Y U

M5INTZHMIMEAPENVSEUTINEITo N UszUUYARNIWIUR IR Penaeus monodon

v Yo A v "o d
!!ﬁ%ﬂﬂﬂﬂﬁ/‘ﬂuﬂ"ﬁﬂﬁgﬁmﬁﬂ‘ﬁ AN NALNNUY

UINAIUIAT Yagw

a WU A

%ﬂﬂwuﬁdérﬂua'mﬁfiwmmiﬁmgm134'Vié‘fnqm51]‘%mucynﬂmmamumumm
a3 umalulagdamn
AZINENAEAS JWIAINTANNIINGEY
UmsAinu 2548
ISBN974-17-3919-2

<
dvAnsvesgiasnsalumiInedy



EXPRESSION ANALYSIS OF IMMUNE RELATED GENES IN
THE BLACK TIGER SHRIMP Penaeus monodon AND
POTENTIAL APPLICATION IN BROODSTOCK SELECTION

Miss Naritsara Pulsook

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Biotechnology
Faculty of Science
Chulalongkorn University
Academic Year 2005
ISBN 974-17-3919-2



Thesis Title EXPRESSION ANALYSIS OF IMMUNE RELATED GENES IN
THE BLACK TIGER SHRIMP Penaeus monodon AND
POTENTIAL ﬁ\FPLICATID?%{ IN BROODSTOCK SELECTION

By Miss Naritsara Pulsook
Field of study Biotechnology
Thesis Advisor Associate Professor Anchalee Tassanakajon, Ph.D.

Thesis Co-advisor  Sirawut Klinbunga, Ph.D.

Accepted by the Faculty of Seience, Chulalongkorn University in Partial
Fulfillment of the Requirements for the Master’s Degree

i+ vvseeeeee Dean of the Faculty of Science

(Professor Piamsak Menasveta, Ph.D.)

THESIS COMMITTEE

........... /j;i'h 3 Mr .......Chairman

(Associate Professor Aran Incharoensakdi, Ph.D.)

o 5777\ -
d-"'KZThesw Advisor

(Assaciate Professor Anchalee Tassanakajon, Ph.D.)

(Sirawut Klinbunga, Ph.D.)

/ fjh?‘wrvlember

(Associate Professor Vichien Rimphanitchayakit, Ph.D.)

(Assistant Professor Supat Chareonpornwattana, Ph.D.)

vennenran.Thesis Co-advisor




v

wins yagu: mrimnsinsueasesnvestuiinndestursuugiduiuludinod  Pengeus
monodon unzfnunmlunmsszgnd 1¥fadenieiWug. (EXPRESSION ANALYSIS OF IMMUNE
RELATED GENES IN THE BLACK TIGER SHRIMP Penaeus monodon AND POTENTIAL
APPLICATION IN BROODSTOCK SELECTION) . wlinut srasdoed vimoves,
0. MITnus e a3 A31s natuan, 196 1. ISBN 974-17-3919-2

Annmsuaaseenvestuiinadestussuugiduiuesdimidnau 11 Ty snwodidiaden
veafimarmanaeiilosiew mudehiasduagavaiinaws 9 Taverfumaiin semi-quantitative
RT-PCR dstuiidAmnlundsihlsznoudadiulusiiuossondinn uonfnis winmod (PpAF), laTnlxdn
wamita ginjefeentad Andiama (sop), ngan in Tent nleeondiac (GPx), nsmangmisie (TG), 16 o2
Fan Tusau (WaP), we'laiu o Gurvivin), TUsAu # 109 , loTaaWau 18, nhladalnsda
Fomswa leTwweisa 5 (PPD), smloi Tsiiu aowmuiiy 1897 1 dugiia 4 (CCTP) uaz TusAuBaion 6o
(HSP6D) 11mmﬁn1=i’ﬂ#‘:m§mlﬂnﬁﬁu’mﬁa WUNIIEIAID0NTBIBY PPAF, GPx, TG, WAP Lat PPl i
ptihind iy (p <0005) LAEMEITAIODNUDIDY SOD 1 survivin dARIDENTTEAATY (» < 0.05) Tuvazi
mfns:aﬁ'uﬁuurﬁn'h?n‘i’ﬁ:mq-imi WUNTTUIAIBONUS 10U PPAF, WAP uaz HSP6D 11"iuifum'mi'jﬁuﬂ1ﬁtg (p
< 0.05) UDEMTUDAIBDANDIIN GPx, SOD UaE survivin aAaseiiniodng (p < 0.05) lAdmdontu PPAF
UnE WAP éqﬁnmm’mnuﬂn?'m"fumuuﬁqnvﬁﬂﬁ;ﬂuunﬁﬁuunz'hs"ﬂ WIANYINEILAAIDBNAIINATIA Real-
time RT-PCR wu“hmuﬂ'ﬁ'qn'ﬁﬁﬂvfn’m?Tulm,.gn'lﬁﬁimmqmn B PPAF Timsudassoniifiugaga
4.13 A 2.53 011 NTARIEG 24 'nT-uq -mmmnmmunn'lmuu WAP imIudaieangIqa 4.23 L026.68 m'l
f!'lr.lﬂﬂalﬁ‘l'iﬁﬁl.‘fﬂﬂ 24 mTuamamﬂmwn wa'l.l'l'mmﬁ 6 Tu fim PPAF, GF‘x WAP, TG, PP1 uas H5P 60 ml
miuﬁmnﬂnmuifunwﬂnwlmmgmmﬂmm washin TasBumdiinihesimumadylunsdesiuds
qmmmnmmn:anmhﬂ

lunsfAnuinisuaazoanyadd unmuﬁmﬁm*nuquﬁuﬂu 6 Tu Tudsvdeuszozusn (uemdsa
1, e 1 waz Tudie ), szoxTnaain (waaia s uas Tndanan 15) uazdaszos | dou {gnu"lunj Tauld
mann scm; quantitative RT-PCR WuT10u PPAF, GPx, TG, PPI unz HSP&0 um'sunﬂmanmum HEMBINDU
11 vasfity WAP mimumsuansoenluszusyde unsihitnddefeszAumsuansoenvestumaii uszos
Tnoamiimsuamsengandiluszoziooussezuin vinmsAnndduialdnSoudioussaunuaniean
vastu 6 Tuit laTunsAa@en uded lannvhuiifimssdadaitemsdmindm dagre s uas audauns
fudeil ldvnTnzamnbmlgividaiudsiiiases naewinlosndalsnnnunseisraumy sy
MIUARIANYe T PPAE, GPx  WAP, PPI 1oz TG ludodadaninTasamalivlaiudiinsuaaieengs
nhisitndadtenisi Tuvusfinsunassenyes HSP6O 'lm’fmm‘?a 3 vhiuhiandraiu oweznan1dings
v Taransliilaiufing gy idn g iadddontsh pifnE AN INIsrAenastuRITE Yo IR
szugiiquind daaslisfudy T1 PPAF, WAP, PPI 0oz TG rnomwtums 1 Fdhuinsdquamiiavestuile
1 radeniominuginaiddely

A A =
a3, ma lu latdnm awiedsian, 8370

< - a A S (ol
Umsfinu LA548 (ALY EJ'HJEH'D‘I‘!HHIJ'.IHH‘L

a a I .
awilo¥e19stInus M,



‘n’

##4572333423: MAJOR BIOTECHNOLOGY

KEY WORD: Penaeus monodon | BLACK TIGER PRAWN / SEMIQUANTITATIVE RT-

PCR /IMMUNE-RELATED GENE / DEVELOPMENTAL STAGE
MNARITSARA PULSOOK : EXPRESSION ANALYSIS OF IMMUNE-RELATED
GENES IN THE BLACK TIGER SHRIMP Penacus monodon AND POTENTIAL
APPLICATION IN BROODSTOCK SELECTION. THESIS ADVISOR : ASSOC.
PROF. ANCHALEE TASSANAKAIJON, Ph.D., THESIS CO-ADVISOR:
SIRAWUT KLINBUNGA, Ph.D., 196 p. ISBN 974-17-3919-2.

The semi-quantitative RT-PCR technique was used to examine the expression levels
of 11 immune-related genes from hemocytes of the black tiger shrimp in response to Vibrio
harveyi and WSSV challenges at different time courses after injection. These defense-related
genes obtained from the Penaeus monodon EST libraries, consist of prophenoloxidase
activating factor (PPAF), cytosolic manganese superoxide dismutase precursor (SOD),
glutathione peroxidase (GPx), transglutaminase (TG), whey acidic protein (WAP), apoptosis
inhibitor survivin (survivin), P 109 protein, eyelophilin 18, peptidyl-prolyl cis-trans isomerase
5 (PPI), chaperonin containing t-complex polypeptide-1{CCTP) and heat shock protein 60
(HSP60). The mRNA expression in response to bacterial challenge during the time points of
injection showed significant inerease (p<0.05) of PPAF, GPx, TG, WAP and PPI however,
the significant decrease (p<0.05) of SOD and surviving expression were observed. Upon the
viral challenge, the expression levels of PPAF, WAP and HSP60 were significantly increased
(p<0.05), whereas those of GPx, S8OD and survivin were significantly decreased.
Interestingly, both pathogens caused up-regulation of PPAF and WAP genes which were then
relatively quantified by Real-time RT-PCR. The results showed that the highest expression
level of PPAF gene after V. harveyi and WSSV challenges was 4.13 and 2.53 fold at 24 hpi,
respectively. Furthermore, the highest expression level of WAP gene after V. harveyi and
WSSV challenges was 4.23 and 6.68 fold at 24 hpi, respectively. The mRNA levels of PPAF,
GPx, WAP, TG, PPl and HSP 60 were up-regulated after bacterial or viral challenge,
indicating the probability of those genes in host defense against invading pathogens.

In addition; the expression of the 6 genes were determined in the early-larval stages
(Nauplius III, Zoea I, Mysis II), post-larvae (PL5 and 15) and juvenile (1 month) of the
shrimp P. monodon. RT-PCR analysis showed that transcripts of PPAF, GPx, TG, PPI and
HSP60 were already present in the early stage of Nauplius 111, whereas WAP mRNA were
observed in the Zoea Il and later through developmental stages tested. Interestingly, the
expression levels of almost genes in post-larval stages were higher than in early-larval stage.
The expression levels of 6 immune-related genes were examined by a semi-quantitative RT-
PCR from hemocytes of juvenile P. menodon from 3 different shrimp farms: commercial
farms (Suphunburi, Chachoengsao)-and a domesticated farm (Nakhonsithammarat, specific-
pathogen-free(SPF) shrimp). The results showed that:the transcription levels of PPAF, GPx,
WAP, PPI and, TG were significantly higher (p < 0.05) in the domesticated P. monodon than
those from the commercial farms, whereas that of HSP60 was not significant difference.
Consequently, it was suggested that, the domesticated P. monodon might be healthy than
commercial shrimp farms based on the level of immune-related genes. From expression
analysis some immune related genes such as PPAF, WAP, PPI and TG can be candidate
biomarkers for health monitoring and have potential used for broodstock selection.
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CHAPTER
INTRODUCTION

1.1 General introduction

Shrimps are one of the most economically important aquatic species in culture
today. Due to their high world-wide demand and a gradually-experienced effort in the
development of production technologies, they become very important export products
for many countries along the Indo-Pacific coast. In Thailand, the shrimp species
mainly produced is the black tiger shrimp, Penaeus monodon.

Thai shrimp farming started in the early 1980s and really began to expand in
the mid 1980s. Since the early 1990s, Thailand has been the world leader for
exporting shrimp products in terms of frozen and value-added products into several
countries, e.g. Japan, USA and the European Union. The industry has been worth
approximately 200,000-250,000 metric tons annually providing an income of nearly
60,000 million baht yearly export earnings for the country (Figure 1.1) (Source: Thai

Customs Department cited in Shrimp Culture Newsletter).

Until 2001, the once successful shrimp farming industry has been seriously
affected by many dramatically fuctor for example, the outbreaks of bacterial and viral
diseases, the water quality problem, and the very rare high-quality broodstock.

Consequently, the shrimp farming has been switched to the other species
namely, the Pacific White Shrimp (Litopenaeus vannamei) (Figure 1.2). Because it is
a genetically-improved stain, L. vannamei contains very great advantages over the P.
monodon including rapid growth rate, high stocking density tolerance, low salinities
and temperatures  tolerance, lower protein requirements (and therefore production
costs), certain disease resistance (if specific-pathogen-free stocks are used), and high
survival rate during larval rearing (50-60% comparing to 20-30% for P. monodon).
As an alien species for Thailand, L. vannamei possibly acts as a carrier of various new
pathogens to the culture areas, and a very important reason is the broodstocks must be
imported from the stain stocking institute, mainly from the Hawaii Marine Institute.
From the above reasons, shrimp farming of the native rather than the alien shrimp

species should be considered as essential for this area. Although overall biological



systems of P. monodon are progressively studied at the molecular level, the
knowledge of the immune system is also considered to intensive study in order to
characterize how shrimp response during infected by the pathogens. The information
will be applied to the selective breeding of healthy shrimp for the near future of

shrimp production industry of P.monodon in Thailand.
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Figure 1.1 Cultured shrimp production in Thailand from 1994 to 2004

(Source: Thai Customs Department cited in Shrimp Culture Newsletter)
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1.2 Taxonomy of Penaeus monodon

The taxonomic definition of the giant tiger shrimp, P. monodon is as follows
(Bailey-Brook and Moss, 1992):
Phylum Arthropoda
Subphylum Crustacea
Class Malacostraca

Subclass Eumalacostraca
Order Decapoda

Suborder Natantia

Infraorder Penaeidea
Superfamily Penaeoidea
Family Penaeidae Rafinesque, 1985
Genus Penaeus Fabricius, 1798
Subgenus Penaeus

Species monodon

Scientific name: Penaeus monodon (Fabricius), 1798

Common name: Jumbo tiger prawn, Giant tiger prawn, Blue tiger prawn, Leader
prawn, Panda prawn (Austraha), Jar-Pazun (Burma), Bangkear (Cambodia), Ghost
prawn (Hong Kong), Jinga (India, Bombay region), Udang windu (Indonesia), Ushi-
ebi (Japan), Kamba ndogo (Kenya), Kalri (Pakistan), Sugpo(Philipines), Grass shrimp
(Taiwan), Kung kula-dum (Thailand), Timsa (Vietnam).

