catefully transferred to
a new 1.5 ml microcentrifuge tube. RNA was precipitated by an addition of 0.5 ml of
isopropanol and mixed thoroughly. The mixture were left at room temperature for 10 -
15 minutes and centrifuged at 12000 g for 10 minutes at 4 °C. The supernatant was
removed. The RNA pellet was washed with 1 ml of 75% ethanol and centrifuged at
7500¢ for 10 minutes at 4°C. The ethanol was removed. The RNA pellet was air-dried
for 5-10 minutes. RNA was dissolved in DEPC-treated H,O for immediately used.
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Alternatively, the RNA pellet was kept under absolute ethanol in a -80 °C freezer for

long storage.

Total RNA was also extracted from other tissues including eyestalks, gills,
heart, hemocytes, hepatopancreases, lymphoid organs, intestine, stomach, pleopods
and throracic ganglion of P. monodon using the same extraction procedure. The
quality of extracted total RNA was examined by electrophoresed through 1.0%

agarose gels.
2.4 Genomic DNA extraction

Genomic DNA.was extracted from the pleopod of P. monodon using a phenol-
chloroform-proteinase 4K method. The|. pleopod was  placed in a centrifuge tube
containing 2 ml of the extragtion buffer (1;(50 mM Tris-HCI, 100 mM EDTA, 250 mM
NaCl; pH 8.0) and brigfly homogenizéd “with a micropestle and aliquoted into
microcentrifuge tubes (500 ul). SDS (10%’.). and RNase A (10 mg/ml) solution were
added to a final concentragion of O.l%ﬂ(.w/v) and 100 pg/ml, respectively. The
resulting mixture was then incubated at 37 °Q for 1 hour. At the end of the incubation
period, a proteinase K solution (10 mg/ml)"jw&s -added to the final concentration of
200 pg/ml and furthér incubated at 55 °C for 3 hours. ‘A equal volume of buffer-
equilibrated phenol was added and gently mixed for 15 minutes. The upper aqueous
phase was transferred to a new sterile microcentrifuge tube. This extraction process
was then repeated, once, with, phenol, and. twice .with, chloroform : isoamylalcohol
(24:1). The aqueous'phase‘was transferred intor a.sterile miciocentrifuge. One-tenth
volume of 3 M sodium citrate, pH 5.2 was added. DNA wasy precipitated by an
addition of ‘two voelume of pre-chilled. absolute ethanol and mixed thoroughly. The
mixture was incubated at -80 °C for 30 minutes and centrifuged at 12000 g for 10
minutes at 4 °C. The precipitated DNA was washed twice with 1 ml of 70% ethanol
(10 and 5 minutes, respectively). After centrifugation, the supernatant was removed.
The DNA pellet was air-dried and resuspended in 30-50 pl of TE buffer (10 mM Tris-
HCl and 0.1 mM EDTA, pH 8.0). The DNA solution was incubated at 37 °C for 1-2

hours for compete solubilization and kept at 4 °C until further used.
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2.5 Estimation of extracted total protein, total RNA and DNA concentration

The concentration of extracted protein sample is estimated by a dye binding
assay. The binding of the dye to protein causes a shift in the absorption maximum of
the dye from 465 to 595 nm. This assay is rapid, reproducible and virtually complete
in approximately 2 minutes with the color stability for 1 hour. The concentration of

extracted protein sample is estimated corresponding to the BSA standard.

The concentration of extracted RNA and DNA samples is estimated by
measuring the optical density at 260 nM (OD55p). An OD,go of 1.0 corresponds to a
concentration of 40 ug/ml single'sitanded RNA, 50 ug/ml double stranded DNA and
33 ug/ml single stranded” DNA /(Sambrook and Russell, 2001). Therefore, the
concentration of RNA and DNA sample was estimated in ug/ml by using the

following equation;

[RNA of DNA] = ODyy'x dilution factoz.'r:_x,(40, 50 or 33 for RNA, double strand
DNA aiid single Stranded DNA)

Ad

The ratio between OD,go/ODH50 proy?fi_i_eé_an estimate on the purity of extracted
DNA/RNA. For the extracteerNA, a pure pfegarétion of IDNA has OD5gy/OD>g0 ratio
of 1.8-2.0. The ratio. of approximately 2.0 indicates the gobd quality of the extracted
RNA. The ratios that much lower than those values indicate contamination of residual

proteins or phenol in extracted DNA or RNA (Kirby, 1992).
2.6 Two dimensional gel electrophoresis
2.6.1 Sampi¢ preparation

One hundred micrograms of phenol-based extracted proteins or total proteins
were added to rehydration buffer (7 M urea, 2 M thiourea, 4% CHAPS and 0.002%
bromophenol blue) containing 2.4 mg DTT and 1% IPG buffer in a total volume of
360 ul. The sample solution was vortexed and left in the dark for 30 minutes before

centrifugation at 13,000 g for 15 minutes at 4 °C.
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2.6.2 Isoelectric focusing

The first dimension of 2D gel, isoelectric focusing (IEF), was performed using
a 18 cm Immobiline Drystrip gel (GE Healthacre) linear pH gradient strips 3-10 and
pH 4-7 in an integrated system, the Ettan IPGphor IIl. The sample solution was
applied in the strip holder. An IPG strip was then placed on the top of the sample and
covered with a dry strip cover, after rehydrated for 12 hour in the IPGphor III. IEF
was performed using the following step voltage focusing protocol: pH 3-10; 500 V
for 500 Vh, 1000V for 800-Vh, 8000V for 13,500-¥h, 8,000V for 12,200 Vh and pH
4-7; 500 V for 500 Vh, 1000V for 800 Vh, 8,000V for 13,500 Vh, 8,000V for 21,200

Vh. All the above processes were carried out at 20 ° C.
|

2.6.3 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

After the first dimension IEF, théj,. IPG strip was equilibrated in equilibration
buffer (50 mM Tris-HCI pH 8.8, 6M urea:'_:_30,% glyeerol, 2% SDS and bromophenol
blue 200 ml) containing 1% DTXT . for 15‘--Tnin. The IPG strip gel was removed to
another equilibration buffer containing 2.5;%";-i0doacetamide and equilibrated for a
further 15 min. The equilibrated PG stripj_'wlas then placed on the top of 12.5%
polyacrylamide gel' (30 % acrylamide in Tris-HCl pH 8.8, 10% SDS). The second
dimension separation._was electrophoresed initially at 2.5 W per gel for 30 min

followed by 20 W/gelat 20° C for 3-4 hours.
2.6.4 Silver staining

At the end of each run, the ‘gel protein was fixed in the fixing solution (50%
methanol, 12% acetic acid and 50 ul of.37% formaldehyde to 100 ml fixing solution)
for 2 h. The gel was removed in the washing solution (35% ethanol) 3 times for 20
min each and sensitizing in 0.02% sodium thiosulfate for 2 min. After washing in
water 3 times for 5 min each, the gel was stained with silver nitrate (2%) for 20 min.
The gel was shaken in the developing solution (60% NaCO3; w/v, 0.04% Na,S,03 v/v,
37% formaldehyde CH,O) until regarded protein spots were visualized and stopped
quickly in the stopping solution (14.6% w/v sodium EDTA C;oH;,N,;NasOg) for 20

min. The gel was scanned by a Labscan (GE Healthacre). Gel image matching were
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carried out using Image master 2D platinum™ (GE Healthacre) and the gel was kept

in 0.1% acetic acid at 4°C.
2.7 Mass spectrometry analysis
2.7.1 In-gel digestion for protein identification

Protein spots were excised manually from silver-stained 2D gels. Gel plugs
were placed in a 96 well plate and subjected 6 in-gel trypsin digestion, the spots were
washed 3 times with 3% hydrogenperoxide-and water, respectively. Acetonitrile
(ACN) were added to-the"protemis for 5 min following by additional reduction and
alkylation step using«10 mM DTT at room temperature for 1 h and 10 mM
iodoacetamide in the dark agroom tempiére.;ture for 1 h. The gel pieces were hydrated
with acetonitrile for 5 nin, rehydréted \y,lth 10 mM ammonium bicarbonate for 10
min and hydrated again. Finally; the gels ipiéées were dried. The dried gels spots were
rehydrated by addition of @ppropriate Vd[ﬁmq of the digestion buffer (10 ng/uL of
trypsin in 10 mM ammonium bicarbonate)iﬁnd incubated for 20 min on ice and 20 ul
of 10 mM ammonium bicarbohate was adc@i'{b cover the gel pieces. Digestion was
performed overnight at 37°C. Tryplic peptid—e-"-v'vere extracted by an addition of 30 ul
of 30% ACN and shaken for 30 s and transferred to a new.96 well plate followed by
the addition of 30 ul'of 50% ACN/0.1% TEFA and incubated for 20 min, 30 ul of 60%
ACN/0.1% TFA and incubated for 20 min, respectively. The digested proteins were
dried at 40°C for 3-4 hours.and stored in.-80°C.

2.7.2 MALDI-TOF/TOF MS

The tryptic_peptides wereracidified with formic acid to the final concentration
of 0.1% FA in ACN and a-cyano-4-hydroxycinnamic acid (CHCA) as the MALDI
matrix were mixed, applied to sample target plate and air-dried. The mass spectra
were recorded on a reflector Bruker Ultraflex delayed extraction MALDI-TOF/TOF
mass spectrometer (Bruker Daltonics, Germany) equipped with a 2 GHz LeCroy
digitizer and 337 nm N, laser. Instrumental parameters were set up as positive

polarity, acceleration voltage of 20 kV, 1S/2 17kV, focusing lens voltage of 8.90 kV,
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extraction delay of 400 ns and gate detector. Two hundred laser shots were

accumulated different positions within a sample spot.
2.7.3 nanoLC-MS/MS

Nano-electrospay liquid chromatography ionization tandem mass spectrometry
(nanoLC-MS/MS) was performed as followed. Selected protein spots were submitted
to an integrated the HCTultra ETD Il system™ operated under HyStar™ (Bruker
Daltonics). This system was controlled «bywthe Chromeleon Chromatography
Management system and comprised a two-pump Micromass/Loading Iontrap system
with an autosampler. Injected Samples were first trapped and desalted on an AccLaim
PepMap C18 p Precoluma'Cartridge (5 um, 300-um inside diameter by 5 mm) for 3
min with 0.1% formic acid'delivered by a loading pump at 20 ul/min, after which the
peptides were eluted from the pre—columff and separated on a nano column, AccLaim
PepMap 100 C18 (15 cm x3 um) conne“c";t_ed inline to the mass spectrometer, at 300
nl/min using a 30 min fast gradient of 4 to '?6% solvent B (80% acetronitrile in 0.1%

formic acid).

2.7.4 Database searches -
After data acquisition, Peptide Mass Fingerprints frbm MALDI-TOF/TOF and

MS/MS ion from nanoL.C-MS/MS were identified using MASCOT (http:/www.

matrixscience.com) searched against data ef,the local shrimp database. In addition,

data from nan6L.C-MS/MS were searched ‘against data of the National Central for
Biotechnology Information (NCBI, nr) and SWITPROT. For peptide mass fingerprint
searchy tha§§¥alue vasIMH "finass folerafice was %12 Da, fragmicnt niass tolerance +
0.5 Da, and allowance for 1 miss cleavage. Variable modification was methionine
oxidation and cysteine carbamidomethylation. For MS/MS ion search, the peptide
charge was 1+, 2+ and 3+, MS/MS ion mass tolerance was +1 Da, fragment mass
tolerance + 0.5 Da, and allowance for 1 miss cleavage. Variable modification was
methionine oxidation and cysteine carbamidomethylation. Proteins with the highest
score or higher significant scores were selected. The significant hit proteins were

selected according to Mascot probability analysis and regarded as positive
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identification after additional conformation with molecular weight (MW)/ isoelectric

point (p/) values.
2.8 First strand cDNA synthesis

One and half micrograms of total RNA from various tissues of P. monodon
were reverse transcribed to the first strand cDNA using an ImProm-II'™ Reverse
Transcription System Kit (Promega). Total RNA was combined with 0.5 pg of oligo
dT,.15 and appropriate amount of DEPC-treated«H,0 in a final volume of 5 pl. The
reaction was incubated at*70°C for 5 minutes and immediately placed on ice for 5
minutes. The 5x reaction _buffer, MgCl,, dNTP mix, RNasin were added to final
concentration of 1x, 2.25:mM: 0.5 mM and 20 units, respectively. Finally, 1 pl of
ImProm-II™ Reverse trapscriptase. was  added and gently mixed by pipetting. The
reaction mixture was incubated at 25°C ﬁ_ir 15 minutes and 42 °C for 90 minutes. The
reaction was terminated' by incubated at 70 °C for 15 minutes to terminate reverse
transcriptase activity. Cofcentration and"‘;fr’;oﬁ'gh guality of newly synthesized first
strand c¢DNA was spectrophotometi‘i?_é_lpj examined (ODy0/OD5gp) and

electrophoretically analyzed by 1:2% agaros?gefl.

"B

2.9 Reverse transcription (RT)-PCR of sene homologuiesin P. monodon
2.9.1 Primer design

Ten primier pairs were, designed from (EST) sequences of gene homologues

from hemocyte,.ovary and testis cDNA'libraries of 'P. monodon' (Table 2.1).
2.9.2 RT:PE€R

One hundred nanograms of the first strand cDNA of ovaries of female
broodstock-sized P. monodon were used as the template in a 25 pul RT-PCR reaction
composing of 10 mM Tris-HCI, pH 8.8, 50 mM KCl, 0.1% Triton X-100, 100 mM of
each dNTP, 2 mM MgCl,, 0.2 uM of each primer and 1 unit of Dynazyme "™ DNA
polymerase (FINNZYMES). RT-PCR was carried out with the temperature profile of

predenaturation at 94 °C for 3 minutes followed by 25 cycles of denaturation at 94 °C
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for 30 seconds, annealing at 53 °C for 45 second and extension at 72 °C for 30

seconds. The final extension was carried out at the same temperature for 7 minutes.

Fives microliters of the amplification products are electrophoresed though 1.2-
2.0% agarose gel dependent on size of the amplification products. The
electrophoresed band was visualized under a UV transilluminator after ethidium

bromide staining (sambrook and Russell, 2001).

2.9.3 Agarose gel electrophoresis

2

An appropriate.amount.of agarose was weighed out and mixed with the
desired volume of 1X.FBE bufier (89 mM Tris-HCI, 89 mM boric acid and 2 mM
EDTA, pH 8.3). Thesgel sSlurry ‘was [‘bgiled in a microwave oven to complete
solubilization and allowed © 1owe‘rv than;éo °C before poured into the gel mold. A
comb was inserted. The'agarose gel \&}'ﬁs""left to solidify. When needed, enough
amount of 1x TBE buffer ¢overing the gélﬁ}__for_.‘ approximately 0.5 cm. The comb was
removed. i

g Fiiy

The PCR product was mixed with ;tﬁ_ﬁ? one-fourth volume of the 10x loading
dye (0.25% bromophenol blL{e rz-md 25% ﬁcso»llwin‘ water) and loaded into the well. A
100 bp DNA laddérf was used as the standard DNA 'mérker. Electrophoresis was

carried out at 5-6 Volt/c;rm until bromophenol blue moved to approximately one-haft of

gel.

The electrophoresed gel was stained with™an ethidium bromide solution (25
pug/ml) for 5 minutes and destained 1n running tap-water to remove-unbound ethidium
bromide from the gel. DNA fragments:were visualized under a/UV. transluminator and

photographed through a Gel Doc using a Quality One software (BioRad).
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Table 2.1 Gene homologue, primer sequences and expected sizes of the PCR product

designed from EST of P. monodon

Gene

Primer sequence

size

Beta Thymosin

DEAD box 52

DEAD box ATP-dependent RNA

helicase

ATP- dependent RNA helicase

Helicase lymphoid spegific

isoform 2

F: STATTGAAACGGAACGAACACS'

R: 5'CTTTGGCTGGTAGGGTAACTTTT3'
F: 5'CTCATTCTTTGTCGCCTTCTTC3'
R: SATCAACTATGACTTCCCTCCT3'

F: S'TACCGTFACCTTCCACCAGCS!

R: 5'GTCAGCCAGTCCACCTTACG3

Fi S"ETGTTCAGAAGGACGAAGAGACCS'
R: STGTTCCAGCATCTTGTCGCATTC3'
F: 5'CAQATTCCCATCAGCAAACCGTC3'

‘R STGGAGTGTTICCTATGACCTGCTTCS'

P68 RNA helicase

Protein disulfide isomerase

Heterogeneouse nuclere

nucleoprotein

Valosin containing protein

L-3-hydroxyacyl'coA
dehydrogenase

P: 5'GCfG_G_AGCAAATAACATCTG3'

R: 5TCC%:E{'bTTTGGCTTCCGTAG:&*

F: 5GAGCCTTAGATGCCACTGTTCACS'
R:5'GETCTGGCAGTCAAGAATGTGTG3'
F: 5CGACTTCCAGGGCAACGGTATG3'

Ri SATCCTTTGCGCTGGTTCTTGGTC3'
F: 5GCAGTTGAACGAGGTGGGCTAC3'
R: STIGCGAAGGITTGCTCICGCATT3'

;18
STAAGAATGTTACCGTCATCGGGAGC3'
R:5’ACGGCTAAGTGCCTCCGAGATGAAC
3

110

204

269

153

216

201

275

482

276

217
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2.10 Tissue distribution analysis of interesting genes or differential expression

pattern
2.10.1 Total RNA extraction and the first strand cDNA synthesis

Total RNA was extracted from eyestalk, gills, heart, hemocytes,
hepatopancrease, lymphoid organ, intestine, ovaries, pleopods, stomach, testes,
thoracic ganglion and epicuticle of broodstogk of P. monodon. The first strand cDNA

was synthesized as described previously.
2.10.2 Tissue distribution analysis

For the target genes, 150.ng of the first strand cDNA from various tissues was
used as the template in 25411 seaction volume containing 10 mM Tris-HCI, pH 8.8, 50
mM KCI and 0.1% Triton X-100, 2 mM MgClz, 100 uM each of dATP, dGTP, dTTP
and dCTP, 0.2 uM ofseach primer and ‘!1_ unit of Dynazyme ™ DNA polymerase
(FINNZYMES). Elongation factor-1e: (F:vél'—ATGGTTGTCAACTTTGCCCC—3’ and
R: 5 ’—TTGACCTCCTTGATCACACC-3’)_I-,_- :vvgre also amplified from the same
template and considered as the positive cont_}vo_l.: The reactions were predenaturation at
94 °C for 3 min followed by 30 cycles compbéi-ng of a 94 °C denaturation step for 30
s, a 53 °C annealing/step for 45 s and 72 °C extension step for 30 s. The final
extension was carried out at 72 °C for 7 min. Fives microliters of the amplification

product was electrophoretrically analyzed though a 1.5% agarose gel.

2.11 Isolation .and" characterization of “the full length ¢DNA of functionally
important gene homologues of P."monodon_using Rapid Amplification of cDNA

Ends-Polymerase Chain Reaction (RACE-PCR)
2.11.1 Preparation of the 5' and 3' RACE template

Total RNA was extracted from ovaries of P. monodon using TRI REAGENT.
The quality of extracted of total RNA was determined by agarose gel electrophoresis.
Messenger (m) RNA was purified using a QuickPrep micro mRNA Purification Kit
(Amercham Phamacia Biotech) according to the protocol recommended from the

manufacturer. RACE cDNA template was prepared by combining 1 pug of ovarian
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mRNA with 1 ul of 5'-CDS primer and 1 pl of 10 uM SMART II oligonucleotide for
5'RACE-PCR or 1 pg of ovarian mRNA with 1 ul of 3' CDS primer A for 3' RACE-
PCR (Table 2.2). The component were mixed and centrifuged briefly. The reaction
was incubated at 70°C for 2 min and snap-cooled on ice for 2 minutes. The reaction
tube was centrifuged briefly. After that, 2 ul of 5x First-Strand buffer, 1 ul of 20 mM
DTT, 1 ul of ANTP Mix (10 mM each) and 1 ul of PowerScript Reverse Transcriptase
were added. The reaction were mixed by gently pipetting and centrifuged briefly to
collect the contents at the bottom of the tabesThe reaction tube was incubated at 42
°C for 1.5 h in a thermoeyeler. The first strand reaction products were diluted with
125 ul of TE buffer and heated at 72 °C for 7 min. The first strand cDNA template
was kept at -20 °C until negded.

2.11.2 Primer designed for RACEEPCR and primer walking

Gene-specific prmers (GSPs) were diesigned from ovary and hemocyte cDNA
libraries. The antisense primer (and nested primer) for 5 and/or 3' RACE-PCR of

each gene was designed (Table 2.3} 70,

For sequencing of genes-that showed the full length from the 5' direction, the
product from colony PCR was considered. If the insert of a'particular gene was larger
than that of its homologues, the 3" direction was further sequenced. Internal primers

were designed for primer walking of the inserted cDNA(Table 2.4).
2.11.3 RACE-PCR

The master mix sufficient” for 5’ and/éf* 3' RACE-PCR and the control
reactions was prepared. (Tables 2.4 and 2.5). Fornzeach 25 pl amplification reaction,
14.0 pl sterile deionized H,O, 2.5 pl of 10x Advantage® 2 PCR buffer, 0.5 ul of 10
uM dNTP mix and 0.5 pl of 50x Advantage® 2 polymerase mix were combined. The

reaction was carried out for as described in Table 2.7.

The primary 5’ and 3" RACE-PCR product were electrophoretically analyzed
through 0.8-1.0% agarose gels. If the discrete expected bands were not obtained from

the primary amplification, nested PCR was performed using the recipes illustrated in
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Tables 2.5 and 2.6. The primary PCR product was 50-fold diluted. The secondary
PCR was performed using 1 - 5 pl of the diluted first PCR product as a template using
the conditions described in Table 2.7.

Table 2.2 Primer sequence for the first strand cDNA synthesis and RACE-PCR

Primers Sequence
SMART II A Oligonucleotide 5'-AAGCAG TGG TATCAACGCAGAGTACGC GGG-3'
3' RACE CDS Primer A 5-AAGCAGTGGTATCAACGCAGAGTAC(T); N.; N-3' (N=A, C,
G orT,yNy= A,G or C)
5" RACE CDS Primer 5'AT),s Ny N-3"(N=A, C, G orT; N.;= A,G or C)
10X Universal PrimerA Mix (UPM) Long : 5-CTAATACGACTCACTATAGGGCAA

GCAGTGGTATCAACGCAG AGT-3'
Sh'f)rt : 5'-CTAATACGACTCACTATAGGG C-3'

Nested Universal Primer A (NUP) J= AAG CAG TGG TAT CAA CGC AGA GT -3’

Table 2.3 Gene-specifi€ primers (GSPS) a‘nd nested GSP used for isolation of the full
length cDNA of functionallyimportant geﬁes in P. monedon

Gene specific primer N 3% Sequence Tm (°C)
DEAD box 52 — L‘ :
5'RACE R: 5'CCCTTGAAGTCAATACCACGGGCCATGS' 66.56
3'RACE F: 5ATTCACAGAGTAGGAAGGACTGGCAGAGCT3' 68.10
5'Nested - 4 R: 5 ATCACTCTCGTCAACAACCAACCACTCC3' 66.6
DEAD box ATP- dependenl RNA helicase L
5'RACE RS GTCAGCCAGTCCACCTTACG?‘ 59.40
3'RACE “ F:5TACCGTTACCTTCCACCAGCS'
ATP-dependent RNA,helicase
5'RACE R: STGTTCCAGCATCTTGTCGCATTC3' 60.06
3'RACE F: STGTTCAGAAGGACGAAGAGACC3' 60.30
5' Nested R: S'AGTGGEGGAGATTGGGECTICTTGTTGES' 68
L-3-hydroxyacyl coenzyme Avdehydrogenase
3'RACE F: 5" ACGGCTAAGTGCCTCCGAGATGAAC 3' 61.98
Protein disulfide isomerase
5'RACE R: 5' GCTCTGGCAGTCAAGAATGTGTG 3' 62.40
3'RACE F: 5' GAGCCTTAGATGCCACTGTTCAC 3' 62.40
5' Nested R: 5' TGGAGGTTGGATGGAATAAGGTCACA3' 61.60
3' Nested F: 5' TGGTGGATTTGGATACCCTGCTCTTG 3' 64.80

Valosin containing protein
5"RACE R: 5' TTGCGAAGGTTGCTCTCGCATT 3' 60.07
3'RACE F: 5' GCAGTTGAACGAGGTGGGCTAC 3' 63.80
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Table 2.4 Compositions for amplification of the 5’ end of gene homologues using

5" RACE-PCR

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

5’ RACE-Ready cDNA 1.5 1.5 1.5
template
UPM (10x) 5.0 pul 50ul -
GSP1 (10 uM) 1.0 pl - 1.0
GSP2 (10 uM) - - - -
H,0 - 1.0 ul 5.0ul
Master Mix 17.5ul 17.5ul 17.5 ul
Final volume 25 ul-_ 25 ul 25 ul

Table 2.5 Compositions for amplificatioh':oi‘- the 3’ end of gene homologues using
3’ RACE-PCR

S

Component 3" RACE-PTC_R:. UPM only GSP1 only
g (Control) (Control)

5’ RACE-Ready cDNA 1.5 125l 1.5l
template
UPM (10x) 5.0ul 5.0ul -
GSP1 (10 uM) 1.07pul - 1.0 pl
GSP2 (10 uM) - - -
H,O . 1.0t 5.0ul
Master Mix 17.5ul 17.5 ul 17.5 wl

Final volume 25 ul 25 ul 25 ul
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Table 2.6 The amplification conditions for RACE-PCR of various gene homologues

of P. Monodon

Gene homologue

Amplification condition

DEAD box 52
5' RACE-PCR

3" RACE-PCR

5’ Nested RACE-PCR

5 cycles of 94 °C for 30 s and 72 °C for 2 min

5 cycles of 94 °C for 30 s, 70 °C for 30 s and 72 °C for 2 min
20 cycles of 94 °C for 30 s, 68 °C for 30 s and 72 °C for 2
min and the finallextension at 72 °C for 7 min

5.cycles of 94 °Cfor 30's and 72 °C for 2 min

5 eyeles of 94 °Cfor30's. 70 °C for 30 s and 72 °C for 2 min
20 eyeles of 94 °C for 30 s, 68 °C for 30 s and 72 °C for 2
min and the final extension at 72 °C for 7 min

20rcyeles of 94 °C for 30 5,66 °C for 30 s, 72 °C for 2 min
and the final extension at 72 °C for 7 min

DEAD box ATP-dependent:RNA helicase:

5" RACE-PCR

3" RACE-PCR

20 cycles of 9}‘5 °C for 30 s, 66 °C for 45 s, 72 °C for 3 min
and the final extension at 72 °C for 7 min
20 cycles of 94“°C for 30 s, 66 °C for 45 s, 72 °C for 3 min
and the final ex_t'qns_ion at 72 °C for 7 min

ATP-dependent RNA heli¢ase ;

5"RACE-PCR
3" RACE-PCR

5' Nested RACE-PCR"__

')
20 cycles ot 94 6(‘Ifor 30 s, 66 °C for 45 s, 72 °C for 3 min
and the final extension at 72 °C for 7 min

20 cycles of 94 °C for 30 5,°66:2C for 45 s, 72 °C for 3 min

and the final extension at 72 °C for 7 min

L-3-hydroxyacyl coenzyme A dehydrogenase

3'RACE-PCR

20 cycles of 94 °C for 30 s,66 °C for 45 s, 72 °C for 3 min
and the final extension at 72 °C for 7 min

Protein disulfide isornérdsé

5"RACE-PCR

3" RACE-PCR

5" Nested RACE-PCR

3" Nested RACE-PCR

Valosin containing protein

5"RACE-PCR

3" RACE-PCR

20 cycles of 94 2C for 30 s, 66 ?Ctfor 45 s, 72 °C for 3 min
and the final extension at 72 °C for 7 min
20.cycles of 94 °C.for-30.s, 66 °C.for45.s, 72 °C for 3 min
and the final extension at 72 °C for 7/ min
20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 3 min
and the final extension at 72 °C for 7 min
20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 3 min
and the final extension at 72 °C for 7 min

20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 3 min
and the final extension at 72 °C for 7 min
20 cycles of 94 °C for 30 s, 66 °C for 45 s, 72 °C for 3 min
and the final extension at 72 °C for 7 min
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2.11.4 Elution DNA fragments from agarose gels

After electrophoresis, the desired DNA fragment was excised from the agarose
gel using a sterile scalpel and placed in a pre-weighed microcentrifuge tube. DNA
was eluted out from the gel using a HiYield™ Gel Elution Kit (RBC). Five hundred
microlitres of the DF buffer was added to the sample and mixed by vortexing. The
mixture was incubated at 55 °C for 10 - 15 min until the gel slice was completely
dissolved. During the incubation period, the tttbe was inverted every 2-3 min. A DF
column was placed in a collection tube fllld 300 pihof the sample mixture was applied
into the DF column and ceniriftiged at 6,000 g (8,000 tpm) for 30s. The flow-through
was discarded. The DE.eolumn was placed back in the collection tube. The column
was washed by the addition of 500 |ul of the ethanol-added Wash Buffer and
centrifuged at 6,000 g for 30s. After disée_lfaing the flow-through, the DF column was
centrifuged for 2 min at the full speed (14,000 rpm) to dry the column matrix. The
dried column was placed in a new micrbgegl_trifuge tube and 15 pl of the Elution
Buffer or water was added to the center of E;}_lf:'column matrix. The column was left at
room temperature for 2 min before centriflige_f.d for 2 minutes at the full speed to

recover the gel-eluted DNA.

.

2.12 Cloning of the PCR product
2.12.1 Ligation of the PCR product to the pGEM®-T Easy vector

DNA fragments- was ligated to|the pGEM®—T Easy vector in a 10 pl reaction
volume containing 5 pl of 2x Rapid Ligation Buffer (60 mM Tris-HCI, pH 7.8, 20
mM MgCl; 20 mNIDDT; 2 miM-ATP and 10% PEG8000), 3 1W<eiss'unit of T4 DNA
ligase, 25 ng of the pGEM®—T Easy vector and approximately 50 ng of the DNA
insert. The reaction mixture was incubated overnight at 4 - 8 °C before transformed to

E.coli JM 109 (or XL1-Blue).
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2.12.2 Transformation of the ligation product to E.coli host cells
2.12.2.1 Preparation of competent cell

A single colony of E. coli JIM109 (or XL1-Blue) was inoculated in 10 ml of
LB broth (1% Bacto tryptone, 0.5% Bacto yeast extract and 0.5% NaCl, pH 7.0) with
vigorous shaking at 37 °C overnight. The starting culture was then inoculated into 50
ml of LB broth and continued culture at 37 2C with vigorous shaking to ODg of 0.5
to 0.8. The cells was briefly chilled on a€cfor 10 minutes and recovered by
centrifugation at 2700 g for 10 minutes at 4 °C. The pellets were resuspended in 30 ml
of ice-cold MgCl,/CaCl, solution (80 mM MgCl; and 20 mM CaCl,) and centrifuged
as above. The cell pellet was pesuspended with 2 ml of ice-cold 0.1 M CaCl, and the
cell suspension was divided inte 100 or 200 pl aliquots. These competent cells was

used immediately or siored.at 80°C for subsequently used.

2.12.2.2 Transformation.

The competent cells'were thawed 0;1: ri_(';g_,for 5 min. Two to four microlitres of
the ligation mixture were added and gentlyﬁl_i);?d by pipetting. The mixture was left
on ice for 30 min. During fhé incubation -pgridd, the jice box was gently moved
forward and backward'a few times every 5 min. The transfdrmation reaction was heat-
shocked in a 42 °C water bath (without shaking) for exactly 45 seconds. The reaction
tube was immediately placed on ice for 2 - 3 min. The mixture were removed from
the tubes and added to-a new tube containing 1 ml of pre-warmed SOC (2% Bacto
tryptone, 0.5 % Bacto yeast extract,, 10 mM NacCl, 2.5 mM KCI, 10 mM MgCl,, 10
mM MgSOiand; 20"’ mM glucose).; The cell suSpension was incubated with shaking at
37 °C for 90 min. The mixture were centrifuged for 20 seconds at room temperature,
and resuspended in 100 pl of the SOC medium and spread onto a selective LB agar
plates (containing 50 pg/ ml of amplicillin and spread with 20 pl of 25 pg/ml of X-gal
and 25 ul of 25 pg/ml of IPTG for approximately 1 hr before using) and further
incubated at 37 °C overnight. The recombinant clones containing inserted DNA are

white whereas those without inserted DNA are blue (Sambrook and Russell, 2001).
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2.13 Colony PCR and digestion of the amplified inserts by restriction

endonucleases

Colony PCR was performed in a 25 pl reaction mixture containing 10 mM
Tris-HCI, pH 8.8, 50 mM (NH4)2SOy4, 0.1% Triton X-100, 100 mM of each dNTP, 2
mM MgCl,, 0.1 uM each of pUC1 (5'-CCG GCT CGT ATG TTG TGT GGA-3') and
pUC2 (5-GTG GTG CAA GGC GAT TAA GTT GG-3'), 0.5 unit of Tag DNA
polymerase (Fermentas). A colony was picked by a pipette tip, placed in the culture
tube and served as the templaie in the reaction. PER was carried out in a thermocycler
consisting of predenaturation-at 94°C for 3 min followed by 35 cycles of denaturation
at 94°C for 30s, annealing at.50°C for 1 min and extension at 72°C for 1.5 min. The
final extension was camied eut/at the sa|1me temperature for 7 min. The colony PCR
products were electrophoresed through.;?ll" 1.2 % agarose gel and visualized after

ethidium bromide staining:

The colony PCR products Containiﬁ:g the insert were separately digested with
Alu T and Rsa 1 (Promega) in a 15 pl realéft_'ib'_r}.yvolume containing 1x buffer (6 mM
Tris-HCI, 6 mM MgCl,, 50 mM NaCl and TmM DDT, pH 7.5 for Alu I and 10 mM
Tris-HCI, 10 mM MaClo:'50 mM NaCl‘and | mM DB, pH 7.9 for Rsa I), 0.1 mg/ml
BSA, 2 units of each enzyme and 4 il of the c¢olony PCR product. The reaction
mixture was incubated at 37°C overnight. The reaction was analyzed by 1.2% agarose

gel electrophoresis.
2.14 Extraction of recombinant plasmid DNA

Plagftid " DINA, fwasisolated Jusing) 4 HiYield™ Plasmid-Miai Kit (RBC). A
discrete white colony was inoculated 1nto a sterile culture tube containing 3 ml of LB
broth supplemented with 50 pg/ml of amplicillin and incubated with shaking (200
rpm) at 37 °C overnight. The culture was transferred into a sterile 1.5 ml
microcentrifuge tube and centrifuged at 14,000 rpm for 1 min. The supernatant was
discarded. The bacterial pellet was resuspended in 200 upl of the PDI1 buffer
containing RNase A and thoroughly mixed by vortexed. The resuspended cells were

lysed by the addition of 200 ul of the PD 2 buffer and mixed gently by inverting the
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tube for 10 times. The mixture was left for 2 minutes at room temperature. After that,
300 ul of the PD3 buffer was added to neutralize the alkaline lysis step and mixed
immediately by inverting the tube for 10 times. The mixture was then centrifuged at

14,000 rpm for 15 min.

A PD column was placed in a collection tube and the clear lysate was applied
into the PD column and centrifuged.at 6,000 g (8,000 rpm) for 30s. The flow-through
was discarded. The PD column was placed back in the collection tube. The column
was washed by the addition-ef 400 nl of the Wil buffer and centrifuged at 6,000 g for
30s. After discarding the ﬂow-through,-600 ul of the ethanol-added Wash buffer was
added and centrifuged asrabove. The PD column was further centrifuged for 2 min at
the full speed (14,000 pm) to dry the coiumn matrix. The dried column was placed in
a new microcentrifuge tube and 50 ‘pl of }he elution buffer or water was added at the
center of the column matrixs The colu@ was left at room temperature for 2 min
before centrifuged for 2 min at the full sﬁ@_c(}_ to recover the purified plasmid DNA.
The concentration of extracted plasmid DNé j}as spectrophotometrically measured.

=1
2.15 Semiquantitative RT- PCR of genes in ovaries of female broodstock of

normal and unilateral eyestalk ablated P monodon broodstock
2.15.1 Experimental animals

Female broodstogk were caught aliye, from the Andaman Sea and acclimated
under the farn¥ conditions for 2-3 days. Ovaries- were dissécted out from normal
broodstock and'weighed. For the eyestalk ablation group, shrimp were acclimated for
7 days prior to unilatefal‘€yestalkiablation. Ovaries 0f lablatéd shninip! were collected
at 2-7 days after ablation. The gonadosomatic index (GSI, ovarian weight/body
weight x 100) of each shrimp was calculated. Ovaries of each shrimp were kept at -
70°C until needed. Stages of ovarian development were classified according to the
GSI values (<2% for stages I, >2 — 4% for stage II, >4 — 6% for stage Il and >6% for
stage IV).
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2.15.2 Total RNA extraction and first strand cDNA synthesis

Ovaries were dissected from each shrimp immediately after specimens were
collected and placed in liquid N,. Total RNA was extracted from ovaries of P.
monodon (N =5 for each treatment) and 1.5 pg of total RNA was reverse-transcribed
using an ImProm- II"™ Reverse Transcription System Kit (Promega) as described

previously.
2.15.3 Optimization of semiquantitative RT-PCR conditions

Initially, RT-PCRwof the target genes (Table 2.1) and elongation factor-1o
(F:5'-ATG GTT GTCAACHA LT GCC, CC-3' and R:5-TTG ACC TCC TTG ATC
ACA CC-3') were amplifieddin a 25 ul réaqtion volume following the non-quantitative
RT-PCR for initial screéning of gene ex;blression profiles described previously. The
reaction contained 10 mM Tris = HCI ij.-SfS at 25°C, 50 mM KCI and 0.1 % Triton
X-100, 2 mM MgCl,, 100" mM each of &ATP, dCTP, dGTP and dTTP, 0.2 uM of
each primer, 1 pl of 10-fold diluted firstij{trand ¢DNA and 1 unit of Dynazyme™
DNA polymerase (FINNZYMES). For semiﬁﬁ-dﬁtitative RT-PCR analysis, primer and
MgCl, concentrations and the eycle numb";:r's'; used for amplification were further

optimized.
2.15.3.1 Optimization of primer concentration

The optital primer-concentration for each primerpair«(between 0, 0.02, 0.04,
0.07, 0.1, 0.15,. 02, '0:25"and "0:3 pM) “was ‘examined "using the standard PCR
conditions. The resulting product’ was _electrophoretically analyzed. The primer
concentration that gave product specificity and clear results werg selected for further

optimization of the PCR conditions.
2.15.3.2. Optimization of MgCl, concentration

The optimal MgCl, concentration of each primer pair (0, 0.5, 1.0, 1.5 and 2.0
mM of MgCl,) was examined using the standard PCR conditions with the optimized
primer concentration. The concentration of MgCl, that gave the highest yields and

specificity for each PCR product was chosen.
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2.15.3.3 Optimization of the number of amplification cycles

The PCR amplifications were carried out at different cycles (e.g. 20, 23, 25, 28
and 30 cycles) using the optimized concentration of primers and MgCl,. The number
of cycles that gave the highest yield before the product reached a plateau phase of

amplification was chosen.
2.15. 3.4 Gel electrophoresis, semiguantitative RT-PCR and data analysis

The amplification product of genes wnder investigation and EF-la were
electrophoretically analyzed by the s same  gel and photographed by a gel
documentation machine(BioRad). The intensity of the amplified target genes and that
of EF-la was quantified fsom.the ph0|t0graph of the gels using the Quantity One
programme (BioRad).

The expression level of .each '-gene was normalized by that of EF-la.
Expression levels between different groﬁps of P. monodon were statistically tested
using one way analysis of variance (ANOYA) followed by a Duncan’s new multiple

range test. Significant comparisons.wetre cons"id@red when the P value was < 0.05.

2.16. Examination.of expression levels of “interesting genes in ovaries of P.

monodon by quantitative real-time PCR

Expression levels of several transcripts including DEAD box ATP-dependent
RNA helicase, protein "disulfide isomerase’ and valosin containing protein were

examined using quantitative real-time PCR @analysis.
2.16:1 Experimental.animals

Normal and eyestalk-ablated wild broodstock of P. monodon (ABW = 142.98
+ 28.37) possessing different stages of ovarian development (GSI <2% for stages I; N
=10, >2 — 4% for stage II; N =7, >4 — 6% for stage IIl ; N =7, >6% for stage IV ; N
= 10, post spawn ; N = 6 and juvenile ; N = 6) were used for estimating expression

levels of various genes in their ovaries.
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2.16.2 Primers and construction of the standard curve

Primers for DEAD box ATP-dependent RNA helicase, protein disulfide
isomerase and valosin containing protein (Table 2.1) were applied for real-time PCR
analysis. For construction of the standard curve of each gene, the PCR product of the
target gene and EF-Ia was amplified, electrophoresed through agarose gel and eluted
out. The gel eluted product was cloned into,p GEM-Teasy vector and transformed into
E. coli IM109. Plasmid DNA were extracted andused as the template for construction
of the standard curve. Templaics of each genc hemologues and EF-Ia were ten fold
diluted covering 10° — 10°-ecopy numb-ers. Real-time RT-PCR was carried out (see

below) and each standard*point was run in duplicate.
]

2.16.3 Quantitatiye real-time PCR

The first strand cDNA was reverée—franscribed. The target transcript (DEAD
box ATP-dependent RNA helicase, pkb:pein disulfide isomerase and valosine
containing protein) and internal control (E’Ej]a) of each shrimp were amplified in
reaction volume 10 pl containing 5 pl of Z_XSY BR Green Master Mix (Roch). The
specific primer pairs were used-at a final co;léént-ration of 0.1, 0.15, 0.2 and 0.3 uM,
respectively. The thetimal profile for quantitative real-time RT-PCR was 95°C for 10
min followed by 40 cycles of denaturation at 95 °C for 15's, annealing at 53 °C, 55 °C
or 56 °C for 30 s andextension at 72 °C for 20 s. Contmually, cycles for the melting
curve analysis_was carried-out at 95 °C for 15 ,s,. 65.°C for.l min and at 98°C for
continue and cooling 40 °Cifor 30.s. Real-time RT-PCR"assay was carried out in 96
well plate and each sample was run in duplicate Relative expressionslevels of different
group Of samples ‘were statistically. test by one way ANOVA followed by Duncan’s
new multiple rang test (P < 0.05).
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RESULTS

3.1 Protein profiles of P. monodon ovaries examined by two dimensional gel

electrophoresis

Two-dimensional gel electrophoresis (2-DE) was carried out to examine
protein profiles during ovarian development .of both normal (non-ablated) and
eyestalk-ablated wild P. smenodon broodstockeInitially, residual proteins after
extraction of total RNA..werc. isolated and subjected to two-dimensional gel
electrophoresis. The conditions were further optimized and total proteins extracted
from different stages of ' P. monadon ovarian development were eventually used to
identify and characterizé oyarian proteirdil'. profiles of this economically important

species.

3.1.1 Protein profiles during ovafian.'development using TRI-REAGENT-

#

extracted proteins dia

Initially, TRI—REAGENT—extractedl?p'ri)teins from different stages of P.
monodon ovaries were electrdphoretically éﬁél;iéd usingsthe pH gradient of pH 3-10
followed by 12.5% SDS=PAGE: Tn normal broodstock; the number of protein spots in
stage | ovaries were greater than that of other stages (Figure 3.1). In contrast, the

number of protein spots.was comparable in_different stages of ovaries in eyestalk-

ablated broodsteck (Figure 3.2).

Two-dimensional gel electrophoresis of TRI-REAGENT-extracted proteins at
the broad pH gradient revealed that almost all of the expressed oyarian proteins were
acidic proteins. Therefore, proteins extracted from different stages of ovarian

development were re-analyzed using a narrower pH gradient of 4-7.

As can be seen from Figure 3.3, a better resolution of ovarian protein profiles
in normal shrimp broodstock was observed at an acidic pH gradient than a broad pH
gradient. Results were consistent when applied to eyestalk-ablated P. monodon

broodstock (Figure 3.4).
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Figure 3.2 Protein profiles of ovaries of eyestalk-ablated wild P. monodon broodstock (stages
I-IV, panels A-D, respectively) analyzed by 2D gel electrophoresis. Residual proteins from
RNA extraction of different stages of ovaries using TRI-REAGENT were electrophoretically
analyzed in Immobiline Drystrip gels (pH 3-10) fallowed by 12.5% SDS-PAGE and silver-

stained.
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Figure 3.4 Protein profiles of ovaries of eyestalk-ablated wild P. monodon broodstock (stages
I-IV, panels A-D, respectively) analyzed by 2D gel electrophoresis. Residual proteins from
RNA extraction of different stages of ovaries using TRI-REAGENT were electrophoretically
analyzed in Immobiline Drystrip gels (pH 4-7) follwed by 12.5% SDS-PAGE and silver-

stained.
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TRI-REAGENT-extracted proteins are a by-product of phenol-based RNA
extraction. Phenol is one of the strongest dissociating agents that can modify the
protein nature. In addition, extraction of the residual proteins from RNA extraction
requires the precipitation step. Small proteins may not be recovered effectively. At
this stage, conditions for two-dimensional gel electrophoresis were successfully

optimized. Therefore, total proteins extracted from ovarian tissues were used instead.