FAO Names: Giant tiger prawn, Crevette giante tiger, Camaron tiger gigante.

1.3  Distribution

The black tiger shrimp is principally distributed in the major part of the Indo-
West Pacific region; the East and Southeast Africa, the Red Sea and Arabian Gulf, the
Indian subcontinent, and throughout the Malaysian Archipelago to Northern Australia
and Japan. It is a marine species that inhabits in mud or sand bottoms at all depths

from shallows to around 110 meters (360 feet), so it can be caught from offshore or



and inshore as well as the tidal zones. This species is one of the most important

aquaculture species in Asia (Rosenberry, 1997).
1.4 Morphology

From the external view, shrimp is basically divided into thorax and abdomen
(Figure 1.3). The thorax (or head) is covered by a single, immobile carapace which
protects internal organs and supports muscle origins. The eyestalks and eyes, the
sensory antennules and the antennae arise rostrally. The pereiopods or walking legs
are the thoracic appendages. Gills are formed from sac-like outgrowths of the base of
the walking legs and sit in branchial chambers on ether side of the thorax. The
carapace extends laterally to cover the gills completely.

The abdomen has the obvious segmentation of invertebrates. A swimming legs
or pleopods are the abdominal appendages. A pair of pleopods arises from each of the
G abdominal segments. A tail fan comprises of a telson which bears the anus, and two
uropods attach to the last (6™) abdominal segment. The telson has a deep medication
groove without dorso-lateral spines. A rapid ventral flexion of the abdomen with the

tail fan produces the quick backward dart characteristic of shrimp (Anderson, 1993).
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Figure 1.3 Lateral view of the external morphology of Penaeus monodon

(Primavera, 1990).



The cuticle, secreted from an epidermal cell layer, consists of chitin and
protein in which calcium carbonate and calcium phosphate have been deposited.
While the old cuticle is moulted, the inner cuticle layer is detached from the epidermis
and the epidermis begins to secrete a new cuticle. After moulting, the new cuticle is
soft and stretched to accommodate the increased sized of the shrimp.

The black tiger shrimp has the following characteristic colorations: carapace
and abdomen are transversely banded with red and white, the antennae are grayish
brown, and the pereopods and pleopods are brown with crimson fringing setae. In
shallow brackish waters or cultured ponds, the color patterns are mostly changed to

dark and blackish brown (Moton, 1981:cited in Solis, 1988).

1.5 Life cycle

The matured female spawns between 50,000-1,000,000 eggs per spawning
(Rosenberry, 1997). The fertilized egg of P. monodon is spherical yellowish green in
color and somewhat translucent, ranging from 0.27-0.31 mm in diameter. The
development of 2-celled, 4-celled, morula and embryonic nauplius stages are
observed within 0.5, 1, 1.8 and 11 hours after spawning, respectively. Before

hatching, the embryonic nauplius is observed to move intermittently inside the egg.

1.5.1 Larvae

After fertilization, eggs hatch into the first larval stage, nauplius (6 stages
in 2 days). Nauplii-are-about 0.3 mm long at hatching, exist entirely on their own egg
yolk and are characterized as planktonic and positively phototoxic. The second stage,
protozoeae (3 stages in 5 days), they begin to feed algae and metamorphose into
myses (3 stages in 4-5 days). The myses have many characteristics of adult shrimp,
feeding on algae and zooplankton. The final stage is the post larvae (6-35 days) (Solis,
1988), while a full complement of functioning appendages is present.

Occurring offshore, they are planktonic in behavior. The body of the post-
larvae is transparent with a dark brown streak from the tip of the antennular flagellum

to the tip of the telson. The 6th abdominal segment is relatively longer than the



carapace length. The carapace length of the post-larvae varies between 1.2 and 2.2

mm. P. monodon enters nursery grounds during the last sub-stage of the post-larvae.

1.5.2 Juvenile

During the earlier juvenile stage, the body is partly transparent with a dark
brown streak on the ventral side similar to the post larvae. They differ from the post
larvae as follows: relatively shorter 6" abdominal segment to the carapace length is
still greater than in the adolescent, greater body and complete gill system.

In the early stage reaching about 2.7 mm in carapace length (CL), the body
becomes blackish in color and the rostrum has 6 dorsal and 2 ventral spines. When it
reaches about 3.7 mm CL, the body becomes more blackish and bulky and the
rostrum has 7 dorsal and 3 ventral spines as found in adult. The carapace length varies
from 2.2 to 11.0 mm. They use pereiopods for clawing and pleopods for swimming,
the former become the main locomotive organ and the latter may be regarded as
supplementary and used for rapid movement. Juveniles inhabit blackish water areas as
nursery ground.

In natural, if shrimp have stability of body proportion and development of
outer genitalia is called adolescent. The adolescent, the body proportion is almost the
same as in the adult or slightly greater with the ratio of the length of about 0.58. The
sexes can now be identified beginning at 11 mm CL. The carapace length of the
adolescent varies between 11 to 34 mm. The minimum size of males possessing a
jointed petasma is about 30 mm-CL and the minimum size of females possessing

adult-like thelycum is about 37 mm CL.

1.5.3 Subadult

This stage begins at the onset of sexual maturity i.e., minimum sized males
possessing spermatozoa in terminal ampoules and minimum sized females possessing
spermatozoa inside the thelycum through copulation.

A sex-size disparity occurs at almost 30 mm CL, and here after the size of
females becomes greater than males. They migrate from nursery to spawning ground.

During this stage, first copulation takes place between males with minimum CL of 37



mm and females of 47 mm in the estuarine or inner littoral areas before migrating to

the deeper water.

1.5.4 Adult

This stage is characterized by the completion of sexual maturity males
possess spermatozoa in the paired terminal ampoules, and in fact there are no sexual
differences from subadult males apart from size increment and different habitat.
Females start to spawn mostly offshore whereas some spawn in shallow water. A
second and other copulation may occur in majority of individuals. Their major habitat
is the offshore areas at depths of about 160 m.

The maximum size of males recorded is 71mm CL, whereas the maximum
recorded length of females is 81 mm CL, reaching 270 mm in body length or 260 g in
weight. Carapace length varies between 37 and 71 mm in males and 47 and 81 mm in
females.

The life history phases of P. monodon are summarized in table 1.1 (Motoh

H, 1981), and the diagram of its life history is shown in Figure 1.4.
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Figure 1.4 Diagrammatic representation of the life history of Penaeus

monodon shrimp (Bailey-Brock and Mass,1992).



Tablel.1  Life history phases of P.monodon.

Phase Begin at Duration
Embryo Fertilization 12 hours
Larvae Hatching 20 days

* nauplii * 2 days
* protozoeae * 5 days
* mysis * 2-5 days
* post-larvae * 6-35 days
Juvenile Completion of gill system 4-5 months
Stability of body proportion,
development of outer genitalia
Subadult Commencement of sex 4 months
maturity , first copulation
Adult Completion of sexual maturity 10 months




1.6 Shrimp diseases

Bacterial and viral diseases are known to be the major constraint for in the
further progress of semi-intensive and intensive shrimp cultures throughout the world.
The major disease outbreaks owing to both Vibrio spp. and viruses, have been
detrimental to the industry in recent years.

Viral disease outbreaks often result from stress factors, such as overcrowding,
abnormal temperatures or low dissolved oxygen. Most bacterial infections result from
extreme stress. The most common bacterial infection in marine shrimp is Vibrio.
Vibrio infections often occur following environmental stresses or viral diseases and

are not the primary disease problem (Nash, 1990).

1.6.1 Viral disease

Recently, five direct viral pathogens are ordered descending from the
greatest to the least economic impact to cultivated P. monodon in Thailand including,
white spot syndrome virus (WSSV), yellow head virus (YHV), hepatopancreatic
parvovirus (HPV), infectious hypodermal and hematopoietic necrosis virus (IHHNV)
and monodon baculovirus (MBV). P. monodon have high mortality rate when
infected with WSSV and YHV (Kiatpathomchai et al., 2004; Wongteerasupaya et al.,
2003).

White spot syndrome (WSS)

White spot syndrome virus (WSSV) first appeared in northeast Asia in
1992-93, and rapidly spread to several shrimp farming countries in Asia and the Indo-
Pacific. This is a lethal disease (90-100%, mortality) with potential to infect other
crustacean species. WSSV is a pathogen on crustaceans with a wide host range. It can
infect both freshwater and marine species, for instance shrimp, crab and crayfish
(Chou et al., 1995; Lo et al., 1996; Wang et al., 1998). This viral infection has been
observed in several commercial penaeid species, including Penaeus monodon,
Marsupenaeus japonicus, Penaeus chinensis, Penaeus indicus, Penaeus merguiensis,
Litopenaeus vannemei, Penaeus stylirostris, Penaeus penicillatus, and Litopenaeus
setiferus. The virus has been given various names, including baculoviral hypodermal

and haematopoietic necrosis virus (Huang et al., 1995), rod shaped virus of M.
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Jjaponicus (Takahashi et al., 1996), systemic ectodermal and mesodermal baculovirus
(Wongteerasupaya et al., 1995; Sahul Hameed et al., 1998) and white spot baculovirus
(WSBV) (Wang et al., 1995; Lo et al., 1996). These viruses have been collectively
referred to as WSSV (Nunan and Lightner, 1997).

The virions of WSSV are enveloped and have an ovoid to bacilliform
shape with a tail-like appendage at one end. The size of virions is approximately 250-
380 nm in length and 70-150 nm in width. The virions enclose a rod shape
nucleocapsid, which contains a DNA-protein core bounded by a distinctive capsid
layer giving it a cross-hatched appearance. The size of nucleocapsid is 200-250 nm in
length and 65-70 nm in diameter (Wongteerasupaya et al., 1995; Duran et al., 1997).
WSSV is a large double-stranded DNA virus, which contains a genome of about 293
kb (Yang et al., 1997; van Hulten et al., 2001). Extensive characterization of WSSV
genome is suggested to be a member of a new virus family,the Nimaviridae, and to
the genus Whispoviridae (van Hulten et al., 2000; Tsai et al., 2000).

In shrimp, the disease caused by WSSV is characterized by the presence of
white spots of about 5 mm on the cuticle and sometimes is accompanied with a
reddish coloration on the body. Lethargy, a rapid reduction in food consumption;
infected shrimp, swim slowly near the pond surface, and eventually sink to the bottom
and die; high mortality rates (100%) occur 3 to 10 days after the first signs of this
disease (Karunasasagas et al., 1997). Histopatology indicates that infection of WSSV
is not organ or tissue specific. Infection of WSSV can be observed in several tissues;
however, it does not infect hepatopancreatic epithelial cells or midgut epithelial cells
even in moribund shrimp, which are considered to be refractory tissues for WSSV
infection (Chang et al., 1996; Wang et al., 1999). The mechanism of infection and
spread of WSSV in crustacean hosts is not clear. It is believed that the envelop protein
of virus play important roles in virus infection (WU et al., 2005; Zhang et al., 2004).
However, the experimental transmission of WSSV indicates that the white spot
disease could be transferred by cohabitation with or ingestion of WSSV-infected
animals (Kanchanaphum et al., 1998; Supamattaya et al., 1998). WSSV can be
detected in early larvae stages of P. monodon; however, significant mortality was

observed in post-larvae and juveniles shrimp. (Yoganandhan et al., 2003).
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Chou et al (1995), exposed P. japonicus to WSSV by immersing the
shrimp in the epidermal filtrate of diseased shrimp; the mortality reached 100% within
4-7 days. Chang et al (1996) reported that during a WSSV infection, WSSV-positive
cells occur initially (16 h after oral infection) in the stomach, gill, cuticular epidermis
and hepatopancreas, and spread rapidly to other organs. By 52—62 h most organs
became heavily infected and necrotic, and shrimp died concurrently.

Detection of virus at an early stage is necessary to reduce damage from
WSSV infection. Several diagnostic method have been described such as PCR (Tapay
et al., 1999), in situ hybridization (Wang et al., 1998), observation of tissues subjected
to fixation or negative staining (Inouye et al., 1994) and reverse passive latex
agglutination (RPLA) method (Okumura et al., 2005)

To protect shrimp or other crustaceans against WSSV, the WSSV subunit
vaccine, the WSSV envelop protein VP19 and VP28 was evaluated. The VP19 and
VP28 fused to MBP showed significantly better survival than the control group
(Witteveldt et al., in press).

Yellow-head (YH) disease

In Thailand the disease is called Hua leung (Chantanachooklin et al. 1993,
Lightner, 1996). It has significant losses of cultured shrimp P. monodon throughout
Asia (Chantanachooklin et al., 1993; Flegel, 1997). Extensive characterization of
Yellow-head virus (YHV) genome (Sittidilokratna et al., 2002; Cowly and Walker,
2002; Jitrapakdee et al., 2003) has clearly shown that this virus is classified in a new
genus Okavirus and family Roniviridae in the order Nidovirales (Mayo, 2002).