3.1.2 Protein profiles during ovarian. development using total ovarian

proteins

Relatively large amount of total protein were consistently obtained (200 — 300
pg/ 500 mg of starting tissue): Total proteins from the same stage of ovaries were
carried out in triplicate; one from the same individual and the other from different

individual.

Generally, the number of " proteiﬁ_:_.spots from total ovarian proteins was
obviously greater than that of TRI—REAGENT extracted proteins. For the normal
broodstock, the number of protei spots fouéd-"fn stages I, I, IIT and IV was (585,751
and 568), (1074, 286 and 581); (409, 2-3—:7-;:and 754) and (596, 281 and 195),
respectively (Figures 3.5-3.8). L arge numbers of protein.spots were also observed in
eyestalk-ablated broodstock [(538,384 and 928), (604, 454 and 352), (346, 311 and
465 ) and (220, 336 and 380) for the respective stages] (Figures 3.9-3.12).

In addifion; profiles of basic ovarian proteins were also examined using the
Immobiline Drystrip of pH 7-10. However, those proteins were not electrophoretically
separated and densCstréaks of-analyzéd ptoteins Wer€ Obsetved dl'the fop of the 2-DE
gels indieating their highly basic molecular masses. Therefore, basic ovarian proteins

were not further studied.

Protein profiles were matched by Imagemaster 2D Platinum™ (GE
Healthcare). Comparison of pI and MW between protein spots of different individuals
carrying the same stages of ovaries was initially carried out in both normal and
eyestalk-ablated groups. Subsequently, those parameters of protein spots among

different ovarian stages within each group and among the same stages of different
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shrimp groups were carried out. Only a single spot of a protein representing identical

pl and MW was further characterized by mass spectrometry.

ﬂuajawﬂwm'm; 1
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Figures 3.5 Protein profiles of stage I ovaries of wild P. monodon broodstock
analyzed by 2D gel electrophoresis. Total proteins from two individuals (panels A and
B, GSI = 0.57% and panel C, GSI = 0.66%) were electrophoretically analyzed in
Immobiline Drystrip gels (pH 4-7) followed by 12.5% SDS-PAGE and silver-stained.
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Figures 3.6 Protein profiles of stage Il ovaries of wild P. monodon broodstock
analyzed by 2D gel electrophoresis. Total proteins from two individuals (panels A and
B, GSI = > 1.44% and panel C, GSI = > 1.33%) were electrophoretically analyzed in
Immobiline Drystrip gels (pH 4-7) follwed by 12.5% SDS-PAGE and silver-stained.
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Figures 3.7 Protein profiles of stage III ovaries of wild P. monodon broodstock
analyzed by 2D gel electrophoresis. Total proteins from two individuals (panels A and
B, GSI = 5.75% and panel C, GSI = 5.91%) were electrophoretically analyzed in
Immobiline Drystrip gels (pH 4-7) followed by 12.5% SDS-PAGE and silver-stained.
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Figures 3.8 Protein profiles of stage IV ovaries of wild P. monodon broodstock
analyzed by 2D gel electrophoresis. Total proteins from two individuals (panels A and
B, GSI = 7.32% and panel C, GSI = 11.66%) were electrophoretically analyzed in
Immobiline Drystrip gels (pH 4-7) followed by 12.5% SDS-PAGE and silver-stained.
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Figures 3.9 Protein profiles of stage I ovaries of eyestalk-ablated wild P. monodon
broodstock analyzed by 2D gel electrophoresis. Total proteins from two individuals
(panels A and B, GSI = 0.76% and panel C, GSI = 0.90%) were electrophoretically
analyzed in Immobiline Drystrip gels (pH 4-7) followed by 12.5% SDS-PAGE and

silver-stained.
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Figures 3.10 Protein profiles of stage II ovaries of eyestalk-ablated wild P. monodon
broodstock analyzed by 2D gel electrophoresis. Total proteins from two individuals
(panels A and B, GSI = 1.69% and panel C, GSI = 1.23%) were electrophoretically
analyzed in Immobiline Drystrip gels (pH 4-7) followed by 12.5% SDS-PAGE and

silver-stained.
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Figures 3.11 Protein profiles of stage III ovaries of eyestalk-ablated wild P. monodon
broodstock analyzed by 2D gel electrophoresis. Total proteins from two individuals
(panels A, GSI = 5.75%, B, GSI = 5.08% and panel C, GSI = 4.85%) were
electrophoretically analyzed in Immobiline Drystrip gels (pH 4-7) followed by 12.5%
SDS-PAGE and silver-stained.
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Figures 3.12 Protein profiles of stage IV ovaries of eyestalk-ablated wild P. monodon
broodstock analyzed by 2D gel electrophoresis. Total proteins from two individuals
(panels A and B, GSI = 6.87% and panel C, GSI = 6.92%) were electrophoretically
analyzed in Immobiline Drystrip gels (pH 4-7) followed by 12.5% SDS-PAGE and

silver-stained.



69

3.2 Characterization of ovarian proteins of P. monodon by mass spectrometry
3.2.1 MALDI-TOF/TOF

Understanding mechanisms and functions of genes and proteins in ovaries
would provide a new tool for breeding programmes and for understanding of the

important biological and molecular processes in P. monodon.

Initially, protein spots in different ovarian stages of normal and eyestalk-
ablated broodstock were characterized MALEDIETOE/TOF (Figures 3.13 and 3.14).
Quantitative analysis between ptoteins showing identical p/ and MW cannot be
precisely estimated from suwer=Stained protein electrophoresis. Therefore, proteins
that were present or _absenge in the sair‘.ne.:. ovarian stages of normal and eye-stalk-
ablated broodstock wergranalyzed fér pe;i_tilde mass fingerprint (PMF) using MALDI-
TOF. Protein spots that exhibit'a parent :jiofl' with molecular mass greater than 1000

dalton were further analyzed for peptide ffégm@ntation by MALDI-TOF/TOF

2 )

In total, 35 protein spots were usedii(; :ﬁgalyzed the PMF and 90 protein spots
were analyzed for peptide fragmentation. A}T_prb_teins analyzed by PMF did not match
previously deposited sequencresﬂin the databés-;. bnly peptide spectrum of 4 protein
spots significantly rhatéhed deposited sequences (Table 3.1). Results of peptide mass

fingerprints on examined protein spots are shown in Appendix A.

The protéin spet numbers 2,76,and- 79, found-in stage-II ovaries of eyestalk-
ablated broodstock” was” significant similarity to ‘calreticulin “of Galleria mellonella
(score = 69), transketolase of Apis _mellifera {seore = 77) and protein disulfide
isomerase A6 of Tribolium castaneum (score = 135). In additiony the protein spot no.
71 found in stage III ovaries of eyestalk-ablated broodstock significantly match

allergen pen m2 of Peneaus monodon (score = 57) (Table 3.1).

Changes in cytosolic calcium (Ca®*) concentration affect many essential
cellular responses. Calreticulin (CRT) plays the crucial role in many cellular
processes including Ca®* storage and release, protein synthesis, and molecular

chaperone activity (Michalak et.al., 1999).
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Figures 3.14 Protein profiles of s_tage I (A),;and IV (B) ovaries of wild P. monodon
broodstock analyzed bystwo=dimensional Jgel electrophoresis (IEF of pH 4-7 followed
by 12.5% SDS-PAGE). Protein spots that were further analyzed by MALDI-
TOF/TOF mass spectrometry (PMF and/or peptlde fragmentation) are illustrated by

red open circles for those exhlbrted a trend Of d1fferent1al expression and by blue open

e

circles for those present in eyestalk—ablated shrlmp but not 1n normal shrimp.

Table 3.1 Protein spots ideatified by MALDJ -TOF/TOF

stage Spot Protein.name % score... Speciesinatched Dif (fold)/
no. coyerage Present
II 2 Calreticulin 9 69 Galleria mellonela Absent
76 Transketolase 7 77 Apis mellifera -
79 Protein disulfide 6 62 Tribolium -
isomerase castaneum
111 71 Allergen pen m 2 5 57 Peneaus monodon -

Dif (fold) = differential expression and the fold change >1.5 is regarded as
upregulation, < 0.67 = down regulation, - = comparable protein levels, Absent =

proteins that were found in stage I ovaries of eyestalk-ablated broodstock but not in

same stage of normal broodstock.
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Protein disulfide isomerase A6 (also called PDI P5 or CaBPl) plays an
important role in rearrangement of both intra-chain and inter-chain disulfide bonds,
where it catalytically acts to both initiate and reduce disulfide bonds. It has been
proposed that the cell surface PDI acts as a reductase cleaving the disulfide bound of
proteins attached to the cell surface. It may also control function of certain

extracellular proteins by regulating their redox states (Goplen et al., 2006).

Transketolase (TKT) is an enzyme in.the nonoxidative branch of the pentose
phosphate pathway. TKT eatalyzes the Jreversible transfer of a two-carbon ketol unit
from a ketose to aldose, andstogether with transaldelase, provides a link between the
pentose phosphate and thé glycolviic pathway (Langbein et al., 2006 and Salamon et
al., 1998). '

Allergen pen m 2 (also ecalled ar,‘giqine kinase, AK) is a phosphotransferase
that plays a critical role in energy me{gbiolism in invertebrates. It catalyzes the
reversible phosphorylation of arginine by h/{g:ATP to form phosphoarginine and Mg-
ADP. Phosphoarginine funetions as ATPJZ.bh_fjfyers, permitting maintenance of high

ATP values during periods of celltlar activity 1n invertebrates (Cui-Luan et al., 2009).

.

Basically, peptides mass fingerprinting was more suitable for species that a
large number of known protein sequences is available. Nevertheless, results from
mass spectrometry in“this study were compared to the local shrimp EST database
(http://www. matrixscience.com) .and .this” database. contained translated 40,001
deduced proteins. “MALDI-TOF/TOF findicated'.only 4! matched proteins. This
indicated that more sensitive techniques and/or mere numbers of ESTs are required. It
is rathér difficult to inerease alarger number of P.monodon ESTSs bécause additional
cost on library construction and sequencing are needed. Accordingly, a more sensitive
technique like nanoLC-MS/MS was applied for sequencing of ovarian proteins of P.
monodon. Sequence similarity search was then carried out using the local shrimp EST

database, MASCOT software, SWIT-PROT and NCBI databases
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3.2.2 NanoLC-MS/MS

Total proteins extracted from stages Il and IV of normal and eyestalk-ablated
broodstock were analyzed by 2-DE. A total of 675 protein spots were characterized
including 215 and 160 spots from stages II and IV of normal broodstock and 180 and
120 spots from those of eyestalk-ablated broodstock, respectively (Figures 3.15-3.18).

Of these, 90 and 58 protein spots acceunting for 41.86 and 36.25% of the
respective ovarian stages of normal broodstoek” significantly matched previously
deposited sequences in the'databases. In the evestalk-ablated broodstock, 95 and 79
protein spots accounting foi52.77 and 65.83% of the respective ovarian stages were

regarded on homologues offknewn proteins (Tables 3.2 and 3.3).

Large numbers of unknown proté:iils were found in ovaries of both normal
(125 and 102 accounting for 58.14 and'j.-637.75% for stages II and IV ovaries) and
eyestalk-ablated (85 and 41 accountiné_:_. for 4727 and 34.17%) P. monodon
broodstock (Tables 3.2 and 3:3). edia

Several different protein families we,}e :characterized. Protein associated with
cellular function suchjas proteiﬁ disulfide isofﬂérdse, Rab3 GTPase-activating protein,
valosin containing jprotein, Ubiquitin carboxyl-terminal hydrolase L5-like protein,
transketolase, transaldolase. Trios-phosphate isomerase, G3PDH, F1-ATP synthase
and isocitrate dehydrogenase 2 (NADP") which play an important role on energy
production and catabolism  were -identified. 'Moreover, several cellular structure
proteins such as P-actin and B-tubulin-1 were also characterized. Sacorplasmic
reticuldm-€alcium binding protéin |afid| hemoeyanifi /fufictionally involved in Ca®™

homeostasis and oxygen transportation were also identified, respectively.
3.3 Comparative analysis of protein from different stages of P. monodon ovaries

Proteome profiles of different ovarian stages of normal and eyestalk-ablated
broodstock were compared in order to identify proteins that play an important role on

ovarian development of P. monodon. A trend of expression levels was also considered
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from the intensity of homologous protein spots from the same developmental stages

among different 2-DE gels.
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Figure 3.15 Protein profiles of stage II ovaries of wild P. monodon broodstock
analyzed by two-dimensional gel electrophoresis (IEF of pH 4-7 followed by 12.5%
SDS-PAGE). Numbers indicate protein spots that were identified by nanoLC-MS/MS.
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Figure 3.16 Protein profiles of stage II ovaries of eyestalk-ablated P. monodon
broodstock analyzed by two-dimensional gel electrophoresis (IEF of pH 4-7 followed
by 12.5% SDS-PAGE). Numbers indicate protein spots that were identified by
nanoLC-MS/MS.
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Figure 3.17 Protein profiles of stage IV ovaries of wild P. monodon broodstock
analyzed by two-dimensional gel electrophoresis (IEF of pH 4-7 followed by 12.5%
SDS-PAGE). Numbers indicate protein spots that were identified by nanoLC-MS/MS.
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Figure 3.18 Protein profiles of stage IV ovaries of eyestalk-ablated P. monodon
broodstock analyzed by two-dimensional gel electrophoresis (IEF of pH 4-7 followed
by 12.5% SDS-PAGE). Numbers indicate protein spots that were identified by
nanoLC-MS/MS.
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3.3.1 Stages II and IV ovaries of normal broodstock

Proteins expressed stages Il and IV ovaries of normal broodstock were
compared. No protein showed upregulation patterns during ovarian development.
However, 21 known proteins were down-regulated. These included several unknown
proteins and cyclic AMP-regulated protein like protein, cofilin/actin-depolymerizing
factor, CG10527-like-methyltransferase, . glutathione-s-transferase,  glutathione
peroxidase, 2-cys thioredoxin peroxidase, proteasome subunit o type 5, cytosolic
manganese superoxide dismutase, alcohol™ dehydrogenase, [B-actin, chaperonin

containing TCP1 subunit 2,tubtilin beta-1 chain (Table 3.2)

Cofilin/actin-depolymerizing factor is a member of an actin dynamyzing
protein (ADF) family. Proieins of this family play a critical role in rapid adaptation of
the actin cytoskeleton«o localized cellulif function. The activation of ADF/cofilin is
essential for cell motility and polarized cél] fnigration. ADF/cofilin plays an essential
role in both the actin pelymerization an{d’ﬁl depolymerization processes during cell

movement (Zhao et al., 2008). =1,

Superoxide dismutases - (SODs) -ére;i-metalloproteins that catalyse the
dismutation of superoxide radicals to oxygen and hydrosen.peroxide. The enzyme has
been found in all acrobic organisms examined, where it plays a major role in the
defense against toxic reduced oxygen species which aré-generated in many biological

oxidations (Brouwer et.al.,”2003).

A total of 57 proteins, for example; translocation protein TolB, translationally
controlleéd © ftumor,. ) ifitracellular’y [fatty © dcid <~ (LP/NsS01-0246-LF), glutathione
peroxidase, 2-cys thioredoxin, arginine kinase, phosphoglycerate kinase and NADH-
specific isocitrate dehydrogenase did not expressed differentially during ovarian

development of normal P. monodon.

Phosphoglycerate kinase (PGK) is an enzyme in the Embden-Meyerhof-
Parnas pathway of glycolysis, PGK catalyzes the reversible conversion of 1,3-
bisphosphoglycerate to 3-phosphoglycerate coupled to phosphorylation of ADP to
ATP (Eikmanns et al., 1992).
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NAD-dependent isocitrate dehydrogenase in eukaryotic organisms is a key
enzyme in the cellular energy metabolism. The oxidative decarboxylation of isocitrate
is an important control point for flux through the tricarboxylic acid cycle (Zhao et al.,

1996).

Several classes of functions have been proposed for the fatty acid binding
proteins. These are broadly described as modulation of specific enzymes for lipid
metabolic pathway (either anabolic or catabolic); maintenance of cellular membrane
fatty acid level and regulation of expression-of fatty acid responsive genes.
Intracellular transport of longchain fattéf acid illustrated in Figures 3.19 (Storch et al.,

2000).
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Figures 3.19 Diagram gllustrating intracellular transportation of long-chain fatty
acids. Influx and/or efflux of fatty acids across the plasma membrane takes place by
either protein-mediated or diffusive processes. Cytosolic transport to, or from, various
intracellular organelles; including mitochondria; endoplasmic reticulum, peroxisomes,
nucleus and lipid droplets, may be mediated by the FABPs. Abbreviations: FA: fatty
acid; FABP: fatty acid-binding protein; FAS: fatty acid synthetase (Storch et al.,
2000).

A large number of proteins (111 proteins), for example; sarcoplasmic Ca*
binding protein, o B and A chain, intracellular fatty acid (LP-N-NO1-0788-LF), beta
actin, beta thymosin, adenosine kinase, phosphopyruvate hydratase, methylmalonate

semialdehyde dehydrogenase and F1-ATP synthase beta subunit (52500/4.90), were
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present in stage Il ovaries but not in mature ovaries (stage IV). On the other hand, 64
proteins, for example; protein disulfide isomerase (55000/5.5), mitochondrial
aldehyde dehydrogenase, L-3-hydroxyacyl coenzyme A dehydrogenase, trios-
phosphate isomerase, secreted inorganic pyrophosphatase, HAD family hydrolase,
vitellogenin and putative conjugal transfer protein, were observed in mature ovaries

but not at the stage I

An example of protein successfully idcatified in eyestalk-ablated shrimp is
trios-phosphate isomerase (FPI).which is an efizyme in the Embden-Meyerhof-Parnas
pathway of glycolysis. FPIFis. tesponsible for.the reversible isomerization of

dihydroxyacetone-phosphate and glyceraldehydes-3-phosphate.

|
Additionally, secrgted/inorganic” pyrophosphatasc involved in one or more
steps in a wide variety‘of bioghemical pathways that lead to most of the biosynthesis
of proteins, lipids, pheospholipids, nucl"eotides and nucleic acids, urea, steroid,

structural polysaccharides@and glycogen was detected.

3.3.2 Stages II and 1V evaries of eyési?ﬁlk-ablated broodstock

Unlike normal broodstock, 8 prété-i;s_ rincluding glutathione peroxidase,
protein disulfide isomerase (60000/5.70), histidine-rich giycoprotein precursor, PDI
(60000/4.8), hypotethical protein, unnamed protein product and two unknown
proteins were up-regulated during ovarian development of eyestalk-ablated
broodstock. Sixteen protein spots-including nucleoplasmin isoform 1-like protein,
eukaryotic initiation factor 5A, CG10527-like methyltransferase, Rab3 GTPase-
activating ‘proteins hydroxyacyl:glutathiong hydrolase, (béta | thymosin (22000/5.4),
argininekinase, 26s proteasome regulatory subunit 7, isocitrate dehydrogenase 2
(NADP", peroxiredoxin 4, es1 protien, proteasome subunit o, type, unknown protein,
D-lactate dehydrogenase, rab gdp-dissociation inhibitor and PDI (60000/5.75)
revealed a trend of differential expression during ovarian development of P. monodon

(Table 3.3).

Rab3 GTPase-activating protein is a member of the Rab protein family (which

belong to the Ras family of small G proteins). Rab proteins are prime regulators of
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vesicular membrane transport in both the exocytic and endocytic pathways. The active
form of Rab proteins have multiple functions in cargo selection and as scaffolds for
the sequential assembly of effectors required for vesicle budding, cytoskeletal
transport, and target membrane fusion (Irene et al., 2006). The four members of Rab3
subfamily (Rab3A, Rab3B, Rab3C and Rab3D) have been implicated in regulated
exocytosis of neurotransmitters and hormones (Takai et al., 1996; Schluter et al.,
2002; Li and Chain 2003; Sudhof. 2004). The activity of Rab3 protein is tightly
regulated by RabGDI (GDP. dissociation ‘inhibitor), Rab3GEP, and Rab3GAP. The
latter two determine the-balance of “active (GIP) to inactive (GDP) forms and
Rab3GAP specifically convests aetive Rab3-GTP to the inactive-GDP form (Fukui et
al., 1997).

D-lactate dehydregenase (d—LDH.);i'I'é, an enzyme catalyzing the oxidation of d-
lactate to pyruvate, which'is coupled to ti;an'smembrane transport of amino acids and
sugars. D-lactate dehydrogenase (d-LDH—)_ of E. coli is a peripheral membrane
respiratory enzyme involved in electrontrqﬁgfer, located on cytoplasmic side of the

inner cell membrane (Dym et al;-2800).

Examples of proteinsr that were déWﬁFégulated during ovarian development
were hydroxyacyl glutathione hydrolase and beta thymosin. These proteins involved
in the multiple aspects of cellular events including neuritogenesis, angiogenesis,

migration, metastasis and.apoptosis.

Hydroxyacyl® ‘glutathione ".-hydrolase’ ‘(glyoxalase ©II) hydrolases S-D-
lactoylglutathione to D-lactate and thence generates glutathione-s:-transferase (GSH).
Glyoxalase Il is a member of the zinc metallohydrolase family having a f-lactamase
fold. It has broad substrate specificity for glutathione thiol ester, hydrolyzing a
member of these species (beside S-D-lactoylglutathione) to their corresponding

carboxylic acids and reduced glutathione (Cordell et al., 2004).

A total of 69 proteins, for example; glutathione peroxidase, trios-phosphate

isomerase, proteasome subunit beta type I, glutathione-s-transferase, cytosolic
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superoxide dismutase, aldo-keto reductase, beta actin and careticulin were

comparably expressed during ovarian development of normal P. monodon.

Aldo-keto reductase enzymes comprise a functionally diverse gene family
which catalyzes the NADH-dependent reduction of a variety of carbonyl compounds
such as sugars, glucuronate, curtain aldehyde metabolites derived from the biogenetic
amines and corticosteroid hormones as well as xenobiotic aldehydes and ketones

(Bohren et al., 1989).

Proteasome subunit beta type I was characterized by proteomic studies.
Proteasome are highly complex protease responsible for selective protein degradation
in eukaryotic cells. The#268 proteasome consists of two regulatory 19S cap
complexes and 20S proteasome, which acts as the proteolytic or module subunit. The
26S proteasome degrades ubiquitinate¢ " proteins in an ATP-dependent reaction,
whereas 20S proteasome alone does ot e%g_hibit that activity. It is thought that the 19s
cap complexes of the 26S proteasome, whi':(#iha"consist of ATPase, are associated with
various cellular activities and non—ATPas'é:,'sujb‘units are recognition, unfolding and
transport of a substrate protein {0 the protec?lyﬁcally active 20S core (Gueckel et al.,
1998). i

-

Seventy-nine ~_proteins, for example; beta INAC-like protein, alcohol
dehydrogenase, heterogeneous nuclear ribonucleoprotein, Epa4p, ovarian peritrophin,
cysteine protease,, L-3-hydroxyacy-coenzyme, A. dehydrogenase and heat shock
protein 21.4, were ipresent i stage.dl ovaries but net in matufe ovaries (stage IV). In
contrast, 34 proteins, for example; glyoxylase 1, transaldolase, RAN binding protein,
phosphoglycerase Kinase, cytosolic: NADP-dependent isocitrate dehydrogenase, Tat-
binding protein 7, Fah-prov protein and vitellogenin, were observed in mature ovaries

but not at the stage Il ovaries.

Beta-NAC-like protein involves metabolism of N-acetyl-L-cysteine (NAC).
The free radical scavenger, NAC, is used clinically for a broad spectrum of
indications including mucolysis, detoxification after acetaminophen poisoning, adult

respiratory distress syndrome (ARDS), hyperoxia-induced pulmonary damage, HIV
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infection, cancer, and heart disease (Pajonk et al., 2001). Free radicals are critical in
the determination of protein structure, regulation of enzyme activity, protein

phosphorylation, and control of transcription factor activity (Pajonk et al., 2001).

The nuclear accumulation of proteins containing nuclear localization signals
requires the Ran GTPase and a complex of proteins assembled at the nuclear pore.
RanBP1 is a cytosolic Ran-binding protein that inhibits RCC1-stimulated release of
GTP from Ran GTPase. RanBP1 also promotes the binding of Ran GTPase to
karyopherin B (also called-amportin Bjcll’ld p97)-and is a co-stimulator of RanGAP
activity. RanBP1 and kasyepheiin [ interact with distinct sites of Ran GTPase
suggesting that RanBPleplays an essential role in nuelear transport by permitting
RanGAP-mediated hydrolysis /of GTP on Ran complexes to karyopherin J3
(Lounsbury et al., 1997). =%

Heterogeneous nuiclear ribonucled'prdtein (hnRNPs) is RNA-binding proteins
involved in RNA procesSing, ‘an’ essentjé%l ‘step for control of mammalian gene
expression (Shin, K. et al., 2008). Glutathiléfflé'_lj)‘f:roxidase is antioxidant enzyme plays
an important role in scavenging H>O- and hﬁld .-Jhydroperoxide function in detoxifying
lipid by-product. i -

Generally, protein successfully identified in eyestalk-ablated shrimp included
enzymes in the glycolytic pathway and amino acid metabolism, protein involved in
cellular structure ,and, functions.  Stress-related proteins. were also identified and
characterized. ! Some [prot€ins 'such I as fglutathiene ! peroxidase, trios-phosphate
isomerase, B-actin and protein disulfide isomerase were existent.in multiple spots.

This may resulted from more posttranslational modification of these proteins.

3.3.3 Stages II ovaries of normal and eyestalk-ablated P. monodon

broodstock

Protein profiles of stage II ovaries of normal and eyestalk-ablated P. monodon
were compared to identify key proteins that responded to induction of ovarian

development by eyestalk ablation.
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Twelve proteins including trios-phosphate isomerase, unnamed protein
product, unknown protein, ubiquitin carboxyl terminal hydrolase L5-like protein, 26s
proteasome non ATPase-regulatory isoform A subunit, allergen pen m?2,
phosphopyruvate hydratase, phosphoglycerate kinase, adenosylhomocysteinase, beta
actin, unknown protein and F1-ATP synthase beta subunit were up-regulated. Trios-
phosphate isomerase and phosphopyruvate hydratase functionally involved energy

production and catabolism (Table 3.4).

In contrast, 26 proteins for example, chaperonin containing TCP1 subunit 5,
arginine kinase, carbonic anhydrase, hypothetical protein, beta NAC-like protein and

peroxiredoxin 4 were down-regulated.
|

Chaperonin containing/TCPL subunit 5, a member of the chaperonin family of
molecular chaperones;” binds® 0 newly synthesized ‘or denatured proteins and

facilitates folding in an ATP~dependent reé_ction cycle (Hynes et al., 1996).

Carbonic anhydrase: (or carbonraﬁe_r dehydrogenase) catalyze the rapid
conversion of carbon dioxide to bicarbonateiéﬁ"c'l' proteins, a reaction that occurs rather
slowly in the absence of a-catalyst. The ‘active_site of most carbonic anhydrase
contains a zinc ion; they are therefore classified as one-of the metalloenzymes. The
primary function of this enzyme in animal is to interconvert carbon dioxide and
bicarbonate to maintain acid-base balance in blood and"other tissues, and to facilitate

transport carbon.dioxide out of tissues (Khalifah et.al.,.1970).

Peroxiredoxin 4 has recently been regarded as a new family of thiol-specic
antioxidant protein. Peroxiredoxins |perfoini theif profective”antioxiddnt role in cells
through their peroxidase activity whereby hydrogen peroxide, perxynitrite and wide

range of organic hydoperoxides are reduced and detoxified (Giguere et al., 2007).

Expression of 29 proteins, for example, beta thymosin, adenosine kinase,
spermatogonial stem cell renewal factor, vitellogenin precursor, NADH-specific
isocitrate dehydrogenase, cytosolic manganese superoxide dismutase, proteasome
subunit o type, glutathione peroxidase, glutathione-s-transferase and aldo-keto

reductase, were comparable expressed during ovarian development of P. monodon.
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Interestingly, 120 proteis were present in stage Il ovaries of normal shrimp but
not in those of eyestalk-ablated shrimp and 106 proteins were present in the opposite

direction (Table 3.4).

Adenosine kinase (adenosine 5'-phosphotransferase) catalyzes the
phosphorylation of adenosine to it monophosphte form. Purified adenosine kinase
enzymes from several sources have been shown to possess broad substrate
specificities. Because of this important property the enzyme has been implicated in
the phosphorylation of many- potentially pharfhacelogically active purine nucleotide

analogs (Datta et al., 1986).

The reactive oxygen species (ROS) and reactive oxygen intermediates (ROI)
are produced during nommals aerobic metabolism and increased in physiological
conditions that resulted infoxidative stré‘ssJ_and during defense reactions. ROI and
ROS are rapidly eliminated: by antioxidant enzymes, such as superoxide dismutase
(SOD), catalase, glutathione peroxidase‘,'; "glutathione reductase, glutareodoxin,
thioredoxin reductase, etc.m SOD detoxiffétsf stuperoxide redical by converting the
substrate to hydrogen peroxide and oxygen. Hy&rogen peroxide is then transformed to
water and oxygen by, catalase, resulting in i'.r_lﬁ.(m)cuous compounds to cells (Gomez-

Anduro et al., 2006).

3.3.4 Stages IV ovaries of normal and eyestalk-ablated P. monodon

broodstock

Characterization of proteins expressed in mature ovaries of normal and
eyestalkzablated P.\ vioriodon broodstock’ fevealed/ that Tl <protein spots were
upregulated. They are carbonic anhydrase, electron transfer flavoprotein, Epadp, esl
protein, glutathione peroxidase, Rab3 GTPase-activating protein, CG10527-like
methyltransferase, unnamed protein product and hyprothetical protein and two

unknown proteins.

Electron transfer flavoprotein (ETF), a soluble protein located in the
mitochondrial matrix, plays a crucial role in the fl-oxidation of fatty acids and the

oxidative demethylation reaction of mitochondrial ‘one-carbon cycle’ by coupling
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several flavoprotein dehydrogenase to the electron transport system (Husain et al.,

1982).

Methyltransferase is a transferase enzyme which transfers a methyl group
from a donor to an acceptor. Often methylation occurs on nucleic bases in DNA or
amino acids in protein structures. DNA methylation may be necessary for normal
growth from embryonic stages in mammals. Site-specific methyltransferases have the
same DNA target sequences as certain teseriction enzymes. Methylation can also
serve to protect DNA from enzyimatic cleavage; sifice restriction enzymes are unable
to bind and recognize externally modified sequences

(http://en.wikipedia.org/wik yMcihyltransferase).
|‘

Six protein spotsdncliding ‘protein disulfide isomerase (6500/5.6), cytosolic
manganese superoxide dismutase, mitogho_ndrial aldehyde dehydrogenase, protein

disulfide isomerase (53500/5.7). acyl coéﬁzyme A dehydrogenase and glutathione-s-

transferase were downregulated (Tab]e %5), :
5

of

The glutathione-s—transferaée (GST};crfégfmes are the best known for their role
in detoxification of_various™ exogenous ééﬁpOUnds. These enzymes catalyze the
nucleophilic attack’ of-the-thiol-group-of -GSH; y-glutamylcysteinylglycine, at an
electrophilic site of the!second substrate. This reactionmost frequently results in the
covalent linkage of GSH to the second substrate, yielding a GSH conjugate, which

generally less toXig than the'parenticompound (Irzyk et-al.£1993).

Acyl-coA dehydrogenases are a class of enzymes which function to catalyze
the initial step in each,cycle of fatty acid a, B-dehydrogenation imthé - mitochondria of
cells and transfer electron to electron transfer flavoprotein (Nagao et al., 1993). Their
action results in the introduction of a trans double-bond between C2 and C3 of the

acyl-coA thioester substrate. FAD is a required co-factor in the mechanism in order

for the enzyme to bind to its appropriate substrate.



Table 3.2 Characterized protein spots in stage II and IV ovaries of normal P: nionodon broodstock
Table 3.2 Characterized protein spots in stage Il and IV ovaries of normal P.7uonedon broodstock (cont.)

Spot no. Protein name Clone no. oi Observed Mr Calculated Masscot Dif(fold) /
Stages 11 Stages IV 1/1v Iy (Da)/pl Mr (Da)/pl Score Present
I/1V I/1V 111v
1 118 Unknown/ unknown 0.1
2 114 Unknown/ unknown -
3 113 unknown/ unknown ‘ 0.02
4 Polymerase (RNA) II(DNA direct) LP&V-S01- 000199976 18000/4.5 20600/8.48 85 Present
polypeptide 0409-LF i
5 Unknown - Present
6 Unknown . & Present
7 115 Unknown/ Translocation protein Tol 13473330 18500/5.0 47651/6.69 71 -
B
8 Unknown Present
9 Unknown . Present
10 Unknown —— Present
11 117 Cyclic AMP-regulated protein like AG-N:=NO1= 0000002809 18000/5.0 27711/6.15 286 0.13
protein/ unknown 0644-W- — il
12 Unknown ¥ Present
13 Unknown Present
14 Unknown Present
15 Unknown Present
16 Unknown Present
17 Unknown Present
18 Unknown Present
19 Unknown Present
20 Sarcoplasmic Ca2+ binding AG-N:NO1- 000000897 23500/4°6 27761/5.55 Present
protein,alpha B and A chain 0210-W
21 Unknown Present
22 119 Translationally controlled tumor AG-N-NOI- 000000307 24000/4.4 26667/4.52 -
protein/ unknown 0078-W
23 120 Unknown/ unknown -
24 Unknown Present
25 92 Unknown/ unknown 0.18
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Spot no. Protein name Clone no. gi Observed Calculated Masscot Dif(fold) /
Stages I  Stages IV I/1v 1n1v Mr (Da)/pl Mr (Da)/pl Score Present
I/1V 111v I/1V
26 132 Unknown/ Unknown 0.15
27 Unknown 4 Present
28 Beta actin HC-N-NO1- 19000/5.5 27359/6.59 51 Present
10367-LE
29 Intracellular fatty acid binding protein LP-N-NO - 000192873 16500/5.5 21988/7.75 62 Present
0788 LF |
30 109 Unknown/ Unknown k& -
31 110 Unknown/ Unknown - -
32 108 Unknown/Intracellular fatty acid LP-N-NOIT- 000193375 16800/5.6 25439/8.84 403 0.02
binding protein 0938-LF {, N
33 Unknown i/ Present
34 107 Intracellular fatty acid binding protein/ LP-N&SO1 - 000196483 16000/6.0 28247/9.05 251 -
Unknown 0246-LF : "
35 106 Unknown/ Unknown 2 -
36 105 Cofilin/actin-depolymerizing factor/ HC-H-SO1- 000072104 19000/6.2 27806/7.25 185 0.07
Unknown 0582-LE —
37 Unknown = Present
38 Unknown - Present
39 Unknown Present
40 102 Unknown/Proteasome subunit type 6 HC-N-NO1- 000108639 24000/6.0 26674/5.38 98 0.04
precursor 3953-LF
41 135 Unknown/ Unknown -
42 101 Unknown/Glutathione peroxidase GIEp-N-S01- 000061515 25500/5.95 27384/7.53 254 -
1793-LF
43 103 Unknown/ Unknown -
44 Unknown Present
45 Unknown Present
46 Unknown Present
47 104 Unknown/CG 10527-like= IN-N=S0*+ 000186525 19000/6.10 22764/5.89 127 0.1
methyltransferase 0718-LF
48 Unknown Present
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Table 3.2 Characterized protein spots in stage II and IV ovaries of normal P: monodon broodstock (cont.)

Spot no. Protein name Clone no. gi Observed Calculated Masscot Dif(fold) /
StagesII  Stages IV v uav Mr (Da)/pI  Mr (Da)/pl Score Present
3 1/1v 1I/1vV 1I/IV)
49 126 unknown/ Glutathaione -s-transferase AG-N-N0I-0855-W 0000003782  28000/6.15 29371/6.12 60 -
50 98 Glutathaione-s-transferase/ HPa-N-NO04-1530-LF 000177675/ (26000/5.98) (28485/6.27) 246/77 0.1
Glutathaione-s-transferase AGTN-NO 1£0855-W 000177675 / /
‘1 (26000/5.98) (29371/6.12)
51 97 Unknown/DN ] -
52 99 Trios-phosphate isomerase/ DN HE-NANQ1 411301+ & 000085996 29000/6.0 26634/6.22 88 -
"5 =
53 96 Hypothetical peptide transporter ATP- . T p 37000/5.85 35701/9.59 54 -
binding protein/unknown o "

54 95 Unknown/unknown id 0.06

55 141 Unknown/Glutathione peroxidase GL-H-SO}- 1009 LF 41000023037 25500/5.5 27221/6.59 52 0.01

56 Unknown Present

57 Beta thymosin HC-N-NO 1= 7394 o f 000127904 26000/5.95 27660/6.65 109 Present

58 136 2-cys thioredoxin peroxidase/2-cys OV-N- SOl -0212-W- 00ﬂ217496/ (26500/5.93) (25235/6.41) 171/66 -

thioredoxin peroxidase OV-N-NOi= 036() W —600207902 / /
e = (26000/5.30) (27692/7.07)

59 91 Unknown/2-cys thioredoxin peroxidase; OV-N-SO 1 - 1 662-W 000225 393.  #25500/5.30 27726/5.3 251 0.01

60 88 Unknown/ unknown T s 0.12

61 Unknown \ 7 X Present

62 87 Unknown/ Proteasome subunit o type 5 = HC-N-NO1-12735- 000093024 — 29000/5.0 28421/8.80 105 0.05

LF

63 Unknown b Present

64 Unknown Present

65 Unknown Present

66 Unknown Present

67 89 Unknown/unknown -

68 Unknown Present

69 68 Unknown/unknowin -

70 156 ND/unknown -

74 67 Unknown/Cytosolicimanganese HC-V-S01-0153-LF 000145497 32500/5.6 34293/6.19 98 0.10

superoxide dismutase
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Table 3.2 Characterized protein spots in stage II and IV ovaries of no

odon broodstock (cont.)
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Spot no. Protein name i Observed Mr Calculated Masscot Dif(fold) /
Stages 11 Stages IV I/v ﬁ) (Da)/pl Mt (Da)/pl Score Present
% — 1/Iv 1/Iv 1/IV

75 60 Unknown/unknown -

79 53 Unknown/unknown -

80 51 Unknown/DN -

81 52 Unknown/unknown -

82 49 Unknown/unknown -

84 137 Unknown/ unknown -

89 Unknown Present

90 Unknown Present

93 71 Unknown/Hypothetical protein 38500/5.35 24360/9.32 61 -

97 Unknown Present

99 Unknown Present

100 Unknown Present

101 Unknown Present

102 Unknown Present

103 Unknown Present

104 Unknown > Present

105 Transaldolase HC- W%z’w 41000/5.65 25248/5.92 181 Present

107 44 Unknown/Alcohol dehydrogenasell :1 OV-N-S01-0682 42500/5.65 26981/5.41 261 0.15

108 Hypothetical protein 0000/5.75 29498/8.61 54/91 Present

109 Actin D HC-N-NO01-5201-LF 44000/5.65 27053/5.54 124 Present

110 Actin 2 AQN -NO01-0779-W 44500/5.80 26914/4.85 135 Present

111 Unknown Present

112 Unknown u EJ V] EJ m\ j w EJ ’] ﬂ i Present

113 46 Unknown/ unknown 0.07

114 Adenosine kinase HPA-N-NO01:0792- 43000/ 24514/9.72 54 Present

v oAb 1S mgou qu i) E"JQ ¢|

116 55 Arginine kinase/;junknown -N- 0368- 28557/7.83 351 -

06
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Table 3.2 Characterized protein spots in stage II and IV ovaries of normal P: nionodon broodstock (cont.)

91

Spot no. Protein name Clone no. gi Observed Mr Calculated Masscot Dif(fold) /
Stages I  Stages IV v Hav (Da)/pl Mr (Da)/pl Score Present
3 /v 1/1v 1/1v
117 57 Arginine kinase/Arginine kinase AG-N-NO1-1003-W 0000004411/ (42000/6.55)/ (28557/7.83)/ 939/255 -
AG-N-NO1-0619-W 0000002692 (42000/6.55) (28261/8.80)
118 59 Allergen pen m 2/unknown HCAN-NO 14964714 000139652 42000/6.75 278717/7.84 357 -
119 60 Glyceraldehyde 3 phosphate GL-H-S01:0663=E 000021673 33500/6.90 25544/6.38 250 -
dehydrogenase/unknown -4 3 &
120 159 Putative fructose 1,6-bisphosphase HC-H-S01:0323-LF 000070615 44000/6.90 28601/6.67 80 -
aldolase/unknown Y T p
121 Phosphopyruvate hydratase ! ) 3885968 51000/6.2 47805/6.18 696 Present
122 20 Phosphopyruvate hydratase/ HC-H-S01-0743-LE< 000072865/ (50000/6.60) (28432/5.26)/ 405/235 -
Phosphopyruvate hydratase HE-H-801-0743-LF. 4 4000072865 (50000/6.5) (28432/5.26)
123 37 Spermatogonial stem cell renewal HC-H-S01-0581-LF « , 000072097 45000/6.55 26986/6.02 256 -
factor/unknown - Z/2 '
124 36 Phosphoglycerate kinase/unknown HE-N-NO1-12748--~+.000093100 45000/6.50 272874/9.45 172 -
i —
125 Phosphopyruvate hydratase HC-H-S01-0713-LF 5000072865 50000/6.45 28432/5.26 110 Present
126 35 NADH-specific isocitrate OV-N-S01-1780-W 000225962 ¢ (45000/6.45) (27118/5.37) 264 -
dehydrogenase/ unknown i

127 30 unknown/ unknown \ X -

128 29 Adenosyl homocysteine/ unknown = 72110134 44000/6.35 48061/5.89 78 -

129 Adenosylhomocysteinase | OV-N-SO1-1595-W 000225037 45000/5.85 27118/5.37 249 Present

130 28 Beta actin/unknown "~ HC-N-NO1-1004-LF 000079292 45000/5.75 30042/5.14 101 0.13

131 Beta actin HE=N-NO01-1092-LF 000083835 45000/5.70 30042/5.14 322 Present

132 Beta actin HC-N<S01-0525-LF 000143936 50000/5.50 34171/5.81 67 Present

133 Beta actin HC:N-NO1-1092:LE 000083835 48000/5.60 30042/5.14 56 Present

134 Unknown Present

135 rab gdp-dissociation inhibitor HC-N-N01-4554-LF 000111854 50000/5:75 23862/6.62 129 Present

136 22 Unknown/Mitocondsial-aldehyde OV-N=S01=1601:W 000225074 50000/5:6 26678/5.63 96 -

dehydrogenase 2
137 Methylmalomate-seinialdehyde OV-N-S01-0565-W 000219471 54000/5.85 27233/5.14 88 Present
dehydrogenase

16



Table 3.2 Characterized protein spots in stage II and IV ovaries of normal P: nionodon broodstock (cont.)