Yellow-head principally infects pond-reared black tiger shrimp P.
monodon. This syndrome occurs in the juvenile to sub-adult stages of shrimp 5 to 15
grams 1in size, especially at 50-70 days of grow-out. It causes serious disease in
juvenile stages (Lightner, 1996). At the onset of YHV shrimp have been observed
consuming feed at an abnormally high rate for several days. Feeding abrubtly ceases
and within 1 day, a few moribund shrimp appear swimming slowly near the surface at
the pond edges. Affected shrimp exhibit light yellow coloration of the cephalothorax
area and a generally pale or bleached appearance; they die within a few hours. By the

following day, the number of similarly affected shrimp increases dramatically, and by
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the third day after the first appearance of moribund shrimp, the entire crop is typically
lost (Lightner, 1996, Chantanachooklin et al., 1993). Moribund shrimp with YHD
generally appear pallid in color, with a yellowish, often swollen cephalothorax.
Infected shrimp frequently exhibit whitish or pale yellowish to brown gills, and often
a pale yellow hepatopancreas (Lightner, 1996).

Several diagnostic method to detect YHV infected shrimp, antibody (Lu et
al., 1996; Nadala and Loh, 2000; Sithigorngul et al., 2000, 2002; Soowannayan et al.,
2003), in situ hybridization (ISH) (Tang and Lightner, 1999; Tang et al., 2002; Spann
et al, 2003), et al.,, conventional RT-PCR (Wongteerasupaya 1997; Tang and
Lightner, 1999; Cowley et al., 1999, 2000) and real-time RT-PCR (Dhar et al., 2002).
Of the antibody-based diagnostic techniques, immuno-histochemistry using
monoclonal antibodies to a surface glycoprotein and the nucleocapsid protein of YHV
(Sithigorngul et al., 2000, 2002) has recently allowed the detection and distinction of
YHYV infections (Soowannayan et al., 2003).

To neutralize virus, the mouse polyclonal antiserum raised against the
YHV gpl16 or gp64 structural glycoproteins could neutralize YHV infectivity as
determined using an in vitro quantal assay in primary cultures of lymphoid organ cells
was investigated. Anti-gpl116 antiserum showed virus-neutralizing activity whereas
anti-gp64 antiserum failed to inhibit infection. The results suggest that gpll6
antiserum blocks binding of virions to cellular receptors to facilitate YHV entry into

lymphoid organ cells. (Assavalapsakul et al., 2005).

1.6.2 Bacterial disease

Species of Vibrio are commomly found in aquatic environments as the
bacterial flora and ' formerly considered to be mostly opportunistic pathogens
(Lightner, 1988). The virulence of this species has been recognized in a small but
expanding list of penaeids cultured in Asia and Australia (Vandenberghe et al., 1998).
Vibrio spp., especially the luminous Vibrio harveyi, has been implicated as the main
bacterial pathogens of shrimps (Baticados et al., 1990).

V. harveyi, is considered as the most devasting that causes extreme losses

of cultured P. monodon in hatcheries and shrimp farms. This bacterial outbreak causes
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mortality of the affected shrimps up to 100%, whether they are larvae, post-larvae,
juveniles, sub-adults or adults (Lightner, 1983).

V. harveyi is a rod shape, Gram-negative bacterium with 0.5-0.8 um in
width and 1.4-2.6 pum in length. This bacterium is able to emit a blue-green color
light. Presumptive diagnosis is made on the basis of clinical signs and culture of the
suspensions of hepatopancreas or blood on trytic plate supplemented with 2% (w/v)
NaCl. After incubation at 30°C overnight, colonies of V. harveyi show strong
luminescence in dim light.

The gross signs of localized infection in the cuticle or sub-cuticle also give
the names shell disease or black/brown spot disease. These superficial infections can
develop into systemic infections under some circumstances and can cause mortality.
Other gross features of the infected shrimps are the milky white body and appendages,
weakness, disoriented swimming, lethargy and loss of appetite. Eventually it leads to
death.

Antibiotics have been used in attempts to control these bacteria, but it has
lead to the problems of drug resistance. The development and use of probiotics, a
marine bacterial strain Pseudomonas 1-2 can produced a compound with inhibitory
property against shrimp pathogenic Vibrios, which is used for control shrimp
pathogenic Vibrios in aquaculture system (Chythanya et al., 2001). The in vitro and in
vivo antagonistic effect of Bacillus subtilis BT23 against the pathogenic Vibrios was
studied (Vaseeharan et al., 2003). Cell free extracts of Bacillus subtilis BT23 showed
greater inhibitory effect against the growth of V. harveyi isolated by agar antagonism
assay from P. monodon with black gill disease. The Marine bacterium
Pseudoalteromonas species strain X153 isolated from a pebble collected at St. Anne
du Portzic (France) was purified and partial identified. This bacterium protected
bivalve larvae against mortality, following experimental challenges with
ichthyopathogenic Vibrio. Pseudoalteromonas sp. X153 may be useful in aquaculture

as a probiotic bacterium (Longeon et al., 2005).
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1.7 The invertebrate immune system

Evolution of the immune system can be classified into two types adaptive
(acquired) immunity and innate (natural) immunity. Vertebrates possess both adaptive
and innate immune system, whereas invertebrates involve only in innate immunity.

Consequently, invertebrates survive in a pathogen-laden environment without
an adaptive immune system. Innate immune responses are characterized by their
rapidity, which the first line of defense that helps to limit infection at an early stage
and relies on germ line encoded receptors that recognise conserved molecular patterns
present on microorganisms (Janeway, 1998). However they do not improve upon
repeated stimulation. It has no "memory". In contrast, the adaptive immune system
has developed more sophisticated and complicated mechanisms. It containing T and B
cells, does have memory. The antibodies made by B cells the second time around to
coat and kill the microbial or foreign substances are more effective than the antibody
made in the initial response. The T cells fighting the second time will also generally
be more effective.

In invertebrates, these innate immune systems are very effective. It is
including haemolymph coagulation, complement activation, cell agglutination, the use
of RNA interference (RNA1), pattern-recognition receptor (PRRs), hydrolytic
enzymes, antimicrobial peptides (AMPs), phagocytotic cells, production of active
oxygen and nitrogen metabolites, and melanization pathways. Their defense systems
are activated by the recognition of common epitopes on the surface of pathogens, such

as bacterial lipopolysaccharide (LPS), peptidoglycan and -1, 3-glucan (Figurel.5).

1.8 The crustacean immune system

The major defense systems of crustaceans are an innate immune response,
which based on humoral and cellular components of the circulatory system. After
pathogen infection, the recognition molecules may interact with and activate the
hemocytes. Haemocytes are the effectors of the cellular immune response and they
are also involved in the synthesis of the majority of humoral effectors (Figure 1.5).
The actions with direct participation of blood cells are understood by the term cellular

response as demonstrated in phagocytosis, encapsulation, cell-mediated cytotoxicity
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and clotting. Whereas, the humoral factors comprise molecules that act in the defense
without direct involvement of cells, although many of the factors are originally
synthesized and stored in the blood cells such as clotting proteins, agglutinins (e.g.

lectins), hydrolytic enzymes and antimicrobial peptides.
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Figure 1.5  Schematic overview of crayfish defense reactions.

1.8.1 Blood cells

In general, crustacean circulating haemocytes are important in immune
system, which morphologically can be grouped into three subpopulations: hyaline
cells, semigranular cells, and granular cells. Indeed, they are also described in penaeid

shrimp and freshwater crayfish.
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Hyaline cells are the smallest of the hemocytes, lack cytoplasmic granules,
and compose only 5-10% of the circulating hemocytes, which involved in
phagocytosis (Soderhéll et al., 1986) and coagulation (Omori er al., 1986)

Semigranular cells are the most abundant type of hemocyte (75% of all
haemocytes) and contain a variable number (1-40) of small (S) granules (0.4 um
diameter), which display some phagocytic capacities, would be specialized in particle
encapsulation. Semigranular cells appear to be the most sensitive ones and react first
during an immune response, by degranulation.

Granular cells compose 10-20% of the haemocytes and contain a large
number of secretory large (L) granules (0.8 um diameter). Both granular cells and
semigranular cells store the components of prophenoloxidase activating system and
are capable of cytotoxic reaction, which is an important component of the cellular

defense reaction. (Smith and S6derhall 1983b; Soderhill et al., 1985).

1.8.2 Pattern recognition proteins

When the foreign substances attack animals, the first immune process is
the recognition of a broad spectrum of factors that are released or are present on the
surface of invading microorganisms, which is mediated by the haemocytes and by
plasmatic protein. There is little knowledge about the molecular mechanisms that
mediate recognition. However, in crustaceans, several types of modulator proteins
have been described that recognize cell wall components of pathogens. The target
recognition of innate immunity is the so-called “pattern recognition molecules
(PRMs)” shared among groups of pathogens. Host organisms have developed the
response to these PRMs by a set of receptors referred to as “pattern recognition
proteins or receptors (PRPs or. PRRs)”. These = patterns  include the
lipopolysaccharides (LPS) of Gram negative bacteria, the glycolipids of
mycobacteria, the lipoteichoic acids of Gram positive bacteria, the mannans of yeasts,
the B—1,3-glucan of fungi and double-stranded RNA of viruses (Hoffmann et al.,
1999). Most current research has emphasized the possible role of non-self recognition
molecules in the vertebrate and the invertebrate immune system.

Recognition of carbohydrates is important because they are common

constituents of microbial cell wall and have structures that are distinct from those of
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carbohydrates of eukaryotic cells. Therefore, LPS or/and B-1,3-glucan binding
proteins (LBP, BGBP, or LGBP), peptidoglycan recognition protein (PGRP), several
kinds of lectins, and haemolin have been found in a variety of invertebrates and
different biological functions have been proposed for these molecules following their
binding to their targets (Lee et al., 2002).

In shrimp, the LPS-binding protein has been reported as a multivalent
carbohydrate-binding agglutinin that, besides its bacterial agglutination ability,
increases the phagocytic rate (Vargas-Albores, 1995). A second protein involved in
the recognition of microbial products and the activation of cellular functions is the -
glucan binding protein. It is apparently monovalent and dose not induce agglutination,
but activates degranulation and the proPO system. Thus, these recognition proteins
are capable of activating cellular activities only after reaction with the microbial
carbohydrates (LPS peptidogycan or glucan) (Vargas-Albores et al., 2000). Roux et
al. (2002) proposed that shrimp LGBP is an inducible acute-phase protein that may
play a critical role in shrimp WSSV interaction and that the WSSV infection regulated

the activation and/or activity of the proPO cascade in a novel way.

1.8.3 Cell-mediated defence reactions

Cellular defense actions include such processes as phagocytosis,
encapsulation and nodule formation (Millar and Ratcliffe, 1994). Phagocytosis is a
phenomenon that appears to occur in all organisms, and includes attachment to the
foreign body, ingestion and destruction. Encapsulation, a process wherein layers of
cells surround the foreign material, occurs when a parasite is too large to be ingested
by phagocytosis. Nodule formation, which appears similar to capsule formation,
occurs when the number of invading bacteria is high. These structures, capsules and

nodules, are always melanized in arthropods.

1.8.4 The prophenoloxidase (proPQO) system

The proPO activating system consists of several proteins involved in
leading to melanin production, cell adhesion, encapsulation, and phagocytosis

(Soderhill et al., 1998; Sritunyalucksana and Soderhéll., 2000).
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In vitro studies have shown that phenoloxidase (PO) exists as an inactive
precursor, prophenoloxidase (proPO), which is activated by a stepwise process
involving serine proteases activated by microbial cell wall components, such as low
quantities of lipopolysaccharides or peptidoglycans from bacteria and B-1,3-glucans
from fungi, through pattern-recognition proteins (PRPs) (Ariki et al., 2004). An
enzyme that is able to activate the proPO in vivo is termed prophenoloxidase
activating enzyme (factor) (ppA, PPAE, PPAF) (Figure 1.6). In crayfish, ppA is a
trypsin-like proteinase present as an inactive form in the haemocyte granules. After
degranulation, the enzyme is released together with proPO and becomes an active
form in the presence of microbial elicitors. The active ppA will convert proPO to an
active form, phenoloxidase (PO) (Aspan and Soderhéll, 1991; Aspan et al., 1995). PO
is a copper-containing protein and a key enzyme in melanin synthesis (Soderhéll and
Cerenius. 1998; Shiao et al., 2001). It both catalyses o-hydroxylation of monophenols
to diphenols and oxidises diphenols to quinones, which can polymerise non-
enzymatically to melanin. PO is a sticky protein and can adhere to the surface of
parasites, which will lead to melanisation of the pathogen. Melanisation is usually
observed by blackening of the parasite in the hemolymph or black spots on the
cuticle. The melanin and intermediates in the melanin formation can inhibit growth of
microbial parasites, such as the crayfish plague fungus, Aphanomyces astaci
(Soderhéll and Ajaxon, 1982). The production of forming insoluble melanin deposits
involving in the process of sclerotisation, wound healing and encapsulation of foreign
materials (Theopold et al., 2004). To prevent excessive activation of the proPO
cascade, proteinase inhibitors are needed for its regulation.

The prophenoloxidase activating enzyme (PPA) is a zymogenic protein
(proppA). The C-terminal half of the proppA -1s composed of a typical serine
proteinase domain, with a sequence similar to other invertebrate and vertebrate serine
proteinases. The N-terminal half contains a cationic glycine-rich domain, a cationic
proline-rich domain and a clip-domain, in which the disulfide-bonding pattern is
likely to be identical to those of the horseshoe crab big defensin and mammalian (-
defensins. The clip-domains in proppAs may function as antibacterial peptides (Wang

et al., 2001).
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In the penaeid shrimp, enzyme of the proPO system are localized in the
semigranular and granular cell (Perazzolo and Barracco, 1997). This is in agreement
with a recent study showing that P.monodon proPO mRNA is expressed only in the
haemocytes (Sritunyalucksana et al., 2000).
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Figure 1.6 Overview of the arthropod prophenoloxidase (proPO)-activating

system.

1.8.5 The coagulation system/ the clotting system

Hemolymph coagulation defense response of crustaceans that prevents
both loss of hemolymph through breaks in the exoskeleton and the dissemination of

bacteria throughout the body (Martin et al., 1991). It is a proteolytic cascade and is
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activated by microbial cell wall components. The coagulation system involves a
plasma clotting protein (CP) and a haemocyte-derived transglutaminase (TG)
(Kopacek et al., 1993; Yeh et al., 1998).

The crayfish CP is a dimeric protein, which subunit has both free lysine
and glutamine. They are recognized and become covalently linked to each other by
TGases. CP synthesized in the hepatopancreas and released to hemolymph. In
crustaceans, CP were found in several species; the freshwater crayfish (Kopacek et
al., 1993), P. monodon (Yeh et al., 1998), and in the lobster, Panulirus interruptus
(Doolittle and Fuller, 1972).

Transglutaminase (TG) are Ca®'-dependent enzymes capable of forming
covalent bonds between the side chains of free lysine and glutamine residues on
certain proteins of the clotting protein molecules in the presence of calcium ion to
form a soft gel at the wound sites (Wang et al., 2001) during the final stage of
coagulation ( Huang at al., 2004). In spite of, they have assumed a wide variety of
functions during development, differentiation and immune responses or post-
translational protein remodeling (Greenberg et al., 1991; Aeschlimann and Paulsson,
1994).

TG sequence of P.monodon was similar to crayfish and other vertebrate
and invertebrate TG. TG gene, whose sequence 1s homologous with that of factor
XIlIa that involved in coagulation system.

In shrimp, TG is important for blood coagulation and post-translation
remodeling of proteins. Synthesized and stored in young haemocytes (hyaline and
semigranular cell), TG facilitates the instant release of TG protein and blood clotting
following injury (Aono and Mori, 1996; Huang at al., 2004). TG activity was greatest
in the hepatopancreas, then the heart, haemocytes and other organs (Huang at al.,
2004). It sequence is homologous with that of factor XlIla that involved in
coagulation system. Recently, a shrimp second TG (STG II) was found from the tiger
shrimp hemocyte cDNA. It differed from STG I, STG II was characterized as a
hemocyte TG that is involved in coagulation (Chen MY et al., 2005).
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1.8.6 Reactive oxygen

In animal, the synthesis of reactive oxygen species (ROS) has important
roles in inflammation and host defense. Reactive oxygen species (ROS) produced by
activated phagocytes are potentially deleterious to microorganism. ROS include
oxygen free radicals and non-radical oxygen derivatives such as superoxide anion
(07 ), hydrogen peroxide (H,0,), singlet oxygen (O,) and hydroxyl radical (OH "),
which are highly microbiocidal (Bachere et al., 1995; Muifioz et al., 2000). The
process starts when stimulation leads to increased consumption of oxygen, and the
reduction of oxygen, catalysed by a membrane-bound NADPH oxidase, gives rise to
superoxide anion (Eq. (1)).

Although these microbiocidal agents are generated in the phagocytic
vacuoles, an important quantity crosses into the extravacuolar and extracellular
environment and may cause damage to cells (Warner, 1994). ROS can damage all
kinds of biochemical substances present in the cell, i.e. DNA, lipids, proteins and
carbohydrates (Gutteridge, 1977). To prevent oxidative damage, cell contains widely
distributed enzyme: superoxide dismutase (SOD), glutathione peroxidase and
reductase (GPx and GR) and catalase (Cat) that detoxify the ROS.

The superoxide anion can easily form in reactions where molecular oxygen
is present, and is accelerated by the cytoplasmic enzyme superoxide dismutase (SOD)

to form hydrogen peroxide (H,O,) and O, (Eq. (2))

20, + NADPH NADPH oxidase 20, + NADP" + H* (1)
0, +0; +2H SOD s H,0, +0; (2)
2H,0, Catalase > 2H,0 +0, 3)

H,O, + 2GSH GPx GSSG +2H,0 “)

v
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Hydrogen peroxide is scavenged by catalase to form water and oxygen
(Eq. 3) and by peroxidase (such as Glutathione peroxidase (GPx)) in the presence of a
reducing agent (Glutathione (GSH)) (Eq. 4).

SOD, a cytosolic enzyme that is specific for scavenging superoxide
radicals, is involved in protective mechanisms within tissue injury following oxidative
process and phagocytosis. However, only few studies of SOD in crustaceans are
related to oxidative status (Bell and Smith, 1993), immunity (Holmbland and
Soderhall, 1999; Munoz et al., 2000), and disease indication (Neves et al., 2000). In
shrimp, SOD has been measured in Palaemontes argentinus (Neves et al., 2000) and
L. vannamei (Campa-Cordora et al., 2002).

Glutathione peroxidase (GPX) is a selenium-containing enzyme that
detoxifies hydrogen peroxide and various hydrogen peroxides in cell using
glutathione as a reducing agent (Rice-Evans and Burdon., 1993; Ho et al., 1889).

The antioxidant superoxide dismutase (SOD) converts this microbiocidal
metabolite into hydrogen peroxide that passes freely through membranes. The
antioxidants catalase and glutathione peroxidase remove the hydrogen peroxide from

cells. These are mechanism to help protect host cell from free-radical damage.

1.8.7 Antimicrobial peptides (AMPs)

Animal peptide antibiotics are defined as anti-microbial agents made by an
animal, including humans, with a function that is important for the innate immunity of
that animal.

The most of AMPs are small in size, generally less than 150-200 amino
acid residues, amphipathic structure and cationic property. However, the anionic
peptides also exist. Their small size makes them easy to synthesize without dedicated
cells or tissues and they rapidly diffuse to the point of infection. For many of these
peptides, there is evidence that one of the targets for the peptide is the lipid bilayer of
the membrane. This is because these peptides can often increase the rate of leakage of
the internal aqueous contents of liposomes. In addition, most of the antimicrobial
peptides are cationic and their interaction with anionic phospholipids would provide a
ready explanation for their specificity for bacterial membranes. With regard to the

mechanism by which the peptide breaks down the membrane permeability barrier, it
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is possible that the peptide induces complete lysis of the organism by rupture of the
membrane or that it perturbs the membrane lipid bilayer, which allows for leakage of
certain cellular components as well as dissipating the electrical potential of the
membrane.

AMPs are active against a large spectrum of microorganisms; bacterial and
filamentous fungi. In addition, some AMPs have antiviral or antiparasitic activities
(Hancock and Diamond, 2000; Murakami et al., 1991; pan et al., 2000) and may also
exhibit an anti-tumor property (Cruciani et al., 1991).

There are few reports on antimicrobial peptides in shrimp. Penaeidins, a
new family of antimicrobial peptide which acting against Gram positive bacteria and
fungi were reported in penaeid shrimp L. vannamei (Destoumieux et al., 1997).
cDNA clones of penaeidin isoform were also isolated from the haemocytes of L.
vannamei, P. setferus (Gross et al., 2001) and P. monodon (Supungul et al., 2004).
Crustins, an antimicrobial peptide were identified from 2 species of Penaeid shrimp,
L. vannamei and L. setiferus. Several isoforms of crustins were observed in both
shrimp species. Like the 11.5 kDa antibacterial protein from Carcinus maenas,
crustins from shrimp show no homology with other known antibacterial peptides, but
possess sequence identity with a family of proteinase inhibitory proteins, the whey
acidic protein (WAP). Peptide derived from the hemocyanin of L.vannamei, P.
stylirostris and P. monodon posses antiviral activity has been also identified
(Destoumieux-Garzon et al., 2001; Patat et al., 2004; Zhang et al., 2004). Recently,
the histones and histone derived peptides of L. vannamei has been reported as an
innate immune effector ‘because they can inhibit growth of Gram-positive bacteria

(Patat et al., 2004).

1.8.8 Proteinase inhibitor

Proteinase inhibitors, also produced by the haemocytes, are necessary to
protect host from microbial proteinase and regulate the proteinase cascades (the
proPO and coagulation system).

Proteinases function in many pathogenic fungi to aid in penetrating the
cuticle of their arthropod hosts. Proteinases also contribute to the virulence of

bacterial pathogens. Some of the proteinase inhibitors in hemolymph may defend the
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host against such microbial proteinases. For example, the silk worm (Bombyx mori)
serine proteinase inhibitor is active against proteinases from fungal pathogens (Eguchi
et al., 1993). Several of Manduca sexta serpin gene-1 variants inhibit bacterial and
fungal serine proteinases (Jiang et al., 1997). Proteinase inhibitors in the cuticle or at
the surface of the integument might also function in protection against fungal
infection. An external secretion from grasshoppers has been shown to contain
proteinase inhibitors with a wide range of specificity (Polanowski et al., 1997).

Injury and microbial infection in vertebrates lead to activation of the blood
coagulation and proPO systems. Both of these systems employ cascades of serine
proteinases to amplify an initial signal (wounded tissue or the presence of microbial
polysaccharides) resulting in rapid and efficient responses to the threats to health
(Whaley et al., 1993; O’Brien et al., 1993). Blood clotting and phenoloxidase
activation can also be harmful to the host if they are not limited as local and transient
reactions. For this reason the proteinases in these systems are tightly regulated by
proteinase inhibitors.

Like blood clotting, phenoloxidase activation is normally regulated in vivo
as a local reaction of brief duration. Also comparable to blood clotting, the regulation
may be due in part to serine proteinase inhibitors in plasma (Kanost et. al., 1996).
Pacifastin and, to the lesser degree, ai-macroglobulin inhibit crayfish PPO activation
(Aspan et al., 1990). Among the low molecular weight inhibitors from insect
hemolymph, Kunitz family inhibitors from M. sexta, Sarcophaga bullata and B. mori
(Sugumaran et al., 1985; Saul et al., 1986 and Aso et al., 1994) and the 4 kDa locust
inhibitors (Boigegrain et al.,' 1992) can interfere with PPO activation. Serpin-1J from
hemolymph of M. sexta inhibits the activity of a serine proteinase linked to
prophenoloxidase activation (Jiang et al., 1997). Recently, the M. sexta serpin-6 was
isolated from hemolymph of the bacteria-challenged larvae, which selectively
inhibited proPO-activating proteinase-3 (PAP-3) (Wang and Jiang, 2004). In addition,
its structure and function was further characterized by cloning and expression in E.
coli expression system (Zou and Jiang, in press). The results suggest that serpin-6
plays important roles in the regulation of immune proteinases in the hemolymph. It
appears likely that each proteinase in the PPO cascade is regulated by one or more

specific inhibitors present in plasma or in haemocyte granules.
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Interesting, the WAP domain (InterPro code IPR002221 ) is a 50-residue
protein with four disulfide bonds, conforming to a conserved tightly packed structure
(Grutter et al., 1988; Ranganathan et al., 1999; Tsunemi et al., 1996), named four
disulfide core (4-DSC). Many of the proteins containing a 4-DSC domain bind to
membrane-bound receptors and have protease inhibitor activities (Simpson et al.,

2000; Ranganathan et al., 2000; Kirchoj et al., 1991).

1.8.9 Heat shock protein

Heat shock protein (HSPs) is a family of highly conserved proteins,
constitutively expressed and upregulated in thermal, oxidative stress, nutritional
deficiencies, ultraviolet irradiation, chemicals, ethanol, viral infection, and ischaemia-
reperfusion injury (Lathangue and Latchman, 1988; Donati et al., 1990; Fincatoet al.,
1991; Nover, 1991; Welch, 1993; Parsell and Lindquist, 1993; Chouchane et al.,
1994; Morimoto, 1998; Ritossa, 1962; Downs et al., 2001). Essential in the folding of
newly synthesized proteins, maintenance of structural proteins, refolding of misfolded
proteins, translocation of proteins across membranes and into various cellular
compartments, prevention of protein aggregation, degradation of unstable proteins,
play a critical role in parasitic signalling (signal transduction) and cell division (cell
cycle regulation). The principal heat shock proteins range in molecular mass from ~
15 to 110 kDa and are divided into groups based on both size and function. HSP60
(60 kDa) are refolds proteins and prevents aggregation of denatured proteins, highly
immunogenic, part of the PfHsp90 multi-chaperone complex. In addition, HSP 60
have been shown to induce the production of pro-inflammatory cytokines by
monocytes, macrophages, and dendritic cells in a manner similar to that of
lipopolysaccharide (LPS) and bacterial lipoproteins (Basu et al., 2000; Panjwani et al.,
2002; Wang et al., 2002; Flohe et al., 2003). Immune responses to HSP 60 are also
frequently found in microbial infections. They are known to induce very strong
humoral and cellular immune responses in numerous infections, which HSP 60 act as
a T cell carrier peptide in the induction of specific T cell immunity against infectious
agents (Zu“gel et al., 1999).

Besides these, Hsp60 is involved in the activation of apoptosis, which

Hsp60 helping to induce apoptosis by acting as a chaperone to procaspase-3 and
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aiding in its maturation into active caspase-3 (Lim et al., 2001; Samali et al., 1999;

Xanthoudakis et al., 1999).