92

Spot no. Protein name Clone no. gi Observed Mr Calculated Masscot Dif(fold) /
Stages II.  Stages IV v uav (Da)/pl Mt (Da)/pl Score Present
3 1/1v 1/1v v
138 Tubulin beta-1 chain HC-N-S01-0037-EF 000141337 55000/5.85 33568/6.44 83 Present
140 Unknown Present
141 Unknown Present
142 17 Unknown/unknown \ -
143 16 Unknown/DN | -
144 14 chaperonin containing TCP1 subunit HCGEN-NOJ-7872-LE 4 7 000130592 60000/5.95 26006/4.94 60 -
5/unknown s =
145 Unknown - Present
146 Unknown \ & Present
148 Hemocyanin " 854403 65000/5.60 74992/5.27 118 Present
149 Hemocyanin HPa-N-S01-01 06-LF'_"- 000179787 65000/5.55 28981/5.77 112 Present
150 12 Protein disulfide isomerase/ Protein OV-N=SO1-0764-W 000220555/  (59000/5.70)/  (29075/5.60)/  418/435 -
disulfide isomerase OV-N-S01-0764-W 000220555 (59000/5.70) (29075/5.60)
151 15 Unknown/Pyrroline-5-carboxylate GIEp-N-NO1-2568- = 000050030 59500/5.95 26690/8.0 65 -
dehydrogenase W= o
152 9 chaperonin containing TCP1, subunit . 5453603 60000/5.45 57794/6.01 82 0.08
2/unknown === T
153 chaperonin containing TCP1, subunit 2.4 - LP-N-S01-0061-LF 000195548 60000/5.4 27691/9.22 245 Present
154 8 Hsp60 protein, putative/unknown | —=—TT=N=S01=0846=-W 000236557 60000/5.25 26532/5.11 336 -
155 Cytochrome b HPa-N-N03-1765-LF 00016702 “66000/5.2 23867/10.39 52 Present
156 Tubulin beta-2 chain ‘ 3915093 51354/4.85 1018 Present
157 86 Tubulin beta-1 chain/ Tubulin beta-1 =+ HC-N-S01-0037-LF 000141337/ (52000/5.1)/ (33568/6.44)/ 722176 0.07
chain HC-N-S01-0037-LF 000141337 (52000/5.1) (33568/6.44)
158 beta Tubulin HC-N-S01-0150-L.F 000141985 49000/5.08 28808/8.25 72 Present
159 Tat-binding protein 1 OV-N-SO1-1291-W 000223407 49000/5.25 27220/4.58 354 Present
160 40 Unknown/Protein disulfide isomerase LP-N-NO1-1193-LF 000194648 29000/5.6 27345/6.11 104 -
161 42 Unknown/ Tat binding protein 7 263099 46000/5.28 51635/5.52 63 -
163 Beta actin HC-N-NO01-1092-LF.. .. 000083835 44000/5.4 30042/5.14 535 Present
164 43 Beta actin/ Beta actin HC-N-NO1-1092-LF /1 000083835/ «(44000/5:50)/ (30042/5.14)/ 809/408 -
HC-N-NOT-1T092-LF* " 000083835 (44000/5.50) (30042/5.14)

6



Table 3.2 Characterized protein spots in stage II and IV ovaries of normal P: mornodon broodstock (cont.)
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Spot no. Protein name Clone no. gl Observed Mr Calculated Masscot Dif(fold) /
Stages I  Stages IV v J IV (Da)/pl Mr (Da)/pl Score Present
1/1v 1/1v 1/1v
165 Unknown Present
166 Putative 40S ribosomal protein HC-NENO1-13854- 000098347 43500/4.90 27102/6.51 159 Present
LF \
167 Putative 40S ribosomal protein AG:N-NO1-0263 —W 0000001143 44000/4.85 27096/9.82 159 Present
168 Unknown = Present
169 Unknown | Present
170 Unknown . Present
171 75 Unknown/unknown : -
172 73 Unknown/unknown -
173 Unknown /R Present
174 Unknown = Present
175 Unknown r ey e Present
176 Beta actin HC-N-SO1-0525-LF 000143936 31000/5.05 34171/5.81 67 Present
177 Unknown o 22 - Present
178 Unknown Present
179 Unknown — — o Present
180 81 Chromobox protein OV-N-S01-1463-W 000224391/ ~(31000/4.55)/ (27869/5.17)/ 70/73 -
homolog1/Chromobox protein ‘ 000224391 (31000/4.55) (27869/5.17)
homologl
181 Unknown Present
182 80 Unknown/unknown -
183 78 Unknown/Ovarian peritrophin 2 OV-N-S01-0396-W 000218515 36500/4.7 29164/5.17 121 -
precursor
184 Proliferating cell nuclear antigen OV-N-NO1-0805-W 000210488 36000/4.70 27144/5.0 472 Present
185 79 Unknown/Peritrophin 3 precursor OV-N-NO01-0689-W _ _ 000209805 37000/4.65 27869/5.17 127 -
186 Unknewn Present
187 Unknown Present
188 Unknown Present
189 Retinoblastoma binding protein 4 OV-N-S01-2043-W 000227384 54000/4.80 27401/5.43 60 Present

€6



Table 3.2 Characterized protein spots in stage II and IV ovaries of normal P: nionodon broodstock (cont.)

Spot no. Protein name Clone no. ol Observed Mr Calculated Masscot Dif(fold) /
Stages I  Stages IV v v (Da)/pl Mr (Da)/pl Score Present
) 1I/IV 1I/IV 1/1v
190 84 F1-ATP synthase beta subunit/ F1- OV-N-SOI- 000225709/ (49000/4.85)/ (26036/4.81)/ 446/246 -
ATP synthase beta subunit 1723-W. 000225709 (490000/4.85) (26036/4.71)
191 F1-ATP synthase beta subunit OV-N-SO.i- 000223015 52500/4.90 26036/4.81 454 Present
1723 M. \
192 83 Protein disulfind isomerase/ Protein OV-N-S01- 0602230 15/ (56500/4.70)/ (28064/4.66)/ 563/343 -
disulfind isomerase 122 1-W 000223015 (56500/4.70) (28060/4.66)
193 Unknown = Present
194 Unknown T p Present
195 1 Glycoprotein 93 CG5520-PA/DN OV-N-NO 1= 000205923 97000/4.85 28011/4.70 466 -
0023-W id
196 3 Valosin containing protein-1/DN HC-N=NQ 1+ 000114465 75000/5.45 27017/5.30 85 -
5012-LF , g
198 Valosin containing protein-1 HOAN-NOA 000114465 75000/5.40 27017/5.30 85 Present
5012.—‘LF - s -'_,J:J
199 Unknown — Present
200 Unknown “J.". = Present
201 Unknown Present
202 Unknown Present
203 Unknown X Present
204 Unknown Present
205 Unknown i Present
206 Beta tubulin HC-N-S01- 000141985 56500/5.70 36348/9.97 69 Present
@150-LF
207 Unknown Present
210 Unknown Present
211 Unknown Present
212 Unknown Present
213 Unknown Present
215 Unknown Present
10 Unknown Absent

94
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Table 3.2 Characterized protein spots in stage II and IV ovaries of normal P: nionodon broodstock (cont.)

Spot no. Protein name Clone no. gi Observed Mr  Calculated Masscot Dif(fold) /
Stages I  Stages IV N/EA 1/av (Da)/pl Mr (Da)/pl Score Present
3 1/1v 1/1v 1/1v
11 Protein disulfide isomerase IN-N-S01-0691-LF 000186374 55000/5.5 27052/5.10 61 Absent
13 Protein disulfide isomerase OV-N-S0i=0764-W 000220555 65000/5.6 29075/5.6 712 Absent
18 Unknown Absent
19 Unknown 1 Absent
21 Mitochondrial aldehyde OV-N-SO1=1601-W ] 000225074 50000/5.1 26678/5.63 59 Absent
dehydrogenase 2 -4 3 &
23 Hypothetical protein GIEp-N-NO1-2817- ; 000051477 52000/5.6 26517/8.67 48 Absent
LF ' i
24 Unknown ;. Absent
25 Unknown id Absent
26 Methyl malonate semialdehyde OV-N-S01-0565<W- 1.+ 4000219471 52000/5.7 27233/5.41 79 Absent
dehydrogenase A
27 Unknown = J/A " Absent
31 Putative conjugal transfer protein /] }I_'_l._6245 0544 44000/6.05 170011/6.29 74 Absent
33 Unknown = Absent
34 Unknown i o Absent
38 Unknown Absent
39 Unknown — Absent
41 Unknown N J Absent
45 Hypothetical protein LP-V-S01-0528-LF 000200635 41000/5.75 27243/9.85 206 Absent
48 Unknown Absent
50 Unknown Absent
54 L-3-hydroxyacyl-Co A OV-N=NO1-1642-W 00021537 34000/6.25 26197/9.3 59 Absent
dehydrogenase
56 Unknown Absent
58 Arginine kinase AG-N-NO01-1003-W 0000004411 41000/6.29 28557/7.83 50 Absent
61 Unknown Absent
62 Unknown Absent
63 Unknown Absent
64 Unknowfi Absent
65 Unknown Absent
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Table 3.2 Characterized protein spots in stage II and IV ovaries of normal P: nionodon broodstock (cont.)

96

Spot no. Protein name Clone no. gi Observed Mr Calculated Masscot Dif(fold) /
Stage II Stages IV v L/Aav (Da)/pl Mr (Da)/pl Score Present
) 1/1vV 1/1v 1I/1vV
66 Unknown Absent
69 Unknown Absent
70 Unknown Absent
72 Secreted inorganic pyrophosphatase = OV=N-NO1-0542-W 000208952 36000/5.3 26955/6.42 96 Absent
74 Unknown ] Absent
76 Unknown -4 3 ¥ Absent
77 Ovarian peritrophin 2 precursor OV-N-S01-0389-W 000218474 36000/4.85 31441/5.0 216 Absent
82 Unknown ! T ; Absent
85 Heat shock like protein QV-N —N01+0015-W:, 7000205873 70000/5.10 27824/4.71 128 Absent
90 Unknown id Absent
93 Unknown iRy Absent
94 Unknown y A Absent
100 Triose-phosphate isomerase OV-N-NO0364-W - J'I:"f)()0207925 27000/5.95 16635/6.66 240 Absent
111 Translocation protein Tol B /. 13473330 14000/5.48 47651/6.69 78 Absent
116 Unknown — Absent
122 Unknown = Absent
123 HAD family hydrolase 145590757.. ¢ 27500/6.30 145590757 51 Absent
124 Unknown — Absent
125 Unknown J Absent
127 HAD family hydrolase 145590757 28500/6.05 145590757 64 Absent
128 Unknown 223947443 30000/6.10 70395/5.47 67 Absent
129 Unknown _ Absent
130 Unknown Absent
131 Unknown 223947443 24000/5.42 70395/5.47 74 Absent
133 Unknown Absent
134 Unknown Absent
138 Unknown 223947443 43000/5.85 70395/5.47 65 Absent
140 NLI interacting factor like 118354395 43000/5.25 64193/8.92 63 Absent

phosphatase family protein
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Table 3.2 Characterized protein spots in stage II and IV ovaries of normal P: miornodon broodstock (cont.)

Spot no. Protein name Clone no. o ogi Observed Mr Calculated Masscot Dif(fold) /
StagesII  Stages IV 1/1v v (Da)/pl Mr (Da)/pl Score Present
1/1V 1/1v I/1v

142 Hypothetical protein 128477668 43000/5.50 20547/9.73 63 Absent
143 Hypothetical protein 123477668 40000/5.40 20547/9.73 67 Absent
144 Unknown v Absent
145 Albumin 30962111 67000/6.75 67862/5.23 165 Absent
148 Vitellogenin 45774386 67000/6.50 285335/6.55 368 Absent
149 Unknown 223947443 54000/5.90 70395/5.47 62 Absent
150 Unknown 2239"47443 28500/5.90 70395/5.47 66 Absent
151 Unknown 223947443 30000/5.9 70395/5.47 63 Absent
157 Vitellogenin 45774386 72000/6.50 285335/6.55 114 Absent
160 Unknown

J_

DN = chromatogram was not observed during mass spectrometrical ana]ysm

ND = not determined by nanoESI-LC-MS/MS
Dif (fold) = differential expression and the fold change >1.5 is regarded as upregulatlon, < 0.67 = down regulation, - = comparable protein levels,
Present = proteins that were found in stage I ovaries of normal broodstock but not in the stage IV of normal broodstock.
Absent = proteins that were not found in stage IV ovaries'ofnormal broodstock but notin the the siage II of normal broodstock.

ey 7|j".1
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Table 3.3 Characterized protein spots found in stage Il and IV ovaries of eyesialie=ablated P. monodon broodstock

98

Spot no. Protein name Clone no. gi Observed Mr Calculated Mass Dif(fold) /
II/IV o II/IV (Da)/pI Mr (Da)/pl cot Present
Stages 11 Stages IV /v /v Score
1I/IV
1 DN | Present
2 2 DN/ nucleoplasmin isoform 1-like GL-H-S01 —0626ILF 000021469 23000/4.5 21693/4.77 72 0.7
protein -
3 DN ¥ Present
4 3 DN/unknown = 17000/5.2 29064/9.24 55 -
5 4 DN/Eukaryotic initiation factor SA HC-H-S01- 1'060—'{:13 000074845 17000/5.3 17488/5.71 113 2.18
6 DN > :) N Present
7 DN Fi Present
8 6 DN/unknown % il -
9 8 Unknown/CG10527-like LP2V-S01-0093-LE 7 000198230 17000/6.0 22764/5.89 111 0.1
methyltransferase X v dia

10 10 Unknown/Rab3 GTPase-activating HC-H.-SO F0575-TF== 1000072064 22000/6.5 21511/11.29 70 0.42

protein o= il
11 Glutathione peroxidase IN-N-SO{=1245 —LF..T‘ - 1000189297 24000/6.4 25178/5.78 94 Present
12 Glutathione-s-transferase AGNNOT-0855-W- 000177675 ‘ 26000/6.2 29371/6.27 234 Present
13 22 Glutathione peroxidase / Glutathione GL-H-S01-1009-LF 000023037/ | (24000/6.20)/ (27221/6.59)/ 555/7 -

peroxidase © IN-N-SOi-i245-LF 000189297 (24000/6.20) (25178/6.59) 9
14 Glutathione peroxidase . IN-N-S01-1245-LF 000189297+  20000/6.0 25178/5.78 271 Present
15 127 Unknown/ND f ]
16 Unknown ¥ Present
17 133 proteasome subunit beta type I/ND TT-N-S01-0369-W 000234396 25000/5.85 19494/5.09 66 -
18 21 Glutathione peroxidase/ Glutathione IN-N-S01-1245-LF 000189297/ (24500/5.95)/ (25178/5.78)/ 226/1 5.40
peroxidase GL:H-S01-1009-LF 000023037 24500/5.95) (27221/6.59) 42
19 125 Triose-phosphate isomefase/ND HC-N-N01-9543-LF 000139250 26000/6.0 26449/6.30 256 -
20 126 Glutathione-s-transferase/ND HPa-N-N04-1530-LF 000177675 26000/5.98 26521/6.22 481 -
21 124 Peroxiredoxin 4/ND OV-N-S01:0549-W 000219380 27000/6.0 24378/5.96 58 0..36
22 35 Hydroxyacyl glutathione hydrolase/ HE-H=S0140325 000070627/ (27000/6:10)/ (21088/6.13)/  67/88 0.40
Hydroxyacyl glutathione hydrolase 000070627 (27000/5.9) (21088/6.13)

23 Unnamed protein product OV-N-SO1-1944-W 000226831 25000/5.7 28884/11.88 67 Present
24 Unknown Present
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Table 3.3 Characterized protein spots found in stage II and IV ovaries of eyestalk-ablated P. monodon broodstock (cont.)

99

Spot no. Protein name Clone no. gi Observed Mr Calculated Massco Dif(fold) /
Stages 11 Stages IV /v /v (Da)/pl Mr (Da)/pl t Present
2 v v Score
1/1v
25 Beta thymosin OV-N=SOI-1085-W 000222248 20500/5.85 14784/5.35 59 Present
26 Glutathione peroxidase IN-N=SO1-1245-LF 000189297 22000/5.6 25178/5.78 115 Present
27 19 Beta thymosin/DN GIEp-N-S01:131 %-LF 000058975 20000/5.5 26091/6.09 188 -
28 18 Beta thymosin/ Beta thymosin HCsW-S01-0050-LF 000147620/ (22000/5.4)/ (26519/5.45)/  289/56 0.25
GIEpAN-S01-:1318LE 000058975 (22000/5.4) (26091/6.09)
29 17 Glyoxylase 1/DN OV-NESQ1-1440°W 000224263 (21000/5.5)/ (28333/6.51)/ 139/71 -
T" . (22000/5.6) (21511/11.09)
30 Scavenger receptor cysteine protein IN-N-SO 1"-1294—L;F 000189569 24000/5.48 22358/10.30 51 Present
precursor id
31 15 2-cys thioredoxin peroxidase/2-cys HC—H-SOL—O335-LF -1 000070688/  (25000/5.35)/ (23660/5.49)/  340/288 -
thioredoxin peroxidase ' / 000070688 (25000/5.35) (23660/5.49)
32 Heat shock protein 21.4 OV-N-NO1£0298-LF . 000207530 24000/5.4 25851/7.16 126 Present
33 11 Unknown/unknown Y aind ety -
34 Unknown — Present
35 1 Unknown/ unknown =t if-_-.'__; - X -
36 12 Unknown/unnamed protein produet .~ HC-N-NO1-10980-LF 000084186 » 26000/5.2 27150/4.66 73 3.11
37 Proteasome subunit alpha type = HC-H-SO1-O111-LF 000141763 35000/6.0 27226/7.7 107 Present
38 beta-Nac-like protein J HC-N-NO1-13561-LF | 28000/5.4 26425/4.58 68 Present
39 14 es] protein/es] protein OV-N-NO1-0895-W 00021101 I (27000/5.5)/ (25409/6.23)/  71/288 0.5
HC-H-SO01-0335-LF 000070688 (27000/5.5) (23660/5.49)
40 24 Beta thymosin/ Beta thymosin GIEp-N-N01-2428- 000049202/ (29000/5.6)/ (27345/6.11)/  342/126 0.44
LE,AG-N-N01-08054./ 0000003585 (29000/5.6) (26392/5.22)
N
41 25 Proteasome subunit o/ type/ LP-N-NOL1-0262-LE:. 000190425/ (29500/5.5)/ (20323/6.06)/ 98/95 0.51
Proteasome subunit a type LP-N-NO01-0262-LF 000190425 (29500/5.5) (20323/6.06)
42 27 Cytosolic manganese superoxide OV-N-S01£0378-W 000218419/ (30000/5.6)/ (26967/5.79)/  225/98 -
dismutase/ Cytosolic inangancse HC-V-S01-0153-LLF 000145497 (30000/5:6) (34293/6.19)
superoxide dismutase
43 26 Carbonic anhydtase/ Carbonic OV-N-NO1-1186-W 000212702/  (29000/5.75)/  (26424/5.76)/ 111/50 -
anhydrase GL-H-S01-0060-LF 000018685 (29000/5.75) (24565/6.19)
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Table 3.3 Characterized protein spots found in stage Il and IV ovaries of eyestalk-ablated P. monodon broodstock(cont.)

100

Spot no. Protein name Clone no. Gi Observed Mr Calculated Masscot Dif(fold) /
Stages I  Stages IV v wiv (Da)/pl Mr (Da)/pl Score Present
) 1/1v 1/1v 1/1v
44 33 Hypothetical protein/ND HC-V-S01-0348-LF 000146544 31500/6.05 27238/9.65 50 28.55
45 28 Unknown/unknown -
46 29 Unknown/unknown 4.28
47 30 Unknown/ electron transfer HCN-NO L -0997—[‘1(F 000079053 32500/5.70 27958/8.4 217 -
flavoprotein ]
48 31 Unknown/ Rab3 GTPase-activating ES-N:503-0709-W. & " 000015846 32000/5.80 27302/9.85 68 -
protein -
49 32 Unknown/ND 1 -
50 38 Unknown/Protein henna GIEp-N-S01-0628 -Lf§ 000055195 35000/5.95 27992/11.69 51 -
51 39 26s proteasome non-ATPase GIEp-N-NO1-1900-LE 000046617/ (36500/6.15)/ (27226/7.7)/ 189/70 -
regulatory isoform A subunit 14/ 26s bt 000046617 (36500/6.15) (28104/9.5)
proteasome non-ATPase regulatory
isoform A subunit 14
b ke 2o dd
52 40 Ubiquitin carboxyl terminal GIEp-N-NO1-06730-LE 000039213/ (36000/6.05)/ (28104/9.55) 157/70 -
transferase/ Ubiquitin carboxyl = ; 000039213 (36000/6.05) /
terminal transferase ‘ ‘ (28104/9.55)
53 L-3-hydroxyacyl-co A -~ OV-N-NO1-1642-W 000215317 31500/6.65 26197/9.30 119 Present
dehydrogenase /
54 unknown Present
55 64 Unknown/unknown f 0.08
56 63 Allergen pen m 2/ND "~ HC-N-N01-9647-LF 000139652 40000/6.5 28024/8.72 653 -
57 62 Arginine kinase/unknown AG=N-NO01-1003-W 0000004411 (40000/6.20)/ (28557/7.83) 460/146 0.49
GIEp:N-N01-1166-LF / 40000/6.20) /
000041760 (29885/6.20)
58 61 Arginine kinase/ Arginine kinase AG-N-NO1-1003-W AG- 0000004411 (40000/6.0)/ (28250/7.83) 47/112 -
N-NO1-0154-W / (4000076.0) /
000000634 (28250/8.50)
59 unknown Present
60 Alcohol dehydrogenase OV-N-S01-0682-W 000220107 40000/6.15 26981/5.41 55 Present
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Table 3.3 Characterized protein spots found in stage II and IV ovaries of eyestalk-ablated P. monodon broodstock(cont.)

101

Spot no. Protein name Clone no. gi Observed Mr Calculated Masscot  Dif(fold) /
Stages II  Stages IV v Stages I1 nav (Da)/pI Mr (Da)/pl Score Present
3 1/1v 1/1v I/Iv
61 41 Hypothetical protein/ Hypothetical GIEp-N-NO1-0073-LF 000035965/ (38500/6.05)/  (27401/7.70)/ 138/133 -
protein 000035965 (38500/6.05) (27401/7.70)
62 42 aldo-keto-reductase/ aldo-keto- HC-N=S01-0103:LE 000141719/ (37000/5.9)/ (28487/8.94)/ 75/70 -
reductase 1 000141719 (37000/5.9) (27302/9.85)
63 43 Heterogeneous nuclere HC-H—SOI—O995—£F 000074481/ (38000/5.75)/  (26095/5.28)/ 82/133 -
ribonucleoprotein / Heterogeneous QV-N-S0 1-2373-Was 000229029 (38000/5.75) (23374/9.34)
nuclere ribonucleoprotein =
64 46 Heterogeneous nuclere HC-N-S01 —0995-].]1fT - 000074481/ (38500/5.7)/ (26095/5.28)/ 71/68 -
ribonucleoprotein/ Heterogeneous 2 "‘; “ 000074481 (38000/5.7) (26095/5.28)
nuclere ribonucleoprotein id
65 47 Transaldolase/DN HC-N-N01-5537-LE & + 000117451 37000/5.63 25248/5.92 234 -
66 44 Alcohol dehydrogenase/ Alcohol OV-N-S01;0682-W« 000220107/ (40000/5.8)/ (26981/5.14)/ 105/54 -
dehydrogenase — 2 j" 000220107 (40000/5.8) (26981/5.14)
67 Hypothetical protein HC-N-NO1-8339-LE = “#000133175 40000/5.75 29234/8.75 91 Present
68 Heterogeneous nuclear HC-H-S01=0995-LF 0000744381 39500/5.75 26095/5.28 71 Present
ribonucleoprotein =t Y e
69 unknown Present
70 134 Heterogeneous nuclear HC-H-S01-0995-LF 000074481 */  32000/5.5 26095/5.28 60 -
ribonucleoprotein/ND L)
71 Cysteine proteinase LP-N-S01-0217-LF 000196323 32500/5.4 28940/6.08 186 Present
72 unknown Present
73 DN Present
74 unknown Present
75 Vitellogenin precursof; OV-N-SO1-0317-W 000218095 40000/5.45 27438/9.02 57 Present
76 Ovarian peritrophin OV-N-S01-0206-W 000217459 39000/5.35 29830/6.82 177 Present
77 Ovarian peritrophin OV-N-S01-0206-W 000217459 39000/5.28 29830/6.82 192 Present
78 unknown Present
79 unknewn Present
80 Beta actin HC-N-NO1:1092-LF 000083835 43000/54 30042/5.14 567 Present
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Table 3.3 Characterized protein spots found in stage II and IV ovaries of eyesialie=ablated P. monodon broodstock(cont.)

102

Spot no. Protein name Clone no. Gi Observed Mr Calculated Masscot Dif(fold) /
Stages I  Stages IV v StagesII [/1v (Da)/pl Mr (Da)/pl Score Present
/v /v v
81 57 Beta actin/unknown HCAN"NOT-1092-LR 000083835 44000/5.55 30042/5.14 567 -
82 58 Beta actin/beta actin HC-N#S01-0525-LF 000083835/ (44000/5.50)/  (34171/5.81)/ 08/282 -
* 000083835 (44000/5.50) (34171/5.81)
83 RAN binding protein GIEp-N-NO1:0595-LF , 000038517 38000/5.5 27523/4.75 128 Present
84 Epadp OV AN-NO1F0835-Wi 40000210671 36000/5.05 28834/4.78 271 Present
85 50 Histidine-rich glycoprotein HE-NANOI-86891.F 000135068 35500/5.29 27499/9.39 48 2.44
precursor/DN =
86 Ovarian peritrophin OV-N-S01£0329-W “= 000218168 36000/5.2 31222/5.15 155 Present
87 Epadp OV-N:NO1-0835-W J,c:,_000210671 36000/5.15 28834/4.78 374 Present
88 55 Ovarian peritrophin 2 precursor/ OV-N-S01:0396-W - 000218515/ (36000/4.85)/ (31792/5.70)/ 149/93 -
Ovarian peritrophin 2 precursor OV-N-NO1-0786-W 000210374 (36000/4.85) (28726/4.92)
89 107 Calreticulin/unknown OV-N-NOI-1274-W 000213225 65000/4.4 27852/4.91 67 -
90 136 Unknown/ND e TEnS -
91 108 Protein disulfide . OV-N-NO1-2641-W 000230209 | 60000/4.8 26214/4.7 602 2.74
isomerase/unknown — - -
92 109 DN/unknown -
93 91 unknown/unknown 1.57
94 89 Tubullin beta-1 chain/ unknown HC-W-S01-0062-W 000147681/ (57000/5.21)/  (28353/5.06)/ 202/78 -
HC-H-S01-1014-LF 000074595 (57000/5.21) (17179/7.97)
95 90 60 kDa heat shock OV-N=NO1-0358-W. 000207891 60000/5.3 26264/5.28 95 -
protein/unknown
97 unknown Present
98 Tat-binding protein-1 HC-N-NO01-4075-LF 000109328 52000/5.39 27220/5.03 125 Present
99 Protein disulfide isomerase OV-N-S01-0893-W 000221197 50000/5.39 28808/8.25 669 Present
100 87 Protein disulfide LP-N-NO1-1193-LE 000194648 5[1000/5.5 22261/8.61 155 -
isomerase/unknown
101 Dynactin subunit 2 HPa-N-N04-1190-LF 000175801 50000.5.6 26646/5.9 58 Present
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Table 3.3 Characterized protein spots found in stage Il and IV ovaries of eyestalk-ablated P. monodon broodstock(cont.)

103

Spot no. Protein name Clone no. Gi Observed Mr Calculated Masscot Dif(fold) /
Stages II  Stages IV 11v L/Aav (Da)/pl Mr (Da)/pl Score Present
3 11v 11v 1/1v
102 Mitochondrial aldehyde OV=N=S01-1601-W 000225074 54000/5.6 26678/5.63 66 Present
dehydrogenase 2
103 85 D-lactate dehydrogenase/unknown HC-N-NOI-11562 000087493 45000/5.7 30042/5.14 51 0.08
104 83 Rab gdp-dissociation HC-N-NO01-895 1”[- 000136496 50000/5.75 27346/6.50 86 0.22
inhibitor/unknown if
105 86 Unknown/unknown W -
106 Acyl-co A dehydrogenase long chaind GIEp-N-S01-0329-+ 000053546 47000/5.80 26118/9.10 52 Present
LE \
107 103 Unknown/unknown v -
108 79 Unknown/unknown — -
109 80 Unknown/unknown ; g -
110 Methylmalonate-semialdehyde AG-N-N0O1-0860 * /000227631 54000/6.05 26937/6.18 83 Present
dehydrogenase =,
111 101 Unknown/unknown g Sl -
112 97 Transketolase/unknown OV-N-SO0T-0294-W 000227631 65000/6.05 26683/5.35 193 -
113 96 Chaperonin containing TPC1 subunit HC=N=NO-7872- ~ 000130592/  (60000/5.95)/ (20006/4.94)/ 85/53 -
5/ Chaperonin containing TPC1 LF 000130592 (60000/5.85) (20006/4.94)
subunit 5
114 Pyrroline-5-carboxylate GIEp-N-N01-2568- 000050030 59500/5.95 26690/8.0 97 Present
dehydrogenase w
115 94 Protein disulfide isomerase/ Protein OV-N-S01-0764-W 000220555/ (60000/5.85)/ (29075/5.6)/ 274/491 -
disulfide isomerase 000220555 (60000/5.85) (29075/5.6)
116 93 Protein disulfide isomerase/Protein.. , OV-N-S01-0764-W ...-000220555L.. .(60000/5.75)/ (29075/5.6)/ 435/180 0.7
disulfide isomerase IN-N-S01-0691-LF | 000186374 (60000/5.75) (27052/5.10)
117 92 Protein disulfide isomerase/DN OV-N-S01-0764-W = 000220555 60000/5.70 29075/5.6 495 1.70
118 113 Unknown/unknown -
119 114 Unknown/unknown -
120 99 Unknown/unkuown -
121 100 DN/unknown -
122 Unknown Present
123 Unknown Present
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Table 3.3 Characterized protein spots found in stage Il and IV ovaries of eyestalk-ablated P. monodon broodstock(cont.)

104

Spot no. Protein name Clone no. Gi Observed Mr Calculated Masscot Dif(fold) /
Stages 11 Stages IV 1/1v Stages I1 v (Da)/pl Mr (Da)/pl Score Present
v v v

124 76 Unknown/Elongation factor 2 GlEpN-S01-1165-LF. 000058229 45000/6.3 29380/10.32 56 -

125 77 Unknown/DN A -

126 78 Unknown/26s protease regulatory HC-N#NQ1:7411-LF 000127992 48000/6.0 27698/9.06 97 0.38
subunit 7 .

127 75 Unknown/acyl coenzyme A OV-N-NOI-0061-W * 000206138 42000/6.0 26682/5.44 128 -

dehydrogenase o
128 2-keto-4-pentenoate hydrolase 4 \ 4 67643902 47000/6.40 47355/5.70 80 Present
129 72 NADPH-specific isocitrate OV-N-S01-1 780—W_'l‘_‘ 000225962 46000/6.45 27909/8.29 223 -
dehydrogenase/unknown ., i
130 123 RAB, member of RAS oncogene GL-N-SO1-1414-LE " 000029541 60000/6.5 26652/6.06 105 -
family-like 5/ND i F/N

131 138 Glutamate carboxypeptidase/ND OY=N-801-0878-W === 090221 132 54000/6.55 27740/6.82 98 -

132 71 Unknown/Phosphopyruvate HC-H-SG1=0713-LE — 000072865 50000/6.50 28432/5.26 235 -
hydratase o R

133 Phosphopyruvate hydratase HC-N-NO1-10611<LF * 000082116 50000/6.65 28453/9.07 69 -

134 unknown Present

135 unknown 435/180 Present

136 69 Unknown/unknown 60000/5.70 29075/5.6 495 -

137 68 Unknown/Isocitrate dehydrogenase 2 OV-N-NO1-1170-W 000212605 42000/6.50 28050/9.17 144 0.52
(NADP+) ;

138 106 Unknown/ Hemocyanin HPa-N-N03-0431-LF . ,000159985 85000/5.90 26527/5.49 100 -

139 104 Unknown/unknown, -

140 128 Unknown/ND -

141 131 Unknown/ND -

142 129 Unknown/ND -

143 unknewn Present

144 unkndwn Present

145 unknown Present
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Table 3.3 Characterized protein spots found in stage II and IV ovaries of eyestalk-ablated P. monodon broodstock(cont.)

Spot no. Protein name Clone no. gi Observed Calculated = Masscot  Dif(fold) /
Stages I  Stages IV v v Mr (Da)/pl  Mr (Da)/pl Score Present
/v /v /v
146 Unknown Present
147 Unknown Present
148 Unknown Present
149 Unknown \ Present
150 Unknown Present
151 Unknown # Present
152 Unknown Present
153 Unknown | Present
154 Unknown } Present
155 Unknown Present
156 Unknown Present
157 Unknown f Present
158 Unknown dia Present
159 7 Unknown/ similar to Cofilin/actin- IN®N:S01-0021-CE" # & 000182905 15000/6.15 15080/5.71 150 -
depolymerizing factor —
160 36 Unknown/DN -
161 116 Unknown/ND -
162 117 Unknown/ND -
163 118 Unknown/ND -
164 119 Unknown/ND -
165 Vitellogenin 82754312 67000/6.70 285804/6.91 231 Present
166 Unknown HC-N-NO1-12416-LF 000091071 90000/6.65 27458/10.09 60 Present
167 Vitellogenin 45774386 67000/6.60 285335/6.55 382 Present
168 elongation factor 2 GIEp-N-SO1-1165-LF 000058229 90000/6.55 29380/10.32 51 Present
169 Unknown ES-N-S02-0106-W 000010178 90000/6.50 244437/9.95 72 Present
170 elongation factor 2 GIEp-N=-S01:1 I655LF 000058229 90000/6.40 29380/10.32 56 Present
171 Vitellogenin 23955944 67000/6.4 289032/5.42 64 Present
172 Thrombospondin OV-N-ST01-0130-W 000230801 90000/6.28 24111/10.02 78 Present
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Table 3.3 Characterized protein spots found in stage II and IV ovaries of eyestalk-ablated P. monodon broodstock(cont.)

Spot no. Protein name Clone no. Gi Observed Calculated Masscot Dif(fold) /
Stages I1 Stages IV v v Mr (Da)/pI  Mr (Da)/pl Score Present
2 iv v v

172 Thrombospondin OV=N-STO01-0130-W 000230801 90000/6.28  24111/10.02 78 Present
173 Thrombospondin OV-N=ST01-0130-W 000230801 90000/6.10  24111/10.02 60 Present
174 Unknown \ Present
175 Unknown | Present

180 120 Heat shock 70 kD protein HCANANOI1-1119-LF 000085430 80000/5.20  28504/5.11 164 -

cognate/ND s
9 Unknown el Absent
13 Rab3 GTPase-activating protein ES-N-S01-0575-LE ~ 000015846  27500/5.40  27302/9.85 62 Absent
16 Glyoxylase 1 OVAN-SOI-1440-W 000224263 24000/5.4 28333/6.51 114 Absent
20 Hypothetical protein HC-N-NOI-11 8?(-7— 000088650 20000/5.6 15986/6.96 61 Absent
= SEE i
23 Glutathione peroxydase GL-H-.S_QI-1009’;LJF_| 000023037 20000/6.20  27221/6.59 69 Absent
37 L-3-hydroxyacyl-co A OV-N-NO1-1642-W . 000215317 28000/6.5 26197/9.30 202 Absent
dehydrogenase = Ll
45 Heterogeneous nuclear OV-N=S01 —2373—,?_7-' -+ 000229029 41000/5.55 23374/9.34 112 Absent
ribonucleoprotein = i
48 Transaldolase ) HC-N-NO1-5537-LF 000117451 |, 33000/5.0 25248/5.92 110 Absent
49 Hypothetical protein | =0 V=N=S01=2630=W 000230155 ©33000/5.05 25402/9.92 58 Absent
51 Rab3 GTPase-activating protein ES-N-S03-0709-W 000015846+ 36000/5.22  27302/9.85 74 Absent
52 Rab3 GTPase-activating protein ES-N-S03-0709-W 000015846 36000/5.05 27302/9.85 66 Absent
53 Epadp / IN-N-S01-0852-LF 000187270 38000/5.05 28834/4.78 281 Absent
54 RAN binding protein 2 GIEp-N-N01-0595- 000038517 32000/4.10  27523/4.75 142 Absent
LF

56 Unknown Absent
59 Unknown Absent
60 Cysteine proteinase AG-N-N01-0910-W 0000004005 39000/6.0 28940/8.73 146 Absent
65 Unknown Absent
66 Unknown Absent
67 Hypothetical protein HC-N-NOT1-12917= 000094112« 47500/6:50  28209/8.78 197 Absent

LF
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Table 3.3 Characterized protein spots found in stage Il and IV ovaries of eyestalk-ablated P. monodon broodstock(cont.)

Spot no. Protein name Clone no. oi Observed Calculated Masscot Dif(fold) /
Stages II  Stages IV 11v J IV Mr (Da)/pl Mr (Da)/pl Score Present
/v 11v 1/1v
70 Phosphoglycerate kinase HEEN-NO1- 000093100 51000/6.50 27874/9.40 74 Absent
120748:1F
73 Cytosolic NADP-dependent G A1S01-- 000023350 40000/6.50 27608/5.09 105 Absent
isocitrate dehydrogenase dOJBALF s &
74 Fah-prov protein = 32450404 43000/5.50 46978/6.22 97 Absent
81 Unknown i Absent
82 Vitellogenin {, 30908959 44000/5.50 20787/5.59 61 Absent
84 Unknown I Absent
88 Tat binding protein 7 .y 14263099 36000/5.70 51633/5.52 74 Absent
95 Protein disulfide isomerase IN-N-SO - i 900186374 65000/5.60 27052/5.10 268 Absent
0694:EF Al
98 Unknown e=sd dy Absent
102 Unknown — Absent
105 Heat shock protein 70 kD AG-NNOI- 00.09003572 80000/5.6 26393/5.74 236 Absent
0802-W e
110 Unknown Absent
111 Unknown Absent
112 Unknown Absent
113 Unknown Absent
114 Unknown Absent
115 Unknown Absent
116 Unknown Absent

107

DN = chromatogram was not observed during mass spectrometrical analysis
ND = not determined by nanoESI-LC-MS/MS
Dif (fold) = differential expression and the fold change >1.5%s regarded as upregulation, < 0.67 = down regulation, - = comparable protein levels,
Present = proteins that were found in stage Il -ovaries of eyestalk-ablated broodstock but not in stage IV of ovariés of eyestalk-ablated broodstock.
Absent = proteins that were not found in stage IV ovaries of of eyestalk-ablated broodstock but not in stage II of ovaries of eyestalk-ablated broodstock.

LOT
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Table 3.4 Characterized protein spots in stage II ovaries of normal and eyesgalk-ablated P. monodon broodstock.

Spot no. Protein name Clone no. Gi Observed Mr Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA (N)/(EA) (Da)/pl Mr (Da)/pl Score Present
ablated N)/(EA) (N)/(EA) N)/(EA)
1 unknown ’ Present
2 unknown Present
3 unknown Present
4 Polymerase (RNA) II(DNA direct) LR=V-SO1+ 000199976 18000/4.5 20600/8.48 85 Present
polypeptide 0409-LF :
5 unknown v Present
6 unknown -~ Present
7 1 unknown/ unknown 4 0.35
8 unknown/ unknown \ -
9 unknown i Present
10 5 Unknown/ unknown : i o -
11 Cyclic AMP-regulated protein like AG-N-NO1- 0000092809 18000/5.0 27711/6.15 286 Present
protein 0644-W- A
12 unknown sl Present
13 unknown = Present
14 unknown 7 Present
15 unknown ‘ i Present
16 unknown Present
17 unknown Present
18 unknown Present
19 unknown Present
20 Sarcoplasmic Ca2+ binding AG-N-NO1- 000000897 23500/4.6 27761/5.55 226 Present
protein,alpha B and A chain 0210-W
21 unknown Present
22 Translationally controlled tumor. AG=N-NO1- | 000000307 24000/4.4 26667/4.52 117 Present
protein 0078-W
23 35 Unknown/ unknown -
24 34 Unknown/amknowvn. 0.5
25 Unknown Present
26 28 Unknown/Betathymosin HC-W-S01- 000147620 22000/5.40 26519/5.45 289 -
0050-LF
27 unknown Present

801



Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

109

Spot no. Protein name Clone no. gi Observed Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA (N)/(EA) Mr (Da)/pl Mr (Da)/pl Score Present
ablated (N)/(EA) (N)/(EA) (N)Y/(EA)

28 Beta actin HE-N=NO1-10367-LF 19000/5.5 27359/6.59 51 Present

29 Intracellular fatty acid binding protein LP-IN=NO4-0788-LLF 000192873 16500/5.5 21988/7.75 62 Present

30 unknown Present

31 7 Unknown/ unknown | 0.35

32 8 Unknown/ unknown -

33 unknown N Present

34 Intracellular fatty acid binding protein LP.N-S01:0246-LF , 000196483 16000/6.0 28247/9.05 251 Present

35 unknown v Present

36 Cofilin/actin-depolymerizing factor HC-H-S01-0582-LF¢ 000072104 19000/6.2 27806/7.25 185 Present

37 unknown - Present

38 unknown Present

39 unknown i Present

40 unknown A Present

41 15 Unknown/unknown o= e A4 -

42 13 Unknown/Glutathione peroxidase GL-H-S0#-1609-LF 000023037 24000/6.20 27221/6.59 555 -

43 10 Unknown/unknown s 0.44

44 unknown - Present

45 unknown Present

46 unknown Present

47 unknown Present

48 160 Unknown/ unknown -

49 12 unknown/ Glutathaione s-transferase HPa-N-N04-1530-LF 000177675 26000/6.2 28485/6.27 234 -

50 20 Glutathaione-s-transferase/ HPa-N-N04-1530-LF 000177675/  (26000/5.98)/ (28485/6.27)/ 246/273 0.55

Glutathaione-s-transferase 000177675 (26000/5.98) (28485/6.22)
51 21 Unknown/Peroxiredoxin 4 OV-N-S01-0549-W. 00021938 2(7000/6.0 24378/5.96 58 0.36
52 19 Triose-phosphate isomerase/ HC-N-NO1-11301-LF 000085996/ (26000/6.0)/ (26634/6.22)/ 88/256 2.35
Triose-phosphate isomerase HC-N-NO01-9543-LF 000139250 (26000/6.0) (26449/6.30)
53 Hypothetical peptide transporter ATP- 37000/5.85 35701/9.59 54 Present

binding protein

601



Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

110

Spot no. Protein name Clone no. gi Observed Mr Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA N)/EA) (Da)/pl Mr (Da)/pl Score Present
ablated ol (N)/(EA) (N)/(EA) (N)/(EA)
54 18 Unknown/Glutathione peroxidase IN=N=S01-1245-LF 000189297 24500/5.85 25178/5.78 226 0.52
55 23 Unknown/unname protein product OV-N-SO01-1944-W 000226831 25000/5.7 28884/11.88 67 1.54
56 Unknown Present
57 Beta thymosin HE"N.N0JI-7394-LF 000127904 26000/5.95 27660/6.65 109 Present
58 2-cys thioredoxin peroxidase OV:N-S01-0212-W 000217496 26500/5.93 25235/6.41 171 Present
59 31 Unknown/2-cys thioredoxin peroxidase QV-NESQ1-0212-W._ 4 ' 000217496 25000/5.35 23660/5.49 340 0.66
60 33 Unknown/ unknown = 0.24
61 unknown 4y i & Present
62 37 Unknown/ similar to Proteasome subunit HC-N-S@1-011J)-LFg, ™ 000141763 27500/5.1 27887/7.18 54 -
o type 5 —
63 unknown Present
64 unknown " Present
65 38 Unknown/beta-NAC-like protein HC-N-NO1-4356-L.F <4 000097041 28000/5.4 26425/.4.58 68 0.3
66 unknown [ aind e=sd dy Present
67 39 Unknown/es] protein OV-N-NGi-8895-W TOQOZI 1011 27000/5.5 25409/6.23 71 0.3
68 40 Unknown/beta thymosin GIEp-N-NO1-2428-LF . =& 000049202 29000/5.6 27345/6.11 342 -
69 43 Unknown/Carbonic anhydrase OV-N-NOI-1186-W ~ ~ ~ 000212702 29000/5.75 26967/5.79 111 0.28
70 41 Unknown/Proteasome subunit o type LP-N-NO1-0262-LF 000190425 29500/5.70 20323/6.06 98 -
74 42 Unknown/Cytosolic manganese OV-N-S01-0378-W 000218419 30000/5.75 26967/5.79 225 -
superoxide dismutase
75 44 Unknown/Hypothetical protein - HC-V-S01-0348-LF 000146544 31500/6.05 27238/9.65 50 -
79 50 Unknown/unknown 5.42
80 52 Unknown/Ubiquitin carboxyl-terminal GIEp-N-N01-0730- 000039213 36000/6.05 28104/9.55 157 2.36
hydrolase L5-like protein LF
81 51 Unknown/26S proteasome non' ATPase " GIEp-N-N0O1=1990- 000046617 36500/6.15 27226/7.77 189 5.14
regulatory isoform A subunit'14 LF
82 61 Unknown/Hypothetical protein GIEp-N-N01-0073- 000035965 38500/6.05 27401/7.7 138 -
LF
84 62 unknown/ similar to aldo-keto HC-N-S01-0103-CF 000141719 37000/59 28487/8.94 75 -

reductase

01l



Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

111

Spot no. Protein name Clone no. o1 Observed Mr Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA NEA) (Da)/pl Mr (Da)/pl Score Present
ablated o (N)/(EA) (N)/(EA) (N)/(EA)
89 47 Unknown/unknown -
90 46 Unknown/ unknown 2.09
93 72 Unknown/unknown -
97 75 Unknown/Vitellogenin precursor OV&N-SO1-0317-W | 1000218095 40000/5.45 27438/9.02 57 -
99 unknown Present
100 65 Unknown/ transaldolase HC-N-NO1-5537-LF “ 4000117451 37000/5.63 25248/5.92 234 0.57
101 unknown Present
102 unknown | Present
103 unknown J Present
104 unknown 4, Present
105 Transaldolase HC-N-NQ1-5537-1.F /+£:0001 17451 41000/5.65 25248/5.92 181 Present
107 Alcoholdehydrogenase OV-N-S01-0682-W 000220107 43000/5.70 26981/5.41 261 Present
ol Jd i
108 67 Hypothetical protein/ Hypothetical GIEp-N-N0O1=0985-LEF . 000040682/ (40000/5.75)/ (29498/8.61)/ 54/91 0.27
protein HC-N-NO1-8339-LF 000133175 (40000/5.75) (29234/8.75)
109 Actin D HC-N-NO01-5201-LF o ' 44000/5.65 27053/5.54 124 Present
110 Actin 2 AG-N-NO1-0779-W k- 44500/5.80 26914/4.85 135 Present
111 unknown Present
112 109 Unknown/unknown -
113 unknown Present
114 108 Adenosine kinase/unknown HPA-N-NO1-0792-LF 43000/5.90 24514/9.72 54 -
115 59 Unknown/unknown -
116 57 Arginine kinase/Arginine kinase GIEp-N-NO1-0368-LF 000037477/ (40000/6.4)/ (28024/8.72)/ 519/460 0.51
AG-N-N01-1003-W 0000004411 (40000/6.4) (28557/7.83)
117 56 Arginine kinase/Allergen pen i 2 AG-N-NO1-1003-W 0000004411/ (42000/6.55)/ (28557/7.83)/ 939/685 -
HC-N-NO1-9647-LF 000139652 (42000/6.55) (27877/7.84)
118 55 Allergen pen m 2/unknown HC-N-N01-9647-LF 000139652 42000/6.75 27877/7.84 357 9.49
119 Glyceraldehyde 3 phosphate GL-H-S01-0663-LF 000021673 33500/6.90 25544/6.38 250 Present

dehydrogenase

IT1



Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

112

Spot no. Protein name Clone no. gi Observed Mr Calculated Masscot  Dif(fold) /
Normal Eyestalk- N/EA (N)/EA) (Da)/pl Mr (Da)/pl Score Present
ablated 4 N)/(EA) N)/(EA) (N)/(EA)
119 Glyceraldehyde 3 phosphate Gl=H-S01-0663-LF 000021673 33500/6.90 25544/6.38 250 Present
dehydrogenase
120 Putative fructose 1,6-bisphosphase HC-H=S01-0323-13F 000070615 44000/6.90 28601/6.67 80 Present
aldolase |
121 Phosphopyruvate hydratase . 4 13885968 51000/6.2 47805/6.18 696 Present
122 133 Phosphopyruvate hydratase/ HC-H-S01-0713-LE © 000072865/ (50000/6.60) (28432/5.26)/ 405/69 3.13
Phosphopyruvate hydratase HC-N.NOI-10641=+ 000082116 (50000/6.65) (28453/9.07)
BE \
123 136 Spermatogonial stem cell renewal FIC-H-S01-0581-1F . 000072097 45000/6.55 26986/6.02 256 -
factor/unknown w, =
124 135 Phosphoglycerate kinase/unknown HC-NENO1-12748- 5 ’ 000093100 45000/6.50 272874/9.45 172 2.52
LE o F
125 132 Phosphopyruvate hydratase/unknown ~ HC-H-S0i-0713-LF === 000072865 50000/6.45 28432/5.26 110 0.5
126 129 NADH-specific isocitrate OV-N-S01-1780-W 000225962/ (45000/6.45)/  (27118/5.37)/ 264/223 -
dehydrogenase/ NADH-specific OV-N-S0171780-W 7 000225962 (45000/6.45) (27909/8.09)
isocitrate dehydrogenase : i
127 126 unknown/ unknown -
128 125 Adenosylhomocysteinase / unknown=: 72110134 44000/6.35 48061/5.89 78 5.82
129 Adenosylhomocysteinase OV-N-S01-1595-W 000225037 45000/5.85 27118/5.37 249 Present
130 Beta actin HC-N-NO1-1004-LF 000079292 45000/5.75 30042/5.14 101 Present
131 Beta actin HC-N-NO01-1092-LF 000083835 45000/5.70 30042/5.14 322 Present
132 Beta actin HC-N-S01-0525-LF 000143936 50000/5.50 34171/5.81 67 0.65
133 Beta actin HC-N-NOJ -4092:LF 000083835 48000/5.60 30042/5.14 56 Present
134 unknown Present
135 104 rab gdp-dissociation inhibitor/ rab HC-N-NO01-4554-LF 000111854 (50000/5.75)/  (23862/6.62)/ 129/86 0.63
gdp-dissociation inhibitor HC-N-NO01-8951-LF (50000/5.75) (27346/6.50)
136 Unknewn Present
137 110 MethylmalomateZsemialdehyde OV-N-S01-0565-W 00021947 (54000/5.85)/  (27233/5.14)/ 88/83 0.63

dehydrogenase/ Methylmalomate-
semialdehyde dehydrogenase

AG-N-NO1-0077-W

(54000/5.85)

(26937/6.18)

Cll



Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.).