1.8.10 Apoptotic and tumor

Apoptosis, or programmed cell death, plays a major role in differentiation,
development, tissue homeostasis and cell-mediated immunity, defense against
environmental insults including pathogen attack (Kerr et al., 1977; Thompson et al.,
1995). Recent studies have shown that many pathogens exert control on the processes
that regulate apoptosis in the host. The induction of apoptosis upon infection results
from a complex interaction of parasite proteins with cellular host proteins. Induction
of apoptosis in the infected cells significantly imparts protection to the host from the
pathogen (Hasnain et al., 2003). However, if over apoptosis, it will beimplicated in
shrimp death so apoptosis inhibitor is necessary. For example, both survivin and P109
protein involved in apoptosis inhibitor (Liston et al., 1996; Uren et al., 1996;
Tambunan et al., 1998). Besides, survivin is involved in regulation of cell division

during HIV-1 infection (Zhu et al., 2003).

1.8.11 Other immune molecules

Cyclophilins are highly conserved proteins first identified as the main
binding proteins for cyclosporin A (CsA), an immunosuppressive (Fischer et al.,
1989; Schonbrunner et al., 1991). They were later identified as peptidyl-prolyl
cis/trans isomerases (PPlase) and have been proposed to be involved in protein
folding (Galat, 1993). Cyclophilins are found in all cells of all organisms studied.
Different members of the cyclophilin family have been described. They all contain a
conserved core domain, carrying both the CsA binding and isomerase sites, flanked
by distinct N and C termini accounting for their specificities (Gething and Sambrook,
1992). The prototype of this family is the abundant cytosolic 18-kDa form now named
cyclophilin A (CyPA) or cyclophilin 18 (Handschumacher et al, 1984). Cyclophilin B
(CyPB) or Cyclophilin 5 or Peptidyl-prolyl cis-trans isomerase 5, PPI 5 (7) and
cyclophilin C (CyPC) (Spik et al., 1991) are closely related. A mitochondrial form
called cyclophilin D (Bergsma et al., 1991) and a second larger cytosolic form named

cyclophilin 40 (Kieffer et al., 1992) have also been described.
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Cyclophilins are involved in cellular processes and have many clinical
applications such as cell signaling (Mattila et al., 1990), apoptosis (Montague et
al.,1997) oxidative stress ((Jaschke et al., 1998), heat shock and hypoxia (Andreeva
et al., 1997). For example, CyPA is predominantly cytosolic [but can be secreted by
macrophages in response to stimulation with bacterial endotoxin (Sherry et al., 1992)
or by vascular smooth muscle cells in response to oxidative stress (Jin et al., 2000).
CyPB is found within the endoplasmic reticulum and is secreted into milk and plasma
(Spik et al., 1991; Allain et al., 1995; Arber et al., 1992). CyPB was shown to enhance
platelet adhesion to collagen (Allain et al., 1999) whereas Cyclophilin A has been
shown to help protect cells from oxidative stress (Jaschke et al., 1998).

A shrimp cyclophilin was also identified from L. vannamei and L. setiferus
(Gross et al., 2001). Cyclophilins have diverse regulatory functions in mammalian
cells, but it is interesting to note that they can be involved in viral attachment to cells
(Saphire et al., 1999) and in the stress response to oxygen depletion (Santos et al.,
2000).

Recently an antifungal protein with its N-terminal sequence manifesting
remarkable similarity to cyclophilins was first isolated from mung bean seeds (Ye and
Ng, 2000). It exhibited an anti-mitogenic activity on mouse splenocytes but was
incapable of inhibiting human immunodeficiency virus type 1 (HIV-1) reverse

transcriptase (Ye and Ng , 2000).

Thrombospondins (TSPs) are multidomain, calcium-binding extracellular
glycoproteins of animals that have cell- and context-specific effects on cell adhesion,
growth, survival, differentiation, and motility (for reviews see Adams et al., 1995;
Roberts, 1996; Bornstein et al., 2000; Lawler, 2000). Most attention has focused on
establishing their properties and functions in vertebrates, including human and mouse.
TAPs are believed to be involved in platelet aggregation, inflammatory response and
the regulation of angiogenesis during wound repair and tumor growth (reviewed in
Lawler, 2000; Bornstein et al., 2000). In null mice, TSP is importance in the processes
of collagen fibrillogenesis and angiogenesis (Kyriakides et al. 1998b). An invertebrate
TSP was recently discovered in leukocytes of Japanese flounder, Paralichthys

olivaceus with infected with Hirame rhabdovirus (NamB-H et al., 2000).
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Lectins are sugar-binding proteins that agglutinate cells and/or precipitate
glycoconjugate molecules with a carbohydrate portion like polysaccharide,
glycoproteins, glycolipids and other. Many different lectins, for example tachylectins
from hemolymph plasma of the horseshoe crab Tachypleus tridentatus (Gokudan S et
al.,1999). They are involved in a variety of processes, including the innate immune
response critical for the detection and elimination of infectious micro-organisms
(Weis et al., 1998; Kilpatrick, 2000).

Generally they recognize sugar or carbohydrate structures on the surfaces
of pathogens that are not present on host cell. Koizumi et al (1999) and Jomori and
Natori (1992) have been reported that lectins have an LPS- binding property. The
biological function of these LPS binding proteins was shown to have bacterial
clearance activity and an opsonic effect. Lectins are responsible for promoting
phagocytosis and stimulate the proPO system (Yu et al., 1999; Yu and Kanost, 2000).
Tachylectins were found to have hemagglutinating and antibacterial activities which

are important in the immune system (Kawabata and Iwanaga, 1999).

1.9 Gene expression analysis by quantification methods

Quantitative RT-PCR is the method of choice used to quantify the mRNA
expression. It is the most sensitive and accurate of the quantification methods (Wang
and Brown, 1999). Since the discovery of PCR numerous applications have been
described to quantify the results, such as semi-quantitative and quantitative

competitive RT-PCR and its latest innovation quantitative “real-time” RT-PCR.

1.9.1 Reverse Transcription-PCR (RT-PCR)

RT-PCR 1is a rapid and quantitative method 'in analyzing the level of
expression of gene. The RNA cannot serve as a template for PCR, reverse
transcription was combined with PCR to make RNA into a complementary DNA
(cDNA) suitable for PCR. The combination of both techniques is colloquially referred
to as RT-PCR (Figure 1.7). The necessity to reverse transcribe mRNA into a cDNA
prior to subjecting the RNA template to PCR is given by the fact that the polymerase
used in PCR is a DNA-dependent polymerase. Reverse transcription of mRNA
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requires choosing a reverse transcriptase, a means of priming the mRNA to initiate
polymerization and supplying optimal condition for the enzymatic reaction. Reverse
transcriptase are RNA-dependent DNA polymerases which have been used
predominantly to catalyze first strand synthesis (synthesis of a complementary DNA-
cDNA), but are also capable of synthesizing a DNA strand complementary to a
primed single stranded DNA. The RT-PCR can be used for semi-quantitative (also
known as relative, so don’t get confused with the different terms) or quantitative
analysis.

The semi-quantitative RT-PCR method is based on the use of an internal
control, which is included in the polymerase chain reaction with the gene specific
primers. In the majority of cases, the internal control is a housekeeping gene
expressed at a very high level, which is assumed to be expressed at a constant level
throughout all samples analyzed. Also, it is assumed that the expression levels of the
control RNA are not altered by the experimental conditions, thus acting as an
experimental control. Semi-quantitative RT-PCR analysis to assess the expression
levels of multiple transcripts from the same sample. Common internal controls are -
actin and GAPDH mRNA and also 18s rRNA. The PCR products (including the
internal control) are then separated with agarose gel electhophoresis, stained with
ethidium bromide and analyzed to observe relative expression of the target transcript.
However, Semi-quantitative RT-PCR is only able to tell you that one transcript is

expressed at a higher level than the other.

1.9.2 Real-time reverse transcription polymerase chain reaction (real-time

PCR)

Real-time reverse | transcription (Real-time RT-PCR) is followed by
polymerase chain reaction (PCR) is a highly sensitive method for the detection and
quantification of gene expression levels, in particular for low abundance mRNA.
Real-time chemistries allow for the detection of PCR amplification during the early
phases of the reaction. Measuring the kinetics of the reaction in the early phases of
PCR provides a distinct advantage over traditional PCR detection.

Traditional methods use Agarose gels for detection of PCR amplification

at the final phase or end-point of the PCR reaction. Agarose gel results are obtained
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from the end point of the reaction. Endpoint detection is very time consuming. Results
may not be obtained for days. Results are based on size discrimination, which may not
be very precise. As seen later in the section, the end point is variable from sample to
sample. While gels may not be able to resolve these variabilities in yield, real-time
PCR is sensitive enough to detect these changes. Agarose gel resolution is very poor,
about 10 fold. Real-time PCR can detect as little as a two-fold change. Some of the
problems with end point detection were poor precision, low sensitivity, low
resolution, non automated, ethidium bromide for staining is not very quantitative and
post PCR processing.

Limitation of classical endpoint RT-PCR could be overcome by the kinetic
or real-time RT-PCR assay. The truly linear part of the amplification can be easily
observed with the developed fluorescence based PCR technique together with the
specialized detector and software. Real-time RT-PCR can be used to compare and
quantitate expression of selected genes in different biological samples. It is especially
useful for confirming differential expression of candidate genes identified by other
means.

Real-time RT-PCR data analysis methods may be broadly classified as
absolute quantitation, based either on standard curve method or relative based on the
comparative threshold method. In the standard curve method, a sample of known
concentration is used to construct a standard curve. Since the cycle at which PCR
enters log linear amplification is directly proportional to the amount of starting
template, one determines the concentration of an unknown sample by comparing it to
such standard curve. Absolute quantification should be performed when determination
of the absolute transcript copy number is required.

Real-time RT-PCR data analysis methods may be broadly classified as
absolute quantitation, based either on standard curve method or relative based on the
comparative threshold method. In the standard curve method, a sample of known
concentration is used to construct a standard curve. Since the cycle at which PCR
enters log linear amplification is directly proportional to the amount of starting
template, one determines the concentration of an unknown sample by comparing it to
such standard curve. Absolute quantification should be performed when determination

of the absolute transcript copy number is required.



31

mRN l

l Specific

Oligo-dT primer

1 |

Reverse

|
TR

il :EE[HE
/7 Y

o . m'l.li'ruﬂ <, m”ﬁm H‘Hmﬂ
‘11 NEgf S
<JTRT

cDNA

PCR product
Figure 1.7 Overview of the RT-PCR technique

(http://cem.ucdavis.edu/cpl/Tech%20updates/RT-PCR %20folder/RT-PCRweb.ipg)




32

The comparative threshold method was used to report the changes in
expression of interested genes relative to reference gene in a given treatment. Pfaffl
reports a mathematical model for relative quantification determined from real-time
PCR experiments without calibration curve. Expression of target genes was
normalized with reference genes of housekeeping genes like glyceraldehydes-3-
phosphate dehydrogenase (G3PDH or GAPDH), albumin, actins, tubulins,
cyclophilin, 18S rRNA or 28S rRNA were applicable. Housekeeping genes are
present in all nucleated cell types since they are necessary for basis cell survival. In
shrimp, elongation factor l-alpha gene (EF la) was identified as constitutively
expressed gene and was used as reference gene for real-time RT-PCR analysis
(Astrofsky et al., 2002). The relative expression ratio (R) of a target gene is computed,
based on its real-time PCR efficiencies (E) and the crossing point (CP) difference (A)
of an unknown sample versus a control (ACPconirolsample), and expressed in comparison

to a reference gene;

s ACP (control-sample)
Ratio = (Etarget) target

ACP  (control-sample)
(E ref) ref 2

Earget is the real-time PCR efficiency of target gene transcript;

Erer is the real-time PCR efficiency of reference gene transcript;

ACPyrge  1s the CT deviation of control (saline-injected)-sample
(V.harveyi-injected) of the target gene transcript;

ACP;.f is the CT deviation of control (saline-injected)-sample

(V.harveyi-injected) of the reference gene transcript.

In theory, the amount of amplified product will be a doubling of the
amount of DNA at each cycle during exponential amplification where in the PCR
efficiencies equal to 100%. The actual PCR efficiency of each amplified DNA may
have a small different which can make a lot of difference in the amount of the final
product. To determine the PCR efficiency, CP cycles versus cDNA input were plotted
to calculate the slope. The corresponding real-time PCR efficiencies were calculated,

according to E =107l (Pfaffl, 2001).
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The specific of the amplification of the amplified product is monitored by
its melting curve. Since the melting curve of product is dependent upon its GC
content, length, and sequence composition, specific amplification can be distinguished
from nonspecific amplification by examining the melting curve (Ririe et al., 1997).

The amplified products can be detected by fluorescent dyes that are
specific for double-stranded DNA (dsDNA) or by sequence-specific fluorescent
oligonucleotide probes. The first dye used for this purposes was ethidium bromide. A
dsDNA-specific dye frequently used in real-time PCR today is SYBR Green I. It is an
asymmetric cyanine dye which binds sequence independently to the minor groove of
dsDNA (Morrison et al., 1998). It does not bind to sSDNA. The SYBR Green dye is
excited at a 485-nm wavelength, and the emission is measured at a 520-nm
wavelength. The binding affinity is more than 100 times higher than that of ethidium
bromide. It is suitable for monitoring accumulation of the product during PCR
without a separate assay to detect this product, because the fluorescence of the bound
dye is more than 1,000 fold higher than of free dye. However, the biggest
disadvantage of SYBR is that it binds to any dsDNA; the specific product, non-
specific products and primer dimmers are detected equally well. There are a number
of ways to handle this problem. Careful optimization of the PCR reaction can usually

reduce primer dimmers to a level that is only important for very low copy detection.
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Figure 1.8 Detection of amplified products by SYBR Green
(www.med.mcgill.ca/cancer/Course%20Material/516-607/Lecture%203.ppt)
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1.10 Previous studies

Gross et al. (2001) studied the immune-related genes using the expressed
sequence tag (EST) method of hemocytes and hepatopancreas in two sister
litopenaeid shrimps L. vannamei and L. setiferus. A total of 268 expressed sequence
tags (ESTs) were found that corresponded to 44 immune function genes. The most
common immune-function ESTs (172) were antimicrobial peptides, which were
restricted to the hemocyte libraries. Lectins were the largest group of immune-
function ESTs found in the hepatopancreas.

Rojtinnakorn et al. (2002) analysed the gene expression in hemocytes of
kuruma prawn, P. japonicus, in response to infection with WSSV by EST approach
and found 152 new deduced proteins and 28 types of these proteins were involved in
biodefence. These includes gene involved in prophenoloxidase cascade, protease
inhibitors (Kazal and Kunitz-type inhibitors), antimicrobial peptides, apoptotic and
tumour proteins and putative defence related proteins. All ESTs representing protease
inhibitors and tumour-related proteins were found only in the WSSV-infected library.
Those encoding for apoptotic peptides were expressed at high levels in infected
library.

Dhar et al. (2003) used cDNA microarray analysis to compare the gene
expression patterns in the hepatopancreas tissues of healthy and WSSV-infected P.
stylirostris shrimp. Microarray analysis showed that immune genes such as the
lipopolysaccharide and B-1,3 glucan binding protein (LGBP) gene, serine protease, C-
type lectin, macrophage mannose receptor, and low density lipoprotein receptor were
overexpressed in WSSV-infected shrimp.

He et al. (2004) identified genes in hemocyte of P. japonicus following
microbial challenge by suppression subtractive hybridization (SSH), and found that
the most abundant gene was Kunitz-type protease inhibitor. Some genes that encoding
signaling molecules, were found for the first time in the shrimp such as Ras-related
nuclear protein (Ran), growth factor receptor bound protein (Grb), TGF-p receptor
interacting protein, integrin binding protein and interferon receptor bound protein.
Besides, cDNAs of chaperonin (chaperonin containing TCP1 (CCT)), and antioxidant
(cytochrome ¢ oxidase and NADH dehydrogenase) were also expressed at a higher

level after the challenge.
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Bo et al. (2005) proposed that the expression of antimicrobial peptides genes
in hemocytes of Chinese shrimp (Fenneropenaeus chinensis) in response to virus and
infections bacterial are completely different. The expression level of penaeidin was
increased after vibrio infection, whereas it was decreasde after virus infection.

Furthermore, He et al. (2005) identified genes differentially expressed in
hemocytes between the normal and White Spot Syndrome Virus-resistant shrimp (P.
japonicus). It was found that some other components such as redox-related factors
(NADH dehydrogenase; glutathione peroxidase and API1), C-type lectins and
cytoskeleton-related protein-cofilin were highly expressed in the virus-resistant
shrimp, suggesting that these proteins may contribute to virus resistance.

Pan et al. (2005) studied differential gene expression profile in hepatopancreas
of WSSV-resitant shrimp (P. japonicus), found that BGBP is the most abundant gene
in the subtractive library. Furthermore, and a number of genes encoding apoptotic-
related proteins and antioxidant enzymes were expressed at a higher level in the virus-
resistant shrimp. Besides, they demonstrated that the hepatopancreas is a crucial organ
in the immune system of these shrimp differential gene expression.

Munoz et al. (2003) studied the expression of penaeidin antimicrobial peptides
in early larval stages of the shrimp P. vannamei, and found penaeidin transcripts and
peptides in a few haemocytes of larvae from mysis Il stage using in situ hybridisation
and immunohistochemical analyses, but transcripts are already present in the early
stage of nauplius V by RT-PCR analyses.

At present, the large-scale of expressed sequence tags (ESTs) project of P.

monodon is conducting ‘at the Shrimp Molecular Biology and Genomics Laborory,

Chulalongkorn University (http://pmodon.biotec.or.th). The EST clones were
generated from different tissues of shrimp P. monodon under normal or stress
conditions to identify tissue-specific genes and genes responded to infection and
stress. Initially, 12 different standard cDNA libraries prepared from eyestalk,
hematopoietic tissue, hepatopancreas, heat-stressed hemocytes, lymphoid organ,
Vibrio harveyi-challenged lymphoid organ, YHV-challenged lymphoid organ, and
ovary, WSSV-challenged hemocytes, V. harveyi-challenged lymphoid organ, V.
harveyi-challenged hemocytes and two normalized libraries from hepatopancreas and

lymphoid organ were constructed. From 10,100 clones analyzed, 5,272 clones
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(52.2%) showed significant homology (E-values < 10™*) to known genes whereas
4,828 clones (47.8%) showed no significant homology with any genes in the
GenBank. The percentages of matched ESTs in each library ranged from 32.4% to
71.8%. Six hundreds and thirty nine sequences representing 6.3% of the total, are
putative immune-related genes and categorized into 7 different subgroups (Table 1.2).

From ESTs of P. monodon, Supungul et al. (2002) studied the expression of
some immune gene in hemocyte of V. harveyi challenged P. monodon. The
expression level of ALF, HSP 90 and lysozyme were significantly increased whereas
the expression level of penaeidin and crustin were significantly decreased after V.
harveyi injection. No change in the expression level of SPI, proPO and HSP 70 was
observed. Besides Somboonwiwat et al. (2005) analyzed the gene expression level in
the hemocytes of V. harveyi infected P. monodon by a real-time RT-PCR and found
that expression level of caspase 3B, SERPINB 3, profiling, lysozyme, glucose
transporter 1 and interferon-related developmental regulator 1 gene were increased
after V. harveyi injection.

In this study, the expression level of some immune-related genes in V. harveyi
and WSSV challenged hemocytes and at different developmental stages of P.
monodon were for selection examined in order to identify suitable biomarkers of

healthy shrimp, which will be used as bloodstocks shrimp.
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Table 1.2  Some immune related genes from EST libraries of P. monodon

Groups of immune genes

Putative genes

Antimicrobial molecules

anti-lipopolysaccharide factor, crustins, lysozyme,

penaeidin

ProPO systems

prophenoloxidase activating factor ,

prophenoloxidase , haem peroxidase

Oxidative enzyme

cytosolic manganese superoxide dismutase-precursor,

thioredoxin peroxidase, glutathione peroxidase

Proteinases and inhibitors

whey acidic protein (putative Protease inhibitor),
serine proteinase inhibitor, proteinase inhibitor,

serine proteinase,

Heat shock proteins

heat shock protein 70, heat shock protein 60

Apoptotic and tumor

Related proteins

P109 protein, survivin, caspase,

translationally controlled tumor protein

Other immune molecules

cyclophilin 18, cyclophilin 5, transglutaminase
chaperonin containing t-complex Polypeptide 1,
peptidyl-prolyl cis-trans isomerase 5,

ferritin, lectin C-type, Fc fragment of IgE
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Objectives of the thesis

- To analyze expression levels of some immune related genes in
hemocyte of Penaeus monodon in response to Gram-negative
bacteria, Vibrio harveyi and White spot syndrome virus (WSSV)
infection.

- To analyze expression level of selected immune genes in different
developmental stages of P. monodon.

- To examine expression level of selected immune genes in different
populations of shrimp.

- To identify candidate genes for use as biomarkers for application in

broodstock selection.



CHAPTER 11

MATERIALS AND METHODS

2.1 Materials

2.1.1 Equipments

Autoclave Model # LS-2D (Rexall Industries Co. Ltd., Taiwan)

Automatic micropipettes P10, P100, P200, and P1000 (Gilson®, France)

-20°C Freezer (Whirlpool)

-80°C Freezer (ThermoForma)

Hot plate (CERAMAG Midi, IKA® WORKS, USA)

Incubator 37°C (Memmert)

Laminar Airflow Biological Safety Cabinets Class II Model NU-440-
400E (NuAire, Inc., USA)

Microcentrifuge tubes 0.6 ml and 1.5 ml (Bio-RAD Laboratories, USA)

Minicentrifuge (Costar, USA)

Orbital shaker SO3 (Stuart Scientific; Great Britain)

PCR Mastercycler (Eppendorf AG, Germany)

PCR thin wall microcentrifuge tubes 0.2 ml (Axygen® Scientific, USA)

PCR workstation Model # P-036 (Scientific Co., USA)

Pipette tips 10, 20, 100 and 1000 ul (Axygen® Scientific, USA)

Power supply, Power PAC 3000 (Bio-RAD Laboratories, USA)

Refrigerated microcentrifuge MIKRO 22R (Hettich Zentrifugen,

Germany)
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Spectrophotometer DU650 (Beckman, USA)
2.1.2 Chemicals and Reagents

Absolute ethanol, C;HsOH (BDH)
Agarose (Sekem)

Bacto agar (Difco)

Bacto tryptone (Scharlau)

Bacto yeast extract (Scharlau)
Bromophenol blue (Merck, Germany)

Chloroform, CHCI;

Diethyl pyrocarbonate (DEPC), CsH;¢Os (Sigma)

100 mM dATP, dCTP, dGTP, and dTTP (Promega)
Ethidium bromide (Sigma)

Formaldehyde (BDH)

Formamide (Gibco BRL, technologies, Co., USA)
Isopropanol (Merck)

Sodium chloride (Carlo Erba)

Sodium hydroxide, NaOH (Eka Nobel)

Tryptic soy broth (Difco)

Trizol reagent (Gibco BRL)
2.1.3 Bacterial strains

Vibrio harveyi 1526

White spot syndrome virus (WSSV)
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2.14 Kits

ImProm-II"™ Reverse Transcription system kit (Promega)

2.1.5 Animals

Larvae (Naupliuslll, Zoea II, Mysis II) and post-larvae were obtained
from hatcheries of the Province of Chonburi and juvenile P. monodon
were obtained from pond-reared farms of the Province of
Chachoengsao, Thailand. The animals were acclimated for 1 week in
in indoor tanks, water temperature ranged between 26 and 32 °C,
salinity at 10-12 parts per thousand before experimentation.

Juvenile of P. monodon (approximately 2-3 month-old, 14-18g of
body weight) were obtained from Suphunburi, Chachoengsao and
Nakhonsithammarat (N=15), Thailand. Specific-pathogen-free (SPF)
juvenile P. monodon was obtained from the P. monodon Domesticated

Progran in Nakhonsithammarat
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2.2 Method

2.2.1 Challenge experiments

For the experimental infection, SPF shrimps were divided into two
groups, one group was the challenged shrimp, which SPF shrimps were injected
with normal saline (0.85% NaCl(w/v)) containing Vibrio harveyi at 10° colony
forming unit per ml (CEU/ml) or lobster hemolymph medium (LHM) containing a
1:10° dilution of white spot syndrome virus (WSSV) stock solution and another
group was the control shrimp, which SPF shrimps were injected with normal saline
or LHM medium. During the experiment, water temperature ranged between 26 and
32 °C, salinity at 10-12 parts per thousand and the shrimps were fed twice daily with
compound shrimp diet based on 5% of body weight.

Hemolymph was collected from an individual shrimp at different time
points (0, 3, 6, 12, 24, 48 and 72 hr) after injection. Each time point, hemolymph
was collected from a 9 individual shrimps, 3 female and 6 male. In the control group,
hemolymph was collected from 3 individual shrimp (1 female and 2 male)

After the first stranded cDNA was synthesized from total RNA, cDNA
was pooled into three groups from 3 individual shrimps (1 female and 2 male) in
challenge groups and one group (1 female and 2 male) in the control group at

different time points after injection.

2.2.2 Preparation of V. harveyi infected shrimp

V. harveyi 1526 (kindly provided by Charoenpokphand Group of

Companies) was cultured in the tryptic soy agar (TSA supplemented with 1% NaCl)
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at 30 °C. A single colony of V. harveyi 1526 was inoculated in TSB supplemented
with 1% NaCl at 30 °C for 8 hours. The culture was then diluted 1:100 with a sterile
normal saline solution (0.85% NaCl, w/v) (modified from Roque et al., 1998). The
titer of this dilution was monitored by a plate count method in TSA supplement with
1% NaCl (modified from Austin, 1988). 100 pl of the 10° CFU/ml diluted cultures
were intramuscularly injected into the 4th abdominal segment with a 1-ml tuberculin

syringe, whereas the control group was injected with 100 pl of normal saline.

2.2.3 Diagnosis of V. harveyi

The suspensions of hepatopancreas were spread on TSA plates
supplemented with 1% NaCl (w/v) and incubated at 30 °C overnight. Colonies of V.

harveyi 1526 from infected shrimps showed strong luminescence in the dark.

2.2.4 Preparation of WSSV infected shrimp

WSSV stock for challenge experiments was kindly provided by
Charoenpokphand Group of Companies. The stock solution of virus was kept in
LHM buffer at -80 °C and thawed at 4 °C before use. Shrimps were injected into the
ventral 4™ abdominal segment with 100 ul of a 1:10° dilution (LHM) of the viral

stock solution, whereas the control group was injected with 100 ul of LHM buffer.