113

Spot no. Protein name Clone no. gi Observed Mr Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA (NHAEA) (Da)/pl Mr (Da)/pl Score Present
ablated (N)/(EA) (N)/(EA) (N)/(EA)
138 111 Tubulin beta-1 chain /unknown HE-N-S01-0037-LF 000141337 55000/5.85 33568/6.44 83 0.38
140 unknown Present
141 unknown Present
142 Unknown ' Present
143 chaperonin containing TCP1 subunit r 72007609 65000/5.95 60145/5.88 89 Present
5 . v
144 113 chaperonin containing TCP1 subunit HGE-N:ANO1-7872-LF 000130592/  (60000/5.95)/ (26006/4.94)/ 60/85 0.3
5/chaperonin containing TPC1 HC—N-N01—7872—L17" < 000130592 (60000/5.95) (26006/4.94)
subunit 5 ;
145 unknown Present
146 unknown Present
148 Hemocyanin L 854403 65000/5.65 74992/5.27 118 Present
149 139 Hemocyanin/ unknown HRa-N-SO1-0106-LE == 9_00179787 65000/5.55 28981/5.77 112 0.45
150 116 Protein disulfide isomerase/ Protein OV-N-=501-0764-W 000220555/  (59000/5.70)/  (29075/5.60)/ 418/435 0.54
disulfide isomerase OV-N-S01:0764-W. & 000220555 (60000/5.80) (29075/5.60)
151 114 Unknown/Pyrroline-5-carboxylate GIEp-N=NO1-2568-W~ * 000050030 59500/5.95 26690/8.0 97 0.30
dehydrogenase
152 chaperonin containing TCP1, subunit 5453603 60000/5.45 57794/6.01 82 Present
2
153 chaperonin containing TCP1, subunit LP-N-S01-0061-LF 000195548 60000/5.4 27691/9.22 245 Present
2
154 Hsp60 protein, putative TT-N-S01-0846-W 000236557 60000/5.25 26532/5.11 336 Present
155 Cytochrome b HPa-N-INO3= 1765-LE 000167002 66000/5.2 23867/10.39 52 Present
156 Tubulin beta-2 chain 3915093 60000/5.19 51354/4.85 1018 Present
157 Tubulin beta-1 chain HC-N-S01-0037-LF 000141337 54000/5.1 33568/6.44 722 Present
158 97 unknown/unknown 0.37
159 Tat-binding-protein-1 OV-N-SO01-129.1-W. 000223407 49000/5.25 27220/4.58 354 Present
160 unknown Present
161 101 Unknown/ Dynactin Subunit 2 HPa-N-N04-1190-LF 000175801 50000/5.60 26646/5.90 58 0.5
163 81 Beta actin/ Beta actin HC-N-NO1-1092-LF 000083835/ (44000/5.4)/ (30042/5.14)/ 535/567 1.63
000083835 (44000/5.55) (30042/5.14)

ell



Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

114

Protein name Cione no. gl Observed Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA (N)/(EA) Mr (Da)/pl Mr (Da)/pl Score Present
ablated (N)/(EA) (N)/(EA) (N)/(EA)
164 82 Beta actin/ Beta actin HC-N-NOJ-1092:LE 000083835/  (44000/5.50)  (30042/5.14)/ 809/98 -
HC-N-SOI-OSZS-LF 000143936 / (34171/5.81)
! (44000/5.50)
165 unknown 3 & Present
166 Putative 40S ribosomal protein HC-N-NO |-13854-LF 000098347 43500/4.90 27102/6.51 159 Present
167 Putative 40S ribosomal protein AG-N*NO1-0263-W + 0000001143 44000/4.85 27096/9.82 159 Present
168 Unknown e Present
169 unknown - Present
170 unknown A Present
171 Unknown W Present
172 unknown — Present
173 Unknown s2e2 M4 Present
174 unknown = Present
175 unknown - T el == Present
176 Beta actin HC-N-S01-0525-LF 000143936 31000/5.05 34171/5.81 67 Present
177 unknown Present
178 unknown Present
179 unknown Present
180 141 Chromobox protein homolog OV-N-S01-1463-W 000224391 31000/4.55 27869/5.17 70 -
1/unknown
181 unknown Present
182 unknown Present
183 unknown Present
184 Proliferating cell nuclear antigen OV-N-NO01-0805-W 000210488 36000/4.70 27144/5.0 472 Present
185 unknown Present
186 unknown Present
187 unknown Present
188 unknown Present
189 Retinoblastoma binding protein 4 OV-N-S01-2043-W 000227384  54000/4.80 27401/5.43 60 Present

148!



Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

Spot no. Protein name Clone no. "Accession Observed Mr Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA no. (Da)/pl Mr (Da)/pl Score Present
ablated (N)/(EA) (N)/(EA) (N)/(EA) (N/(EA)

190 92 F1-ATP synthase beta subunit/DN OVaN-SO1- O|OO225709 52500/4.80 26036/4.81 446 343
1728-W ‘

191 93 F1-ATP synthase beta OV-N-S01 - 000225709 52500/4.90 26036/4.81 454 0.62

subunit/unknown 1723-W e

192 Protein disulfind isomerase OV-N=SO1 - 000223015 53500/4.70 28064/4.66 563 Present
1221-W {.

193 unknown i Present

194 unknown b Tds & Present

195 Glycoprotein 93 CG5520-PA OV-N-NO1- 000295923 97000/4.85 28011/4.70 466 Present
0023-W. ¥ 1

196 Valosin containing protein-1 HC-N-NOT- 000114465 75000/5.40 27017/5.30 85 Present
5012-EE —

198 Valosin containing protein-1 HC-N-NOI - 000114465 75000/5.40 27017/5.30 85 Present
5012-LF e

199 unknown Present

200 144 Unknown/ unknown -

201 unknown Present

202 unknown Present

203 unknown Present

204 unknown -

205 unknown Present

206 Beta tubulin HC-N-S01- 000141985 56500/5.70 36348/9.97 69 Present
0150-LF

207 unknown Present

210 unknewn Present

211 unknown Present

212 unknown Present

213 unknown Present

215 unknown Present

115
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Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

116

Spot no. Protein name Clone no. ol Observed Mr Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA N/ (EA) (Da)/pl Mr (Da)/pl Score Present
ablated 4 (N)/(EA) (N)/(EA) (N)/(EA)
11 Glutathaione peroxidase IN=N=S01-4245-LF 000189297 24000/6.4 25178/5.78 94 Absent
14 Glutathaione peroxidase IN-N=SO1#1245-1.F 000189297 20000/6.0 25178/5.78 271 Absent
16 unknown A Absent
17 Proteasome subunit beta type I TI-N-S01£0369-W.! 000234396 25000/5.85 19494/5.09 66 Absent
22 hydroxyacylglutathione hydrolase HC#H_S01-0325--. . 000070627 27000/6.10 21088/6.13 67 Absent
LF -
24 unknown — Absent
25 Beta thymosin OQV-N-S01:1085- 000222248 20500/5.85 14784/5.35 59 Absent
W
26 Glutathaione peroxidase IN-N-S@1-1245-1.F, =5:000189297 22000/5.6 25178/5.78 115 Absent
27 Beta thymosin GIEp-N-S01-1318= = 000058975 20000/5.5 26091/6.09 188 Absent
LF ii% F/R
29 Glyoxylase 1 OV-=N-S01-1440- ',Qobrg24263 21000/5.48 28333/6.51 139 Absent
W —
30 Scavenger receptor cysteine protein  IN-N-SO1-1294-LF = = .,()QO]_89569 24000/5.48 22358/10.30 51 Absent
precursor L e
32 Heat shock protein 21.4 OV-N-NO01-0298- 000207530 24000/5.4 25851/7.16 126 Absent
TF
36 unknown Absent
45 unknown Absent
48 unknown Absent
49 unknown Absent
53 L-3-Hydroxyacyl-coenzyme A OV=N-:NO1+1642- 000215317 31500/6.65 26197/9.30 119 Absent
dehydrogenase W
54 unknown Absent
58 Arginine kinase AG-N-NO1-1003- 000000441 40000/6.2 28250/7.83 47 Absent
W
60 Alcohol dehydrogenase OV-N-S01-0682- 000220107 40000/6.15 26981/5.41 55 Absent

W
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Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

Spot no. Protein name Clone no. gi Observed Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA N)/(EA) Mr (Da)/pI  Mr (Da)/pl Score Present
ablated 4 N)/(EA) N)/(EA) N)/(EA)
63 Heterogeneous nuclear HE=H-S01-0995-LF . 000074481 38000/5.8 26095/5.28 82 Absent
ribonucleoprotein
64 Heterogeneous nuclere HC_H=S01-0995-LF . 000074481 38500/5.70  26095/5.26 71 Absent
ribonucleoprotein |
66 Alcohol dehydrogenase OVeN-SO0I-0632-W . 000220107 40000/5.8 26981/5.41 105 Absent
68 Heterogeneous nuclere HC-H=S01-0995-LE * 000074481 39500/5.75 26095/5.28 71 Absent
ribonucleoprotein —
69 unknown 4 L Absent
70 heterogeneous nuclear HC-H-S01 -0995-LFf'l‘_‘ 000074481 32000/5.5 26095/5.28 60 Absent
ribonucleoprotein w, L i
71 Cystein proteinase LP-N&S01-0217-LF. " 000196323 32500/5.4 28940/6.08 185 Absent
74 unknown i FIN Absent
76 Ovarian peritrophin OVEN-S01-0206-W 000217459  39000/5.35  29830/6.82 177 Absent
77 Ovarian peritrophin OV-N-801-0206-W _0016)07448 1 39000/5.28  29830/6.82 192 Absent
78 unknown T Absent
79 unknown gy Absent
80 Beta actin HC-N-NO1-1092-LF 000083835 43000/5.4 30042/5.14 137 Absent
83 RAN-binding protein — GIEp-N-N01-0595- 000038517 38000/5.5 27523/4.75 128 Absent
LF
84 Epadp OV-N-NO1-0835-W 000210671 36000/5.05  28834/4.78 271 Absent
85 Histidine-rich glycoprotein precursor ™ HC-N-N01-8689-LF 000135068 35500/5.29 27499/9.39 48 Absent
86 Ovarian peritrophin OV-N-S01-0329-W 000218168 36000/5.2 31222/5.15 155 Absent
87 Epadp OV=N-NO1-0835-W .~ 00021067 | 36000/5.15  28834/4.78 374 Absent
88 Ovarian peritrophin 2 precursor OV-N-S01-0396-W 000218515 36000/4.85 31792/5.70 149 Absent
89 Calreticulin OV-N-NO1-1274-W 000213225 65000/4.40 27853/4.91 67 Absent
90 unknown Absent
91 Protein disulfide, isomerase OV-N-S01-2641-W 000230209 60000/4=3 26214/4.7 602 Absent
94 Tubulin beta:1 chain HC-W-S01-0062-W 000147681 57000/5.39 28353/5.06 202 Absent
95 60 kDa heat shock protein OV-N-NO1-0358-W 000207891 60000/5.3 26264/5.28 95 Absent
98 Tat-binding protein-1 HC-N-NO1-4075-LF 000109328 52000/5.39 27220/5.03 125 Absent
99 Protein disulfide isomerase OV-N-S01-0893-W 000221197 50000/5.39 28808/8.25 669 Absent
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Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

118

Spot no. Protein name Clone no. gi Observed Calculated Masscot  Dif(fold) /
Normal Eyestalk- N/EA Eyestalk-ablated (N)/(EA) Mr (Da)/jpI  Mr (Da)/pl Score Present
ablated o (N)/(EA) (N)/(EA) N)/(EA)
100 Protein disulfide isomerase EP-N-NO1-1193-LE 000194648 51000/5.5 22261/8.61 155 Absent
102 mitochondrial aldehyde dehydrogenase OV-N=S01-1601-W 000225074 54000/5.6 26678/5.63 66 Absent
2
103 D-lactate dehydrogenase HC-N-NO1:11562-LF 000087493 54000/5.70 30042/5.14 51 Absent
105 unknown Absent
106 Acyl-co A dehydrogenase long chain GIBEp-N-801-0329-LF 000053546 47000/5.80 26118/9.10 52 Absent
107 unknown = Absent
112 Transketolase OV-N=S01-20945W & 000227631 65000/6.05 26683/5.35 198 Absent
115 Protein disulfide isomerase QV-N-SO01-0764=W 000220555 60000/5.85 29075/5.6 274 Absent
117 Protein disulfide isomerase OV:N-SO0764-W 000220555 60000/5.70 29075/5.6 495 Absent
118 unknown b f LAY 4 Absent
119 unknown f) Absent
120 unknown b Absent
122 unknown s A4 Absent
123 unknown — Absent
124 unknown . Absent
127 unknown k- Absent
128 2-keto-4-pentaneoate hydrolase 67643902 47000/6.40 47355/5.70 80 Absent
130 RAB, member of RAS GL-N-S01-1414-LF 000029541 60000/6.5 26652/6.06 105 Absent
131 Glutamate carboxypeptidase OV-N-S01-0878 000224132 54000/6.55 27740/6.82 98 Absent
134 unknown Absent
137 unknown Absent
138 unknown Absent
140 unknown Absent
142 unknown Absent
143 unknown Absent
145 unknown Absent
146 unknown Absent
147 unknown Absent
148 unknown Absent
149 unknown Absent
150 unknown Absent
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Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

119

Spot no. Protein name Clone no. gi Observed Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA (N/(EA) Mr (Da)/pI  Mr (Da)/pl Score Present
ablated (N)/(EA) (N)/(EA) (N)/(EA)
151 unknown Absent
152 unknown Absent
153 unknown Absent
154 unknown Absent
155 unknown Absent
156 unknown Absent
157 unknown - Absent
158 unknown \ Absent
159 unknown ; Absent
161 unknown Absent
162 unknown Absent
163 unknown J Absent
164 unknown it Absent
165 Vitellogenin 82754321 67000/6.70  285804/6.91 231 Absent
166 unknown HC-N-NO1-12416-LE. = 000091071 60 Absent
167 Vitellogenin 45774386 670006.60 285335/6.55 382 Absent
168 Elongation facctor GIEp-N-S01-1165-LF 000058229 90000/6.55  29380/10.32 51 Absent
169 unknown ES-N-S02-0160-W 000010178 90000/6.50 24437/9.95 72 Absent
170 Elongation facctor GIEp-N-S01-1165-LF 000058229 90000/6.40  29380/10.32 56 Absent
171 Vitellogenin 239559444 67000/6.40  289032/5.42 64 Absent
172 Thrombospondin OV-N-ST01-0130-W 000230801 90000/6.28  24111/10.02 78 Absent
161 unknown Absent
162 unknown Absent
163 unknown Absent
164 unknown Absent
165 Vitellogenin 82754321 67000/6.70  285804/6.91 231 Absent
166 unknown HC-N-NOI-12416-LE 00009 1071 60 Absent
167 Vitellogenin 45774386 670006.60 285335/6.55 382 Absent
168 Elongation facctor GIEp-N-SOT-1165-LF 000058229 90000/6:55  29380/10.32 51 Absent
169 unknown ES-N-S02-0160-W 000010178 90000/6.50 24437/9.95 72 Absent
170 Elongation facctor GIEp-N-S01-1165-LF 000058229 90000/6.40  29380/10.32 56 Absent

611



120

Table 3.4 Characterized protein spots in stage Il ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

Spot no. Protein name Clone no. gi Observed Calculated Masscot  Dif(fold) /
Normal Eyestalk- N/EA (N)/EA) Mr (Da)/pl Mr (Da)/pl Score Present
ablated 4 N)/(EA) N)/(EA) N)/(EA)
171 Vitellogenin 239559444 67000/6.40 289032/5.42 64 Absent
172 Thrombospondin OV-N=ST01-0130{W 000230801 90000/6.28 24111/10.02 78 Absent
173 Thrombospondin OV-NSTO1-0130-W 000230801 90000/6.80 24111/10.02 60 Absent
174 unknown | Absent
175 unknown v Absent
176 unknown - Absent
177 unknown — Absent
178 unknown 4 v Absent
179 unknown "l_ Absent
180 similar to Heat shock 70 kD protein ~ HC=N-NO1-1119-LF =+ 000085430 90000/5.20 28504/5.11 164 Absent
cognate ‘ - Al
T/

DN = chromatogram was not observed during mass spectrometrical anakysis; ND = not determined by nanoESI-LC-MS/MS; Dif (fold) = differential
expression and the fold change >1.5 is regarded as upregulation, < 0.67=down regulation, - = comparable protein levels; Present = proteins that were found
in stage II ovaries of normal broodstock but not in the same stage of eyestalk-ablated broodstock; Absent = proteins that were found in stage Il ovaries of
eyestalk-ablated broodstock but not in the same stage of. nogmal broodstock
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Table 3.5 Characterized protein spots in stage IV ovaries of normal and eyestalk-ablated P. monodon broodstock.

Spot no. Protein name Clone no. Gi Observed Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA (N)/(EA) Mr (Da)/pI  Mr (Da)/pl Score Present
ablated o (N)/(EA) (N)/(EA) (N)/(EA)
2 unknown Present
3 unknown Present
4 unknown Present
5 unknown Present
6 unknown Present
7 unknown ] Present
8 90 Unknown/ unknown - -
9 unknown | Present
10 unknown J Present
11 Protein disulfide isomerase IN-N-SO1-0691-LLF“~ 000186374 55000/5.5 27052/5.10 61 Present
12 93 Protein disulfide isomerase / Protein QV-NsSOL-0764- Wikt 1000220555/ (60000/5.7)/ 712/491 -
disulfide isomerase IN-N-S01-0691-LF °¢ . 000186374 (60000/5.7)  (29075/5.60)/
did (29705/5.60)
13 94 Protein disulfide isomerase / Protein OVN-S01:0764-W . ..-.-.000220555/ (65000/5.6)/  (29075/5.60)/ 316/268 0.23
disulfide isomerase IN-N-S01-0691-LF 000186374 (65000/5.6) (27052/5.10)
14 unknown . oy : = Present
15 Pyrroline-5-caboxylate dehydrogenase, GIEp-N-NO1-2568-LF = 000050030 59000/5.8 26690/8.0 65 Present
17 113 unknown/ND -
18 114 unknown/ ND -
19 99 unknown/unknown -
20 70 Unknown/Phosphoglycerate kinase HC-N-N01-12748-LF 000093100 51000/6.50 27874/9.40 74 -
21 Mitochondrial aldehyde dehydrogenase™ OV-N-S01-1601-W 000225074 50000/5.1 26678/5.63 59 Present
2
22 84 Mitochondrial aldehyde dehydrogenase OV-N.S01-1601-W. 000225074 50000/5.6 26678/5.63 96 0.34
2 /unknown
23 Hypothetical protein GIEp-N-NO1-2817-LF 000051477 52000/5.6 26517/8.67 48 Present
24 unknown Present
25 111 unknown/unknown Present
26 Methylmalonaté-semialdehyde OV-N=S01-0565-W 000219471 520006/5.7 27233/5.41 79 Present
dehydrogenase
27 83 unknown/unknown -
28 unknown Present
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Table 3.5 Characterized protein spots in stage IV ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

Spot no. Protein name Clone no. gi Observed Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA (N/(EA) Mr (Da)/pI  Mr (Da)/pl Score Present
ablated N)/(EA) N)/(EA) MN)/(EA)

29 unknown Present

30 unknown Present

31 Putative conjugal transfer protein ‘| 116250544 44000/6.05 170011/6.29 74 Present

33 75 Unknown/ acyl coenzyme A OV.N-NO1-0061-W 000206138 42000/6.0 26682/5.44 128 0.1

dehydrogenase i
34 unknown Present
35 78 unknown/26s protease regulatory HC-N=NO1-741 l—LF 000127992 48000/6.0 27698/9.06 97 -
subunit 7 } '

36 unknown r Present

37 unknown Present

38 unknown ‘) Present

39 unknown — Present

40 Protein disulfide isomerase LP-N-NOI=1193-LF~+ ~ 000194648 29000/5.6 27345/6.11 104 Present

41 unknown =" Present

42 87 Tat binding protein 7/DN : S 1263099 46000/5.28 51635/5.52 63 -

43 57 Beta-actin/funknown HC-N-NO1-1092-LF 000083835 44000/5.50  30042/5.14 408 -

44 Alcohol dehydrogenase OV-N-S01-0682-W 000220107 42500/5.65 26981/5.41 56 Present

45 Hypothetical protein LP-V-S01-0528-LF 000200635 41000/5.75 27243/6.05 206 Present

46 unknown Present

47 unknown Present

48 41 unknown/ Hypothetical protein GIEp-N-N01-0073-LF 000035965 38500/6.05 27401/7.70 133 21.88

49 unknown Present

50 Unknown Present

52 39 unknowon/26s proteasome non- GIEp-N-NOL-1990-LE. 1000046617 36500/5.9 28104/9.5 70 -

ATPase regulatory isoform A Subunit
14
53 38 unknown/Protein‘henna GIEp=N-S01-0628:LLF 000055195 35000/5.95 [ 27992/11.69 51 -
54 L-3-hydroxyacyl-CO A OV-N-NO1:1642-W 000215371 34000/6.25 26197/9.3 59 Present
dehydrogenase
55 unknown Present
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Table 3.5 Characterized protein spots in stage IV ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

123

Spot no. Protein name Clone no. gi Observed Mr  Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA (NAEA) (Da)/pl Mr (Da)/pl Score Present
ablated ) N)/(EA) N/(EA))  (N/(EA)

56 unknown 39000/6.2 29885/9.25 62 Present

57 Arginine kinase AG-N-NO1-0619-W 0000002692 42000/6.55 28261/8.80 255 Present

58 Arginine kinase AG#N-NO1-1003-W 0000004411 41000/6.29 28557/7.83 50 Present

59 unknown ] Present

60 unknown 3 ¥ Present

61 unknown e Present

62 unknown T Present

63 unknown J Present

64 unknown 4 Present

65 30 unknown/ electron transfer HE-N-NO1-0997-LE~ 4 4000079053 32500/5.70 27958/8.4 217 2.68

flavoprotein r
66 28 unknown/unknown - Z/2 . -
67 27 Cytosolic manganese superoxide HC=V-S01-0153-LF = 000218419/ (30000/5.6)/  (34293/6.19) 08/98 0.41
dismutase/ Cytosolic manganese — 000218419 (30000/5.6) /
superoxide dismutase =L = (34293/6.19)

68 26 unknown/ Carbonic anhydrase %, GL-H-S01-0060-LF 000018685 ¢ 29000/5.65 24565/6.19 50 9.38

69 25 unknown/ Proteasome subunit o type~__LP-N-NO1-0262-LF 000190425 = °& 29500/5.5 20323/6.06 95 -

70 47 Unknown/DN / L) 1.86

71 Hypothetical protein -+ TT-N-S01-0372-W 000234403 38500/5.35 24360/9.32 61 Present

72 secreted inorganic pyrrophosphatase, ~ OV-N-NO01-0542-W 000208952 36000/5.3 26955/6.42 96 Present

putative
73 unknown
74 51 Unknown/ RAB3 GTPase-activating ES#N-S03-0709:W. 000015846 35000/4.50 27302/9.85 66/74 -
protein

75 unknown Present

76 53 Unknown/Epa4p IN:N=S01-0852-LF 000187270 38000/5.05 28834/4.78 281 1.92

77 55 Ovarianperitrophin 2 precursot/. OV-N-S01-0389-W 000218474/ (36000/4.85)/  (31441/5.0)/ 216/93 -

Ovarian peritrophifi 2 precursor OV-N-S01-0786-W 000210374 (36000/4.85)  (28726/4.92)
78 Ovarianperitrophin2precursor OV-N-S01-0396-W 000218515 36500/4.7 31792/5.70 121 Present
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Table 3.5 Characterized protein spots in stage IV ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

124

Spot no. Protein name Clone no. gi Observed Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA IN/(EA) Mr (Da)/pI  Mr (Da)/pl Score Present
ablated ) (N)/(EA) (N)/(EA) (N)/(EA)

78 Ovarianperitrophin2precursor OV-N-S01-0396-W 000218515 36500/4.7 31792/5.70 121 Present

79 Peritrophin 3 precursor/unknown OV-N-N01-0689-W 000209805 37000/4.65 29164/5.17 127 -

80 unknown Present

81 Chromobox protein homolog1 OVeN-S01-1463-W 000224391 31000/4.55 27869/5.17 73 Present

82 107 unknown/unknown ] -

83 108 Protein disulfide isomerase/ND OM-NASO1-1221-W & ° 1000223015 53500/5.70 28060/4.66 343 0.083

84 F1-ATP-synthase beta subunit OV-N-S01£1723-W" 000225709 49000/4.9 26036/4.81 246 Present

85 120 Heat shock like protein /ND OV-N-NOI1-0015 -W: 000205873 70000/5.1 27824/4.71 128 -

86 Tubulin beta-1 chain HC-N-SOl-(3037—LF;;| 000141337 52000/5.1 33568/6.44 76 Present

87 Proteasome subunit, a type,5 HCN-NO1-12#35-44 000093024 29000/5.0 28421/8.80 105 Present

EE rrdy

88 unknown y A Present

89 14 Unknown/ es1 protein HC-H-S01<0335-LF JI:"-'. 000070688 (27000/5.5)  (23660/5.49) 288 2.75

90 unknown J i ety Present

91 2-cys-thioredoxin peroxidase OV-N-SO#=1662-W — 000225393 25500/5.3 27726/5.3 251 Present

92 unknown - g ed = Present

93 17 Unknown/ DN i 3.0

94 unknown : - Present

95 21 Unknown/Glutathione peroxidase | *  GL-H-SO1-1009-LF 000023037 = 24500/5.95 27221/6.59 142 2.14

96 Unknown — - Present

98 126 Glutathione-s-trasferase/ND AG-N-NO1-0855-W 0000003782 27500/5.85 29371/6.12 77 0.57

100 Triose-phosphate isomerase © OV-N-NO1-0364-W 000207925 27000/5.95 16635/6.66 240 Present

101 22 Glutathione peroxidase/ Glutathione GIEp-N-S01-1793-LF 000061515/ (24000/6.2)/  (27384/7.52)/ 254/79 -

peroxidase IN=N-SO1-1245.LE 000189297 (24000/6.2)  (25178/6.59)
102 Proteasome subunit type 6 precursor HC-N-NO1-3953:LF 000108639 24000/6.0 26674/5.38 98 Present
103 10 unknown/ Rab3 GTPase-activating HC-H-S01-0575-LF 000072064 22000/6.5 21511/11.29 70 2.5
protein
104 CG10527-like-methyltransferase IN-N-S01-0718-LF 000186525 1900076.10 22764/5.89 127 Present
105 8 unknown/ CG10527-like LEP-V=S01-0093-LF 000198230 17600/6.0 22764/5.89 111 4.37
methyltransferase
106 7 unknown/ similar to Cofilin/actin IN-N-S01-0021-LF 000182905 15000/6.15 15080/5.71 150 -

depolymerizing factor protein
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Table 3.5 Characterized protein spots in stage IV ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

Spot no. Protein name Clone no. gi Observed Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA (N/(EA) Mr (Da)/pI  Mr (Da)/pl Score Present
ablated (N)/(EA) (N)/(EA) (N)/(EA)
107 unknown Present
108 Intracellular fatty acid binding protein LP=N-NO1-0938-LF 000193375 16500/5.5 25439/8.84 403 Present
109 unknown Present
110 unknown ‘ Present
111 Translocation protein Tol B T 13473330 14000/5.48 46651/6.69 78 Present
112 3 unknown/unknown GIEp-N-NO1-2239-LF 000048077 17000/5.2 29064/9.24 55 -
113 Unknown | A Present
114 unknown J Present
115 Translocation protein Tol B f. 13473330 18500/5.0 46651/6.69 71 Present
116 unknown - Present
117 unknown ¥/ Present
118 unknown — Present
119 unknown by Present
120 1 unknown/unknown — il -
121 unknown = Present
122 unknown Present
123 HAD family hydrolase 145590757 27500/6.30 27914/9.04 51 Present
124 unknown Present
125 unknown Present
126 Glutathione-s-trasferase AG-N-NO1-0855-W 0000003782 28000/6.15 29371/6.12 60 Present
127 HAD family hydrolase 145590757 28500/6.05 27914/9.04 67 Present
128 unknown 223947443 30000/6.10 70395/5.47 67 Present
129 unknown Present
130 unknown Present
131 unknown 223947443 24000/5.42 70395/5.47 74 Present
132 Unknown Present
133 Unknewn Present
134 2-cys-thioredoxin peroxidase OV-N-N01-0321-W 000207668 24000/54 27908/6.51 66 Present
135 127 Unknown/ND -
136 2-cys-thioredoxin peroxidase OV-N-N01-0360-W 000207902 26000/5.3 27692/7.07 66 Present
137 Unknown Present
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Table 3.5 Characterized protein spots in stage IV ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

Spot no. Protein name Clone no. gi Observed Calculated Masscot  Dif(fold) /
Normal Eyestalk- N/EA (NJ/(EA) Mr (Da)/pI  Mr (Da)/pl Score Present
ablated (N)/(EA) (N)/(EA) (N)/(EA)
138 unknown Present
139 unknown Present
140 NLI interacting factor like phosphatase 118354395 43000/5.25 64193/8.92 63 Present
family protein )
141 Glutathione peroxidase GL#H-801-1009-LKE & 1000023037 25500/5.5 27221/6.59 52 Present
142 Hypothetical protein 123477668 43000/5.5 20547/9.73 63 Present
143 Hypothetical protein . 123477668 40000/5.4 20547/9.73 67 Present
144 unknown ¥ Present
145 116 Albumin/ND 30962111 67000/6.75 67862/5.23 165 -
146 117 Unknown/ND i 4 -
148 119 Vitellogenin/ND 45774386 67000/6.50 285335/6.55 368 -
149 101 unknown/ unknown +F, 223947443 54000/5.90 70395/5.47 62 -
150 unknown — 223047443 28500/5.90 70395/5.47 66 Present
151 Unknown 223947443 30000/5.9 70395/5.47 63 Present
152 12 Unknown/ unnamed protein product HC-N-NOI-16980-LF 000084186 26000/5.2 27150/4.66 73 1.84
153 unknown ‘ f - Present
154 unknown Present
155 unknown Present
156 unknown Present
157 Vitellogenin 45774386 72000/6.5 285335/6.55 114 Present
158 unknown Present
159 unknown Present
160 unknown Present
2 nucleoplasmin isoform 1-likeprot€in GL=H+S01-0626:LE 000021469 23000/4.5 21693/4.77 72 Absent
4 Eukaryotic translation initiation factot HC=H-S01-1060-LE 000074845 17000/5.3 17488/5.71 113 Absent
5A
6 unknown Absent
9 unknegwn Absent
11 unknown Absent
13 RAB3 GTPase-activating protein ES-N-S03-0709-LF 000015846 27500/5.4 27302/9.85 62 Absent
15 2-cys thioredoxin peroxidase HC-H-S01-0335-LF 000070688 25000/5.35 23660/5.49 288 Absent

126

9Cl



Table 3.5 Characterized protein spots in stage IV ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

127

Spot no. Protein name Clone no. gi. Observed Calculated Masscot  Dif(fold) /
Normal Eyestalk- N/EA (N)/(EA) Mr (Da)/jpI  Mr (Da)/pl Score Present
ablated ) (N)/(EA) (N)/(EA) (N)/(EA)
16 Glyoxylase 1 OV-N-S01-1440-W 000224263 24000/5.4 28333/6.51 114 Absent
18 Beta thymosin GIEp-N=S01-1318-LF 000058975 22000/5.4 26091/6.09 56 Absent
20 Hypothetical protein HC-N<NO1-11847-LE 000088650 20000/5.6 15986/6.96 61 Absent
23 Glutathione peroxydase GI-H4S014 10095LF 000023037 20000/6.20 27221/6.59 69 Absent
24 Beta thymosin AG-N-N01-0805-W 0000003585 28000/5.5 26392/5.22 126 Absent
29 unknown i { & Absent
31 Rab3 GTPase-activating protein ES-N£S03-0709-W 000015846 32000/5.80 27302/9.85 68 Absent
35 Hydroxyacyl glutathione hydrolase HC-H-S01-0325 —].;F ; 000070627 27000/5.9 21088/6.13 88 Absent
37 L-3-hydroxyacyl-co A dehydrogenase OV-N:NO1 -1642:W i 00021537 28000/6.5 26197/9.30 202 Absent
40 Ubiquitin carboxyl terminal L-5 like- GIEp-N-N01-0730-LF 000039213 36000/6.05 28401/7.7 70 Absent
transferase vy e
42 aldo-keto-reductase HC=N-S01-0103-LE 0000141719 37000/5.9 27302/9.85 70 Absent
43 Heterogeneous nuclere OV-N-S01+2373-W /N 000229029 38000/5.75 23374/9.34 133 Absent
ribonucleoprotein i rae sl i
44 Alcohol dehydrogenase OV-N=S01-0682-W- " 000220107 40000/5.8 26981/5.14 54 Absent
45 Heterogeneous nuclear OV-N-S0#<2373-We =2, 000229029 41000/5.55 23374/9.34 112 Absent
ribonucleoprotein TR il y
46 Heterogeneous nuclear HC-N-S01-0995-LF 000074481. , (38000/5.6)  (26095/5.28) 68 Absent
ribonucleoprotein v
48 Transaldolase HC-N-NO01-5537-LF 00011 74.51" 33000/5.0 25248/5.92 110 Absent
49 Hypothetical protein OV-N-S01-2630-W 000230155 33000/5.05 25402/9.92 58 Absent
51 RAB3 GTPase-activating protein ES-N-S03-0709-W 000015846 36000/5.22 27302/9.85 74 Absent
52 Rab3 GTPase-activating protein ES-N-S03-0709-W 000015846 36000/5.05 27302/9.85 66 Absent
54 RAN binding protein 2 GIEp-N-N01-0595-LE 000038517 32000/4.10 27523/4.75 142 Absent
56 unknown Absent
58 Actin HC-N-S01-0525-LF 000143936 44000/5.5 34171/5.81 282 Absent
59 Unknown Absent
60 Cysteine proteinase AG-N-NO1;0910-W 0000004005 39000/6.0 28940/8.73 146 Absent
61 Argininefkinase AG-N-N01:0154-W 000000634 40000/6.0 28250/8.50 112 Absent
62 unknown 4100076.0 28250/8.50 112 Absent
65 unknown Absent
66 unknown Absent
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Table 3.5 Characterized protein spots in stage IV ovaries of normal and eyestalk-ablated P. monodon broodstock (cont.)

128

Spot no. Protein name Clone no. Gi Observed Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA (N)/(EA) Mr (Da)/pI  Mr (Da)/pl Score Present
ablated 4 (N)/(EA) (N)/(EA) (N)/(EA)
67 Hypothetical protein HC-N-NOI#12917-LF 000094112 47500/6.50 28209/8.78 197 Absent
68 Isocitrate dehydrogenase 2 (NADP+) OV-N=NO1-1170-W. 00021605 42000/6.50  28050/9.17 144 Absent
69 unknown ‘ Absent
71 Phosphopyruvate hydratase HCAT.801 07434 F 000072865 50000/6.50  28432/5.26 235 Absent
72 Uknown s & Absent
73 Cytosolic NADP-dependent GLEHAS01-1073LF 000023350 40000/6.5 27608/5.09 105 Absent
isocitrate dehydrogenase ' 4
74 Fah-prov-protein ) 32450404 43000/5.5 46978/6.22 97 Absent
76 elongation factor 2 GIEp-N-S0121165-LF 000058229 45000/6.30  29380/10.32 56 Absent
79 Unknown i 4 rrdd 4 Absent
80 Unknown {, Absent
81 Unknown 4= Absent
82 Vitellogenin s A4 30908959 44000/5.5 20787/5.59 61 Absent
85 Unknown — Absent
86 Unknown Absent
88 Tat binding protein 7 263099 36000/5.7 51633/5.52 74 Absent
89 Unknown HC-H-S01-1014-LF 000074595 57000/5.0 17179/7.97 78 Absent
91 Unknown Absent
95 Protein disulfide isomerase IN-N-S01-0691-LF 000186374 65000/5.60 27052/5.10 268 Absent
96 Chaperonin containing TPC1 subunit HC-N-NO1-7872-LF 000130592 60000/5.85 20006/7.94 53 Absent
5
97 Unknown Absent
98 Unknown Absent
100 Unknown Absent
102 Unknown Absent
103 Unknown Absent
104 Unknown Absent
105 Heat shock protein 70 kD AG-N-N01-0802-W 0000003572 80000/5.6 26393/5.74 236 Absent
106 Hemocyanin HPa-N-N03-0431-LF 000159985 85000/5.90 26527/5.49 100 Absent
109 Unknown Absent

8¢l



Table 3.5 Characterized protein spots in stage IV ovaries of norm -ablated P. monodon broodstock (cont.)

129

Spot no. Protein name / Gi Observed Calculated Masscot Dif(fold) /
Normal Eyestalk- N/EA __.ﬂ/(EA) Mr (Da)/pI  Mr (Da)/pl Score Present
ablated —— (N)/(EA) (N)/(EA) (N)/(EA)
111 Unknown ~— Absent
112 Unknown Absent
113 Unknown Absent
115 Unknown - - Absent
116 Unknown ; il 4 Absent

DN = chromatogram was not observed during mass spectromefricalia 1S

ND = not determined by nanoESI-LC-MS/MS . oY [j -3
Dif (fold) = differential expression and the fold change >1.5 is gegagded as upregulation, < 0.67 = down regulation, - = comparable protein levels,
Present = proteins that were found in stage IV ovaries of normal broog g;,;l \a e stage of eyestalk-ablated broodstock.

Absent = proteins that were not found in stage IV ovaries of eyestal ood \«_ in the same stage of normal broodstock.
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Table 3.6 A summary of a ovarian proteins of in different stages normal and eyestalk-ablated P. monodon broodstock (cont)

Protein name Group Total Normal Eyestalk-ablated Remark and biological function
Stage T Stage IV .Stage Il  Stage IV

Cytochrome b 1.1 1 + Transport, electron transport
Polymerase (RNA)II (DNA direct) 1.1 1 + Cellular function
polypeptide
Cyclic AMP-regulated protein like protein 1.1 1 + Cellular function
Sarcoplasmic Ca2+ binding protein, o B 1.1 1 + r Calcium homeostasis
and A chain
Translationally controlled tumor protein 1.1 1 + N Cellular function
Intracellular fatty acid binding protein 1.1 1 + = Transport
Actin D 1.1 1 + \ Cellular structure
Actin 2 1.1 1 + / Cellular structure
Adenosine kinase 1.1 1 + Cellular function
Glyceroldehyde-3-phosphate 1.1 2 ++(2) Energy production, glycolysis
dehydrogenase #
Putative fructose 1,6-bisphosphate aldolase 1.1 1 + = ‘ ' Energy production, glycolysis
Proliferating cell nuclear antigen 1.1 1 + 2 Cellular function
Retinoblastoma binding protein 4 1.1 1 + = Cellular function, chromatin remodeling
Valosin containing protein-1 1.1 2 ++.(2) - Ovarian development, apoptosis
Spermatogonial stemcell renewal factor 1.1 1 + Metabolic process, transferase avtivity
Phosphoglycerate kinase 1.1 1 + Energy production, glycolysis
Beta tubulin 1.1 1 + Cellular structure
Chaperonin containing TCP1 subunit 2 1.1 2 ++(2) Chaperone
Glycoprotein 93 CG5520-PA 1.1 1 + Cellular function
Adenosyl homocysteinase 1.1 1 + Metabolic process, hydrolase activity
Putative 40s ribosomal protein 1.1 2 +(2) Cellular function, translation
Allergen pen m 2 1.2 1 + + Environment stress, ATP buffering
Tat-binding protein-1 1.2 2 +(1) +(DH Catabolic process, protein and ATP binding
Transketolase 1.2 1 + + Metabolic process, calcium ion binding
NADH-specific isocitrate dehydrogenase 1.2 1 + + Energy production, tricarboxylic cycle
Rab gdp-dissociation inhibitor 1.2 1 H- + Ovarian development, GTPase activation
Hsp60 protein putative 1.2 1 + + Chaperone
Cofilin/actin-depolymerizing factor 13 2 +(1) +(1) Mass decrease when unilateral ablated, ovarian development
Hemocyanin 1.3 2 +(1) +(1) Transport, oxygen transport

0cl
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Table 3.6 A summary of a ovarian proteins of in different stages normal and eyestalk-ablated P. monodon broodstock (cont)

Protein name Group Total Normal Eyestalk-ablated Remark and biological process
Stage II ~ StagedV Stage II Stage IV

Chaperonin containing TCP1 subunit 5 1.4 ” =) . +(1) + Mass increase , chaperone
Transaldolase 1.4 ) +(1) +(1) +(1) Mass decrease, pentose phosphate pathway
Beta thymosin 1.4 ) +(1) +(4) ++ Mass decrease , cellular structure
HAD family hydrolase 2.1 2 ++(2) Metabolic process, hydrolase activity
NLI interacting factor like phosphatase family protein 2.1 1 | % Metabolic process, hydrolase activity
Secreted inorganic pyrophosphatase 2.1 L | ¥ Metabolic process, hydrolase activity
Putative conjugal transfer protein 2.1 1 4 i Cellular function
Peritrophin 3 precursor 2.1 ! + Ovarian development
D-lactate dehydrogenase 2.1 1 1+ Oxidation reduction
Albumin 2.1 1 .f + Transport, lipid binding
Translocation protein TolB 2.1 A ++(2) Transport, protein transport
Proteasome subunit type 6 precursor 2.1 1 A i Catabolic process, protease activity
Heat shock like protein 2.1 1 T Chaperone
Pyrroline-5-carboxylate dehydrogenase 2.2 1 +i4 + Energy production, praline biosynthetic process
Mitocondrial aldehyde dehydrogenase 2 2.2 2 +(1) 1 +(1) Mass increase, metabolic process
Tat binding protein 7 2.3 2 = +(1) Mass decreased, ovarian development
CG10527-like-methyltransferase 2.3 1 ¥y + Metabolic process, transferase activity
L-3-hydroxyacyl-coenzyme A dehydrogenase 24 3 +(1) +(1) +(1) Metabolic process
Ovarian peritrophin 2 precursor 24+ = ++(1) +(1) + Ovarian development
Cytosolic manganese superoxide dismutase 24 2 +(1) +(1) + Mass decrease, oxidation reduction
Glutathione peroxidase 24 7/ ++(2) +++(2) +++(3) Mass decrease, oxidation reduction
Alcohol dehydrogenase 24 4 +D ++4(3) + Mass decrease, catabolic process
proteasome subunit a type 5 24 2 + +(2) + Catabolic process, protein ligase activity
F1-ATP synthase beta subunit 3.1 2 ++(2)* + Energy production, ATP synthesis
Chromobox protein homologue 1 3.1 1 + + Cellular function, chromatin binding
Hypothetical peptide transporter ATP-binding protein Bl 1 + + Transport
Glutathione-s-transferase 32 3 +(1) +(1) +(1) Catabolic process, transferase activity
Trios-phosphate isomerase 3.2 4 +(1) +(1) +(2) Mass decrease, energy production, glycolysis
Phosphopyruvate hydratase By 2 +(2) + + Energy production, glycolysis
Tubulin beta-1 chain 32 3 ++(2) + +(1) Mass decrease, cellular structure
Methylmalonate-semialdehyde dehydrogenase 3.2 3 +(1) +(1) +(1) Mass decrease, Metabolic process
Protein disulfide isomerase 3.4 11 ++ +++++(5)  ++++++(6) ++ Mass decrease and increase, chaperone

I€l
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Table 3.6 A summary of a ovarian proteins of in different stages normal and eyestalk-ablated P. monodon broodstock (cont)

Protein name Group Total Normal Eyestalk-ablated Remark and biological function
Stage 11 Stage IV Stage Il  Stage IV
2-cys-thioredoxin peroxidase 34 3 + 1 +(2) +(1) + Mass increase, oxidation reduction
Beta actin 34 10 THitett(7) © + +++(3) + Mass decrease, cellular structure
Arginine Kinase 34 6 +(L) +(1) +(2) +(1) Mass decrease and pl chang, environment stress
Beta-Nac-like protein 4.1 1 + Cellular function
Vitellogenin precursor 4.1 1 + Ovarian development
Dynactin subunit 2 4.1 1 + Ovarian development
Heterochromatin protein 1 homologue beta 4.1 1 # + Cellular function, mitosis
proteasome subunit beta type I 4.1 1 + Catabolic process, protease activity
Ovarian peritrophin 4.1 3 1 +++(3) Ovarain development
Histidine-rich glycoprotein precursor 4.1 1 } + Cellular function
Calreticulin 4.1 1 3 Calcium homeostasis
Scavenger receptor cysteine protein precursor 4.1 1 & Cellular function
Heat shock protein 21.4 4.1 1 J + Chaperone
Glutamate carboxypeptidase 4.1 1 4/ + Energy production, lysine biosynthetic process
RAB, member of RAS oncogene family-like 5 4.1 1 - Ovarian development, GTPase activity
Thrombospondin 4.1 2 = ++(2) Ovarian development
RAN-binding protein-2 4.1 1 + Transport, protein transport
Peroxiredoxin 4 4.1 1 + Oxidation reduction
2-keto-4-pentanoate hydrolase 4.1 1 + Catabolic process
Cytosolic NADP-dependent isocitrate 4.2 jf + Energy production, tricarboxylic cycle
dehydrogenase
Isocitrate dehydrogenase 2 (NADP+) 4.2 1 + Energy production, tricarboxylic cycle
Fah-prov protein 4.2 1 + Metabolic process
Electron transfer flavoprotein 4.2 1 + Transport, electron transport
26s protease regulatory subunit 7 4.2 1 = Catabolic process, ATPase activity
Nucleoplasmin isoform 1-like protein 4.2 1 + Cellular function
Eukaryotic initiation factor SA 4.2 1 + Cellular function, trnaslation
Rab 3 GTPase-activating protein 4.2 4 ++++#(4) Ovarian development, GTPase activity
Protein henna 4.2 1 + Ovarian development, serotonin biosynthetic
Heat shock protein 70 kDa 42 1 + Chaperone

el



Protein name Group Total

es] protein 4.3 1
Carbonic anhydrase 43 1
Ubiquitin carboxyl-terminal hydrolase 43 1
L5-like protein

26s proteasome non ATPase regulatory 4.3 1
isoform A subunit 14

Aldo-keto reductase 4.3 1
Heterogeneous nuclear ribonucleoprotein 4.3 4
Hydroxyacyl-glutathione hydrolase 4.3 1
Glyoxylase 1 43 2
Cysteine protease 43 2
Vitellogenin 43 4
Heat shock protein 70 kD protein cognate 43 2
Epadp 4.3 3

*The number of + indicates the number of protein spots found in-@vari

were altered.
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estalk-ablated
ge Stage IV

Remark and biological function

Cellular function

Metabolic process

Catabolic process, ubiquitin thiolestherase
activity

Catabolic process, protease activity

Oxidation reduction

Cellular function, nuclear mRNA
processing

Metabolic process, hydrolase activity
Cellular function

Catabolic process

Ovarian development

Chaperone

Cellular function
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Considering expression profiles of known protein in different stages of ovaries
of normal and eyestalk-ablated P. monodon broodstock, their expression profiles
could be categorized to 4 groups; those found in stages II (Group 1) and IV (Group II)
and those found in both stages II and IV ovaries (Group III) of normal broodstock and

those found in eyestalk-ablated broodstock (Group IV) (Table 3.6).

Group I proteins could be further divided to 4 subgroups. They were proteins
that were not expressed in ovaries of eyestallk=ablated broodstock such as glycoprotein
93 CG5520-PA, proliferating cell nuclear antigen, retinoblastoma binding protein 4,
spermatogonial stem cell renewal factor and phosphoglycerate kinase (subgroup 1.1),
proteins that also expressed in stage Il ovaries of eyestalk-ablated broodstock; for
example, Hsp60 protein putative and allergen pen m 2 protein (subgroup 1.2), proteins
that also expressed insStage [V @varies §f eyestalk-ablated broodstock; for example,
Cofilin/actin-depolymerizing factor (subgfpﬁp 1.3) and proteins that also expressed in
both stages II and IV ovaries of’ eyestalk—aiéléted broodstock such as beta thymosin,
Ovarian peritrophin 2 precursor, Chapéf:dnijl} containing TCP1 subunit 5 and

transaldolase (subgroup 1.4).

.

Group II proteins could be further divided to 4 subgroups. They were proteins
that were not expressed in ovaries of eyestalk-ablated broodstock; for example,
peritrophin 3 precursor, secreted inorganic pyrophosphatase, putative conjugate
transfer protein.and proteasome subunit type 6, precursor (subgroup II.1), proteins that
were also expressediin.stage II ovaries of @yestalk-ablated’ bfoodstock; for example,
proteasome subunit o type 5 and mitochondrial aldehyde dehydregenase 2 (subgroup
I1.2), proteins that were also expressed in stage IV /ovaries, of “eyestalk-ablated
broodstock; for example, Tat-binding protein 7 and CG10527-like-methyltransferase
(subgroup II.3) and proteins that were also expressed in both stages are stage Il and
IV ovaries of eyestalk-ablated broodstock such as cytosolic manganese superoxide
dismutase, alcohol dehydrogenase and glutathione peroxidase protein involved an

antioxidant (subgroup IL.4).
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Group III proteins could be further divided to 4 subgroups. They were proteins
that were not expressed in ovaries of eyestalk-ablated broodstock; for example,
chromobox protein homologue 1 and F1-ATP synthase beta subunit (subgroup III.1),
proteins that were also expressed in stage II ovaries of eyestalk-ablated broodstock;
for example, glutathione-s-transferase, trios-phosphate isomerase, phosphopyruvate
hydratase and tubulin beta-1 chain (subgroup III.2), proteins that were also expressed
in stage IV ovaries of eyestalk-ablated broodstock (subgroup III.3) were not observed
in this study. The final subgroup was proteinssthatwere also expressed in both stages
are stage II and IV ovaries-of eyestallk-ablated broedstock such as protein disulfide

isomerase, 2-cys thioredoxin,arginine kinase and beta actin (subgroup I111.4).

Group IV proteins couldbe further divided to 3 subgroups. They were proteins
that were also expressgd im stage II (l);ylléries of eyestalk-ablated broodstock; for
example, Histidine-rich jglyeoprotein pgeCUrsor, ovarian peritrophin, careticulin,
heterochromatin protein L homologue bé_,?.a’,. dynactin subunit 2 and vitellogenin
(subgroup III.1), proteins that were also ‘e}[_)r'essed in stage IV ovaries of eyestalk-
ablated broodstock cytosolic NADP—deperi'dén_I isocitrate dehydrogenase, Fah-prov
protein, isocitrate dehydrogenase 2 (NADP.:_-);#Rab 3 GTPase-activating protein and
protein henna (subgreup I11.2) and proteins that were also expressed in both stages are
stage II and IV ovaries of eyestalk-ablated broodstock such as ubiquitin carboxyl-
terminal hydrolase L5-like protein, esl protein, carbonie¢ anhydrase, 26s proteasome
non ATPase regulatory“isoform A subunit’14 and aldo-keto reductase (subgroup

1IL.4).

In additions~known, proteins; in thispstudy-were categeried agccording to their
biological functions’ (Table 3.6). "Proteins involving metabolic process (13%) and
ovarian development (13%) were the most abundant protein group (13%). Members
of the former group, for example, were secreted inorganic pyrophosphatase and
methylmalonate semialdehyde dehydrogenase whereas those of the latter group were
vitellogenin and thrombospondin. Proteins functionally involved in energy
production, for example, triose-phosphate isomerase and F1-ATP synthase beta
subunit were also abundantly expressed (12%). Proteins involving catabolic process

were found for 11% of characterized proteins. Examples of these proteins were
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ubiquitin carboxyl-terminal hydrolase L5-like protein and 26s proteasome non
ATPase regulatory isoform A subunit 14. In addition, proteins function in transport
and chaperone were found for 8% for both groups. Members of the former group were
cytochrome b and intracellular fatty acid while those of the latter group were protein
disulfide isomerase and heat shock protein 70 kDa protein cognate. Oxidaton-
reduction proteins (e.g. glutathione peroxidase and 2-cys thioredoxin) were found for
6%. Proteins involved in cellular structure (e.g. actin D tubulin beta-1 chain) were
also found for 6% of characterized proteins. Apart from highly and moderately
expressed proteins, those-involved calcium-homeostasis (e.g. sarcoplasmic Ca2”
binding protein o B and A.eham and calreticulin) and environmental stress (e.g.
arginine kinase and allergen pen m2) \Yere found for 2% of characterized proteins.
Proteins categorized“as _other ce_llula{ Afunctions  were accounted for 19% of

chatactered proteins inhe study (Figure 3:20).
IJ "
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Figure 3.20 The categories of biological function of known protein spots from 2-DE
gels after they were subjected to nanoLC-MS/MS followed by database searched. The
102 proteins were categorized into 11 groups according to their function within the

cell.
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3.4 Isolation and characterization of the full length cDNA of genes expressed in

ovaries of P. monodon
3.4.1. DEAD box 52

Several discrete bands were obtained from 5' and 3' RACE-PCR of DEAD box
52. A 900 bp fragment generated from 3' RACE-PCR was cloned and sequenced.
Nested 5' RACE-PCR was further carrieélfg)i/t/and a 1100 bp fragment was obtained
(Figure 3.21). Nucleotide sequences of théSé-’i;/angents and EST (Figure 3.22) were

assembled.

Figure 3.21 The primary 5 (&) and 3' (B)'RACE- Pc1} product of DEAD box 52.

Nested 5' RACE- PGR—pmduet—ef—DEAD—boxJQavﬁsj further carried out (C).
Arrowheads indicate MCE PCR products that were cloned and sequenced. Lanes M

and M1 are a 100 bp D‘NA ladder. Lane M2 is a A-Hind IH DNA marker.

A

CTAATACGACTCACTATAGGGCAAGCAGTIGGTATCAACGCAGAGTACGCGGGAGGCAAGACAGCGGCTT
TTCTCGTGCCCATTCTGAATCAGCTCGGTGGCCCTCAGAGGAAGGGTTTCCGTGCTGTAATTCTAGCAC
CTACCAGAGAGTTGGCCAAACAGACTTACAGAGAGTGTACAAGGCTGTCTGAGEGCCTTGGGTTACGTG
TGCACATCATTAGTALTGTGAACAAAGCAAAAGAAAAGTTTGGGCCAAAGTCTGCAAAAAAATTTGACG
TATTGGTGACGACCCCAAACCGCCETGTATTTFCTCCTGCGAGAGGATGATACGCCACCAATTGACTTAG
Nested 5'RACE-PCR

CCAATGTGGAGTGGTTGGTTGTTGACGAGAGTGATCGCCTCTTTGAGGGTGGAGCACGAGGATTCAGGG
ATCAGTTAGCTGCAGTATATCGTGCATGCACTGGACCCAATATCAGACGGGCTCTTTTCTCGGCTACAT
TTTCTCACGAGGTTCAACACTGGTGTAAATTGAATCTCAATAATGTTGCCATGGTTACAGTAGGCATAA
GAAATACAGCATGCGAAGATGTGAAACAAGAGTTGGTGTTTTGTGGAAATGAAACTGGAAAAATTCTGG
CACTGCGTGATATATTCCGAAAGGGATATGAACCTCCAGTGCTAGTATTTGTGCAGACCAAAGAGCGAG
CGAAAGAACTGTTCAAGGAGCTGATTTACGACAACCTGATGGTGGATGCCATTCATGCAGATCGAACAC
AGCTGCAGCGTGATAATGTTGTACGGGCATTCAGAGAAAGAAAAGTCTGGGTTCTGATATGCACAGAAC
TCATGGCCCGTGGTATTGACTTCAAGGGGGTGAACCTTGTCATCAACTATGACTTCCCTCCTTCAGCAA
TC

B

GATGGTGGATGCCATTCATGCAGATCGAACACAGCTGCAGCGTGATAATGTTGTACGGGCATTCAGAGA
5'RACE-PCR




138

AAGAAAAGTCTGGGTTCTGATATGCACAGAACTCATGGCCCGTGGTATTGACTTCAAGGGGTTGAACCT
3'RACE-PCR

TGTCATCAACTATGACTTCCCTICCTITCAGCAATCAGTTACATTCACAGAGTAGGAAGGACTGGCAGAGC
TCATCATCAAGGAAGAGCGGTCACATTCTGGACAATGGCAGATAAGCCATATCTGCGGAGCATTGCCCT
AGTAATGCATAACTCTGGCCAACATGTTCCTGAATGGATGCTTGAAATGAAGAAGGCGACAAAGAATGA
GAAAAAGAAGCTATCAGCTAAACATCCAGAGCGTGGACACGTATCTCAAGGGGTCCTGTATGAGAAGCT
ACAAAAGAGGAAGATGAAACAAATGAAAGACAAAAGCAAAAGGATGAAAATGATGAATGGAGGAGCTAT
GCAGAAAGAGGAAGAGGAAAGTGGTGATAATGACATAGTAGACAGTGCAGATACGCA

C.

GCAGAAAGAGGAAGAGGAAAGTGGTGATAATGACATAGTAGACAGTGCAGATACGCAAGCCCCAAAGAA
GAAAAAGAAGACAAAGAAAAAGCAAAGIGGCAACGTAGETGCAAAAAATGCAATGTTGATCAGGGTAACGA
ATGAGGGAAGTCTGAATGAATIGITITIGCTTGACTGTAAGTGCACAACGGAATAGAATATGAATTTGCTA
AACAAAAAAAAAAAAAARAAA

Figure 3.22 Nucleotide séquences of 5' RACE-PCR (A), EST (B) and 3' RACE-PCR
(C) of DEAD box 52 of Pdmaonodon: Primers for 5'and 3' RACE-PCR are underlined.

_—
i

The full length cDNA' of bEAD beSZ of P. monodon was 2043 bp in length
containing an ORF of 1824 bp deducing to a polypeptide of 607 amino acids and 5'
and 3' UTRs of 96 and 123 bp (exc’-luding..':t_f_;'? poly A tail), respectively (Figure 3.23).
The closest species according J“ﬁ) the best—i_};ié‘{é{pproach of the full length cDNA of
DEAD box 52 of P. monodon was élosest stmﬂ‘arlty to that.of Nasonia vitripennis (E-

value = 3e-154). =

AAGCAGTGGTATCAACGCAGAGTACGCGGGGATGTGGAGGCGAAGCGAGACGCAAACACG 60
GACTCGCGACCACGTCCTTTI BEATTCTATGGCAAGATGAATTCGTATGATATCTTTCGA 120
M N ISY¥yDUI F R 8
AAGCTCACGAGGGGAATGAGATETGATOATAACAGAT TTAAAGGAGATC TAAAAAAGATA 180
K L T R MRV FDHNU RTFIZKGUD L K K I 28
GGGGTCCGTAAAACAAAAGATGATGACCARAGCAGCGTGAGAGTGAATGAGAGEAAAGAA 240
G V/AROK FT 7K _(DSDDLQ| (S SO M /Ty (V) N Ey & K| E 48
GAGGAAGAAENGGCAGTTEACGAGEC RGARTEEANCGAAGAAGACCCAGATGAGGATIGAT 300
E EEEAVDTETPTETSNETETDTPTDE D D 68
GTTGATGCAGATGAGGAAGGCAAAGTAAGCATGCTGTCTGATATCCAGATTGGAGGATCA 360
VDADETETGT KV SMILSDTIOQTIGG S 88
GAAGCAACTGAGAGGAAAGAAAAGAAAAAAAAAGTAATCAGTAAAGAGAARACAGCTTCGA 420
E A TET RTIKETZ KT KIZ KKV I S KETZ K Q L R 108
ATCCACCAACAGCAGGTTAATCATCAACGAAATAAACTTGGCATCTCAGTATGGGGAACC 480
I HQ Q Q VNUHOQRNIEKTILGTIS VWG T 128
GACGTTCCTGATCCAGTGGAGACTTTTGATGACATGATCGTGAAGCACAAGCTAAGTGAG 540
D VPDPVETTFTUDTDMTIVI KU H I KTL S E 148
GTACTAGTGAGCAATCTGCTGAATCAAGGCTACTCGGAACCCACTGCAATCCAGAAGCAG 600
VL VS NTILTILN G QG Y SETPTA ATI QK Q 168
GCGTGGCCACTCATGCTGCAAGGACGGGAAATTCTGGGATGTGCCCCAACAGGCTCAGGC 660
A WPLMTLOQGRETITLTGTCA ATPTG S G 188



AAGACAGCGGCTTTTCTCGTGCCCATTCTGAATCAGCTCGGTGGCCCTCAGAGGAAGGGT
K T A A F L v P I L NOQOQ L G G P Q R K G
TTCCGTGCTGTAATTCTAGCACCTACCAGAGAGTTGGCCAAACAGACTTACAGAGAGTGT
F R A VvV I L A P T REULAI KOQT Y R E C
ACAAGGCTGTCTGAGGGCCTTGGGTTACGTGTGCACATCATTAGTAATGTGAACAAAGCA
T R L 8§ E G L G L R VvV H I I S NV N K A
AAAGAAAAGTTTGGGCCAAAGTCTGCAAAAAAATTTGACGTATTGGTGACGACCCCAAAC
K E K F G P K s A K K F DV L V T T P N
CGCCTTIGTATTTICTCCTGCGAGAGGATGATACGCCACCAATTGACTTAGCCAATGTGGAG
R L v ¥ L L R E D D T P P I DL A N V E
TGGTTGGTTGTTGACGAGAGTGATCGCCTCTEITTGAGGGTGGAGCACGAGGATTCAGGGAT
W L vVv D E S DU RL F B G G A R G F R D
CAGTTAGCTGCAGTATATCGTGCATIGCACTGCACCEAATATCAGACGGGCTCTTTTICTCG
Q L A AV Y R A CT G P N I R R A L F S
GCTACATTTTCTCACGAGGTTCAACACTGGTGTAAATTIGAATCTCAATAATGTTGCCATG
A T F S H E V @ H W C K L N LN N V A M 348
GTTACAGTAGGCATAAGAAATACAGCCATGCGAAGATGTGAAACAAGAGTTGGTGTTTTGT
v T Vv G I RN II»AC E D V K OE L V F C
GGAAATGAAACTGGAAAAATTCTGGCACTGCG?GATATATTCCGAAAGGGATATGAACCT
G N E T G K IgL/A/ILL, R D I F R K G Y E P
CCAGTGCTAGTATTTGTGCAGACCAAAGAGCGAGCGAAAGAACTGTTCAAGGAGCTGATT
P V L V F V Q/T,/K E R A K E L F K E L I
TACGACAACCTGATGGTGGATGECATTCATGCAGATCCAACACAGCTGCAGCGTGATAAT
Y DN L M V D/A/I HIA D RT Q@ L Q R D N
GTTGTACGGGCATTCAGAGAAAGAAAAGTCTGGdTTCTGATATGCACAGAACTCATGGCC
V V R A F R'E R K V W V L I C T E L M A
CGTGGTATTGACTTCAAGGGGGTGAACCTTGTCATCAACTATGACTTCCCTCCTTCAGCA
R 6 I D F K G V N L~V I* N Y D F P P S A
ATCAGTTACATTCACAGAGTAGGAAGGACTGGCAGAGCTCATCATCAAGGAAGAGCGGTC
I S Y I HR V G RT G R A: H H Q G R A V
ACATTCTGGACAATGGCAGATAAGCCATATCTGCGGAGCATTGCCCTAGTAATGCATAAC
T F W T M A D K P -¥Y L Ra 'S I.A L V M H N
TCTGGCCAACATGTTGCHGAATGGATGCTTGAAATGAAGAAGGCGAEAAAGAATGAGAARA
S G Q H V PL}E——W——M——{r—ik—ik—dk—wK—~A4—T'JK N E K
AAGAAGCTATCAGCTAANCATCCAGAGCGTGGACACGTATCTCAAGGEGTCCTGTATGAG
K K L S A K E P E R G H V S Q G V L Y E
AAGCTACAAAAGAGGAAGATGAAACAAATGAAAGACAAAAGCAAAAGGATGAAAATGATG
K L Q K R K M X O M KD K S KR MIKMM
AATGGAGGAGCTATGCAGAAAGAGGAAGAGGAAAGTGGTGATAATGACATAGTAGACAGT
N G G AyYUMQ K E E E E S" G D N D IV D s
GCAGATACGCAAGCCAGAAAGAAGAAAAAGAAGACAAAGAAARAGARAGTGGCAACGTAG
A DT Q A R K KU KK KTIKI KI KI K VA T *
TTGAAAAAATGCAATGTTGATCAGGGTAACGAATGAGGGAAGTCTGAATGAATGITTTTG
TTGACITGTAAGTGCACAACGGAATAGAATATCGAATITGCAAAAAANAARAAARAAANAAANA

AAA

720
208
780
228
840
248
900
268
960
288
1020
308
1080
328
1140

1200
368
1260
388
1320
408
1380
428
1440
448
1500
468
1560
488
1720
508
1780
528
1840
548
1900
568
1960
588
2020
607
2080
2140
2143
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Figure 3.23 The full length cDNA sequences of DEAD box 52 of P. monodon. Start

and stop codons are illustrated in boldfaced and underlined. A putative N-linked-

glycosylation site is highlighted.

The calculated p/ and MW of P. monodon DEAD box 52 was 9.30 and 69.15

kDa, respectively. The signal peptide was not found in this putative nonsecretory
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protein. The N-linked-glycosylation domain was found at positions 44- 46 of the
deduced DEAD box 52 protein. DEXDc and HELICc domains were found in proteins
functionally involved in unwinding nucleic acids of various biological processes for
instance, nuclear transcription, pre-mRNA splicing, ribosomal biogenesis,
nucleocytoplasmic transport, translation, RNA decay and organelle gene expression,
were found at positions 158 - 364 (E-value = 1.94e-51) and 398 - 482 (E-value =
4.14e-28; Figure 3.24) of this deduced protein.

DEXDE
1 1587/1 LGot\ 3 607
\
: S0aa
J
Pomain«= Position E-value
' .7,
DEXDc 44| 1584364 1.946-51
HELICe- — | 398-482 4.14e-28

J o
o4 el

Figure 3.24 Diagram +llustrating DEAD box 52 ¢cDNA. of P. monodon. The DEXDc
and HELICc domains were found in the deduced protein of this transcript. The scale

bar is 200 bp in-length,
3.4.2 DEAD box ATP-dependent RNA helicase

The primary '5' and 3' RACE-PCR ‘generatéd large-fragments.of bands (Figure
3.25A). Semi-nested PCR was carried out by amplification of the primary RACE-
PCR product with the same gene-specific primer and nested adaptor primer (AP2).
After electrophoresis, discrete bands of 900 bp and 1000 bp fragments were obtained
from seminested 5' and 3' RACE-PCR of a DEAD box ATP-dependent RNA helicase,
respectively (Figure 3.25B ). These fragments were cloned and sequenced. Their

nucleotide sequences (Figure 3.25) were assembled with the original EST sequence.
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The full length cDNA of DEAD box ATP-dependent RNA helicase of P.
monodon was 1680 bp in length containing an ORF of 1209 bp corresponding to a
polypeptide of 402 amino acids. The 5' and 3' UTRs of DEAD box ATP-dependent
RNA helicase were 53 and 418 bp long (excluding the poly A tail), respectively.

# 7 'h \ .

(lane ¥ A)-and 3" (lane 2, A) RACE-PCR product of
= j,u-u #

DEAD box ATP-dependent RNA hellcave S}ml -nested 5'(lane 1, B) and 3' (lane 2, B)

RACE-PCR were further ¢ 1eg1 eut Arrey'@‘aﬂs indicate RACE-PCR products that

were cloned and sequenced Lanes‘M are a‘fﬁ(} bp DNA ladder.

Figure 3.25 The prim

i . Y-
e £
A. Y A

GATTAAGCAGTGGTATCAAtGCAGAGTACGCGGGGAGAGCGGCAGEAAACACCATGGCGGAAGGACGCG
TGAGAAGAGTGATCCCCGAGGACCTCTCCAATGTCGAGTTTGAGACCAGCGAAGAGGTGGAGGTCGTCC
CAACCTTCGATAACATGGGGCTGAGAGAGGATCTCCTTCGTGGAATATATGCTTATGGGTTTGAAAAGC
CATCTGCTATCCAACAGCGETGCTATTCGICCCATTGCTGAAGGCGGCTCGTGATGTCATTGCACAGGCCCAGT
CTGGAACGGGTAAAACCGCCACTTTTTICCATCTCTATCCTACAAACGCTTGACATCAATGTCCGTGAGA
CCCAGGTCCTTACACTCTCACCAACAAGGGAGTTGGCAGTGCAAATTCAAAAGGTTGTTCTGGCCTTAG
GAGATTACATGAATGTTCAGTGTCATGCTTGCATTGGAGGGACCAACTTGGGTGAGGACATCCGCAAGC
TTGACTATGGECAGCATGICGTATECTGGCACACCAGCTCEGGETGTTIGACATGATEAGACGCCGCACTC
TCAGAACCCGTTCAATTAAGATGTIGGICCTACGATGAAGCAGATGAAATGTTGAACAAAGGCTTCAAGG
AACAGATCTACGATGTTTACCGTTACCTTCCACCAGCTACCCAGGTCTGCTTGATCTCTGCCACACTIC
CCCATGAAATTCTTGAGATGACTTCAAAGTTCATGACTGATCCAATCCGTATTCTTGTGAAACGTGATG
AACTGACACTGGAAGGGATCAACATTCTTTGTGGCAGTAGAGCGCGAAGAATGGAAATTTGATACTTTG
TGCGACTTGTACGATACACTGACCATCACACAAGCAGTAATCTTTTTGCACACGACAAGCAGTAATCTT
TTGCAACACGAAGCGTAAGGTGGACTGGCTGACAATCACTAGTGAATTCGCGGCCGCCTGCAGGTCGAC
CATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTGAGTATTCTATAGTGTCACCTAAATAGCTGGC
GATAGTCATCC

B.

GGAACGGGTAAAACCGCCACTTTTTCCATCTICTATCCTACAAACGCTTGACATCAATGTCCGTGAGACC
CAGGTCCTTACACTCTCACCAACAAGGGAGTTGGCAGTGCAAATTCAAAAGGTTGTITCTGGCCTTAGGA
GATTACATGAATGTTCAGTIGTCATGCTTIGCATTGGAGGGACCAACTTGGGTGAGGACATCCGCAAGCTT
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GACTATGGCCAGCATGTCGTATCTGGCACACCAGGTCGAGTGTTTGACATGATCAGACGCCGCACTCTC
AGAACCCGTTCAATTAAGATGTTGGTCCTAGATGAAGCAGATGAAATGTTGAACAAAGGCTTCAAGGAA
3'RACE-PCR
CAGATCTACGATGTTTACCGTTACCTTCCACCAGCTACCCAGGTCTGCTTGATCTCTGCCACACTTICCC
CATGAAATTCTTGAGATGACTTCAAAGTTCATGACTGATCCAATCCGTATTCTTGTGAAACGTGATGAA
CTGACACTGGAAGGAATCAAGCAATTCTITTGTGGCAGTAGAGCGCGAAGAATGGAAATTTGATACTTTG
5'RACE-PCR

TGCGACTTGTACGATACACTGACCATCACACAAGCAGTAATCTTTTGCAACACGAAGCGTAAGGTGGAC
TGGCTGACAGAAAAAATGCGAGAGGCCAACTTCACAGTATCTTCCATGCACGGTGACATGCCACAGAAA
GAGCGAGATGCCATCATGAAGGAGTTCCGTTTCAGGCCAGAGTCGAGTACTAATCACTACTGATATATG
GGCAAGAGGAATTGATGTACAGCAGGTATCCGTITGGTCATTAATATGACCTGCAACA

o

C. 2

CTTTTGCAACACGAAGCGTAAGGTGGACTGGChGACAGAAAAAATGCGGGAGGCCAACTTCACAGTATC
TTCCATGCACGGTGACATG%SA@ﬁG AGAGCFAGATGCCATCATGAAGGAGTTCCGTTCAGGCCAGAG
TCGAGTACTAATCACTACTGAT AIGGGCAASAGGAATTGATGTACAGCAGGTATCCTTGGTCATTAA
TTATGACCTGCCAAACAAT GACGTIGTACATTCATCGCATTGGTCGATCTGGTCGTTTTGGAAGGAA
GGGTGTTIGCAATCAACTITGCTGAAGAAT GATGATATTICGTATCCTGCGAGATATTGAACAGTACTACTC
AACACAGATTGATGAAATGCECA GAATGTTGCTdATTTAATCTAAATTGAAGTGGGACAGTACCTGAA
ATCCATTATGATAAGAT CATACATAAAAGTATTTGTACCCAATAAGAATACCCCGTAGC
TTTTCTTTAATATATAATAT TTTTITTTATAGTGAAATAAATGGTTTTTGATGGATCTAGGTTAT
GTAATTTTAGAAAGAACCTC ay CTTT?TG TGTTTATATTATATTGTCTTTIGTGCATACCAAAG
CTTACATAGTTCAGTTTTGAAAGT QTATTATTQAAQTTTGAAAGACAGAAAGTATGAAGCAGATATC
TTCACTCTTITGTTTAATCACCTTT TGTGACATGITACACATTTTTAGCATTTTTTGTACTGAAAGTGT
ACAATAAAGCCCTTGACTGAAA AAAAAAAAAAAAAAAAAAAAAAAAA

2

Figure 3.26 Nucleotide sequenée-of of 5 RAéE-PCR (A), EST (B) and 3' RACE-PCR
(C) of DEAD box Aip_dapmdmz_m_mme_{ﬁ_&-wjmodon. RT-PCR primers
(DATPF, DATPR, ur{derhned) were used for isolation o£ the full length cDNA of this
gene by RACE-PCR. -~ -

The poly A additional signal (AATAAA) was lo¢ated between 1632-1638 of
this transcript (Figure 3.27). Its closest similarity according to the best hit approach of
the full length’ cDNA, of "DEAD box ATP-dependent, RNA helicase'of Aedes aegypti
(E-valuet= 0.00).

The calculated p/ and MW of DEAD box ATP-dependent RNA helicase of P.
monodon was 5.91 and 46.11 kDa, respectively. The predicted signal peptide was not
found in the deduced DEAD box ATP-dependent RNA helicase protein. Like DEAD
box 52, DEXDc and HELICc domains were found at positions 48 - 245 (E-value =
3.84e-55) and 282 - 363 (E-value = 1.07e-35; Figure 3.28) of the deduced protein,

respectively.



GATTAAGCAGTGGTATCAACGCAGAGTACGCGGGGAGAGCGGCAGTAAACACCATGGCGG
M A 2
AAGGACGCGTGAGAAGAGTGATCCCCGAGGACCTCTCCAATGTCGAGTTTGAGACCAGCG
E GR VRRUV IUPET DTILSNJVTETFTET S
AAGAGGTGGAGGTCGTCCCAACCTTCGATAACATGGGGCTGAGAGAGGATCTCCTTCGTG
EE V E V V P TV FDNMMGT LU RTETDTIL L R
GAATATATGCTTATGGGTTTGAAAAGCCATCTGCTATCCAACAGCGTGCTATTCGTCCCA
G I YA Y GF EKUP S ATIOQO QT RA ATITRP
TTGTGAAGGGTCGTGATGTCATTGCACAGGCCCAGTCTGGAACGGGTAAAACCGCCACTT
I V XK GR DV I A QA QS G TGI KT AT
TTTCCATCTCTATCCTACAAACGCTTGACATCAATGTCCGTGAGACCCAGGTCCTTACAC
F S I s I L. Q T L D I NWN RETOQV L T
TCTCACCAACAAGGGAGTTGGCAGTIGCAAATTCAAAAGCTTGTTCTGGCCTTAGGAGATT
L S P TR ETULA AV Q I 0K V VLA ATLGTD
ACATGAATGTTCAGTGTCATGCETGCATT GGAGGGACCAACTTGGGTGAGGACATCCGCA
Y M NV Q C HvAa€c I G G T N'L G E D I R
AGCTTGACTATGGCCAGCAIGICETATCTCGCACACCAGETEGGGTGTTTGACATGATCA
K L DY G Q H WVvVe TP GRV F DMTI
GACGCCGCACTCTCAGAAGECG L#C AR WIAAGA TG TTGE TCCTAGATGAAGCAGATGARA
R R R T UL R T#R/I KIM L V L.D E A D E
TGTTGAACAAAGGCTTCAAGGAACAGATCTACGATGTTTACCGTTACCTTCCACCAGCTA
M L N K G PF KJE/Q T ¥ D V ¥ R Y L P P A
CCCAGGTCTGCTTGATCTGRGCEACACT TGECCAT GAAATTCT TGAGATGACTTCAAAGT
T 9 VvcoL I"s/a/TLiLIHAE I L EMT S K
TCATGACTGATCCAATCCGTATTcTTGTGAAACG%GATGAACTGACACTGGAAGGAATCA
FMTODZPTI®RLEILV K R D E L T L E G I
AGCAACTCTTTGTGGCAGTAGAGCGCGAAGAATGGAAATTTGATACTTTGTGCGACTTGT
K Q L F V A V E R E E wj K F D T L C D L
ACGATACACTGACCATCACACAAGCAGTAATCTTTTGEAACACGAAGCGTAAGGTGGACT
Y DT LTTITGO QA AV I F ENTZI KT RTIEKV D
GGCTGACAGAAAAAATGCGGGAGGCCAACTTCACAGTATCTTCCATGCACGGTGACATGC
W L TEI KMT®RE A& N F T ¥V S S M H G D M
CACAGAAAGAGCGAGATGCCATCATGAAGGAGTTCCGTTCAGGCOAEAGTCGAGTACTAA
P Q K E R DoA—I M K E-F RS 60 S R V L
TCACTACTGATATATGEECAAGAGGAATTGATGTACAGCAGCTATCEH TGGTCATTAATT
I T T D I WAUR G I DV Q@ Q VS L V I N
ATGACCTGCCAAACAATCGTGAGTTGTACATTCATCGCATTGGTCGATCTGGTCGTTTTG
Y DL P NNU RETLTYTIU HT RTITGT RSGTZ RF
GAAGGAAGGGTGTTGCAATCAACTTTGTGAAGAATGATGATATTCGTATCCTGCGAGATA
G R K glww'a'sz'NF ¥ ¥ Ny b I R/ IY'L R D
TTGAACAGTACTACTCAACACAGATTGATGAAATGCCCATGAATGTTGCTGATTTAATCT
I E Q Y ¥ S T Q I DEMTZPMNTU VA ATD L I 402
AAATTGAAGTGGGACAGTACCTGAAATCCATTATGATAAGATATGTATTTTCCATACATA
*
AAAGTATTITGTACACAATAAGAATACACAGTAGCTITTTCTTTAATATATAATATTCCTTT
TTTTTTATAGTGAAATAAATGGTTTCTGATGGATCTAGGTTATGTAATTTTAGAAAGAAC
CTCAAATTCCTTTATGAATGTTTATATTATATTGTCTTTGTGCATACCAAAGCTTACATA
GTTCAGTTCTGAAAGTATGTATTATTCAAGTTTGAAAGACAGAAAGTATGAAGCAGATAT
CTTCACTCTTTGTTTAATCACCTITTTGTGACATGTTACACATTTTTAGCATTTTTTGTA
CTGAAAGTGTACAATAAAGCCCTTGACTGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

120
22
180
42
240
62
300
82
360
102
420
122
480
142
540
162
600
182
660
202
720
222
780
242
840
262
900
282
960
302
1020
322
1080
342
1140
362
1200
382
1260

1320

1380
1440
1500
1560
1620
1680
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Figure 3.27 The full length cDNA and deduced protein sequences of DEAD box ATP-

dependent RNA helicase of P. monodon. Start and stop codons are illustrated in

boldfaced and underlined. The poly A additional signal (AATAAA is bold-faced).
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DEXDc HELICc
GRS
R
e e
1 48 245 282 363 402
S0aa
Domain P0§iti0n E-value
DEXD¢ 48945 .| 3.84e-55
HELICc 282362 1 1.07e-35
-

—
Figure 3.28 Diagram ﬂi}iﬁryyg the full length cDNA of DEAD box ATP-dependent

RNA helicase of P. monedo The DEXDc¢ and HELICc domains were found in the
deduced protein of this transc p 4 Tlde_'scélé bar is 200 bp 1n length.
!

—

3.4.3 ATP-dependen A-';he‘licaje .

Two discrete fragm tle‘(:%I;.brox;;}‘}aﬁély 800 and 300 bp in length) was
obtained from 5' RACE-PCR whereas three diserete bands (approximately 1600, 1300
and 1000 bp in size) were gegeg@ fromi&;@QE—PCR (Figure 3.29A). A 1300 bp
fragment which is El}% most intense band among 3' RACﬁ.;PCR products was cloned
and sequenced. Nes'tehci; 5‘ RACE-PCR was further carriga.))ut and a 700 bp fragment
was obtained (Figure 3:29B). Nucleotide sequences of the original EST and RACE-

PCR (Figure 3.30) were assembled.

bpM

A 1 2 B

Figure 3.29 Semi-nested 5' (lanel, A) and 3' (lane 2, A) RACE-PCR product of ATP-
dependent RNA helicase. Nested 5' (lane 1, B) RACE-PCR was further carried out.
Arrowheads indicate RACE-PCR products that were cloned and sequenced. Lanes M
are a 100 bp DNA ladder.
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A.

AAGCAGTGGTATCAACGCAGAGTACGCGGGGGTTTAGGACGCGACACGTACAGCTTTATTCCCCCCTTT
ATTTGCTAACCAAGCAGAATGGCCGACCAGGAGACTGAACTTCTCGACTACGAGGAGGATGAGGATGCG
GTGGAGGCAGGAGTAGGAGAAACGACAGAGGCTGCCCCAGCCAAAAAGGATGTCAAGGGTACCTATGTG
TCTATCCACTCCTCAGGCTTCAGGGATTTCCTGCTGAAGCCAGAGATCCTGAGATCCATTGTAGACTGT
GGCTTTGAGCATCCTTCTGAAGTGCAGCATGAGTGCATCCCTCAAGCTGTGTTGGGCATGGACATCTTG
GGCCAGGCTAAGTCGGGTATGGGAAAGACGGCAGTGTTTGTGCTGGCAACACTTCAGCAGATTGATCCT
GTTGATGGTCAGGTGTCAGTGCTGGTAATGTGTCATACACGAGAGTTGGCTTACCAGATAGCCAAGGAG
TATGAAAGATTCAGCAAGTACATGCCCAACACCAAAGTGGGGGTGTTTTTCGGAGGCCTAAATGTTCAG
AAGGACGAAGAGACCCTCAAGAACAACTGCCCTCACATCGCTGTTGGCACCCCTGGCCGTGTTCTTGCT
Nested 5'RACE-PCR

CTGGTGCGCAACAAGAAGCCCAATCTCCGCCACTAATCACTAGTGAATTCGCGGCCGCCTGCAGGTCGA
CCATATGGGAGAGCTCCCAACGCGT

B. J

3 'RACE-PCR
TGCCCAACACCAAAGTGGGGGTIGLEICTTCCGACGCCTGAATGTTCAGAAGGACGAAGAGACCCTCAAGA
ACAACTGCCCTCACATCGTTGTTGGCACCCCTGGCCGTGTTCTTGCTCTGGTGCGCAACAAGAAGCCCA

5'"RACE-PCR
ATCTCCGCCACTTGAAACACTTTETATIGGATGAATGCCGACAAGATGCTGGAACAGCTTGACATGCGAC
GAGATGTGCAAGAAATCTTCCGCAATACTGCAC%EGAAAAGCAAGTGATGATGTTCAGCGCCACCTTGA
GCAAGGAGATCCGCCCTGTIETGCAAGAAGTTCATGCAAGATCCCATGGAAGTATATGTTGATGATGAAG
CCAAGTTGACTCTTCATGGTCTGCAGCAGCACTACGTTAAAATCAAGGAAAATGAGAAGAATCGAAAAT
TGTTTGAATTACTCGATGCTTTAGAGTTCAACCHGGTTGTGATATTCGTTAAGTCAGT

i<

Adl 4
d

C. e 34 -’ ;
TGTTCAGAAGGACGAAGAGACCCTCAAQAACAAciﬁgccTCACATCGTTGTTGGCACCCCTGGCCGTGT
TCTTGCTCTGGTGCGCAACAAGARGCTCAATC TCCGECACTIGAAACACTTTGTATTGGATGAATGCGA
CAAGATGCTGGAACAGCTTGACATGEEACCAGATCTGCAAGAAATCTTCCGCAATACTCCACATGAARA
GCAAGTGATGATGTTCAGCGCCACCTIGACCAAGGAGATCCGCCCTGTTTGCAAGAAGTTCATGCAAGA
chCATGGAAGTATATGTTGATGATGAAGCCAAGTTGA€TCTTCATGGTCTGCAGCAGCACTACGTTAA
AATCGAGGAAAATGAGAAGAATCGAAAATTGTITGAATTACTCGATECTTTAGAGTTCAACCAGGTTGT
GATATTCGTTAAGTCACCAACACCACACACTEACTCETFACCAGEALT T CAAGGACTTCCAGAAGCGCA
TTCTGGTGGCAACAAACETGTTTGGTAGAGGAATGGATATTGAGC GAGTGAACATCGTGTTCAACTATG
ATATGCCAGAAGACAGTGACACATACCTTCACAGAGTAGCAAGAGCTGGTCGATTCGGAACCAAGGGAT
TAGCTGTCACATTTGTGAGTGAAGAGAGTGATGCAAAGATTTTGAATGAGGTTCAGGAGAGATTCGATG
TAAACATCACAGAGCTACCCGATGAGATTGAGCTCAGCTCATACATTGAAGGTCGTTGAAATGGGAGAG
AGAAGGAGTAATIGTAGGGTCCAGATGAGGCACTGETGTAGTGTGAATGGTATAAGAAATGTTAATGTA
AATGATTCTTGTLGTGT TTCATGTIGAGATTGATATTTTGAATGATCCTTITIA

Figure 3.30 Nucleotide sequence of-5' RACE-PCR (A), EST (B) and 3' RACE-PCR
(C) of ATF-dependeént RNA helicase of 'P.. monodon. RT-PCR~primers (ATPF and
ATPR, underlined) were initially used for the primary RACE-PCR followed by nested
5' RACE-PCR primers (underlined) for isolation of the full length cDNA of this gene.