2.2.5 Diagnosis of WSSV

Shrimp was checked for WSSV-infection using the PCR technique
(modified from Kiatpathomchai et al.,2001). This procedure detects the presence

and the severity of WSSV infection. A gill of shrimp P. monodon was crushed in
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200 pl lysis buffer (0.05 N NaOH and 0.025% sodium dodecyl sulphate), followed
by incubation in boiling water for 5 min before immediate incubation on ice. After a
brief centrifugation at 7,500 rpm for 5 min, 1 pl of the supernatant was used as the
template for PCR amplification. The 25 pl PCR reaction contained 1 pl of cDNA
template, 1.25 mM of each dNTPs, 1.5 mM MgCl2, 1x PCR buffer (10 mM Tris-
HCI pH 8.8, 50 mM KCIl and 0.1% TritonX-100), 1 U of Taqg DNA polymerase, 10
pmole of the F1 (5’ AGAGCCCGAATAGTGTTTCCTCAGC3’) and R3 (5’ AACAC
AGCTAACCTTTATGAG3’) primers, amplifying a 250-bp fragment of WSSV
DNA. The PCR reaction was followed by 2 successive cycling protocols of (1) 90
°C for 3 min, 60 °C for 30 s and 72 °C for 30 s, followed by (2) 35 cycles of 90 °C
for 30 s, 60 °C for 30 s and 72 °C for 30 s and the final extension was 72 °C 5 min.
Following PCR, 10 pl of the reaction solution was examined following

electrophoresis through a 2% w/v agarose gel and ethidium bromide staining.

2.2.6 Sample collection

Hemolymph was taken from the ventral sinus of each shrimp using a 27
G/1/2 inch needle fitted onto a 1.0 ml syringe, with 200 pl anticoagulant (10%
sodium citrate, w/v) preloaded. Hemolymph was immediately centrifuged at 800xg
for 10 minutes at 4 °C to separate hemocytes from the plasma.

For differential stage of shrimp experiment, larval, post-larval and
juvenile shrimp were frozen immediately in liquid nitrogen and transported to the

laboratory for further processing. Shrimp were crushed in liquid nitrogen.
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2.2.7 Total RNA preparation

Add in 1 ml of ice-cold Trizol reagent (Gibco BRL) per 50 mg of
powdered tissue in the mortar. Homogenize the tissue with a pestle, until the creamy
solution is liquefied and clear. Transfer the clear solution to a 1.7 ml tube (1ml /
tube). For hemocyte pellet from individual shrimp was homogenized with 1 ml of
Trizol reagent (Gibco BRL). The homogenate was incubated at room temperature
for 5 minutes to permit complete dissociation of nucleoprotein complexes. After that,
it was extracted twice with 200 ul of chloroform then mixed gently for 15 seconds
and incubated at room temperature for 3 min. The sample was further centrifuged at
12,000xg for 15 minutes at 4 °C and collected upper aqueous phase containing total
RNA to new tube. RNA was precipitated by the addition of 500 ul of isopropanol
then incubated at room temperature for 10 min and centrifuged at 12,000xg for 10
minutes at 4 °C. The supernatant was removed. The RNA pellet was washed with 1
ml of 75% ethanol. The RNA pellet was kept under 75% ethanol until used. When
required, the samples were centrifuged at 7,500xg for 10 minutes at 4 °C. The
supernatant was removed. The RNA pellet was briefly air-dried for 5-10 minutes.
The total RNA was dissolved with an appropriate-amount of diethyl pyrocarbonate
(DEPC)-treated water.

The total RN'A concentration was determined by UV spectrophotometer at 260 nm
and estimated in pug/ml using the following equation,

[RNA] = 0Dy x dilution factor x 40*
*A 1 OD unit at 260 nm corresponds to approximately 40 png/ml of RNA (Sambrook

et al., 1989)
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Protein had a maximum absorption at 280 nm. Determining the ratio of
Aaeonso, The relative purity of the sample could be estimated. RNA sample should
not have an Ajggps0 ratio below 1.6. Then RNA was dissolved in RNase-free water

and stored at -70°C until used.

2.2.8 Formaldehyde-agarose gel electrophoresis

After total RNA was extraction, RNA quality was assessed by
formaldehyde-agarose gel electrophoresis as described below

A 1.0% (w/v) formaldehyde agarose gel was prepared using 1x MOPS
buffer (diluted from a 10x MOPS buffer to 0.2mM MOPS, 50mM NaOAc, 10 mM
EDTA, pH 7.0 final concentration). The gel slurry was boiled until complete
solubilization, and allowed to cool to 60 °C. Formaldehyde (0.66M final
concentration) and ethidium bromide (0.2 pg) were added to the gel and poured into
a chamber set. The comb was then inserted.

Ten to twenty micrograms of total RNA in 3.5 ul of DECP-treated H20,
5 pl of formamide, 1.5 ul of 10x MOPS and 2 pl of formaldehyde were combined,
mixed well and incubated at 65 °C for 15 minutes. The mixture was immediately
placed on ice. One-forth volume of the-gel-loading buffer (50%, v/v, glycerol;
Immol/I'EDTA, pH 8.0, 0.5%, w/v bromophenol blue) was added to each sample.
The sample was loaded to the 1.0 % agarose gel containing formaldehyde. The RNA
marker was used as a standard RNA marker. Electrophoresis was carried out in 1x
MOPS buffer at 50 volts, until bromophenol blue migrated approximately % of the
gel length. The EtBr stained gel was visualized total RNA as fluorescent bands by a

UV transilluminator (UVP Inc.).
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2.2.9 First stranded cDNA synthesis

The first stranded cDNA was synthesized from 1 pg of total RNA using
an ImProm-II"™ Reverse Transcription system kit (Promega). Total RNA was
combined with 0.5 pg of oligo (dT)s) primer and appropriate DECP-treated H,O in
final volume of 0.5 pl. The reaction was incubated at 70 °C for 5 minutes and
immediately placed on ice for 5 minutes. After that, 4 ul of 5x reaction buffer, 2.6
pl of 25 mM MgCly, 1 pl of ANTP Mix (10 mM each), 20 units of Ribonuclease
inhibitor and 1 pl of ImProm-II reverse transcriptase were added and gently mixed.
The reaction mixture was incubated at 25 °C for 5 minutes and at 42 °C for 60
minutes. Then, the reaction was incubated at 70 °C for 15 minutes to terminate

reverse transcriptase activity.

2.2.10 Primer designation

PCR primers were designed from nucleotide sequencing of the selected
EST clones using the Oligo version 4 program. Each pair of upstream and
downstream primers had closely similar Tm values, and they were checked for

minimal self-priming and upper/lower dimer formation.

2.2.11 PCR

Amplification reaction was performed in 15 pl mixture containing 5 pul of
a 1:50 dilution of cDNA template, 1.25 mM of each dNTP, 1x PCR buffer (10 mM
Tris-HCI pH 8.8, 50 mM KCI and 0.1% TritonX-100), 1 U of Tag DNA polymerase,
the primers (0.2-0.08um), MgCl, concentration (1-3 mM) and the number of cycle

(21-36 cycles). The amplification was consisted of predenaturation at 95 °C for 2
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min followed by 30 cycle of denaturation at 94 °C for 30 sec, annealing at 55 °C for

1 min and extension at 72 °C for 1 min and a final extension at 72 °C for 5 min.

2.2.12 Gel electrophoresis and quantitative analysis

PCR products were determined by electrophoresis on 2% agarose gels.
Two per cent (w/v) of agarose gel was prepared using 1x TBE buffer (89 mM Tris-
HCI, 8.9 mM boric acid and 2.5 mM EDTA, pH 8.0). The slurry of agarose in TBE
buffer was melted in microwave oven until completely dissolved. The solution was
allowed to cool at 55-60 °C before pouring into a casting tray with a well comb.
After hardening, the gel was submerged in a chamber containing an enough amount
of 1xTBE buffer covering the gel for approximately 0.5 cm.

The PCR products were mixed with 2 ul of the 10x loading dye (0.25%
bromophenol blue and 25% Ficoll in water) before loading into the well. A DNA
ladder (100 bp marker) was used as standard DNA markers.

Electrophoresis was carried out in 1 x TBE buffer at 100 volts until the
bromophenol blue dye marker migrated about % of the gel length. After
electrophoresis, the gel was stained in a 2.5 pg/ml ethidium bromide (EtBr) solution
for 5 minutes and destained to remove unbound EtBr by submerged in distilled
water for 15 minutes. Fractionated PCR product was visualized under a UV
transilluminator and photographed.

The intensity of target band was performed with Gel Documentation
System (GeneCam FLEXI1, SynGene) and further quantified using the Genetools

analysis software.
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2.2.13 Data analysis

Significantly different expression levels were treated using One Way
Analysis of Variance (ANOVA) following by a post hoc test (Duncan’s new

multiple range test). Significant differences were indicated at p < 0.05.

2.2.14 Quantitative real-time RT-PCR

Real-time RT-PCR analysis was performed on iCycler-iQ™ system
(Bio-Rad Laboratories) by SYBR Green 1 dye detection. The amplifications were
performed in a 96-well plate in a 20 pl reaction volume containing 10 pl of 2X
SYBR Green supermix (Bio-Rad), the final concentration of each forward and
reverse primer was 0.15uM. The sequences of the primers used in SYBR Green real
time RT-PCR are given in Table 2.1. The 5 ul of 1:50 diluted cDNA of each reverse
transcription reaction used as template. The thermal profile for SYBR Green real-
time RT-PCR was 95 °C for 5 min followed by 40 cycles of denaturation (95 °C for
30 sec) annealing (as indicated in Table 2.1) and extension (72 °C for 30 sec). We
verified the specificity of PCR by measuring the melting curve of the PCR product
at the end of reaction. The reaction was incubated at 95 °C for 1 min and
subsequently 50 °C for 1 min, followed by 80 repeats of heating for 10 seconds
staring at 50 °C with'0.5 °C increments. Fluorescent data are specified for collection
during primer extension. The relative cDNA ratio was calculated using the value of
threshold cycles. Each sample had 3 replicates in each plate. Sterile-water replaced

template as the negative control.
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2.2.15 Data analysis of real-time RT-PCR

The amplified products were detected by fluorescent dyes. Fluorescence
signal was analyzed by the data analysis software of iCycler iQ™ Real-time
Detection system (Bio-Rad) using PCR base line Subtracted curve fit method. For
each sample, the cycle number at which the fluorescence crosses the arbitrary line
called the threshold. The threshold should be in the line part of the reaction and
higher than the background signal to ensure that the reaction cross the line due to
amplification rather than noise. This crossing point, Ct, is also known as the
threshold cycle or Ct value. The obtained Ct values were used to calculate the
relative expression ratio (R).

The relative quantification analyses the amount of a target transcript
relatively to an internal standard (elongation factor 1-alpha gene (EF)) in the same
sample of V. harveyi or WSSV injected shrimp hemocytes. Moreover, the Ct values
of V. harveyi injected sample at each time point were normalized with saline-
injected samples, whereas WSSV injected sample at each time point were
normalized with lobster hemolymph medium (LHM)-injected samples. A
mathematical model described by Pfaffl was used to determine the relative

expression ratio according to the equation:
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L ACP (control-sample) 1)
Ratio = (Etarget) target

ACP  (control-sample)
(Eref) ref

FEiarger 15 the real-time PCR efficiency of target gene transcript;

E.¢1s the real-time PCR efficiency of reference gene transcript;

ACP arge 15 the CT deviation of control (saline-injected) - sample (V. harveyi-
injected) of the target gene transcript;

ACP,s1s the CT deviation of control (saline-injected) - sample (V. harveyi-injected)

of the reference gene transcript.

2.2.16 Determination of PCR efficiency

As target and reference gene had different sequences and amplicon
lengths, it was probable that they would show different PCR efficiency. PCR
efficiency of each gene amplified with specific pair of primers was determined by
constructing a standard curve. The cDNA was made from hemocytes of normal P.
monodon by the same procedure as described ‘above. This cDNA was used for
creating all standard curve of both target and reference genes. These standard cDNA
were_diluted in five steps from 5 to 5%10%. The amplification was performed in
triplicate including a negative control, used water as template, for each run. A
calibration curve plotting Ct values against input quantities (log scale) was
constructed for both reference (EF-1a) and each target genes. In each plot, a linear

graph should have an excellent correlation coefficient (certainly more than 0.999).
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relative quantification.
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. These efficiencies were taken into account in

Table2.1 Primer pair and condition for real-time PCR.
Annealing Product
Gene Primer Temperature Size
name* (°C/sec) (bp)
PPAF | 5 TACGTACTCATTGATATCAGGTTTGG 3’ (F) 56/30 283
5" GCCTCGTTATCCTTGAATCCAGTGA 3’ (R)
WAP 5’ TTGCTCTTGCTTTACCGAT 3’ (F) 58/30 201
5" ACTTCTGTCTGCCCCTACACT 3’ (R)
EF 5 GGTGCTGGACAAGATGAAGGA 3’ (F) 55/30 150

5’ CGTTCCGGTGATCATGTTCTTGATG 3’(R)

* PPAF; Prophenoloxidase activating factor, WAP; WAP four-disulfide core

domain protein 5, EF; Elongation factor-1-alpha gene




CHAPTER 111

RESULTS

3.1  Selection of immune-related genes and optimization of PCR

In this study, selected immune-related genes of Peneaus monodon were analyzed the
expression levels in order to identify candidate markers for the application in broodstock
selection. Fourteen immune-related genes were chosen from the EST libraries of the P.

monodon EST project (http:/pmodon.biotec.or.th). These EST libraries were prepared from

normal hemocytes, V. harveyi-challenged hemocytes, hepatopancreas, and V. harveyi-
challenged lymphoid organ (Table 3.1). The selected genes consisted of prophenoloxidase
activating factor (PPAF), transglutaminase (TG), WAP four-disulfide core domain protein 5
precursor (WAP), glutathione peroxidase (GPx), cytosolic manganese superoxide dismutase
precursor (SOD), chaperonin containing TCP1 subunit 4 (CCTP), heat shock protein 60
(HSP60), apoptosis inhibitor survivin (survivin), P 109 protein, peptidyl-prolyl cis-trans
isomerase 5 precursor (PPI), cyclophilin 18, thrombospondin 4, techylectin-5B and lectin C-
type. Sequence analysis using the Genetyx-Win showed that only whey acidic protein (WAP)
and cytosolic manganese superoxide dismutase (SOD) genes contained the complete open
reading frame (ORF).