The full length cDNA of P. monodon ATP-dependent RNA helicase was 1404
bp in length consisting an ORF of 1206 bp corresponding to a polypeptide of 401
amino acids and 5' and 3' UTRs of 87 and 131 bp (excluding the poly A tail) (Fig.
3.31). The closest similarity of this transcript was ATP-dependent RNA helicase of
Salmo salar (E-value = 0.00).



AAGCAGTGGTATCAACGCAGAGTACGCGGGGGTTTAGGACGCGACACGTACAGCTTTATT
CCCCCCTTTATTTGCTAACCAAGCAGAATGGCCGACCAGGAGACTGAACTTCTCGACTAC
M A D Q E TE ETULTULTD Y
GAGGAGGATGAGGATGCGGTGGAGGCAGGAGTAGGAGAAACGACAGAGGCTGCCCCAGCC
E EDEDA AVEA AWAGVGETTTEA AR ATP A
AAAAAGGATGTCAAGGGTACCTATGTGTCTATCCACTCCTCAGGCTTCAGGGATTTCCTG
K K DV K G T Y V S I HS S GTFIRUDF L
CTGAAGCCAGAGATCCTGAGATCCATTGTAGACTGTGGCTTTGAGCATCCTTCTGAAGTG
L XK P E I L. R S I VD CGT FZEUHZ&PSTE V
CAGCATGAGTGCATCCCTCAAGCTGTGTTGGGCATGGACATCTTGGGCCAGGCTAAGTCG
Q HECTIUPOQA AVILSGMDTITULGT QA ATZK S
GGTATGGGAAAGACGGCAGTGTTTGTGCTGGCAACACTTCAGCAGATTGATCCTGTTGAT
G M G K T AV F V L A T/IL,.g9 9 I DP V D
GGTCAGGTGTCAGTGCTGGTAATGTGICATACACGAGAGTLEGCTTACCAGATAGCCAAG
G Q V S V L V M E€C H T R E'Ls2 Y Q0 I A K
GAGTATGAAAGATTCAGCAAGTACATECCCAACAL CAAAGPEEECCTGTTCTTCGGAGGE
E YE RF S K ¥ ™M P NT KV 6V F F G G
CTGAATGTTCAGAAGGACGAAGACACCETCAAGAACAACTGCCETEACATCGTTGTTGGC
L NV Q KDE EsT .. K NN CUPHTI V V G
ACCCCTGGCCGTGTTCTTGEFCT GETCECEAACARGAAGCCCAATCTEEGCCACTTGAAA
T P G R V L A ML V R N K K P N L R H L K
CACTTTGTATTGGATGAATECGAGAAGATGCTGGAACAGCTTGACATGCGACGAGATGTG
H F VL DETCJMD K /ML E Q L D MUPRTIRTD V
CAAGAAATCTTCCGCAATACGECCACATGAAAAGCAAGTGATGATGTTCAGCGCCACCTTG
Q E I F R NT P HEKOQVMMT F S ATL
AGCAAGGAGATCCGCCCTGTTEGCARGAAGT ICATECAAGATCCCATGGAAGTATATGTT
S K E I R P VW C/K K F M'o0D P MEV Y V
GATGATGAAGCCAAGTTGACTCITCATGGTCTGCAGCAGCACTACGTTAAAATCAAGGAA
D DEAZIKTULTJ/L HG,L Q/'Q HY V K I KE
AATGAGAAGAATCGAAAATTGTTTGAATTAGTCGAT@@TTTAGAGTTCAACCAGGTTGTG
N E K NRKTILF ELLDALETFN2OQVYV
ATATTCGTTAAGTCAGTAAGGGAGAGACTGAGTCGTEAGCAGCAGTTCAAGGACTTCCAG
I F V X S VRETZ RILSRY 0O0OTFIEKTDTF Q
AAGCGCATTcTGGTGGCAACAAACCTGTTTGGTAGAGGAKTGGATATTGAGCGAGTGAAC
K R I L V A4 N L F GR G MD I.JE,R V N
ATCGTGTTCAACTATGATATGCCKGKKGKCKGTGKCKCKTKCCTTCKCAGAGTAGCAAGA
I VvV F NY DM P ED S DT Y L H'R V A R
GCTGGTCGATTCGGAACCAAGGGATTAGCTGTCACATTTGTGAGTGAAGAGAGTGATGCA
A GRVF G T G LAV TV FV S E-E S D A
AAGATTTTGAATGAGGTTCAGGAGAGATTCGATGTAAACATCACAGAGCTACCCGATGAG
K I L N E V Q E*R F D V W I T E L P D E
ATTGAGCTCAGCHEATACATIGAAGCHCG ITGARATCEGAGAGAGAAGGAGTAATTGTAG
I E L s s ¥ I ECG RL.*
GGTCCAGATGAGGEACTGGTGTAGTGTGAATGGTATAAGAAATGTTAATGTAAATGATTC
TTGTGTGTTTCATGTTGAGATTGATATTTTGAATGATCCTT TIA

60
120
11
180
31
240
51
300
71
360
91
420
111
480
131
540
151
600
171
660
191
720
211
780
231
840
251
900
271
960
291
1000
311
1060
331
1120
351
1180
371
1240
391
1300
401
1360
1404
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Figure 3.31 The full length cDNA and deduced protein sequences of ATP-dependent

RNA helicase of P. monodon. Start and stop codons are illustrated in boldfaced and

underlined. The putative N-linked-glycosylation site is highlighted.

The calculated p/ and MW of the deduced ATP-dependent RNA helicase

protein was 5.39 and 45.96 kDa, respectively. Like other helicas described above,

ATP-dependent RNA helicase protein did not contain the signal peptide. Two
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domains (DEXDc and HELICc) were found at the amino acid positions 64 - 265
(7.34e-52) and 276 - 356 (2.76e-15; Figure 3.32) of the deduced protein, respectively.
The N-linked-glycosylation domain was found at positions 383-385.

Domain ~Position -E-value
DEXDC— | | 64-265 7.34e-52
HEFICE. | 1276-356 |..2.76e-15

, Jihe fulll lensth ¢DNA of ATP-dependent RNA
.E)Z_Dc—'an,d HELICc ‘domains were found in the
deduced protein of this @ranseript. Thé scale bar is 200 bp in length.

) v L

Figure3.32 Diagram illustrati

helicase of P. monodon.

nAlely
3.4.4. L-3-hydroxyacyl coenzynie Lﬂ_e_hydrogenase

e

A 1200 bp fragment Ygas?_btained ?’Qmat_he primary 3' RACE-PCR of a L-3-
hydroxyacyl coenzynie A dehydrogenase primer (Figi}rg ,}.33). This fragment was

cloned and charactér:ied. Nucleotide sequences of tfe-_aginal EST and 3' RACE-
PCR were assembled (Figure 3.33).

Figure 3.33 The primary 3' RACE-PCR product of L-3-hydroxyacyl coenzyme A
dehydrogenase. An arrowhead indicates a RACE-PCR product that was cloned and
sequenced. Lane M is a 100 bp DNA ladder.



148

The full length c¢cDNA P. monodon L-3-hydroxyacyl coenzyme A
dehydrogenase was 1238 bp in length with the ORF of 933 bp deducing to a
polypeptide of 310 amino acids and the 5' and 3' UTRs of 57 and 268 bp (excluding
the poly A tail), respectively (Figure 3.35). The closest match to this transcript was L-
3-hydroxyacyl coenzyme A dehydrogenase of Ciona intestinalis (E-value = 1e-110).
A.

GCGCTGTTGGCAACACTTGACTCCTTIGCTCTCEPCGT TAAATAGCGCTARAAARRAATGTCTTTCTTC
3'RACE-PCR

ACGGCTCTCACCACTAGGACTTECTCCACCTCCGEFASE ABEGCAGCTGCGATTAAGAATGTTACCGTC
ATCGGGAGCGGGTTAATGGGCEGEAGSTATT GCT CAGETEGE@AGCCCAGACTGGCCACACAGTGACCATG
GTTGATATTGACAAGGCAGCTEPEEACHA GG AT GAMMAGAGAATTGCTGCATCAATTCAAAGGGTTGCT
AAGAAGAAATTTAGCAGCGARGANCCGEAGGCAACCAACTTEALET CGGAGGCACTTAGCCGTCTGAAC
ACTTCCACAGATGCAGTTGCCTLEPFELEGCECTCEGCTGACTTIGGT TGTGGAGGCTATTGTGGAGAACATT
GGGGTCAAGCAGAAGTTGIMCAAGEAAGTACAT CAGGCTGCTCCAGAGCACACCATTTTTGCATCCAAT
ACCTCATCCCTTCCTATTS%QKiGATTGCTGAéGTTACAGATAGGAAGGACAGGTTTGGAGGCCTGCAT
TTCTTCAACCCTGTGCCAGTGABCAAGE ICTTAGAGETGE TECGGATCCCGGAAACCTCTCAGAACACA
TATGAAGCCATGTGTGCAE;QéGAAAGAACATGGGCAAAGTGAcTGTTGAATGCAAAGACACACCTGGA
TTCATTGTCAACCGCTTGQIGGHEGE YT A BATGEI TGA
TATGAAGCCATGTGTGCATGéGGAAAGAAcATGéGCAAAGTGACTGTTGAATGCAAAGACACACCTGGA
TTCATTGTCAACCGCTTGCTGGIGECTTATATGTTEGAATC TGT TAGGATGCTAGAGAGAGGAGATGCA
AGTGCCAGAGATATTGATGTAGCAATGAAGCTTGETGCTGGCTACCCCATGGGACCTTTTGAGCTCATG
GATTACGTTGGTCTTGACACTGGAAAATICATTGTfGATGGTTGGGCTAAGGAATACCCAGATAACCCA
CTCTTCCAGCCTTTTGAACTTTRCAACAACATGGTTECEGAGGGCARGCTGGGTGTAAAGTCTGGAGAR
GGTTTTTACTCTTACAAGAAGTAAARAAACCAAGACTACCCACACCCAGAAATTGTCAAACGAGTGATG
TAAGGAGGCAAGATGAACACTCGT TIGAAT T TGTCCATAA TACTGAAGAAGGAATATTCTGTTATGAAA
TTTTCATGCAATACTAATAGTCCTCAATCTGTACAGAATATTATGTGITTTTCTTGTAAGATCTATATG
CACATCAATGCAATATTGTTAATACTGTATTTGTACTTTTAAAAATiAAAAAGATATTTTTTAAAAAAA
AAAAAAAAAAAAAAAA| >

Figure 3.34 Nucleoéde sequence of EST (A) and 3*'RACE-PCR (B) of L-3-

hydroxyacyl coenzyme<A dehydrogenase of P. monodon. A reverse primer for RT-

PCR (L3HF and I.3HR, underlined) was.used for 3' RACE-PCR of this gene.

The calculated p/ and MW of L-3-hydroxyacyl coenzyme A dehydrogenase of
P. monodon was 6:36,dnd 33:68KkDa, tespectively, The predicted signdl peptidase site
was located at positions 42-43 and three putative N-linked-glycosylation sites were

found at positions 24-26, 96-98 and 142-144 of the deduced protein (Figure 3.35).

Five overlapped protein domains were found from sequence analysis using
SMART. Nevertheless, the E-values of NAD binding 2, NAD Gly3P dh N, UDPGP
MGDP dh N, and Pyr redox domain were quite low (Figure 3.36). Accordingly, these

domains should be artifact from protein sequence analysis.



149

Two domains; 3HCDH_N and 3HCDH were bioinformatically found with
high similarity (E-value = 1.30e-86 and 1.60e-48). Typically, 3-hydroxyacyl-CoA

dehydrogenase (HCDH) is an enzyme functionally involved in fatty acid metabolism,

it catalyzes the reduction of 3-hydroxyacyl-CoA to 3-oxoacyl-CoA. The 3HCD N and

3HCDH domains play an essential catalytic activity of this enzyme.

GCGCTGTTGGCAACACTTGACTCCTTTGCTCTCCTCGE{%AATAGCGCTAAAAAAAAATG
o

60

M 1

TCTTTCTTCACGGCTCTCACCACTAGGACTTTCTCCAGETEGEECTAGGATGGCAGCTGCG

120

s ¥F F TALTTRTVF 8 SS A RMAA A A 21

ATTAAGAATGTTACCGTCATCGGGAGLGEET TAATGGGEGLAGGTATTGCTCAGGTGGCA

180

I K NV TV 6 S+G/L M G A G T A Q V A 41

GCCCAGACTGGCCACACAGT§§S€ATGGTTGATATTGACAAGGCAGCTGTGGAGAAGGCT
A Q T G H T V T NP E D K A AV E K A
GAAAAGAGAATTGCTGCATC!? TCAANGEET TG

E K R I A A

240
61

; TAAGARGAAATTTAGCAGCGATGAA 300
4o/ R/V. A K XK K. Fis s D E 81

GGGGAGGCAACCAAGTTCATC G@AGGCACTTAGCCGTCTGAACACTTCCACAGATGCA 360

G EATKF SFE/ A L-S+R L Ny THS T D A 101
GTTGCCTCTGTGGGCTCGECTGACTHCET ECTGCAGGETAT TGTGGAGAACATTGGGGTC 420
V ASV G S A/ LV VEATIVENTIG V 121
AAGCAGAAGTTGTTCAAGGARCTACAFCAGECTGCTOCAGAGCACACCATTTTTGCATCC 480
K Q K L F K E D VA" A“PYE H T I F A S 141
AARTACCTCATCCCTTCCTATTECCARGAT BEET GAGERT ACACGATAEGAAGGACAGGTTT 540

N T S s L P I G K I A E V.TDUJRZEKTDRF 161

GGAGGCCTGCATTTCTTCAACCCRGTEEEMETGATEARGORC T TAGACCTGGTGCGEATC

600

G G L HF F NP V PV M KL L E V V R I 181

CCGGAAACCTCTCAGAACACATATGAAgQCATGTGTG?@E@GGGAAAGAACATGGGCAAA

660

P E T S Q N»T Y E A 'M C A W G K N M G K 201

GTGACTGTTGAATGCAAAGACACACCTGGATTCATTGTCAACCGCTTGdTQGTGCCTTAT

720

vV T VvV E C K~ T P G F I V N R L “FJ v P Y 221

ATGTTTGAATCTGTTAGC EGCTAGAGAGAGGAGATGCAAGTGCCAGA@ATATTGATGTA

780

M F E S VR M L E R G D A S A R D I D V 241

GCAATGAAGCTTGGTGCTGECTACCCCATGGGACCTTTTGAGCTCATGCATTACGTTGGT

840

A M K L G A Gg2WY P M G P F E LMD Y V G 261

CTTGACACTGGAAAATICATTGTIGATGGTTIGGGECTAAGGAATACCCAGATAACCCACTC

900

L DT GK F I. VD G-W A K E Y P D N P L 281

TTCCAGCCTTTTGAACTTTTGAACAAGATGGEGTTGCGCGAGGCGCAAGCTGGGTGTAAAGTCT

960

F Q P F EL L NKMVAEGI KL G V K s 301

GGAGAAGGTTTTTACTCTTACAAGAAGTAAAAAAAGCAAGACTAGCCACACCCAGAAATT

1020

G E GWF ‘Y ‘S .,¥ K K * 310

GTCAAACCAGTGATGTAAGGAGGCARAGATGAACACTCGTTTGAATTTGTICCATAATACIG
AAGAAGGAATATTCTGTTATGAAATTTTCATGCAATACTAATAGTCGTGAATCTGTACAG
AATATTATGTIGTTITTTICTTGTAAGATCTATATGCACATCAATGCAATATTGTTAATACTG
TATTTGTACTTTTAAAAATTAAAAAGATATTTTTTAAAAAAAAAAAAAAAAAAAARAA 1238

1080
1120
1180

Figure 3.35 The full length cDNA and deduced protein sequences of L-3-hydroxyacyl

coenzyme A dehydrogenase of P. monodon. Start and stop codon are illustrated in

boldfaced and underlined. The N-linked-glycosylation sites are highlighted. The poly

A additional signal (AATTAA) is boldfaced.
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JHCDHN JHCDH

209 211 308 310
Slkaa
Domain Position E-value

NAD_binding 2, J 22-150 | 4.60e-02
NAD_Gly3P-dh N | |23 148 | 1.20e-02
UDPG_MGDP_dh N | 23-i60. | 8.90e-02
3HCDH.N. L |24 1.30e-86
‘Pyr_redox [ 24-120 15.10e-02
3HCDﬁ:/”/ 211-308" |'1.60e-48

f

Figure 3.36 Diagram i

fu length cDNA of L-3-hydroxyacyl coenzyme

A dehydrogenase of P. "he SI-fCDH N and 3HCDH domains were found

The primary 5' and"3' BiQE PCR'::’@rotzzin disulfide isomerase generated
fragments of 1000 and 1200 bp- ﬁ‘agment‘balg:c_ obtained from the primary primer
(Figure 3.37). Thesgﬂagments were further charagt_enzcél_),y cloning and sequencing.
Nucleotide sequencés}of the original EST and 5' and }‘i{ACE PCR (Figure 3.38)

were assembled. J ~',_.-

Figure 3.37 Repeating nested 5' (lane 1) and 3' (lane 2,) RACE-PCR product of
protein disulfide isomerase. Arrowheads indicate RACE-PCR products that were
cloned and sequenced. Lanes M are a 100 bp DNA ladder.
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A.
I

AAGCAGTGGTATCAACGCAGAGTACGCGGGAGCGTGACCTGCTTCGICTGCTTITTGCGGTCACGAGACC
TGGAGCGCGAGCGCGAGCGGCGGGACTTIGGATTCTTTICTTTTTATCTTTCTCCTTCTCTTTTTCTTTGG
AGCTCTCTTCTGCCTTAGCTTCCTCTTTCTTCGCCTCTTTACTCTCTTCCTTCTICCTCTTTICGCCTCGT
TCTCGGTCTCCTTTATTGTICTCCAGTITTCTTCTICCTCCCICTTCTCTTTGTCTTTATCCTTITGATTTGT
CCTTATCCCTGTCCTTGTCCCTATCCTTATCCTITGTCCTTGTCTTTIGTCCTIGTCTTTGCCTTTGCCAC
GGCTGCTGCTGCTCGAGCCCTITGTICTCTCCTTGAGGATGACGCCGTAGACTTCGACTTGGACCTTGACC
TCTTTGAGCGGGATTTGGACCTTGATTTICCTTCGTGATGGAGACCTGGATCTGGACTTCTTGCGAGACC

TTGATCGCGATCTCTTTCTGCGGCTGCGE GCGTCCGTGTCGGTCTCTAGATCGGGTCCTGE
AACGTAACCTCCGGCGGGAGTGTGAG&&\ J“glACTTCCA
| -
\\\\j {::==r

II — 9

CG GTCGCGAA%%;;SAGCACGAGGTGAGGTAAATTTCT

TG QAéBRAAé~‘~h-fAGAATGAGATTTTTGTGCAATA
h\ Nested 5'RACE-PCR

, TTGTGACCTTATTCCATCCAAC

TTCCAGGGAGAAGTTCT 1GTG CGAGTTTTATGCCCCATGGTGCGGTCAC

%
TGTCAGCGATTGGTACCCG CTITAGTGGAGTTIGTTAAAGTTGGTGCT
: G delGGGATTCCCAACTATTAAAGTC

TTTTCAATGCTTCAAAGG
GCATCC

GATGGTACTTAAATCAGATGATTTC
CTTGCACCTCACTGGCAGAAGGCT

GGGCGCACTGCTTCAGACATCGTTG 5 AAAGCTGCTGCAAATTTGCCACCACCAGAA
ATTGTACAGATCACAGACAATGCQA@;EEv? GTAAAGAGCATCCCATCTGTATCATTACA
GTTCTCCCACACATTC?ﬂFACTGCCAGKG&

B. £

. —
GTGGCAGCAGCGGCGGTGQEGGCR 3£EATTGAGCTTACAGATTCAAACT
TTGAAAAGATGGTACTT TCAGACGATTTCTGGCTGGTAGAA TTTGCCCCTTGGTGTGGACATT

GCAAGA

]
— v ' 3' RACE-PCR
ACCTTGCACCT T%&%%ﬂCﬁgTﬂﬁ%ﬁ%TGGGAGCCTTAGATG
CCACTGTTCAC G C : A TAC TTATCCCACTATCAAGTTCTTCCACA

AGGGAGAGGTTGGAGATTATGATGGTGGGCGCACTGCTTCAGACATCGTTGCCTIGGGCTGATGACAAAG

CTGCT CCAC T T SAC CCAT CATCAG
AN B A e
CTTGT CA A GTA TTCTCCCACACATTETTGACTG GAGCAAGTGCC
GCAACAATTACATTGAGATTCTGAGCAGACTTGGTGACAAATACAAGCAGAAGATGTGGGGATGGGTTT
Nested 3' RACE-PCR

GGAGTGAAGCAATGGCCCAACCTGAACTTGAACAAGCTCTGGATATTGGTGGATTTGGATACCCTGCTC
TTGCTGCTCTCAATGCAAAGAAGATGCAGTTTGCCCTCCTGAAGGGGTCTTTTAGTGAGAGCGGCATTA
ACGAGTTCTTGCGAGACATTTCGTATGGAAGAGGACGCACAGCACCTGTGCGAGGAGCTGAATTGCCAG
CCATACAGGAAGTAGAGGCTTGGGGTGGTCAGGATGGTGTTTTGCCAGAGGAGGAAGACATTGATTTAT
CTGATGTTGATCTAGATGATCTTGATGGTGAAGCTCATGAGGAGCTGTAAGACTATCTTTATTTTACTT

TGCTGTGAAAAGTAAAGACTTAACATTGAAAGTAAAAGGAAGCAAAGGAAAAGTTGTAATTTCTCCTAA
TTT
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C.

TGGTGGATTTGGATACCCTGCTCTTGCTGCTCTCAATGCAAAGAAGATGCAGTTTGCCCTCCTGAAGGG
GTCTTTTAGTGAGAGCGGCATTAACGAGTTCTTGCGAGACATTTCGTATGGAAGAGGGCGCACAGCACC
TGTGCGAGGAGCTGAATTGCCAGCCATACAGGAAGTAGAGGCTTGGGATGGTCAGGATGGTGTTTTGCC
AGAGGAGGAAGACATTGATTTATCTGATGTTGATCTAGATGATCTTGATGGTGAAGCTCATGAGGAGCT
GTAAGACTATCTTTATTTTACTTTGCTGTGAAAAGTAAAGACTTAACATTGAAAGTAAAAGGAAGCAAA
GGAAAAGTTGTAGTTTCTCCTAATTTCTCATGTTGAGAATGGAATGCTGTGACACATGAGCTATTCTTC
ATTTTGGACAAAGTCAGGCCTTTTAAAAGTGCTTCTTAGGCTCTGCTAACATTITGCCCCATAGAGAATG
GATAAGCCTTACAAGTTCAAATGTAGGCTTGAACATCCCAATTTTACGAAACTTATATTTCACATTGAT
ATTATCATAATTTTTATTGTACTGTGTACACCATCTTCATTGTATCATTGGGAAGTTCAAGCTGCTGAA
TTTAGTATTTTTTATCATGTAATTTGACATAGCAAATTACAATTTGTTCAGGTTTCTTTTTGCTGTATA
AAAGCTTCCTGGGTTGGGCATGTTACTAGTCCTTAAATCTGAAAAGTAAATTTTCAACTGTGCTGAAAT
GTTAAAAGAAACTTAAAAAAAAAAAAAAAARAAARANE AR AANA

Figure 3.38 The sequence of primary ﬂ, A), repeat-nested (I, A) RACE-PCR, EST
(B) and 3' RACE-PCR (C).of protein disulfide isomerase of P. monodon. RT-PCR
primers (PDIF and PDIR , underlined) w"pre initially used followed by nested 5' and 3'
RACE-PCR primers for iselation of the full length cDNA of this gene.

The full length cDNAfof prorein (Iljsdifide isomerase P. monodon was 2088 bp
in length consisting an'ORF of 1293 bp cﬁi;:esponding to a polypeptide of 430 amino
acids and 5' and 3' UTRS of 144 and 65 I".t.]zip, (excluding the poly A tail) (Fig. 3.39).
The closest similarity of thié—"transcript gaéf‘ protein disulfide isomerase A6 of

Tribolium castaneum (B-value=3e=155). /= -

Protein disquide isomerase A6 (also called PDI PS)' plays an important role in
rearrangement of disulfide bonds. It may also control function of certain extracellular

proteins by regulating their redox state,

AAGCAGTGGTATCAACGCAGAGTACGCGGGGAGAAGGGAACGAGAGACGAACGEGAGGTG 60
ACGTICPFTITCAAACTTCTCCTCTI TCTECCAACTCTCGCCT FCCAAAGETCAATETCEATTC 120
TCTGGTGACCAAAAATCAGGCAGGATGAGATIATITGTTGCAATATGCATCCICATGATG 180
M R L F v A I C I L. M M 12
GGTGGGAGTGCCACAGCGATGTACTCTCCCTCTAGTGGCGTTGTGGACCTTACTCCATCC 220
G G Ss AT AM Y s P s s GV VDL T P s 32
AACTTCCAGCGAGAGGTTCTGAACAGTGATGCTGTGTGGATCATCGAGTTCTATGCCCCA 280
N F Q R E V L N S D A V W I I E F Y A P 52
TGGTGCGGTCACTGTCAGCGATTGGTACCCGAGTACACAAAAGCAGCTCAAGCCCTTAGT 340
W C G H CQ R L VP E Y T KA AOQAUL s 72
GGAGTTGTTAAAGTITIGGTGCTGTTAATGCTGATGAACACAGGAGTTTAGGAGGTCAGTAT 400
G V V X VvV G A V NADEUHUZ RSIULGG Q Y 092
GGGGTTCAGGGATTCCCAACTATTAAAGTCTTTGGCCTAGATAAGAAGAAACCAGAAGAT 460
G V. Qg G F P TI KV F G L D KK K P E D 112
TTCAATGGACAAAGAACAGCACAAGGTATTGTTGATGCTGCAATGAGGGCTGCTAGAGAA 520
F NG Q R T A Q G I VvV D A A MR AA AR E 132



AAGGTAAATGCACAACTATCAGGAAAGAAGAGTGGTGGCAGCAGTGGAAGCCCAGATGAC
K V N A Q L S G K K S G G S S G S P DD
GTTATTGAGCTTACAGATTCAAACTTTGAAAAGATGGTACTTAAATCAGATGATTTCTGG
vV I E L T D S NTJFUETZ KMV YVTLIZ K SDTUDTF W
CTGGTAGAATTCTTTGCCCCTTGGTGTGGACATTGCAAGAACCTTGCACCTCACTGGCAG
L V EF F A P WO CGHT CI KNTULA ATPUHUWOQ
AAGGCTGCCACAGAGCTGAAGGGCAAGATTAAAATGGGAGCCTTAGATGCCACTGTTCAC
K A AT E L K G K I KMGA ATLTUDA AT V H
ACTGTCATGGCGAGTCGTTATGGTGTACAGGGTTATCCGACTATCAAGTTCTTCCACAAG
T VM A S R Y GV Q G Y P TTI KT FTF HK
GGAGAGGTTGGAAATTATGATGGTGGGCGCACTGCTTCAGACATCGTTGCCTGGGCTGAT
G E V G N Y DG GR T AS DI V A WA ATD
GACAAAGCTGCTGCAAATTTGCCCCCACCAGAAAT IGIACAGATCCCAGACAATGCCATC
D K A A A NUILUP P P E IV 0 I P DN A I
CTGACATCAGCTTGTAAAAGAAGECATCCCATCTGTATCATFACAGTTCCTCCCACACATT
L TS ACI KU RS T P &8 V sS T Q F L P H I
CTTGACTGCCAGAGCAAGTGE@EERACAANT TACATIGACATIEEGAGCAGACTTGGTGAC
L DCQ S KCR'NN Y I ET L SRTUILGD
AAATACAAGCAGAAGATGHECG AT GEGHUT GEAGTGAAGCAA TEECCCAACCTGAACTT
K ¥ K Q KM WiG/W NV W S E A M A Q P E L
GAACAAGCTCTGGATATTGGTGGATTTGGATACCCTGCTCTTGCTGCTCTCAATGCAAAG
E Q A L D I GJFGJ/E & ¥ P A L A A L N A K
AAGATGCAGTTTGCCCTCQFGAMCGEGE CHEEFAGT GAGAGCGGEAT TAACGAGTTCTTG
K M Q F A L L/,K/G s8I/F!S'E S G I N E F L
cGAGACATTTcGTATGGAAGAGGACGCACAGCAC%TGTGCGAGGAGCTGAATTGCCAGCC
R DI S Y G®RER T A P V R G A E L P A
ATACAGGAAGTAGAGGCTTGGGATGGTCAGGATGGTGTTTTGCCAGAGGAGGAAGACATT
I1 Q EVEAUWD G 0 D cy V L P E E E D I
GATTTATCTGATGTTGATCTAGATGATCTTGATGGTGAAGCTCATGAGGAGCTGTAAGAC

D L S DV DULTD B L D G E ‘E A H E E L *
TATCTTTATTTTACTTTGCTGTGAAAAGTAAACACTIAACATTGARAGTAAAAGGAAGCA
AAGGAAAAGTTGTAATTTCTCCTARPTECTCATGTTEACAALGGAATGCTGTGACACATG
AGCTATTCTTCATTTTGGACAAAGTCAGGCCTTTTAAAAGTGCTRCI TAGGCTCTGCTAA
CATTTGCCCCATAGAGCAAZCCATAACCCHIACAACTRCAAATGIACLCT TGAACATCCCA
ATTTTACGAAACTTATAFTITCACATTGATATTATCATAATTITTATEETACTGTGTACAC
CATCTTCATTGTATCATTCGGAAGTTCAAGCTGCTGAATTTAGTATTTTTTATCATGTAA
TTTGACATAGGAAATTACAATTTGTTCAGGTTICTTTTTGCTGTATAAAAGCTTCCTGGG
TTGGGCATGTTACTAGTCGTTAAATCTGAAAAGTAAATTTTCAACTGTGCTGAAATGTTA
AAAGAAACTTGAARATAACACATTTTGTTGAAAAAAAAAAAAAAAAAAAAAAAAAR

580
152
640
172
700
192
760
212
820
232
880
252
940
272
1000
292
1060
312
1120
332
1180
352
1240
372
1300
392
1360
412
1420
430
1480
1540
1600
1660
1720
1780
1840
1900
1954
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Figure 3.39 The full' length'cDNA"and deduced protein ‘sequences of protein disulfide

isomerase A6 of P, monodon, Start and stop_codon_are illustrated in boldfaced and

underlined. The poly Avadditienal signal (AATAA) is'boldfaced.

The calculated p/ and MW of the deduced protein disulfide isomerase protein

was 5.55 and 52.65 kDa, respectively. The thioredoxin domains were found at the

amino acid positions 25 - 129 (1.90e-37) and 151 - 253 (1.30e-50; Figure 3.40) of the

deduced protein, respectively. The N-linked-glycosylation domain was not found.
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Thioredoxin Thioredoxin

B
125 129151 253 430
50aa
Domain Position E-value

Thioredoxin 25-129 1.90e-37
Thioredoxin 151-253 1.30e-50

/
/o

_-"'-i,
Figure 3.40 Diagram illustrating the full length €DNA of protein disulfide isomerase

A6 of P. monodon. The-thioredoin do*‘nains were found in this transcript. The scale

\,

. . . — B i
3.4.6. Valosin-containing protein p
. 4 5! "

i .,.fj

An amplified fragment of approximately 1050 bp was obtained from the
# o

primary 5' RACE-PCR of v osim&htaiﬁin’&protein (Figure 3.41). An amplification

bar is 50 amino acid inléng

e

s sequences of the original EST and 5'

—

fragment was cloned and sequéﬁ@' Nucleoti
RACE-PCR (Figure 3.42) were assembled. =

Figure 3.41 The primary 5' RACE-PCR product of valosin-containing protein. An
arrowhead indicates a RACE-PCR product that was cloned and sequenced. Lanes M
is a 100 bp DNA ladder.

A

CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGTACGCGGGGAGTGTCGAGGAGCCGT
CAGAGAGGAAGGAACGCTCGGGGGATTTICTTICGTICTTTTTATTAAAAAAAACACAATAATCCTTCGTTT
AATTTATCGAAGCCATGGCCGAACAGGACGACTTAGCTACTGCCATTCTTAAAGAGAAGAAGAAGCCCA
ACAGACTCATTGTCGAGGATGCTGTCAACGACGACAATTCCGTGGTGGCACTCAGCCAGGCCAAGATGG
ATGAGCTGCAGCTCTTCCGCGGCGACACAGTCCTGCTCAAGGGCAAGAAGCGCAAACAGACTGTGTGCA
TTGTGCTCTCAGACGACACCATGCAGGATGACAAGATTCGCATGAACCGTGTGGTCAGAAACAACCTTC
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GCATCCGCTTGGGAGACATCGTGTCCATCCAGCCGTGTCCAGACGTCAAGTATGGCAAACGTATCCATG
TCCTGCCGATTGATGACACTGTTGAAGGTCTCACGGGAAACATCTTTGAGGTATATTTGAAGCCCTACT
TTCTGGAGGCATACAGGCCCATCCACAAGGGTGACCTGTTCCTGGTGCGAGGTGGTATGAGGGCTGTGG
AGTTCAAGGTGGTGGAGACGGATCCTGCGCCTTATTGCATCGTCTCCCAGGACACTGTTATCTACTGTG
AAGGAGAGCCAGTTAAGCGAGAGGAGGAGGAAGAGCAGTTGAACGAGGTGGGCTACGATGACATCGGTG
GCTGCCGCAAACAGTTGGCACAGATCAAGGAGATGGTGGAGCTGCCTCTCCGCCACCCTTCACTCTTCA
AGGCCATTGGTGTCAAGCCCCCAAGAGGTATCCTTCTCTATGGTCCTCCTGGTACTGGTAAGACCCTCA
TTGCCCGTGGCAGTGGCCAACGAGACCGGAGCATTCTTCTTCCTCATCAACGGGCCTGAGATCATGTTC
AAAGTTAGCTGGTGAATCCGAGAGGCAACCTTCGCAA

B.

CGGATCCTGCGCCTTATTGCATCGTCICCCAGCAGAETGT TATCTACTGTGAAGGAGAGCCAGT TAAGC
5'RACE—P
GAGAGGAGGAGGAAGAGCAGTTGAACCAGET GGCUTAC GAFGACATCGGTGGCTGCCGCAAACAGTTGG
CACAGATCAAGGAGATGGTGGAGCTEEET CTCEGCCACCETTCACTCTTCAAGGCCATTGGTGTCAAGC
CCCCAAGAGGTATCCTTCTCTATGGLEETCCTEGTACIGGTAAGACCCTCATTGCCCGTGCAGTGGCCA
ACGAGACCGGAGCATTCT P@IFCC LM HCAACCGEECTGACATEAT GTCAAAGTTAGCTGGTGAATCCG
AGAGCAACCTTCGCAAGGQE;ECE, GAGGCTSAGAAGAATGCCCCTGCCATCATCTTCATTGATGAGA

TTGATGCCATTGCACCCAAGC AAPAGACACATGCTCGAGETGGAAAGACGTATAGTGTCACAGCTGC
TAACTCTTATGGATGGCCT G ACGAGCC ATGTTATIGTTATGGCTGCCACAAACCGCCCCAACT

CCATCGACCCGGCACTCAGGC GGACGCTTTGACAGGGAGGTTGACATCAGTATCCCAGACACTA
CAGGTCGTCTGGAGATTTT GC T C%CACTKAGAACATGAAGCTGTCAGATGATGTGGACCTGGAAC

AGATTGCAGCAGAAACC TGGTTGAC
S A
K W,

i idd

s [
Ly B e FRAS 43
Y R

L o
ﬂ

uenge-of 5 1{&;‘}3 PCR (A) and EST (B) of valosin

S

Figure 3.42 Nucleotide se

containing protein of P. monod —A rev&erse RT-PCR primer (names of primers,

- =

underlined) was used ior 5' RACE PCR of tfus gene. f

-

-

The partial ch{NA sequence covering the 5' UTR and the N-terminus portion

of valosin-containing protein were obtained. This transeript was significantly similar

to valosin-containing protein of Xenopus.tropicalis.(E-value =.0.0).

Valosin-containing protein are highly similar to VCP/P97/Cdc48 cluster of
genes ‘Wwithip the Supeifamily. of JATPase-Associdted’ with ‘diveiselcellular Activity
(AAA). Several reports have demonstrated VCPs crucial role in cell proliferation,
reproductive functioning and spermatogenesis (Suzuki et al.,2005). VCP homologues
in Drosophila have been shown to be associated with germ cell development, such as

meiosis and oogenesis (Leon and McKearin, 1999; Ruden et al., 2000).



CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGTACGCGGGGAGTGTCG
AGGAGCCGTCAGAGAGGAAGGAACGCTCGGGGGATTTCTTCGTCTTTITTATTAAAAAAAA
CACAATAATCCTTCGTTTAATTTATCGAAGCCATGGCCGAACAGGACGACTTAGCTACTG
M A E Q D D L A T
CCATTCTTAAAGAGAAGAAGAAGCCCAACAGACTCATTGTCGAGGATGCTGTCAACGACG
A I L K E K K K P N R L I V E D A V N D
ACAATTCCGTGGTGGCACTCAGCCAGGCCAAGATGGATGAGCTGCAGCTCTTCCGCGGCG
D N S V V A L S Q A KMUDETLOQULV F R G
ACACAGTCCTGCTCAAGGGCAAGAAGCGCAAACAGACTGTGTGCATTIGTGCTCTCAGACG
D T Vv L L K G K KIRIK O TV CTI V L S D
ACACCATGCAGGATGACAAGATTCGCATIGAACCGTG GGTCAGAAACAACCTTCGCATCC
D T M Q D D K I R M N R V R N N L R I
GCTTGGGAGACATCGTGTCCATCCAGCCGTGTCCAGACﬁiQAAGTATGGCAAACGTATCC
R L 6 DI vs T Q P C P D V K Y G KR I
ATGTCCTGCCGATTGATGACACTGTTGAAGGT&TCACGGGAAACATCTTTGAGGTATATT
H v L P I D DT V. E q‘ L T G&N I F E V Y
TGAAGCCCTACTTTCTGGA:EQATA GGCCC@TCCACAAGGGTGACCTGTTCCTGGTGC
L K P Y F L WRFPY IV H "KW G™D L F L V
GAGGTGGTATGAGGGCTGTGGAGTICAAGGCTG sTGGAGACGGATCCTGCGCCTTATTGCA
R G G M R A

FlE VOVIVE\TWDWR A P Y C
TCGTCTCCCAGGACACTGTTS CTGTGAAGGAGAGCCAGTTAAGCGAGAGGAGGAGG
I V S Q D T

C
/C+E-6 E P V K R E E E
AAGAGCAGTTGAACGAGGTGGEC IACEATGACARCEETEGRTEECGCARACAGTTGGCAC
E E Q L N E DD 1% G G C R K QL A
AGATCAAGGAGATGGTGGAGCTEC CTCCGCCACCCTTCACTCTTCAAGGCCATTGGTG
0 I K E M V E/L P L R H* P § L F K A I G
TCAAGCCCCCAAGAGGTATCETT TcTATGcTCCIQQTGGTACTGGTAAGACCCTCATTG
V K P PRGI LIL Y G P P,GTG K TTULI
cccGTGCAGTGGCCAACGAGACCGGX@@ATTCTTC%%@ETCATCAACGGGCCTGAGATCA
A RAVANET G A F FC‘F L I N G P E I
TGTCAAAGTTAGCTGGTGAATccGKGAGCAACcTT@@bARGGcCTTCGAAGAGGCTGAGA
M S K L A GIE S E S N L R K A F E E A E
AGAATGCCCCTGCCATE BRI eATp At CACATPEATSOCARMSEACT CALAGCGTGAAA
K N A P A 1/ F I D E I D A I aj P K R E
AGACACATGGTGAGGTGGAAAGACGTATAGTIGTCACAGCTCCTAACTCTTATGGATGGCC
K T H G E V.ERRI VS QUL L.T L M D G
TCAAGCAACGAGCCCATGTTATTGTITATGGCTGCCACAAACCGCCCCAACTCCATCGACC
L K Q R A H VT V M A AT N R P N S I D
CGGCACTCAGGCEGATTTIGEGACGCTI TTGACAGEGAGETTGACATCAGTAICACAGACACTA
P AL RRW®PI6G R F DR E VI DI SiIiP D T
CAGGTCGTCTIGGAGATTTITGCGCATCCACACTAAGAACATGAAGCTGTCAGATGATGTGG
T G R L E I L R I H T K NMMIEK L S DD V
ACCTGGARCAGATTCEAGEAGRAAGCCATGACCATBTTEETCAIGAL
D L E/Q IU0A ™S ECTOH G HI VI & A D

60
120
180

240
29
300
49
360
69
420
89
480
09
540
129
600
149
660
169
720
189
780
209
840
229
900
249
960
269
1020
289
1080
309
1140
329
1200
349
1260
369
1320
389
1367
405
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Figure 3.43 Partial nucleotide and deduced amino sequences of valosin containing

protein of P. monodon. The start codon and primer position are illustrated in

boldfaced and underlined.
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3.5 RT-PCR and tissue distribution analysis of gene homologues

Total RNA from ovaries revealed predominated discrete bands along with
smeared high molecular weight RNA (Figure 3.44). The ratios of purified RNA were
1.7-2.0 implying that the quality of extracted DNA was acceptable for further
applications. The first cDNA synthesized from those total RNA covered the large

. . f
product sizes (Figure 3.45). * /
.k-/;//

—

# r? = } - 1
Figure 3.44 A 1.0% ethidiuni**fﬁ‘_gmide—s"t'a"_;ﬁ’pfd agarose gel showing the quality of
total RNA extracted from feﬁi&lé‘-'ﬁroods{éﬁk‘bf-P. monodon. Lane M = A-Hind 1L

Lane 1-4 = total RN7A _44_,:_4_4_445-

Figure 3.45 A 1.0% ethidium bromide-stained agarose gel showing the first strand
cDNA synthesized from ovaries of P. monodon. Lane M = A-Hind 1II. Lane 1-4 = the

first strand cDNA from ovaries of each P. monodon broodstock.
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Ten primer pairs were designed from nucleotide sequences of EST libraries
previously established from ovaries (7 primers pairs), hemocyte (2 primers pairs) and
gill (1 primer pair) of P. monodon. RT-PCR was carries out using an identical

amplification condition for all primer pairs.

Initially, the first strand cDNA synthesized from ovaries were subjected to
RT-PCR and eletrophoretically analyzed. All genes were expressed in ovaries of

female broodstock.

Subsequently, tissue distribution analysis was carried out to examine the
expression of 8 gene homologues (DFAD box 52, DEAD box ATP-dependent RNA
helicase, ATP-dependent RNA helicas;{, heterogeneous nuclear ribonucleoprotein,
protein disulfide isomerase, helicase l)@phoid specific isoform 2, L-3-hydroxyacyl
coenzyme A dehydrogenase and valosin Tlc’or‘l.taining protein) in ovaries, testes, heart,
hemocytes, lymphoid organs, intésti“ne, g'l,lls, pleopods, thoracic ganglion, stomach,

epicuticle, eyestalk and hepat'dp’air;lcreaséﬂ'oif a single female broodstock of P.
- <
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Figure 3.46 A 1.5% ethidium bromide-stained agrarose gel showing results from RT-PCR
(A) and tissue distribution analysis (B) DEAD box 52 using the first strand cDNA of ovaries
(lanes 1-4, A) and various tissues of broodstock sized P. monodon (B) and EF-1o (C). Lane
M is a 100 bp DNA ladder marker. ES = eyestalk, IT = intestine, ST = stomach, GL = gill,
HC = hemocytes, TG = thoracic ganglion, LO = lymphoid organ, EP = epicuticle, HP =
hepatopancrease, HE = heart, TT = testes, PL = pleopod and OV = ovaries.
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DEAD box 52 and DEAD box ATP-dependent RNA helicase were abundantly
expressed in ovaries and lower expression was observed in testes and lymphoid organ.
Expression of these transcripts in heart, hemocytes, intestine, gills, pleopods, thoracic
ganglion, stomach, epicuticle, eyestalk and hepatopancrease of a female broodstock of

P. monodon was extremely low (Figures 3.46 and 3.47).

ATP-dependent RNA helicase were abundantly expressed in ovaries followed
by intestine, lymphoid organ, epicuticle and hepatopancreas. Low abundant levels of
ATP-dependent RNA helicase was 0b§§rved in-stomach, gills, hemocytes, thoracic
ganglion, heart, testes and.pleopod. This transcript-was not expressed in eyestalk of a

female broodstock (Figure3.48).

|
Expression of helicase dymphoid specific isoform 2 was observed in all
examined tissues except thoracic ganglion, Slightly greater expression levels were
observed in ovaries, intestine and lyrnpﬁoid organ. Comparable lower levels were

observed in the remaining fissues (Fig. 3.49).

Heterogeneous nuclear-ribonucleoprotein was constitutively expressed in all
examined tissues. Low expression of this transeript was observed in hemocytes and

thoracic ganglion (Figure 3.50).

Protein disulfide isomerase was expressed at a low level in most examined
tissues. This transcript was, not expressed.in thoracic ganglion and epicuticle (Fig.
3.51). In confrast, 'valosin-containing protein was abundantly expressed in all

examined tissues' (Fig. 3.52).

L-3-hydroxyacyl coengyme<Aidehydrogenase was abundantly expressed in
ovaries, testes, heart, hemocytes, lymphoid organs, gills, pleopods, thoracic ganglion,
stomach, epicuticle and hepatopancrease. This transcript was not expressed in

eyestalk and intestine of a female broodstock (Fig. 3.53).

A summary on expression of these genes in various tissues was illustrated in

Table 3.7. Comparison of expression profiles of examined genes were shown in Table

3.8.
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Figure 3.47 A 1.5% ethidi bromlde stamegl agrarose gel showing results from RT-PCR
(A) and tissue distribut1 Vsi s (B) of DEAD box ATP-dependent RNA helicase using the

first strand cDNA of ov (lqnes 1-4 ; and various tissues of broodstock sized P.
monodon (B) and EF-1a (C) Lane/M:is a 1@0;bp, DNA ladder marker. ES = eyestalk, IT =
intestine, ST = stomach, GL = gill, H,C_-,:: henici_e’@_es, TG =thoracic ganglion, LO = lymphoid

organ, EP = epicuticle, HP = hepaﬁ@crease;fﬂiﬁg’iﬁ*heart, TT = testes, PL = pleopod and OV

= ovaries. _fe -
p
! A
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Figure 3.48 A 1.5% ethidium bromide-stained agrarose gel showing results from RT-PCR
(A) and tissue distribution analysis (B) of ATP-dependent RNA helicase using the first strand
cDNA of ovaries (lanes 1-8, A) and various tissues of broodstock sized P. monodon (B) and
EF-1a (C) . Lane M is a 100 bp DNA ladder marker. ES = eyestalk, IT = intestine, ST =
stomach, GL = gill, HC = hemocytes, TG = thoracic ganglion, LO = lymphoid organ, EP
= epicuticle, HP = hepatopancrease, HE = heart, TT = testes, PL = pleopod and OV = ovaries.
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) and Va.rlous tissues of broodstock sized P. monodon
a'100 bp DNA ladder marker. ES = eyestalk, IT = intestine,
P ; G = thoracic ganglion, LO = lymphoid organ,

ovaries.

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

Figure 3.50 A 1.5% ethidium bromide-stained agrarose gel showing results from RT-PCR
(A) and tissue distribution analysis (B) of heterogeneous nuclear ribonucleo protein using
the first strand cDNA of ovaries (lanes 1-8, A) and various tissues of broodstock sized P.
monodon (B) and EF-1o (C) . Lane M is a 100 bp DNA ladder marker. ES = eyestalk, IT =
intestine, ST = stomach, GL = gill, HC = hemocytes, TG = thoracic ganglion, LO = lymphoid
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organ, EP = epicuticle, HP = hepatopancrease, HE = heart, TT = testes, PL = pleopod and OV

= ovaries.
A bp MmN 1 2 3 4 5
1500
1000
S00—
100
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Figure 3.51 A 1.5% ethid stained agrarose gel showing results from RT-
PCR (A) and tissue distributi l,ys1s (B) of protein disulfide isomerase using the
first strand cDNA of l-=8 A’) and various tissues of broodstock sized P.
monodon (B) and EF-1a(C) . ane M 1§ OO bp DNA ladder marker. ES = eyestalk,
IT = intestine, ST = sto GL & g111 - HC'- hemocytes, TG = thoracic ganglion,
LO = 1 eprt:dtlcle Iﬂfﬁ‘,_ hepatopancrease, HE = heart, TT =

M _ES IT ST GL _HC TG_LO EP HP HE TT PL OV

Figure 3.52 A 1.5% ethidium bromide-stained agrarose gel showing results from RT-PCR
(A) and tissue distribution analysis (B) of valosin-containing protein using the first strand
cDNA of ovaries (lanes 1-8, A) and various tissues of broodstock sized P. monodon (B) and
EF-10 (C) . Lane M and N are 100 bp DNA ladder marker and negative control respectively.
ES = eyestalk, IT = intestine, ST = stomach, GL = gill, HC = hemocytes, TG = thoracic
ganglion, LO = lymphoid organ, EP = epicuticle, HP = hepatopancrease, HE = heart, TT =
testes, PL = pleopod and OV = ovaries.
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Figure 3.53 A 1.5% ethym( ,

the first strand cDNA of owari es J-XZ. i&) and various tissues of broodstock sized P.
age, I\/Tan—'N'are a 100 bp DNA ladder marker and the

ide-stained agrarose gel showing results from RT-PCR

B ) of L-3-hydroxyacyl coenzyme dehydrogenase using

eyestalk,(j[T intestine, ST = stomach, GL = gill, HC =
hemocytes, TG = thoraci ghon LO- —7’ 1ymph01d organ, EP = epicuticle, HP =
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Figure 3.54 A 1.6% ethidium bromide-stained agrarose gel showing results from RT-
PCR (A) and EF-la (B) of beta-thymosin using the first strand cDNA of ovaries
(lanes 1-4, A = normal shrimp) and (lane 5-6, A = eyestalk-ablated shrimp) of
broodstock sized P. monodon . Lane M and N are a 100 bp ladder marker DNA and

the negative control, respectively.
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Table 3.7 Expression of functionally important genes in different tissues of P.

monodon
Gene homologues Expected Tissue
size (bp)
1. DEAD box 52 204 ES, IT, ST, GL, HC, TG,

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

%g// LO,EP, HP, HE, TT, PL, OV

D) 53— , ST, GL, HC, TG, LO.EP,

~ HP, HE, TT, PL, OV
T, GL, HC, TG, LO,EP,

' E, TT, PL, OV

ST, GL, HC, TG, LO,EP,

2. DEAD box ATP-dependent
helicase

3. ATP-dependent RNA

4. Helicase lymphoidspe/

isoform 2

5. Heterogeneous nu

ribonucleo protein

HE, TT, PL, OV

7. Valosine containg protein — ES, ST, LO,EP, HP, HE, TT,
i e

dehydrogenase HE, TT, PL, OV
9. Beta-thymosin Not determined
10. p68 RNA fiéli A 208 Q) ined
. I, . o [ J ()] L) \ t getermine
P H - : 3 ‘ :‘

AR TUNMIINGAY
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Table 3.8 Expression profiles of gene homologues in various tiss nd teestes of a male P. monodon broodstock

Gene Expression level
ov ~GL+HC TG LO EP HP HE TT FPL
1. DEAD box 52 +++ + ++ + + + ++ +
2. DEAD box ATP-dependent RNA helicase +++ ++ + + + + ++ +
3. ATP-dependent RNA helicase +++ + ++ + ++ + + +
4. Helicase lymphoid specific isoform 2 ++ - 4 - + + + +

5. Heterogeneous nuclear ribonucleo ++++ + A+ A A

protein

6. Protein disulfide isomerase +++ +++ + ++ 1+ ++ +
7. Valosine containg protein ++++ +++ + +++ + 4+ o+
8. L-3-hydroxyacyl coenzyme A +++ 4+ + +++ + At A+ +
dehydrogenase T

AU INENINYINS
RINNTUUNINYAY

991
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3.6 Semiquantitative RT-PCR of functionally important gene during ovarian

development of P. monodon broodstock

Expression levels of 5 genes (DEAD box 52, DEAD box ATP-dependent RNA
helicase, ATP-dependent RNA helicase, helicase lymphoid specific isoform 2 and
protein disulfide isomerase) were determined by semiquantitative RT-PCR. EF-la

was used as an internal control.

The first strand cDNA of ovaries from normal and eyestalk-ablated female
broodstock were used .as+the template for semiquantitative RT-PCR analysis. This
technique requires optimization of several parameters including concentration of

primers, MgCl, and themumberof PCR cycles.

3.6.1 Optimization of the primeley concentration, MgCl, concentration and

cycle numbers

RT-PCR of each gene was initially-'éarried out with fixed components except
primer concentration. Lower concentra-tic;'rjll': may result in non-quantitative
amplification whereas higher concentration of primer may leave a large amount of
unused primer which -could-giveiise-to-noi-specitic- amplification products. The
suitable concentration-of primers for each gene is shown by Figures 3.56A-3.60A and

Table 3.9.

The optimal concentration of MgCL | for each primer pair was further
examined using the amplification conditions with the optimized primer concentration.
The conceniration of MgCl, ‘that*gave the highest yield and’ speeificity for each PCR
product was chosen (Figures 3.56B-3.60B and Table 3.9).

The number of amplification cycles was important because the product
reflecting the expression level should be measured quantitatively before reaching a
plateau amplification phase. At the plateau stage, transcripts initially present at
different levels may give equal intensity of amplification products. In this experiment,
the cycles number of RT-PCR of each gene was performed using the condition that

primer and MgCl, concentrations were optimized. The number of cycle that gave the
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highest yield before the product reached plateau phase of amplification was chosen

(Figures 3.56C-3.60C and Table 3.9 ).

bp M 12

Figures 3.56 Optimizatiowv afoncenLration (A), MgCiz concentration (B) and number of
cycles (C) of P. monodon ""lgox 52. Lanes 1-4, A; 1-6, B and lanes 1-3, C = normal
d "—6 C = gJyestalk—ablated broodstock. (A). Lanes 1 & 5=0
6 = 0.02 uM. lancs 4 &7 = 0.04 uM, lane 8 = 0.07 uM
=0 @M,&nés 2 &8 = 1.0 mM, lanes 3 & 9 = 1.5 mM, lanes
5Jm1\7f, lanéﬁé‘,}&“H = 3.0 mM MgCl, concentration. (C) Lane
5 éycie_s and%ééfisg & 6 =28 cycles. Lane M = 100 bp ladder

A

1 & 4 = 23 cycles, lanes 2

+

marker. By f A
3.4 567 8 M9101112 13141516

i s

bp NI 2

Figures'3.57 Optimization of primer concentration (A), MgCl, concentration (B) and number of
cycles (C)iof DEAD box ATP-dependent RNA helicase (P. monodon). Lanes 1-8, A; 1-4, B and 1-
3, C = normal broodstock. Lanes 9-16, A; 5-8, B and 4-6, C = eyestalk-ablated shrimp. (A). Lanes
1&9=0puM, lanes 2 & 10 =0.02 uM, lanes 3 & 11 = 0.04 uM, lanes 4 & 12 = 0.05 uM, lanes 5
& 13 =0.07 uM, lanes 6 & 14 =0.08 uM, lanes 7 & 15 =0.1 uM, lanes 8 & 16 = 0.15 uM primer
concentration (B). Lanes 1 & 7 =0 mM, lanes 2 & 8 = 1.0 mM, lanes 3 & 9 = 1.5 mM, lanes 4 &
10 = 2.0 mM, lanes 5 & 11 = 2.5 mM, lanes 6 & 12 = 3.0 mM MgCl, concentration. (C) Lanes 1
& 4 = 25 cycles, lanes 2 & 5 = 28 cycles, lanes 3 & 6 = 30 cycles. Lane M = 100 bp ladder

marker.
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Figures 3.58 Optimizatio;y?ér concentlation (A), MgCl, concentration (B) and number of

Iheli&as’e Q’ﬂmonodon). Lanes 1-4, A; 1-4, B and 1-3, C =
; 7, P\IB and 4f§, C = eyestalk-ablated shrimp. (A). Lanes 1 & 5 =

&

7= 004 uM, lanes 4 & 8 = 0.07 uM. primer
JJanes 2 & 5= 1.0 mM, lanes 3 & 6 = 1.5 mM, lanes 4 & 7 =

Figures 3.59 Optimization of primer concentration (A), MgCl, concentration (B) and number of
cycles (C) of helicase lymphoid specific isofrom 2 (P. monodon). Lanes 1-4, A; 1-4, B and 1-3, C
= normal broodstock. Lanes 5-8, A; 5-8, B and 4-6, C = eyestalk-ablated shrimp. (A). Lanes 1 & 5
=0 uM, lanes 2 & 6 = 0.02 uM, lanes 3 & 7 = 0.04 uM, lanes 4 & 8 = 0.07 uM primer
concentration. (B). Lanes 1, 4 = 0 mM, lanes 2 & 5 = 1.0 mM, lanes 3 & 6 = 1.5 mM MgCl,

concentration. (C) Lanes 1 & 4 = 25 cycles, lanes 2 & 5 = 28 cycles, lanes 3 & 6 = 30 cycles. Lane
M = 100 bp ladder marker.
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broodstock. Lanes 7-11, A; d 3—4: (4] :féyestalk—ablated shrimp. (A). Lanes 1 & 7 =0 uM,
lanes 2 & 8 = 0.02 uM, lanes = 0’{)‘4 pM’jéiie‘é 4 & 10=0.07 uM, lanes 5 & 11 =0.07 uM
primer concentration (B). Lanes & 4"IL 0 mM,ﬁlﬁhes 2 & 5=1.0mM, lanes 3 & 6 = 1.5 mM
MgCl,.concentration (C) Lanes 1 & 3__28 cyc]f:s,_‘lmfes 2 & 4 =30 cycles. Lane M and N = 100
bp ladder marker and the negatlve-eont’ro,l-, respectyvb&“-
2
N

——

Table 3.9 Optimal l'pf{mer and MgCl, concentration anﬂ'{he number of PCR cycles

| i
for semiquantitative RF-PCR analysis of gene homologues in P. monodon

Transcript Expected Primer MgCl, PCR
| size (bp) ' concentration concentration cycles
(uM) (mM)

DEAD box 52 ; 204 0:04 ~ i 28
DEAD bok ATP-dependent RNA 269 0102 15 30
helicase
ATP-dependent RNA helicase 153 0.04 1.5 30
Helicase lymphoid specific 216 0.04 1.5 30
isoform 2

Protein disulfide isomerase 275 0.02 1.5 30
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3.6.2 Semiquantitative RT-PCR analysis
DEAD box 52

The expression level of DEAD box 52 during ovarian development of normal
and eyestalk-ablated P. monodon broodstock were examined by semi-quantitative RT-
PCR (Figures 3.61 and 3.62). Expression level of this gene was not significantly
different in both normal and eyestalk-ablated broodstock (P > 0.05). In normal
shrimp, the expression level in stages II (1:0649.# 0.1623) and IV (1.0643 + 0.1584)
was slightly greater but not significant to that of stages I (0.9175 + 0.1482) and III
(0.9687 + 0.0630). Expression_of this gene in eyestalk-ablated shrimp was steadily
comparable in all ovarian stages (07337 + 0.1564, 0.7363 + 0.0777, 0.7209 + 0.0790
and 0.7304 £ 0.1313 for stages L 1L HI and 1V, respectively) (Table 3. 10).

-

DEAD box ATP-dependent RNA hélicase

The expression level of DEAD bo-_;»c-;AJTP-dependent RNA helicase in stages |
(1.1942 + 0.0574) and II (1.3132 + 0.145“1‘3‘)’ pvaties was significantly greater than
that of stage III (1.1795 + 0. 0492) and IV Cl ()901 + 0.1080) ovaries of P. monodon
broodstock (P < 0.05; Figure 3, 63). However expressmn levels of DEAD box ATP-
dependent RNA helzcase in eyestalk-ablated broodstock were not significantly
different throughout ovarian development (0.8126 + 0.0071, 0.8185 + 0.0040, 0.8212
+ (0.0420 and 0.7928 + 0,0222, respectively).(Figure 3.64, Table 10).

ATP-dependent RNA helicase

Unlike DEADbox ATP-dependent RNA helicase, the expression level of ATP-
dependent RNA helicase at stages 1 (0.8547 + 0.0787) and II (0.8604 + 0.0492) were
significantly lower than at stages III (0.9279 + 0.0676) and IV (0.9660 + 0.0968)
ovaries of normal broodstock (Figure 3.65). However, expression levels of ATP-
dependent RNA helicase in eyestalk-ablated broodstock were not significantly
different throughout ovarian development (0.6076 + 0.1686, 0.7093 + 0.0808, 0.6814
+0.1072 and 0.6451 + 0.0711, respectively) (Figure 3.66, Table 10).
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Figure 3.61 A 1.6% ethidiim bromide-stained a‘garose gel showing the expression level of DEAD
box 52 (lanes 1-11, A-C of panel'I and lanes 1= 1'0 A B of panel II) and EF-1a ((lanes 12-22, A-C
of panel A and lanes 11-20, A-B ‘of panel B) (_)fxno_rmal (panel I) broodstock exhibiting stage 1
(lanes 1-7, A and 12-18, A; panel | fordl_)n__EAD bb_ﬁg{.S_lZ and EF-1a, respectively), stage II (lanes 8-9,
A and 12-13, B; panel I), stages 111, (lanes 3-11, Ban,du 14-22, B; panel I), stages IV (lanes 1-9, C
and lanes 12-19, C; panel I) and eyestalk ablated: (T)anel II) broodstock exhibiting stage I (lanes 1-
4, A and lanes 11-14, A3 panel II), stage II (lane 5- 7 A and 15-17, B panel II), stage III (lanes 8-
9,Aand 1 & 3-5, B fqr-l)bAl) box 52 and 18-19, A and 12 &14—_16, B; panel II for EF-1a) and
stage IV (lane 10, A, N, B2 & 9-10, B: panel Il for DEAD hof52 and lane 20, A, 11, 13, 19-20,
B; panel II for EF-1a). Lane M = 100 bp DNA ladder.
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0.8'4
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relative expression lav
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1 2 3 4

ovarian development stages

ovarian development stages

Figure.3.62 Histograms showing relative expression levels of DEAD box protein 52 during
ovarian development of normal (A) and unilateral eyestalk-ablated (B) P. monodon
broodstock. The same letters indicate non-significant differences between relative expression

level of different groups of samples.
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Figure 3.63 A 1.6% ethidium bromide-stained agarose gel showing the expression level of DEAD
box ATP-dependent RNA helicase (lanes 1=11, :A—C of panel I and lanes 1-9, A-B, of panel II) and
EF-la ((lanes 12-22, A-C of panel A and la;:'aesa':ll-l& A-B of panel B) of normal (panel I)
broodstock exhibiting stage I (lanes -7, andJl?,—lS A; panel I for DEAD box 52 and EF-lo,
respectively), stage II (lanes 8-11;°A and -2, B'-;_','P?_rllel I for the target gene and lanes 19-22A and
12-13, B; panel I for EF-1a), stages HL. (lanes 3-10, B"‘.and 14-21, B; panel 1), stages IV (lanes 11,

B- 1, D for the target gene and lanes 22. B, 12 22 C & 2, D; panel I for EF-1a) and eyestalk-
ablated (panel II) broodstock exhlbltlng stage I (lanes 1- 3 A and lanes 11-13, A; panel II), stage II
(lane 4-6, A and 14-16, Aﬁﬁﬁﬁﬁjt&ge_mw,_&_ﬂ~5 .& 7, B, panel II for the target
gene and lanes 16-18, A, 1, 13-14 & 16, B; panel Il for EF-Ioj-and stage TV (lanes 1, 3, 6 & 8-9,
B; panel II for the target géne and lanes 10, 12, 15 & 17-28, B; panel II for EF-1a). Lane M = 100
bp DNA ladder.
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Figure.3.64 Histograms showing relative expression level of DEAD box ATP-dependent RNA
helicase during ovarian development of normal (A) and unilateral eyestalk-ablated (B) P.
monodon broodstock. The same letters indicate non-significant differences between relative

expression levels of different groups of samples.
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Figure 3.65 A 1.6% ethidium bromide Stained agarose gel showing the expression level of ATP-
dependent RNA helicase (lanes1-12, A-C.of pLanel I and lanes 1-10, A-B of panel II) and EF-la
(lanes 13-24, A-C of panel I and lanes II-ZO:bAiB of panel II) of normal (panel I) broodstock
exhibiting stage I (lanes 1-7, Avand 12-18,; B; péiigl I for the target gene and EF-1a, respectively),
stage I (lanes 8-11, A & 1-2;'B; panel I Lflor the taggfzt gene and lanes 19-22, A & 12-13, B, panel I
for EF-1a), stages III, (lanes 19-22, /A and 12-13, B, Pﬁnel D), stages IV (lanes 11, B — 1,D, panel I
for the target gene and lanes 22, B T ﬁ D panel I for EF-1a) and eyestalk-ablated
5-7, A and 15-17, A; panet-ib);stage-tit-(lanes=8=10;A-and=375-6 & 8, B for the target gene and
lanes 18-20, A, 13, 14—16-& 18, B; panel II for EF-1a) and stagéZIV (lane 1-2, 4, 7,9 & 10, B,
panel II for the target gene‘and lanes 11-12, 14, 17 & 19-20, B; panel II for EF-1a). Lane M = 100
bp DNA ladder.
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Figure.3.66 Histograms showing relative expression level of ATP-dependent RNA helicase during
ovarian development of normal (A) and unilateral eyestalk-ablated (B) P. monodon broodstock.
The same letters indicate non-significant differences between relative expression levels of

different groups of samples.
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Helicase lymphoid specific isoform 2

In normal broodstock, the expression level of helicase lymphoid specific
isoform 2 in stage II ovaries (0.8388 %= 0.0863) was down-regulated from stage I
ovaries (1.0141 £ 0.0698) (P < 0.05). Subsequently, its expression level was
significant increased at stages III (1.0800 £ 0.0958) and IV (1.0890 £ 0.1052) ovaries
(P < 0.05, Figure 3.67). In contrast, this transcripts in stages II (0.8333 + 0.0586), III
(0.8436 + 0.0845) and IV (0.8696 + 0.0975) was significantly greater than that of
stage 1 (0.6589 £ 0.1106) ovaries (P < O_.JOS, Figuie3.68, Table 10)

Protein disulfide isomerase

Expression profiles of protein clli{ul]”ide isomerase in normal and eyestalk-
ablated broodstook werg'different (ﬁigurég 3.69 and 3.70). Relatively high expression
levels of this gene werefobseryed in stéﬁ)gé's I (1.2956 + 0.0809) and II (1.3577 +
0.1590) ovaries of normalibreodstock. S;i_‘gniﬁcant reduction of its expression level
were observed in stages Il (1.1054.£ 0.06'.2’4).and IV (1.1314 £ 0.1098) ovaries (P <
0.05). In contrast, expression-level of p@e’fn disulfide isomerase in ovaries of
eyestalk-ablated broodstock was not signiﬁﬁéhﬂy different (0.9169 + 0.0358, 0.8978
+0.0102, 0.9383 +0:0478 and 0.9719 + 0.0601, respectiyély (P <0.05, Table 10).
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Figure 3.67 A 1.6% ethidium bromide—stailwd agarose gel showing the expression level of
helicase lymphoid specific isofor 2/ (lanes-1-12, A-C of panel I and lanes 1-10, A-B of panel II)
and EF-Ila (lanes 13-24;°A-Ciof panel I and lanes 11-20, A-B of panel II) of normal (panel I)
broodstock exhibiting stage'l (lanes 1-7, A dnd‘ '12-18, A; panel I for the target gene and EF-la,

respectively), stage II (lanes §=11,/A &'1-2, B; p"a’nel—l for the target gene and lanes 19-22, A and
12-13, B, panel I for EF-1a), stages 11K (lanes 43 1-'0 B and 14-21, B; panel I), stages IV (lanes 11,

B - 1, D, panel 1 for the target gene and lanes 22 E 12-22, C & 2, D; panel I for EF-1a) and
eyestalk-ablated (panel II) broodstock exhlbltmg-kstaggl (lanes 1-4, A and lanes 11-14, A; panel
ID), stage II (lane 5-7, A-and 15-17, A; panel II), stage III (lanes 8-10, A and 3, 5-6 & 8, B for the
target gene and lanes 18;2~0, A, 13, 15-16 & 18, B; panel II for EF-‘la) and stage IV (lane 1-2, 4,
7, & 9-10, B, panel II for the target gene and lanes 11-12, 14, 17 & 19-20, B; panel II for EF-1a).
Lane M = 100 bp DNA ladder. 7
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Figure.5.03 Histograms snowing relauve expression levels of helicase lymphoid specific isoform

2 during ovarian development of normal (A) and unilateral eyestalk-ablated (B) P. monodon
broodstock. The same letters indicate non-significant differences between relative expression level

of different groups of samples.
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Figure 3.69 A 1.6% ethiditim broride- stqmed agarose gel showing the expression level of protein
disulfide isomerase (lanes )4“ A-C of pzmel Land lanes 1-10, A-B of panel II) and EF-1o (lanes
12-22, A-C of panel I and lanes 11 -20,7A- B of. ‘banel IT) of normal (panel I) broodstock exhibiting
stage I (lanes 1-7, A and 12- 18’ Al panef I for ﬂle target gene and EF-Ia, respectively), stage II
(lanes 8-11, A & 1-2, B; paneflfor the target gen? and lanes 19-22, A & 12-13, B, panel I for EF-
1a), stages III, (lanes 3-10, B and 14 21 B panelrl_fj%ages IV (lanes 11, B — 1, D, panel I for the
target gene and lanes 22, B, 12-22, CXL_2 D; pﬁ[ I for EF-1a) and eyestalk-ablated (panel II)
broodstock exhibiting stage 1 (lanes 1- 4 “A and lanesTl 14, A; pa,nel 1D), stage II (lane 5-7, A and
15-17, A; panel II), stageiIH—él&ﬁes—S—}Oﬁﬁ—aﬂd%é-é—&—S—B—feﬁtWE target gene and lanes 18-20,
A and 13, 15-16 & 18, B panel II for EF-1a) and stage IV (lane 1- 2 4,7, & 9-10, B, panel II for
the target gene and lanes+11-12, 14, 17 & 19-20, B; panel II for'EF-1/a). Lane M = 100 bp DNA
ladder.
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ovarian development of normal (A) and unilateral eyestalk-ablated (B) P. monodon broodstock.
The same letters indicate non-significant differences between relative expression level of different

groups of samples.
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3.7 Quantitative analysis of DEAD box ATP-dependent RNA helicase, protein
disulfide isomerase and valosin containing protein in ovaries of female P.

monodon broodstock analyzed by real-time PCR
3.7.1 DEAD box ATP-dependent RNA helicase

The standard curve of DEAD: box ATP-dependent RNA helicase was
constructed (Figure 3.71A). Results from real-time PCR revealed that the expression
level of DEAD box ATP-dependent RNA helicase in ovaries of juveniles was not
significantly different frem"stage Lovaries (P > 0.05) but significantly lower than that
of subsequent ovarian.stages«f normal shrimp (P < 0.05). In normal broodstock, this
transcript was up-regulated at stages I[I‘. and IV ovaries (P < 0.05). The expression
level was then decreasgd at'the post-spa;\*;ning stage (P < 0.05) (Figure 3.72A). In
eyestalk-ablated broodstock, DEAD. hox ATP-dependent RNA helicase was up-
regulated at stages IV ovaries (P < 0.05) (Figur_e 3.72B).

Results were concordant when expré:s;ig_n levels of DEAD box ATP-dependent
RNA helicase in both normal and eyestafk—ablated P. monodon were considered

simultaneously.

Notably, expression profiles of DEAD box A1P-dependent RNA helicase
examined by semiquantitative PCR were contradictory to those examined by real-time
PCR. Although+the same ;sample set swasczused jfor jbotheapproaches, the number of
individuals in"semiquantiative’ RT-PCR" was ‘smaller than' that used in quantitative

real-time PCR analysis.
3.77.2 Valosin containing protein

The standard curve of valosin containing protein was constructed (Figure
3.71B). Results from quantitative real-time PCR revealed that the expression level of
valosin containing protein in ovaries of juveniles was significantly lower than that of
normal broodstock (P < 0.05). However, expression levels of valosin containing
protein were not significant different throughout ovarian development of normal

broodstock (P > 0.05) (Figure 3.73A). The expression level of valosin containing
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protein was significantly increased at stage IV of ovaries of eyestalk-ablated

broodstock (P < 0.05) (Figures 3.73B).

> AUEINETINGINS

RIAY TR I TR Y

Figures 3.71 The standard amplification curve of various genes examine by real-time
PCR. The standard curve of DEAD box ATP-dependent RNA helicase (A; 1* for
standard curve = 0.9850, efficiency for the amplification = 1.970), PmVCP (B; 1* for

standard curve = 0.993, efficiency for the amplification = 1.986), PmPDI (C; 1 for
standard curve = 0.9870, efficiency for the amplification = 1.974) and EF-1a (D; .
for standard curve = 0.9805, efficiency for the amplification = 1.961). The abscissa

reveals log copy number concentrations of each gene (10°to 10° copy, respectively).
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Figures'3.72 Histograms showing relative expression Hevels ‘'of DEAD box ATP-
dependent RNA helicase during ovarian development of normal (A), unilateral
eyestalk-ablated (B) and both groups (C) of P. monodon broodstock. The same letters
indicate non-significant differences between relative expression levels of different

groups of samples.
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Results were concordant when expression levels of valosin containing protein
in both normal and eyestalk-ablated P. monodon were considered simultaneously.
Nevertheless, the mRNA levels of valosin containing protein in ovaries of eyestalk-
ablated broodstock were significantly greater than those of normal broodstock at all

stages of ovarian development (P < 0.05) (Figures 3.73C).
3.7.3 Protein disulfide isomerase

The standard curve of protein disuifidesisomerase was constructed (Figure
3.71C). Results from real-time PCR tevealed that the expression level of protein
disulfide isomerase in stages*IL Al and IV ovaries was significantly greater than that
in ovaries of juveniles (P& 0.05). In normal broodstock, protein disulfide isomerase
levels between differentsStages ‘of “ovarian development were not significantly
different (P < 0.05) (Figures 3.74A). Tﬂheﬁexpression level of this transcript was
significantly increased in stage IV ovarieé',_of eyestalk-ablated broodstock (P < 0.05)
(Figure 3.734B). ‘ P

Considering expression-levels of PD_I il both normal and eyestalk-ablated P.
monodon simultaneously, PD{ was up—regulb—.ted- at stage III ovaries of normal shrimp
(P < 0.05) but its levels were not significant different during ovarian development of
eyestalk-ablated broodstock (P > 0.05) as shown in Figure 3.74C. Importantly, the
mRNA levels of PDFin ovaries of normal broodstock(including that in juveniles)
were significantly greater ‘than those in, ovaries,of eyestalk-ablated broodstock (P <

0.05).

Notably expression) profiles| of PDI éxaminéd) by [semignatititative RT-PCR
were contradictory to those examined by real-time PCR. This transcript seemed to be
downregulated in more mature ovaries when analyzed by semiquantitative RT-PCR
but results from real-time PCR showed a decreasing level of PDI at stage III ovaries
but the reduction was not significant (P > 0.05). This possible due to large standard
deviation of data obtained from real-time PCR analysis. In contrast, real-time PCR
illustrated a significant greater level of PDI in stage IV ovaries of eyestalk-ablated P.

monodon broodstock (P < 0.05). This data was not significant when analyzed by
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semiquantitative RT-PCR (P > 0.05). Results suggested greater sensitivity of real-
time PCR than semiquantitative PCR when the marginal differences of gene

expression levels are examined.

A

Relative expression levels

Relative expression levels

eEBelative expression levels
]
3

Ovariandevelopment stage

wwaﬂmmumwmaﬂ

Figures 3.73 Histograms showing relative expression levels of valosin containing

protein during ovarian development of normal (A), unilateral eyestalk-ablated (B) and
both groups (C) of P. monodon broodstock. The same letters indicate non-significant

differences between relative expression levels of different groups of samples.
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CHAPTER IV

DISCUSSION

Proteomic studies of proteins in ovaries of P. monodon

Isolation and characterization of reproduction-related genes in ovaries of P.
monodon have been reported based on EST analysis (Leelatanawit et al., 2004;
Preechaphol et al., 2007)..Nevertheless, identification of the gene products at the
protein levels provided more-ditect inEormation of molecule functionally involving

ovarian development of thiS species.
|

Proteomic studics en alteration of protein expression profiles in P. monodon
upon WSSV and YHV infeciion haye been reported (Rattanarojpong et al., 2007;
Bourchookarn et al., 200%8): However, dégpfession profiles of proteins in different

stages of ovarian developmentof P: nonodon have not been studies.

I

Bulau et al. (2004) characterized neﬁdﬂépﬁdes from the X-Organ-sinus gland
neurosecretory system of the crayfish, Orc;}'ie;ctes limosus using a nanoflow liquid
chromatography system coupled to quadrupole ftime-of-flight tandem mass
spectrometry (nanoL€C-QTOF MS/MS). The existence and structural identity of four
crustacean hyperglycemic hormone precursor-related peptide variants and two new
genetic variants,of the ‘pigment-dispersing-hormone, not detected by conventional
chromatographic systems, molecular ¢loning, or [immunochemical methods before,

was revealed. This indicates the useful of proteomic approachesfor identification of

novel uncharacterized proteins.

Initially, the residual proteins from RNA extraction by TRI-REAGENT were
extracted and used for 2-DE. More acidic proteins were observed in ovaries of P.
monodon. Therefore, a narrower pH gradient, pH 4-7, was used for finer separation of

acidic proteins in ovaries of P. monodon.

Sheoran et al. (2009) evaluated four protein extraction methods, i.e.,

trichloroacetic acid (TCA)-acetone, phenol, direct iso-electric focusing (IEF) buffer,
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and Tris-HCI buffer, using tomato pollen for proteome analysis. The data showed that
the TCA-acetone and phenol protein extraction methods are superior to the other two
tested methods for tomato pollen proteome analysis, in terms of two-dimensional gel
electrophoresis (2-DE) gel separation, mass spectrometric analysis, and identification

of proteins by peptide mass fingerprinting (PMF).

In addition, Lee et al., (2008) reported that the quality of proteins from Trizol
(a monophasic solution of phenol and:' guanidine isothiocyanate) extracted from
dinoflagellate was high in terms of resolution, spet number and spot intensity when

anayzed by 2-DE.

Although the quality of‘phenol-extracted proteins was reported to be the same
as total proteins extracted from the TCA-acetone method, the number of ovarian
protein spots of the same shrimp from tﬁé TCA-acetone method was slightly greater
(635, 647, 467 and 357 sspots for stages I“—'II_V of normal shrimp and 617, 469, 374 and
312 spots from stages &IV ovaries of cjiéétalk-ablated shrimp, respectively) than
those from Trizol (537, 378, 363 and 300 's‘f)f)_tjs‘for stages I-IV of normal shrimp and
543, 421, 434 and 642 spots from stages ‘I—IV ovaries of eyestalk-ablated shrimp,
respectively) after electrophofesis. In additidﬁ;-fétal proteins extracted from the TCA-
acetone method gave clearer electrophoresed pattems. ' Accordingly, the former

extraction method was chosen for preparation of protein samples.

Initially, 35 trypsin-digested protein: spots.were selected to analyze by PMF
using MALDI-TOF“and-all‘characterized proteins'were unknéwn. The use of a more
sensitive technique, peptide fragmenitation by MALDI-TOF/TOFufor characterization
of 90 spots revealed only 4 matched deduced proteins derived fzom EST of the local
P. monodon database (http://pmonodon.biotec.or.th/libraries.jsp). This may be
explained that the number of ESTs in the local P. monodon database was not large

enough (40001 ESTs) and additional numbers of ESTs should be sequenced.

Subsequently, nanoLC-MS/MS was applied for characterization of stages 1I
and IV proteins in ovaries of normal and eyestalk-ablated broodstock of P. monodon.

Data were searched against both the local and nr databases. In total, 192 (75.20%)
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from 375 examined protein spots from ovaries of normal broodstock and 126
(42.00%) tfrom 300 protein spots from ovaries of eyestalk-ablated broodstock were
identified. This indicating that the peptide fragmentation resulted obtained from
nanoLC-MS/MS exhibited higher are many than those of peptide fragmentation
results from MALDI-TOF/TOF on characterization of proteins in ovaries of P.

monodon.

From mass spectrometry analysis, the'molecular mass of several proteins in
different stages of ovaries.was decreased (C.g=-beta actin, PDI, trios-phosphate
isomerase) or increased .(arginine kinase, , PDIL _and F1-ATP-synthase) due to
posttranslational modifieations: for example, phosphorylation and dephosphorylation.
In eukaryotes, signal sransduction pa{thways that activate cyclin/cdc2 complex
(maturation promoting factor, MPF) ancli_;}elated processes are the key pathways in

oocyte maturation.

Proteomic profiles from different stages of ovaries of female P. monodon

broodstock

rsrda

One difficulty in -identifying -éofﬁpounds that stimulate crustacean
reproduction is the lack of adequate biological markers for.reproduction. Vitellogenin
is a female-specifically expressed protein and can easily bc purified and characterized.
As a result, it was popularly applied to follow reproductive maturation of various
animals. Howeyver, a problem with. using the presence.of .the.vitellogenin proteins as
indicators of ' reproduction” is ‘that it ! was ' synthesized ! ffom both ovaries and
hepatopancreas. Accordingly, biological markers=at both translational (protein) and
transcriptional (cDNA), levels of other. genes may be used as matkers for reproductive

maturation of P. monodon.

When the presence/absence and expression levels of known proteins in ovaries
were considered simultaneously, several interesting proteins were identified.
Interestingly, many proteins were down-regulated during ovarian development of
normal P. monodon. These included cyclic AMP-regulated protein-like protein (0.13

fold), cofilin/actin-depolymerizing factor (0.07 fold), CG10527-like methyltransferase
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(0.1 fold), glutathione s-transferase (0.1 fold), glutathione peroxidase (0.01 fold), 2-
cys thioredoxin peroxidase (0.01 fold), proteasome subunit o type 5 (0.05 fold),
cytosolic manganese superoxide dismutase (0.1 fold), alcohol dehydrogenase (0.15
fold, B-actin (0.13), chaperonin containing TCP1 subunit 2, tubulin beta-1 chain.(0.07
fold) Results indicated that high level of these proteins may not be required for

ovarian maturation of P. monodon.

Several proteins were found in stage JV_but not in stage II ovaries of normal
broodstock of P. monodon:Pioteins ca}egorized mn this group were protein disulfide
isomerase (MW/pl =_55000/5.5), mitochondrial. aldehyde dehydrogenase, L-3-
hydroxyacyl coenzyme«"A .dehydrogenase, trios-phosphate isomerase, secreted
inorganic pyrophosphatase, HAD family'hydrolase, vitellogenin and putative conjugal
transfer protein. The proteins in this grdgﬁ are candidate for further studies on their

involvement in ovarian maturation-of P. monodon.

In eyestalk-ablated broodstock, Y-':éea\?eral proteins displayed differential
expression (upregulation or downregulatiSrfl,f djqring ovarian development. The first
subgroup was candidate proteins possibly ?cgéssmy for late ovarian development.
These included glutathione'peroxidase (54() fold), protein disulfide isomerase
(60000/5.70), histidine=rich glycoprotein precursor, PDI | (60000/4.8), hypotethical
protein (28.55 fold), unnamed protein product (3.11 fold) and two unknown proteins
(4.28 fold and 1.57 fold). The second group was proteins that may functionally
suppress ovarian development. They were; for example, nucleoplasmin isoform 1-like
protein, eukary6tic initiation factor 5SA, CG10527-like methyltransferase (0.1 fold),
Rab3 GTPase-activating proteinsshydroxyacylyghutathione; hydrelase,; beta thymosin
(22000/5.4), " arginine “kinase, ‘26s ‘proteasome” regulatory ' subunit 7, isocitrate
dehydrogenase 2 (NADP"), peroxiredoxin 4, es1 protien, proteasome subunit o type,
unknown protein, D-lactate dehydrogenase, rab gdp-dissociation inhibitor and PDI

(60000/5.75).

Proteins found in stage IV but not in stage II ovaries of eyestalk-ablated
shrimp were glyoxylase 1, transaldolase, RAN binding protein, phosphoglycerase
kinase, cytosolic NADP-dependent isocitrate dehydrogenase, Tat- binding protein 7,
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Fah-prov protein, Rab3 GTPase-activating protein, heat shock protein 70 and
vitellogenin. The expression of these proteins should be influenced by eyestalk

ablation.

Stage-specific protein biomarkers for indicating reproductive maturation of P.
monodon could be further developed using the basic information in this study. It is
also important to identify proteins directly affected by eyestalk ablation because these
proteins may be applied as bioindicaiors” to illustrate effects of hormones,

neurotransmitters or nutritien-on inducing ovatiansmaturation of P. monodon.

Mitochondrial  aldehyde - dehydrogenase and  pyrroline-5-carboxylate
dehydrogenase were foumd .in . stage IV ovaries of normal broodstock. These
transcripts were expressedeearlier in stage Il ovaries as a result of eyestalk ablation.
Eyestalk ablation also gcauses increas‘jng expression levels of CG10527-like

methyltransferase from stage 1V ovaries of :ndrma] brood stock for 4.37 time.

O-methyltransfrase (OMT) is ubiduit_ously present in diverse organisms and
plays an important regulatory rete in growtﬁ; dévelopment, reproduction and defense
mechanisms in plants and animals (Rudd'e—:'}l;iet al., 2003). Two kinds of OMT;
farnesoic acid-O-meéthyltransferase  (FAMeT) and  cCatechol-O-methyltransferase
(COMT) were identified according to their selectivity tomethyl acceptors. Crustacean
FAMeT catalyses methylation of farnesoic acid (FA) t0 produce isoprenoid methyl
farnesoate (ME)- at the final step .of the MF. biosynthetic_pathway whereas COMT
catalyses the transfer of-the“methyl.group from ‘Szadenosyl-méthionine (SAM) to the
hydroxyl group of catechol compounds. Thus, COMT plays an important role in the
catabolism and O-methylation of endogenous catecholamines, such ds dopamine and

noradrenaline, in brains of animals.

Isolation of the full length ¢cDNA and expression analysis of functionally

important genes

The full length cDNA of DEAD box 52, DEAD box ATP-dependent RNA
helicase, ATP-dependent RNA helicase, L-3-hydroxyacyl coenzyme A dehydrogenase,

PDI and valosin containing protein were successfully characterized and reported for
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the first time in P. monodon. In addition, the full length transcripts of gene encoding
PDI and valosin containing protein identified by 2-DE were also characterized by

RACE-PCR but the larger portion of an ORF of each gene was obtained.

DEAD box proteins are putative ATP-dependent RNA unwinding proteins
whose primary biochemical function is the alteration of RNA secondary structure.
These proteins have been implicated in translation initiation, ribosome assembly,
RNA splicing, and RNA stability (Goldbout et al., 2002). DEAD-box RNA helicases
required for germ cell funetion. The deductd-DEAD box ATP-dependent RNA
helicase of P. monodon contamed- the conserved meotif, (V/I)-L-D-E-AD- X-(M/L)-L-
X-X-G-F, observed in_all"members of the DEAD box protein family (Linder et al.,
1989; Tanner and Linder, 2001 ). '

However, P. monodons DEAD b(jx 45_2 did not contain that conserved motif
suggesting that this transcript should be régarded as an ATP-dependent RNA helicase
(molecular mass of 69.15 kDa) rather than a novel member of the DEAD box protein
family. In addition, DEAD box 52 (ATP;Eiép?ndent RNA helicase 69), DEAD box
ATP-dependent RNA helicase and ATP—dePéﬂaent RNA helicase proteins contained
DEXDc and HELICe, domains suggesting .théll_tr-.the functigns of these proteins should

be similar.

Gene expression and tissue distribution analysis‘are important and provide the
basic information to set up.the, priority. for further analysis.of functional genes. Based
on the fact that' a'particuldr genes.may eXpress iin several fissues and possesses a

different function in different tissues:.

Tissues distribution analysis of DEAD box 52, DEAD box ATP-dependent
RNA helicase, ATP-dependent RNA helicase, helicase lymphoid specific isoform 2,
heterogeneous  nuclear  ribonucleoprotein,  L-3-hydroxyacyl  coenzyme A
dehydrogenase, PDI and valosin containing protein were examined in various tissues
of a female broodstock and testes of a male broodstock. No transcript exhibited a
gonad-specific expression pattern. This suggested that these gene products may play

multifunctional properties in different tissues. More importantly, these transcripts
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were abundantly expressed in ovaries suggesting that they should be functionally

important for ovarian (and oocyte) development.

The transcripts preferentially expressed in different stages of ovarian
development can be used as the responsive indicators for reproductive maturation of
P. monodon. Expression analysis based on quantitative real-time PCR indicated that
DEAD box ATP-dependent RNA helicase, valosin containing protein and PDI were
differentially expressed during ovarian development of P. monodon (P < 0.05).
Results also indicated that-eyestalk ablation-positively affected expression levels of
valosin containing proteingnegatively -affected expiession levels of PDI (P < 0.05).

but had no direct effectsson DEAD box ATP-dependent RNA helicase (P > 0.05)..
1

Semiquantitative RT-PCR illustrated that expression levels of DEAD box 52
(ATP-dependent RNA shelicase 69) was nfgit significantly different in both normal and
eyestalk-ablated broodstock (P> 0.05). A_TP—dependent RNA helicase and helicase
lymphoid specific isoform2 were'different"i;a‘}'l)}"‘ expressed in ovaries of normal but not
in eyestalk-ablated broodstoek of £ monoé:ov_h__ﬁn contrast, helicase lymphoid specific

isoform 2 was down-regulated “at stage I Ovaries of normal broodstock but up-

regulated since stage-ll ovaries in eyestalk—éb.l':;l-tEd. broedsteck.

Taken results_ together, eyestalk ablation docs not strongly influence
expression of RNA“helicases. Therefore, promotion of P. monodon ovarian

development may not directly relate with. this'pathway.

Yamano'et al. (2004) illustrated that in most cases ovaries of M. japonicus
start to"develop inthe, féproductive season but fail toteach full gtowii fequisite for the
formation of cortical rods (CRs). Ovaries degenerate without spawning. This is also
the major constraint in P. monodon. In the present study, a large number of proteins in
ovaries of P. monodon were identified and characterized. Molecular mechanisms and
functional involvement of these proteins in ovarian development of P. monodon
should be further studies for better understanding the reproductive maturation of P.

monodon in captivity.



CHAPTER V

CONCLUSIONS

1. Two dimensional gel electrophoresis of TRI-REAGENT-extracted proteins from
different ovarian stages of normal and eyestalk-ablated broodstock was performed at

pH 3-10 and pH 4-7 was carried out.

2. Two dimensional gel electrophoresis of .toial protein from stages I-IV of normal

and eyestalk-ablated broodstock were performed at pH 4-7 was carried out.

3. In total, 35 proteins spotS fsom all ovarian stages were analyzed by MALDI-TOF
but all of them did not match‘known prbteins in the database. In addition, 90 protein
spots representing stages -1V ovaries were analyzed by MALDI-TOF/TOF and only

4 protein spots matched PDI, transketol asé, careticulin and allergen pen m2.

4. A total of 675 protein Spots including'j-2'15 and 160 spots from stages II and IV
ovaries of normal broodstock and 180 andfl'QO spots from those of eyestalk-ablated

d # -‘IJI;I
broodstock were analyzed by naneESI-LC-MS/MS, respectively.

5. For proteins from ovaries of normal broodstocck, 90 and 102 protein spots
accounting for 41.86 and 63.75% of the respective ovarian stages significantly
matched previously deposited sequences in the databases. For those in ovaries of the
eyestalk-ablated broodstocks»85 and 41 protein spots accounting for 47.22 and 34.16%

of examined proteins were regarded as homelogues of known proteins.

6. Expression profiles of.proteinsyin evaries of P-monodonsean-be divided into four
groups; 1) proteins found in stage 'l ovaries of normal broodstock, 2) proteins found
in stages IV ovaries of normal broodstock, 3) proteins found both stage II and IV
ovaries of normal broodstock and 4) proteins found only in ovaries of eyestalk-ablated

broodstock.

7. The full length cDNAs of a DEAD box 52 homologue (2043 bp long with an ORF
of 1824 bp corresponding to 607 amino acids), DEAD box ATP-dependent RNA
helicase (1680 bp long with an ORF of 1029 bp corresponding to 402 amino acids),
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ATP-dependent RNA helicase (1404 bp long with an ORF of 1206 bp corresponding
to 401 amino acids), L-3-hydroxyacyl coenzyme A dehydrogenase helicase (1238 bp
long with an ORF of 933 bp corresponding to 310 amino acids) were successfully

characterized by RACE-PCR.

8. Several forms of protein disulfide isomerase (PDI) were found from proteomic
analysis. In addition, valosin containing protein was found only in stage Il ovaries of
normal broodstock. RACE-PCR of these /gencs was carried out. However, partial
nucleotide sequences of this transcript (1947-and 1367 bp, respectively) were

obtained.

9. Semiquantitative RT-PER of several genes was carried out. Expression levels of
DEAD box 52 were not significantly different during ovarian development of normal
and eyestalk-ablated #P. monodon broo‘ﬁlsg_ock (P > 0.05). ATP-dependent RNA
helicase was up-regulated whereas DEA"D’box ATP-dependent RNA helicase and
protein disulfide isomerase was dOwn—regiéléfed during ovarian development of P.
monodon (P < 0.05). However, expressioh{_lé_v;cyls of these genes in different ovarian
stages of eyestalk-ablated broodstock were: not significantly different (P > 0.05).
Helicase lymphoid specific iSoform 2 was '&S\AS}h-regulated in stage II ovaries (P <
0.05). In contrast, this franscripts in stages II, Il and TV was significantly greater than

that of stage I ovaries (P < 0.05).

10. Quantitative real-time. PCR indicated: that .DEAD_box. ATP-dependent RNA
helicase was up-regulated at stages-III and IV ovaries' of hotmal broodstock and at
stage IV ovaries of eyestalk-ablated broodsttocks (P < 0.05). Expression levels of
valosin containing | protein ~were. not significant different ' throughout ovarian
development of normal broodstock (P > 0.05) but significantly increased at stage IV
ovaries of eyestalk-ablated broodstock (P < 0.05). The expression levels of protein
disulfide isomerase between different stages of ovarian development were not
significantly different (P < 0.05). This transcript was upregulated at stage IV ovaries
of eyestalk-ablated broodstock (P < 0.05). Generally, the expression levels of these
genes in ovaries of juveniles were significantly lower than that of normal broodstock

(P <0.05).
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Appendix A

Table A1 Protein spot analyzed by MALDI-TOF MS

Stag Spo  Protein Accessi  Theoretic
e tID name on al Mr
number  (Da)/pl

Obser
ved
Mr

(Da)/p

%
coverag
e

Scor
e

1 171 unknown
unknown

unknown
39 unknown
unknown
30 unknow
37 unknown
unknow
unknﬁn
unkn

1
2
3
4 unknown’ .
5
6
1

Q‘ﬁiﬂ?ﬂﬂﬂﬂ\lﬂ'm‘i

nknown

’ﬂﬂﬁﬂiﬂ‘im UAIINYAY

unknown
unknown
1 1 unknown
12 unknown
81 unknown

3 13 unknown
36 unknown
123 unknown

4 63 unknown
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Table A2 Protein spot analyzed by MALDI-TOF/TOF MS

Stage  Spot Protein name Accession Theoretical Observed % Score
ID number  Mr (Da)/pl Mr coverage
(Da)/pl
1EA 17 unknown
18 unknown
19 unknown
20 unknown
78 unknown
79 unknown
95 unknown
96 unknown
113
114
115
130
159
174
175
176
177
178
179
IN 28
49
50
51
68
70
121
122 unknown
123 unkno‘r
ﬂuﬂQﬂHM§ﬂmﬂ§
9 69
unknown
B ‘iflJ 17! 3}
76 Transketolase 29503 60000/5.8 26662/5.4 7 77
7
77 unknown
78 unknown
79 Protein disulfide 23253 49000/5.3 23929/4.5 6 62
isomerase 2
80 unknown
82 unknown
83 unknown

84 unknown
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Table A2 Protein spot analyzed by MALDI-TOF/TOF MS (cont).

Stage Spot Protein name Acc. No. Theoretical  Observed % Score

ID Mr (Da)/pl Mr coverag
(Da)/pl e

3EA 52 unknown
62 unknown
65 unknown
66 unknown
67 unknown
68 unknown
69 unknown
70 unknow \
71 Allergen Pen 1 ' 27877/7.84 57 73
72 n .
73
74
75
76
79
81
83
85
86
87
88
95
96
97
120
121
122
124 unkaown

?’iﬂ"ﬂ@‘ﬂﬂ'ﬂiw El’]ﬂi

1 27 unknown

K ﬁ'\ AYEIUNNIINYNY

unknown

33 unknown
62 unknown
116 unknown
117 unknown
118 unknown
119 unknown
120 unknown
121 unknown

122 unknown
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Table A2 Protein spot analyzed by MALDI-TOF/TOF MS (cont)

Stage  SpotID Protein name Acc. Theoretical Observed % Score
No. Mr (Da)/pI  Mr (Da)/pl  coverage
4EA 123 unknown
124 unknown
125 unknown
126 unknown
127 unknown
4N 26 unknown
27 unknown
28 unknown_
29 unknown.
30
34
35
36
37

.E!
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Appendix B

304

ﬂuﬁ ﬂmwmm

che ﬁﬂ'm

e Yy -Lm ,“:' ]
1] > il

10

v

=
0 .f_' 3

b B

207

Figure B1 Protein profiles of stage I(A) and II(B) ovaries of wild P. monodon

broodstock analyzed by 2D gel electrophoresis. Total proteins from two individuals

(panels A and B, GSI = 0.57%, GSI = 1.33%) were electrophoretically analyzed in

Immobiline Drystrip gels (pH 7-10) and silver-stained stained.
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Figure B2 Protein profiles of stage I(A) and II(B) ovaries of eyestalk-ablated wild P.
monodon broodstock analyzed by 2D gel electrophoresis. Total proteins from two

individuals (panels A and B, GSI = 0.76%, GSI = 1.23%) were electrophoretically
analyzed in Immobiline Drystrip gels (pH 7-10) and silver-stained stained.
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Appendix C

Table. C1 Raw materials and relative expression level data of DEAD box 52 of

normal broodstock P. monodon using semi-quantitative RT-PCR.

Densities of band Average STD
DEAD box Ratio of
Sample Group 52 EF-10 gene/EF-1a
1 BUF3 20921087 35066889 + 0.596605
BUF2 34593162 37982602+ 0910763
BUF1 34095534 — 37098891 —0:919045
BUF6 35337052~ 35646500 -0.991319  5.588445  0.1482767
BUF4 37024873 35675425  1.037826
AGYL3 32974495 33180056  0.993805
BUF7 35390008 / 56350484  0.973577
2 BUF5 36644570/ /35414408  1.034736
AGYL1 33939671 | 36896357 0919865  2.368051 0.1623690
BFN22 32481469 | 26147047 1.240349
3 BFN4/1 35877867 34411783  1.042604
BEN7 36331891 36317513 . 1.000396
BENI18  34511025%" 35924678  0.96065
BFN3 34551482 35715485 10.967409  6.841443  0.0630670
BFN4 34581383 36317479  0.952197,
BFN5 31253088 37040258  0.84376- -
BFN23 32837704 34762270  0.944636.-
BFN1 35714774 34396488  1.038326
4 BFN19 37146987 33785618, 1.099491
BFNO § 3504572211 33054521 9A1106024
BFNS “134253383" | 33612412 ' 1.619069
BEN2' 35017263 33487683  1.045676
BENIQ 34142376+ 31767420 ~ 1074761
BEN12 1135304243 |, 34854437 1.012905 | 1081012 0.1584675
BFN21 21589562 30822449  0.700449
BFN15 32853835 28687362  1.145237
BFN20 36436989 27294275  1.334968
BEN16 33070795 26940728  1.227539
BFN13 31547354 31941733  0.987653
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Table. C2 Raw materials and relative expression level data of DEAD box 52 of

eyestalk-ablated broodstock P. monodon using semi-quantitative RT-PCR.

Densities of band Average STD
DEAD box Ratio of
Sample Group 52 EF-1a gene/EF-1a
1 YLBI1 29495772 35974116  0.819917
YLB6 23655170 37015903  0.639054  2.254848  0.1564742
YLBS 21091910 37058002  0.569159
YLB8 34371574 . 37901326 0.90687
2 YLB7 31205710 37778735 +0.826013
YLB4 25908058 37270459 —0:695137 1.750475  0.077711
YLB3  2583#579 37555959 . .0.687975
3 BFEA8 27155944 36912@74 0.735677
BFEAS5 30471095 # 586269376 ' 0.831361
BFEA2 28302565 / 36932134 (0.76634 3.552834  0.0790516
BFEA4 228004844 136974807 . 0.603126
BFEA7 23308581 [ 36033714" 0.646772
BFEA6 250048575 36206151 . 0.690625
BFEA13 28713300 + 371 9321?" +0.972057
il ¥ /N
4 BFEA3 23413863 ,,.36033714 10.655937
BFEA1 24388783 35824998  0.680776
BFEA12 31826377 - 36867056 0:863274  2.953688 0.1313156
BFEA9 | 0.579051 35824998  0.579051f
BFEA4
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Table. C3 Raw materials and relative expression level data of ATP-dependentRNA

helicase of normal broodstock P. monodon using semi-quantitative RT-PCR.

Densities of band Average STD
ATP-
dependentRNA Ratio of
Sample Group helicase EF-1a gene/EF-1a
1 BUF3 11600419 15067155  0.769914
BUF2 11704504 16185461 0.723149
BUF1 14362618 15410832 . 0.931982
BUF6 14794497 17300087 0.855169  0.854739  0.0787002
BUF4 14169944 15637751 0.906137
AGYL3 15171002 16688053 .. 0.909094
BUF7 14045469 15821432 0.887731
|
2 BUF5 14258087 /- 15533798 . 0.917872
AGYLI1 18113262 14193925 0.923864
AGYLA4 12384106 .~ (18450220  0.671217  0.8604686 0.1066546
AGYL2 14740682 164_"()7487 (0.898412
BFN22 12577667, .. 14116696 *  0.890978
£
3 BFN4/1 13219093 14055_"876 0.940467
BFN7 13616949 13689105  0.994729
BFN3 13138168 14719684,  0.892558
BFN4 13843781 13676469 1.012234  6.670663  0.0676379
BFN5 512467956 13724142 0.908469
BFN23 =./12683083 15358119  0.825823
BFN24 14774499 14941689 0.98881
BFN1 12633752 14680454  0.860583
4 BFN19 12524412 14916557 |  0:839633
BFN9 12626755 127763027 1..0.988295
BFNS 10832731 12323582  0.879025
BENG6 12345702 10547381 1. 170499
BEN2 113320353 12052022 . 0.940262
BFN10 12250707 11438524  1.071004
BFN12 12263171 13495956  0.908655 11.76249  0.0968652
BFN21 13058865 13219734  0.987831
BFNI15 12823409 12815843 1.00059
BFN20 12848949 12202779  1.052953
BFN16 11690799 11743192  0.995538
BFN16 10269650 11915061  0.861905
BFN13 11190693 12982891  0.861957
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Table. C4 Raw materials and relative expression level data of ATP-dependentRNA

helicase of eyestalk-ablated broodstock P. monodon using semi-quantitative RT-PCR.

Densities of band Average STD
ATP-
dependentRNA Ratio of
Sample Group helicase EF-1a gene/EF-1a
1 YLB1 13925743 22298825 0.624506
YLB6 11096014 30108613 0.368533
YLBS5 12673155 18630694 _.0.678409 1.86119  0.1686860
YLBS 13462444 17737843 0.758967
2 YLB7 13615042 21027406 0.64749
YLB4 14411630 21198100  0.679855 1.594293  0.0808331
YLB3 12439843 1 556_5823 0.800845
3 BFEAS 11726256 16649736 0.704291
BFEAS 12370118 F-. 15819825 0.781938
BFEA2 12871080 15361216 ' 0:837895
BFEA4 119778708 -, 1183802L1s "0.651672 4.180244  0.1072234
BFEA7 11822355 21343406 0.553911
BFEA6 12197030 = 22085874- 0552255
BFEA13 12311822°4-°-17895766 = 0.687974
4  BFEAIlI 12893817 ~ 20745142~ 0.621534
BFEA3 12936488 19385047  0.667344/
BFEAI1 -10769887 20231557 0.53233V 3.255916  0.0711225
BFEA12 13472606 21752268  0.619366
BFEA9 11705693 16907446 0.69234
BFEA4 10804951 14640758  0.738005
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Table. C5 Raw materials and relative expression level data of DEAD boxATP-

dependentRNA helicase of normal broodstock P. monodon using semi-quantitative

RT-PCR
Densities of band Average STD
DEAD box
ATP-
dependentRNA Ratio of
Sample Group helicase EF:1qg gene/EF-1a
1 BUF3 104272.1 8642995 . 1.206434
BUF2 111404.8 96491.53 . 1.154556
BUF1 1111633 9697773 "1.146276
BUF6 1101247 08216.66- 1.121242  7.257892  0.0574971
BUF4 1136905 91787.76 . 1.238624
AGYL3 163082 96763.28 . 1.207102
BUF7 1452 104 89615.75  1.285604
2 BUF5 110227 4 90097.13 . .1.223429
AGYLI1 103489.5 8843359  1.170251
AGYL4 1038237 84036.2 1.235463  5.369847  0.1451370
AGYL2 11347615, .. 78715.49 . 1.441603
BFN22 101086.3 6759336 1495506
3 BFN4/1 109981 997733  1.102309
BFN7 113219.8 98094.14..  1.154195
BFN18 114099.2 9873281 1155636
BFN3 21165198 9848932 1.18307
BFN4 +./123531.6 105247.1  1.173729  9.554812  0.0492238
BFN5 126557.3 100558.7  1.258542
BFN23 114683.9 99990.23  1.146951
BFN24 147255.8 9397591  1.247721
BFN1 1090322 91321.87,] © 1193933
4  BFENI9 109347.1 9171849  1.192204
BEN9 81843.39 836035.08 . 0.978928
BENS 87154.59 78606.9 1.10874
BFN6 93969.97 94108.59  0.998527
BFN2 106255.8 98926.82  1.074085
BFN14 113790 94680.86  1.201826
BFN10 119022.2 92953.12  1.280454  13.36731  0.1080079
BFN12 105156.4 91464.84  1.149692
BFN15 110180.4 95679.16  1.151561
BFN20 104775.2 97868.88  1.070567
BFN16 103929.4 100687.1  1.032202
BFN16 100352.9 94542.45  1.061459
BFN13 74794.89 85784.5  0.871893
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Table. C6 Raw materials and relative expression level data of DEAD boxATP-

dependentRNA helicase of eyestalk-ablated broodstock P. monodon using semi-

quantitative RT-PCR.

Densities of band Average STD
DEAD box
ATP-
dependentRNA Ratio of
Sample Group helicase EF-1¢. gene/EF-1a

1 YLB6 90579.24 1115674~ 0.811879
YLBS 03832:11 116414.6 - 0:806017 1.891292  0.0071215

YLB5 95302114 116195.3 0.820189

2 YLB7 9560904 116?13.9 0.817773
YLB4 06276.34 118125 0.815038 1.907119  0.0041116

YLB3 96204.98 116906.3 0.822924

3 BFEAS 97074 £ 1111188 | 0.873045

BFEAS 92261 46 108971.3 0.846656

BFEA2 9044724 « 104498 © 086554
BFEA4 89607.3  .117350L  0.763589  4.2682838  0.0420973

BFEA6 9229362 ;- 1171.935 % 0.787532

BFEA13 94360.63 — 1192.087  0.791558

4 BFEAL11 92447.36 1125.868 0.82112

BFEA3 18895327 1111.316 0.800432
BFEA1 "90417.33 1128.223 0.801414  4.153177 0.0222561

BFEA12 93294.14 1186.747 0.786133

BFEA9 91903.42 1123.948 0.817683

BFEA4 87303.88 1151.201 0.758372
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Table. C7 Raw materials and relative expression level data of helicase lymphoid

specific isoform 2 of normal broodstock P. monodon using semi-quantitative RT-

PCR.
Densities of band Average STD
helicase
lymphoid
specific Ratio of
Sample Group isoform 2 EF-1a . gene/EF-1a
1 BUF3 16633231 464.7918 1.10394
BUF2 15191322 422.684 0.938578
BUF1 16616351 4876234 1.078225
BUF6 16939552 641.5077 0.97916 6.293104  0.0698671
BUF4 15375597 436.6294 0.983236
AGYL3 17950203 55213377 1.075632
BUF7 14877357 5002036 0.940329
2 BUF5 14798502 503.799 0.952665
AGYL4 13717400 & . 643.2234 0.743482 2.801355 0.0863600
AGYL2 14777457 672.35‘53 0.900653
BFN22 11550569 -, .. 494.418 & 0.81822
\ i
3 BFN4/1 13407757 ""285.48f2f; . 0.95389
BEFN7 16433691~ " 321.7046 = 1.200494
BFN3 15964205 412.9591 . 1.084548
BFN4 16117629 ~ 356.1916 ~ 1.178493  7.680898  0.0958701
BFN5 15380063 402.2595 1120657
BFN23 16774563 411.2188 1.092228
BFN24 13781754 427.5859 0.922369
BFN1 15058512 395.1718 1.025752
4 BFN19 14658018 471.6474 0:982669
BFNO9 13945417 424.2792 1.091507
BFNS8 11589338 409.611 0.94042
BENG6 11580371 268.6658 1.097938
BEN2 12834603 299.1038 1.064934
BFN14 14804874 2549173 1.294299
BFN10 15529381 413.0516 1.150669 13.20643  0.1052650
BFN12 14663773 381.3501 1.109234
BFN15 14377558 375.9023 1.121858
BFN20 15499450 345.6199 1.270157
BFN16 11695515 287.7028 0.99594
BFN16 12004370 259.9534 1.007495
BFN13 13385821 377.748 1.031036
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Table. C8 Raw materials and relative expression level data of helicase lymphoid

specific isoform 2 of eyestalk-ablated broodstock P. monodon using semi-quantitative

RT-PCR.
Densities of band Average STD
helicase
lymphoid
specific Ratio of
Sample Group isoform 2 EF-1a.+ _sgene/EF-1a
1 YLBI 12035093 22298825+ 0.628442
YLB6 12175354 30108613 0472019  2.12337  0.1106310
YLB5 14147947 18680694 0802442
YLB8 14979907 17737843 . 0:881868
2 YLB7 15744296 21027406 . 0.824745
YLB4 13217639 21198100  0.635382  1.774009  0.586354
YLB3 157875574 § 15595823 0.941647
4
3 BFEAS8 14842444 16649736 . 0.880906
BFEA5 14274247 # “15819825% '0.821485
BFEA2 13116379 115361216  0.739993
BFEA4 12419345 /18380211 & 0923329  5.117597  0.843694
BFEA7 12520392 21343406  0.782599
BFEA6 13049646 - 22085874 = 0.845954
BFEA13 12319088 17895766  0.863314
4  BFEAIl 13437646 20745142  0.863314
BFEA3 13748131 19385047 0.863314
BFEAL1 11787877 20231557  0.803815  4.71837  0.0975662
BFEA12 15858987 21752268.. ., 0.915812
BFEA9 1.092184 16907446 '\ 1:092184
BFEA4 1.079583 14640758 1.079583
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Table. C9 Raw materials and relative expression level data of protein disulfide

isomerase (PDI)of normal broodstock P. monodon using semi-quantitative RT-PCR.

Densities of band Average STD
Ratio of
Sample Group PDI EF-1o  gene/EF-1a
1 BUF3 105908.7  86429.95 1.22537
BUF2 122049.9 . 96491.53 1.264876
BUF1 132829.2  96977:78 1.369687
BUF6 120764.1 9821666 1.229569 7.953115  0.0809109
BUF4 132008:3- 91787.76 1.438191
AGYL3 1199188 96763.28 1.239301
BUF7 1167557+ .-89615.75 1.302848
2 BUF5 133889.4' / 90097.13 1.486056
AGYLI1 100008.2 /-88433.59 1.130885
AGYL4 191435 | 84036.2 1.417765 5.591078  0.1590236
AGYL2 08939446 -, 78715.49 1.256925
BFN22 1012032 675937._36 1.497236
3 BFN4/1 110680.9 ,99773.3 1.109324
BFN7 110098.4 "98094ﬁf_4_‘; _ 1.122375
BFN18 1077414 98732.81 = 1.091243
BFN3 104786.7 .98489.32 .  1.06394
BFN4 1072933 105247.1  1.019441 8.843278  0.0624667
BFN5 - 1136265 100558.7 1129952
BFN23 =/ 110627.2 99990.23 1.10638
BFN24 1998422 9397591 1.062423
BFN1 113586  91321.87 1.243799
4 BFN19 121833.5 9171849 11328342
BFN9 93019.47 1.83605.08 1:112605
BFNS 105598.5 _78606.9 1.343375
BENG6 103307 L, 94108.59 1,097744
BEN2 106365.3, .98926.82 1.075192
BFN14 104157.9 94680.86 1.100095
BFN10 100385.6  92953.12 1.07996 13.80776  0.1098169
BFN12 1041242 91464.84 1.138407
BFNI15 110528.2  95679.16 1.155196
BFN20 113387.4 97868.88 1.158565
BFN16 97831.62 100687.1 0.97164
BFN16 110764.2  94542.45 1.171582
BFNI13 83701.99  85784.5 0.975724
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Table. C10 Raw materials and relative expression level data of protein disulfide
isomerase (PDI)of eyestalk-ablated broodstock P. monodon using semi-quantitative

RT-PCR.

Densities of band Average STD
Ratio of
Sample Group PDI EF-1a. gene/EF-la
1 YLB8 108858.4 0.891569

YLBS 1.362708 0.0358567

118911.1

2 YLB7
YLB4
YLB3

2.087248  0.0102300

3 BFEAS
BFEAS
BFEA2
BFEA4
BFEA6

BFEA13

4.846375 0.0478193

4  BFEAIll
BFEA3
BFEA1
BFEA12 1 r 3
BFEA9 8 0.96917 6
BFEA4 2

4.972095 0.0601049

ﬂ‘NB’JWElWﬁWﬂ']ﬂ‘i
ﬂW’]Mﬂ‘ﬁﬁUﬂmﬂﬂﬂ’mﬂ
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Appendix D

Table. D1 Relative expression level data of DEAD box ATP-dependent RNA helicase

in ovaries of normal broodstock P. monodon using real-time PCR.

concentration
Sample Group DEAD box ATP- EF-l1a Ratio of Average STD
dependent RNA gene/EF-1a
helicase
1 BUF3
BUF6
BUF4
AGYL3
BUF7 0.09695 0.0043529
BUF5
AGYLI1
AGYL4
AGYL2
BFN32
2 BFN38
BFN33
ASP10
BFN35 0.07784 0.0026907
ASP6
BFN31 - 1.86F
BFN4/1 1 06E5 4.84E6 0.0162
3
Ut INaENeans
BFN4 1.01E5 ¢ 4.31E6 . 00173
ARAANTI U UTN wma g
24
BFNS 1.06E5 4.65E6 0017
BFN1 1.08E5 4.25E6 0.019
4 BFN2 6.25E4 2.64E6 0.0176
BFN14 7.96E4 3.06E6

0.0194
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Table. D1 Relative expression level data of DEAD box ATP-dependent RNA helicase

in ovaries of normal broodstock P. monodon using real-time PCR (cont).

concentration
Sample Group DEAD box EF-la Ratio of  Average STD
ATP- gene/EF-
dependent la

4 BFN10
BFN12
BFN21
BFN15
BFN20
BFN17
BFN13

5 BFN30
BFN36
BFN34

0.158356  0.0039886

0.080098  0.0058564

: wrIA A

BEN37 1895~ 73 T
Ch -

BFN39
BFN40
6 JNOVS 01E5 1. 06E7 0.00693

iEg@ u ﬂ ﬁ?] ﬂ mw &Iﬂﬂ ‘jO 041592 0.0036311

00138

.S Xreha) Ny iy aBL

JNOVIO 1.14E5 1.98E7

0.00409
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Table. D2 Relative expression level data of DEAD box ATP-dependent RNA helicase

in ovaries of eyestalk-ablated broodstock P. monodon using real-time PCR.

concentration
Sample Group DEAD box ATP- EF-l1a Ratio of Average STD
dependent RNA gene/EF-1a
helicase
1 BFEAIS 2.81E5 07E7 0.0137
YLBI1 0.00743 0.02417 0.032547
YLB6
2 YLBS
BFEA19
BFEA17 0.069713 0.032591
YLB7
BFEAI16
YLB4
3 BFEA21
YLB2
YLB3
BFEAS
BFEA5 0.11779 0.029161
BFEA2
BFEAI11
BFEA3
BFEA20
BFEA4 ,f 46E5 4.57E6
© mEutamenIneing
BFE 0.012
BFEA6 19285 ¢ 6.26E6
e B9 1) 1N AN A
UBFEAI10 2.03E5 9.21E6 0.0187
BFEAI12 1.64E5 7.08E6 0.0155 0.1489 0.041574
BFEA13 2.62E5 8.55E6 0.0211
BFEA22 1.25E5 3.50E6 0.0112
BFEA23 8.73E4 2.18E6 0.0248
BFEA9 8.74E4 1.86E6

0.016
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Table. D3 Relative expression level data of protein disulfide isomerase (PDI) in

ovaries of normal broodstock P. monodon using real-time PCR.

concentration
Sample Group PDI EF-l1a Ratio of Average STD
gene/EF-1a
1 BUF3 5.90E5 2.21E7 0.0337
BUF6 5.76E4 61E7 0.03495
BUF4 S4ES AN /000736
AGYL3 . » 4 0467
BUF7 ‘ .09é?® 507 0.37277 0.044525
BUF5
AGYLI1
AGYL4
AGYL2
BFN32
2 BFN38
BFN33
ASP10
BFN35 0.305286 0.0188277
ASP6
BFN31 :
BFN4/1 - S 4.84ES
3 BFNI18 A 0.03
BFN3 1.36E5 .06E6 0.0ﬁ
BFN4 7¢4E5 4. 3]@9 0.0669
ﬁ u ﬁ@% EI nﬁew E})’a ﬂ ‘j 0349586 0.0098251
0.068
BFNS 146E5 ¢  4.65E6
QN AEE I UE TN
4 “ BFN2 5.47E4 2.64E6 0.0464
BFN14 9.92E4 3.06E6

0.0554
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Table. D3Relative expression level data of protein disulfide isomerase (PDI) in

ovaries of normal broodstock P. monodon using real-time PCR (cont).

concentration

Sample Group PDI EF-l1a Ratio of  Average STD
gene/EF-

4 BFN10
BFN12
BFN21
BFN15
BFN20
BFN17
BFN13

5 BFN30
BFN36
BFN34
BFN37
BFN39
BFN40

6 JINOVS
JNOV6 4 77E5 2. 02E7 0.0525

JNOQ u ﬂ QI% 8 m H’]ﬂ ‘30 12682  0.0171657

0.435656  0.0079915

0.297483 0.0185585

INO _ 00182

IR
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Table. D4 Relative expression level data of protein disulfide isomerase in ovaries of

eyestalk-ablated broodstock P. monodon using real-time PCR.

concentration
Sample Group PDI EF-l1a Ratio of Average STD
gene/EF-1a
1 BFEA18 1.07E7 0.0137
YLBI1 78E7 0.00743 0.024147 0.0018791
YLB6 0.00905
2 YLB8 0108
BFEA19
BFEA17 0.069263 0.0036435
YLB7
BFEA16
YLB4
3 BFEA21
YLB2
YLB3
BFEAS8
BFEA5 0.11539 0.0025166
BFEA2
BFEAT11
BFEA3
BFEA20 "
BFEA4 1 2.50E5 . 0. 0&
AU NIN AN
ALY 73’2 gilkl
BFEA24 2.73E5 5.28E6
PR BT UH TG VR oo
SBFEA12 3.55E5 7.08E6 0.0211
BFEA13 5.14E5 8.55E6 0.0112
BFEA22 1.84E5 3.50E6 0.0248
BFEA23 1.23E5 2.18E6 00123
BFEA9 9.86E4 1.86E6

0.016
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Table. DS Relative expression level data of valosin containing protein(VCP) in

ovaries of normal broodstock P. monodon using real-time PCR.

concentration
Sample Group vce EF-1a Ratio of Average STD
gene/EF-
la

1 BUF3
BUF6
BUF4
AGYL3
BUF7
BUF5
AGYL1
AGYL4
AGYL2
BFN32
2 BFN38
BFN33
ASP10
BFN35
ASP6
BFN31

3 ?ﬁﬁuﬂ%am@&n ef4h

RN AU I SN AN ALL csec

BFN24 1.70E4 3.52E6
BFNS5 2.47E4 4.65E6
BFN1 9.87E3 4.25E6
4 BFN2 1.56E4 2.64E6
BFN14 1.47E4 3.06E6

0.00775

0.18742  0.0241562

0.126271  0.0050744

0.0189
0.0208
0.009
0.0233
0.0189
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Table. DS Relative expression level data of valosin containing protein in ovaries of

normal broodstock P. monodon using real-time PCR (cont).

concentration

Sample Group vce EF-1a Ratio of Average STD
gene/EF-

4 BFN10
BFN12
BFN21
BFNI15
BFN20
BFN16
BFN17
BFN13

5 BFN30
BFN36
BFN34
BFN37
BFN39
BFN40

6 JNOV6
INOV7
JNOVS 7.15E3 6.95E6 0.019494  0.0022902

;Noﬁummwwﬁﬂm

O 00572

0.19017  0.0058733

0.102383  0.0036674

QW']Mﬂ?ﬂJ UAINYA Y
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Table. D6 Relative expression level data of valosin containing protein(VCP) in

ovaries of eyestalk-ablated broodstock P. monodon using real-time PCR.

concentration
Sample Group vce EF-l1a Ratio of Average STD
gene/EF-1a
1 YLBI1 1.16E7 3.78E7 0.0373
YLB6 H1E6 0.0479 0.101067 0.006035
BEEALS . 0.0476
2 YLBS : é 00523
BFEA19 J.Sl .
BFEA17 0.26205 0.0040746
YLB7
BFEA16
YLB4
3 BFEA21
YLB2
YLB3
BFEAS8
BFEA5 0.47045 0.0063878
BFEA2
BFEAT11
BFEA3 S — 9 94
BFEA20
BFEA4
4 BEEAI 0.0531
BFEﬂ U Et‘i% d ?jﬁ*ﬂ d ’Wf‘i
BFE 0.056
BFEA24 2.36E6 5.28E6
olstihia Mﬂﬁﬂu WNEN A Y
“BFEA12 3.34E6 7.08E6 0.0584 0.577509 0.0094795
BFEA13 4.04E6 8.55E6 0.0766
BFEA22 1.61E6 3.50E6 0.0439
BFEA23 1.31E6 2.18E6 0.0581
BFEA9 8.39E5 1.86E6 0.0529
BFEA14 4.76E5 1.42E6

0.0419
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Table E1 The percentage of GSI and another data of p. monodon using in this thesis

No Body Gonad GSI Total length Original Gonad colour Remark
weight (g.)  weight (g.) (%) (cm.) codes

1 115.28 0.32 0.27 235 BUFOV03 light white Stage I

2 76.37 0.47 0.61 23.0 BUFOV06 light white Stage I

3 105.70 0.70 0.66 245 BUFOV04 light white Stage I

4 99.96 0.77 0.77 23.8 AGYLOVO03  white Stage I

5 170.28 1.46 0.86 - PMBF2 white Stage I

6 112.35 1.00 0.89 23.0 BUFOVO07 light yellow Stage I

7 82.71 0.90 1.08 21.5 BUFOV.05 turbid white Stage I

8 157.33 1.73 1.10 27.0+0 AGYEOVO]  white + light Stage I

pink
9 104.97 1.18 1.12 23.0 AGYLOV04  white Stage I
10 120.58 1.60 33 235 AGYLOVO02.  white Stage I
11 186.69 2.69 1.44 26.0 i[ BFNOV32 yellow Stage I
12 188.30 2.76 1.47 - p PMBF1 light yellow Stage I
13 218.71 4.70 2715 280 — ' | BFENOV38 light green + Stage I
- yellow
14 205.67 4.61 224 2715 /X 4 BFNOV33 light yellow Stage II
15 128.74 2.25 2.23 it el ASPOV10 light yellow Stage 11
16 205.05 5.29 258 28.0 4 WBFNOV35 light yellow Stage II
17 149.64 2.68 2.68 YET ASPOV06 light yellow Stage 11
18 208.54 6.16 2.95 ‘960 “““BFNOV31 light green Stage I
19 181.30 6.00 331 285 - BENOVO04/1  yellow + green  Stage IT
20 159.80 6.40 4.01 St - BFNOVO07 light green Stage 111
21 187.10 8.27 442300  BFNOVI8  green+yellow  StageIII
22 173.40 8.00 4.61 28.0 BFNOV03 green Stage I1I
23 164.50 7.60 T Zemeditd Pefy BENOVO4-—"oteen Stage III
24 230.93 12.12% 5.28 32.0 BFNOV23 green + yellow Stage III
25 235.98 12.69 5.37 33.0 BFNOV24 green Stage I1I
26 172.30 9.90 5.75 28.0 BFNOVO05 = green Stage III
27 172.60 10.20 5.91 28.0 BFNOVO01 green Stage III
28 136.40 8.40 6416 26.5 BFNOV09 darkegreen Stage IV
29 133.20 8.30 6.23 26.0 BENOV0S green, Stage IV
30 176.20 12.90 7.32 29.0 BFNOV06 dark green Stage IV
31 272.20 20.30 7.46 32.0 BFNOV02 green Stage IV
32 15220 12.80 8.42 2710 BFNOVI4 greén Stage IV
33 139.90 13.10 9.36 B50 BFNOV 10 dark green Stage IV
34 162.20 16.20 9.99 28.0 BFNOV12 dark green Stage IV
35 166.90 16.70 10.01 275 BFNOV11 light green Stage IV
36 239.86 2498 10.41 33.0 BFNOV21 green Stage IV
37 207.40 23.20 11.19 30.5 BFNOV15 dark green Stage IV
38 232.57 26.08 11.21 30.0 BFNOV20 green Stage IV
39 156.10 18.20 11.66 27.0 BFNOV16 dark green Stage IV
40 252.11 31.30 12.41 30.0 BFNOV17 green Stage IV
41 158.60 19.90 12.55 27.5 BFNOV13 dark green Stage IV
42 300.12 10.47 3.49 325 BFNOV30 light green + post-spawn
yellow

Table F1 (cont.)
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No. Body Gonad GSI Total length Original Gonad colour Remark
weight (g.)  weight (g.) (%) (cm.) codes
43 194.49 3.61 1.86 275 BFNOV36 light yellow + post-spawn
little green
44 256.40 8.39 3.27 29.5 BFNOV34 light yellow post-spawn
45 264.70 7.66 2.89 30.0 BFNOV37 light yellow post-spawn
46 285.97 8.30 2.90 320 BFNOV39 yellow post-spawn
47 200.79 5.18 2.58 28.0 BFNOV40 light yellow post-spawn
48 236.51 1.79 0.76 27.50 BFEAOVI8  white Eyestalk-ablated; Stg I
49 111.00 1.00 0.90 24.50 YLBOVO1 white + light Eyestalk-ablated; Stg I
yellow
50 163.00 2.00 1.22 25.00 YLBOVO06 white Eyestalk-ablated; Stg I
51 272.20 3.71 1.36 30.00 BFEAOV15  yellow Eyestalk-ablated; Stg I
52 125.00 2.00 1.60 24.50 YLBOVO5 white + light Eyestalk-ablated; Stg IT
Y yellow
53 118.00 2.00 1:69 24.50 YLBOVO8 white Eyestalk-ablated; Stgll
54 173.37 4.72 20 25.50 BFEAOV19 light green + Eyestalk-ablated;Stg 11
\ yellow
55 252.03 7.16 2.84 20.50.4 BFEAOV17  green + yellow Eyestalk-ablated;Stg I1
56 151.00 5.00 3.3 25.00 7% YLBOVQ7 lihgt green Eyestalk-ablated;Stg 11
57 291.39 10.31 3.54 30.50 BFEAOV16 . green Eyestalk-ablated;Stg II
58 164.00 6.00 3.66 26.00 - YLBOV04 light green Eyestalk-ablated;Stg 11
59 193.65 8.82 4.55 27,00 “BEEAOV21.  dark green Eyestalk-ablated;Stg 11T
60 153.00 7.00 4.57 2550 . YLBOVO02 light green Eyestalk-ablated;Stg III
61 125.00 6.00 4.80 25°00 " YLBOVO03 light green Eyestalk-ablated;Stg III
62 118.80 5.90 4.97 PAI507 I ¥/ BFEAOV08  green Eyestalk-ablated;Stg III;
— BIOTEC shrimp
63 186.50 9.40 5.04 27.50 * BEEAOVO5  light green Eyestalk-ablated;Stg I1I
64 196.90 10.00 5.08 29.50 ~ BFEAOV02  light green + Eyestalk-ablated;Stg I1I
- - yellow
65 96.20 4.90 5.09 23.30 BFEAOV11. [green Eyestalk-ablated;Stg III;
Y : BIOTEC shrimp
66 182.70 9.40 5.15 28.00 BFEAOVO03 yellow + little Eyestalk-ablated;Stg III
green
67 278.23 14.37 5.16 29.50 BFEAOV20-_. dark green + Eyestalk-ablated;Stg III
little yellow
68 197.40 10.80 5.47 29.50 BFEAOV04 light green + Eyestalk-ablated;Stg III
yellow:
69 229.60 14.60 6.30 30.00 BFEAOVO01 | [green+ yellow Eyestalk-ablated; StgIV
70 220.10 14.00 6.36 28.50 BFEAOVO07 light green + Eyestalk-ablated; StglV
yellow
71 170220 11.606 6.82 27.00 BEEAOV06| " light green + Eyestalk-ablated; StgIV
yellow
72 365.38 25.08 6.86 33.00 BFEAOV24  green Eyestalk-ablated; StglV
73 116.40 8.00 6.87 25.50 BFEAOV10  dark green Eyestalk-ablated; StglV;
BIOTEC shrimp
74 128.70 8.90 6.92 25.20 BFEAOV12  dark green Eyestalk-ablated; StglV;
BIOTEC shrimp
75 188.20 13.80 7.35 27.50 BFEAOV13  dark green Eyestalk-ablated; StglV
76 167.54 14.33 8.55 25.00 BFEAOV22  dark green Eyestalk-ablated; StgIV
77 256.34 22.41 8.74 29.50 BFEAOV23  dark green Eyestalk-ablated; StgIV
78 249.50 22.30 8.94 31.50 BFEAOV(09 light green Eyestalk-ablated; StglV
79 115.60 12.80 11.07 23.50 BFEAOV14  dark green Eyestalk-ablated; StglV;

BIOTEC shrimp




Appendix F

Restriction mapping of pGEM® T-easy Vector
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