Fifteen primer sets were designed for the amplification of the interesting genes in P.
monodon hemocytes based on the nucleotide sequence of the EST clones. Sequences of
designed primers were shown in Table 3.2. In addition, primers for amplification of an
elongation factor-1a (EF) were designed for use as an internal control in a semi-quantitative
PCR. The RT-PCR of all primers was initially performed at the same annealing temperature of
55 °C. The amplification products were 154, 145, 291, 145, 166, 262, 295, 320, 166 and 310

bp for PPAF, TG, WAP, GPx, SOD, CCTP, HSP 60, survivin, PPI and cyclophilin,
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respectively. No PCR product was observed from the amplification using specific primers for
thrombospondin, techylectin-5B and lectin C-type which suggested that these genes did not
expressed in shrimp hemocytes. Non-specific products were observed from the amplification
using P109 primers. A touchdown PCR was then used to performed the amplification of P109
as follows, beginning with the initial annealing temperature of 66 °C and 2 °C decreasing each
cycle for 8 cycles after that the remaining cycles were run at the annealing temperature of 57
°C. Finally, 11 genes including PPAF, TG, WAP, GPx, SOD, CCTP, HSP 60, survivin, P109,

PPI and cyclophilin were selected for further study.

3.1.1 Determination of the optimal MgCl, concentration

Determination of the optimal MgCl, concentration for each primer set was
performed using different MgCl, concentrations ranging from 1.0 to 3.0 mM using the
standard PCR reaction as described above. The PCR products were then analyzed by agarose
gel electrophoresis and the concentration of MgCl, that resulted in the highest yield of
amplified product was chosen to be used in the expression determination (Table 3.3). The PCR
products of HSP 60 and cyclophilin primers showed the highest yield at 1 mM (Fig. 3.1 g and
k) while the PCR products given from TG, SOD and PPI primers exhibited the highest yield at
2 mM (Fig. 3. b, e and j). For the remaining genes (PPAF, WAP, GPx, CCTP, survivin, P109

and EF) the highest yield was found at 1.5 mM MgCl, (Fig. 3.1 a, ¢, d, f, h, iand 1).
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Table 3.1 ESTs homologues of P. monodon : Defense and homeostasis.
Clone No. Sequence Genes Closest species Mecession Score | E value | Identities | Positives
length o o
(bp) No. Yo Yo

HC-V-S01-0412-LF 568 prophenoloxidase activating factor | Callinectes sapidus AAS60227.1 227 | 6.00E-18 64 457170

HC-N-S01-0262-LF 719 transglutaminase Penaeus monodon AAO33455.1 235 | 6.00E-61 100 115/115

HC-V-S01-0446-LF | 746 | WAP four-disulfide core domain = 7y 0 0 Q8TCVS 57 | 400807 | 33 42/127
protein 5 precursor

HC-N-S01-0194 -LF 331 glutathione peroxidase Homo sapiens A45207 91 3.00E-18 62 76 /69

HC-V-S01-0153-LF 286 | Cytosolic manganese superoxide =\ o o sapidus AAF74771.1 | 330 | 9.00E-90 82 152/ 185
dismutase precursor

HC-N-S01-0313-LF goo | chaperonin containing TCPI, Homo Sapias NP 0064212 | 263 | 2.00E-71 66 131/196
subunit 4 (delta)

HPa-N-S01-0194-LF 547 heat shock protein 60 Culicoides variipennis AAB94640.1 72 3.00E-30 65 36/55

LP-V-S01-0346-LF 720 apoptosis inhibitor survivin Sus scrofa NP_999306.1 89 9.00E-17 43 43 /100

LP-V-S01-0367-LF 539 P109 protein Bombyx mori T00207 117 | 1.00E-25 34 73 /310

HC-V-801-0051-LF 667 | Peptidyl-prolyl cis-trans isomerase | 4 baiis elegans | NP 4936241 | 235 | 5.00E-61 75 116 /153
5 precursor (PPlase)

HC-N-S01-0533-LF 576 cyclophilin 18 Oryctolagus cuniculus AAF22215.1 241 | 2.00E-62 71 116 /162

LP-V-S01-0388-LF 539 thrombospondin 4 Penaeus monodon AAN17670:1 75.9 | 7.00E-25 94 34/36

LP-V-S01-0587-LF 566 techylectin-5B Tachypleus tridentatus | BAA84189.1 91.3 | 1.00E-17 39 52/133

HPa-N-S01-0076-LF 505 lectin C-type Homo sapiens NP_919430.1 88 7.00E-07 23 35/150
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Table 3.2 Primers used for semiquantitative RT-PCR of immune-related gene expression and

internal control (EF).
Target transcripts Primer Annealing Pro.duct
Temperature Size
(WO (bp)
PPAF 5’ TTGGTCTTGCTTCCCTCTAC 3’ (F) 55 154
5’ TTATTTTGTATCTCCTGCTCG 3’ (R)
TG 5> ACCTTCAACTCCAGCCAGC 3’ (F) 55 145
5’ TAGCATTCTTCAAAATCCTTCC 3’ (R)
WAP 5’ TTGCTCTTGCTTTACCGAT 3’ (F) 55 291
5> ACTTCTGTICTGCCCCTACACT 3’ (R)
GPx 5> AACTGGCTTCCTCCGCTATC 3’ (F) 55 145
5’ TGAGTTGGTTCATCAGGTGG 3’ (R)
SOD 5> AATGTTGGCTCTGGTGTAGG 3’ (F) 55 166
5’ TGGATTTAACCGAAGAGACTG 3’ (R)
CCTP-1 5’ CTCTGACTCCCTCCTCCATTIT 3’ (F) 55 262
5’ TACCACTACAGTCTCCCCAA 3’ (R)
HSP60 5’ GAAGGGCAAGGGTAATACTA 3’ (F) 55 295
5> AAGCAGGTAAGGCAACGAAT 3’ (R)
Survivin 5> GGGAGGAGCACAAAAACCAT 3’ (F) 55 320
5> ACAAGAACAGAGGAGTGAA 3’ (R)
P109 5? AACCTGGGATTGTGTAAGCA 3’ (F) Touchdown 183
5? GAGCAAGTCATCAACCTGAA 3 (R)
PPI 5" ATCTTCCATCGTGTGATTCC 3’ (F) 55 166
5’ TGTCCTTTCCAGCATTAGCC 3’ (R)
Cyclophilin 18 5> AAAAAGGTGTGGGCGGCTAA 3’ (F) 55 310
5" ACAGTCAATCTACGGCAACA 3’ (R)
Thrombospondin 5’ TTGGATGGACCCCTAAAGTT 3’ (F) 55 187
5’ GGAGAAGCAGAAGAGACCT 3’ (R)
Techylectin-5B 57 CGTCAAACACTGCCTCAAGA 3’ (F) 55 233
5’ CACAGTCCAAACCTACACAC 3’ (R)
Lectin 5’ CTGGTCTCTTCTTCCTCATA 3’ (F) 55 229
5’ GCCACTTCCATACGCCTTC 3’ (R)
EF 5’ GGTGCTGGACAAGATGAAGGA 3’ (F) 55 150
(internal control) 5’ CGTTCCGGTGATCATGTTCTTGAT G 3’ (R)

Touchdown™ was a 2 °C decreasing from 66 °C every cycle to the fixed annealing temperature

at 57 °C.
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3.1.2  Determination of cycling parameters

To determine semi-quantitatively the PCR product of RT-PCR, it is necessary to
select the most appropriate number of amplification cycles that the amplified product can be
detected at the late exponential phase before reaching the process of plateau amplification
phase. The amplification product showing a sharp DNA band on an agarose gel could then be
correctly quantified.

In this experiment, to avoid the plateau phase of PCR product, a number of PCR
cycles were determined in a range of 21 to 36. At which cycles that gave the highest band
intensity before the product reached a plateau phase was chosen for further analysis. From the
primers used, cycle numbers showing relatively abundance of PCR products for WAP and EF
primers were at 21 cyeles (Fig. 3.2 c, I), whereas TG and SOD were found at 24 cycles (Fig.
3.2 b, e). As well as the PPAF, GPx, CCTP, HSP 60, surviving, P109, PPI and cyclophilin
were at 27 cycles (Fig. 3.2 a, d and f - k). Therefore, the PCR cycles of 21, 24 and 27 were
selected for further investigation of each gene transcript (Table 3.3).

The optimal conditions for RT-PCR of those immune genes were shown in Table

3.3 . The optimal primer concentration varied between 0.08 — 0.2 uM.
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Figure 3.1  Optimization of MgCl, concentration for RT-PCR amplification by varying

concentration of MgCl, from 1 to 3 mM.

(2) PPAF (b) TG (c) WAP (d) GPx
(¢) SOD (f) CCTP (2) HSP 60 (h) Survivin
(i) P109 (j) PPI (k) Cyclophilin (1) EF
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Figure 3.2 ~ Optimization of number of PCR cycles for RT-PCR amplification by

varying numbers of amplification cycles from 20-36 cycles.

(2) PPAF (b) TG (c) WAP (d) GPx
(¢) SOD (f) CCTP (2) HSP 60 (h) Survivin
(i) P109 (j) PPI (k) Cyclophilin (1) EF
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Table 3.3 Optimal condition for RT-PCR of immune-related gene expression in P. monodon.

Gene transcrip | Primer Conc. | MgCl, Conc. Cycles Annealing Temp
(um) (mM) O
PPAF 0.20 1.5 27 55
TG 0.20 2.0 24 55
WAP 0.20 1.5 21 55
GPx 0.20 1.5 27 55
SOD 0.20 2.0 24 55
CCTP1 0.08 J I ] 55
HSP60 0.08 1.0 27 55
Survivin 0.08 1.5 27 55
P109 0.20 1.5 27 Touchdown*
PPI 0.20 2.0 27 55
Cyclophilin 0.08 1.0 27 55
EF 0.20 1.5 21 55

Touchdown PCR* was initially performed by starting the annealing temperature at 66 °C and
decreasing by 2 °C every second cycle to 58 °C after that remaining cycles was set the constant
annealing temperature at 57 °C.
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3.2 Expression analysis of immune-related genes after V. harveyi-and

WSSV-challenge by semi-quantitative RT-PCR

3.2.1 RNA preparation

The three-month age SPF shrimps (14-18g of body weight) were used in this
experiment. Hemolymph was collected from the challenged SPF shrimps injected with V.
harveyi 1526 or WSSV. The control shrimps for V. harveyi 1526 were injected with 0.85%
NaCl (w/v) and those for WSSV were injected with LHM medium. Approximately 1 ml of
hemolymph was obtained from individual shrimp. The hemolymph was then centrifuged to
separate hemocytes from plasma and the hemocytes were used to prepare total RNA using a
Trizol reagent. The Ajs/Asg ratio of total RNA which was prepared by this method was 1.5-
1.8 indicating acceptable quality of total RNA. The average total RNA obtained was
approximately 18 pg per individual shrimp. The quality of total RNA was monitored by
running on 1% agarose-formaldehyde gel. The total RNA from hemocytes of challenged and

control shrimps revealed a predominant band of 18S rRNA (1.9 kb) (Fig. 3.3).

3.2.2 Luminescent detection of V. harveyi

The suspensions of hepatopancreas from normal (or control) shrimps and V.
harveyi-injected shrimps at different time points (0, 3, 6, 12, 24, 48 and 72 hour post-injection
(hpi.)) were spread on TSA plates as described in method 2.2.3.2. The result showed that V.
harveyi could be detected at 6 hpi in the challenged shrimps. However, no luminescence was

detected in normal shrimp (data not show)
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Figure 3.3 Total RNA from hemocyte of control and challenged shrimps electrophoresed on

a 1% formaldehyde agorose gel.

Lane M
Lane 1
Lane 2
Lane 3

Lane 4

RNA marker

shrimp injected with 0.85% NaCl(w/v)
shrimp injected with LHM medium
shrimp injected with V. harveyi 1526

shrimp injected with WSSV
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3.2.3 PCR detection of WSSV

Shrimp gills were collected from normal shrimp and WSSV-injected shrimp at
different time points (0, 3, 6, 12, 24, 48 and 72 hpi.). A gill of shrimp was extracted by lysis
buffer and the extracts were subjected to PCR The result showed that a 250 bp WSSV- specific
band could be detected in shrimp gill at early time after injection. The positive DNA band was

observed at 3 hpi (Fig. 3.4).

Figure 3.4 Ethidium bromide staining of a 250 bp PCR product amplified from

Gill DNA of individual shrimp after injection with WSSV at various time post-injection on a

2% agarose gel.
Lane M : 100bp ladder
Lane P : positive control
Lane N : negative control
Lane 1 : crude DNA extracted from normal shrimp
Lanes 2-8 : crude DNA extracted from the WSSV-injected shrimp at 0,

3,6, 12,24, 48 and 72h post injection
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3.2.4 Time course analysis of inmune gene expression in the V. harveyi-, WSSV-

challenged shrimp

The previously optimized conditions of the semi-quantitative PCR were used for a
time course analysis of mRNA expression level of the 11 selected immune genes in shrimps
challenged with V. harvei 1526 or WSSV and the control shrimp.

Sub-adult shrimps were injected with 10° CFU/shrimp of V. harveyi or 1.76x10°
copies/shrimp of WSSV. Hemolymph was collected at 0, 3, 6, 12, 24, 48 and 72 hpi. At each
time point, hemolymph was collected from 3 individuals in the control sample (1 female and 2
male) and 9 individuals in the challenged sample (3 female and 6 male) and total RNAs were
extracted. After the first stranded cDNAs of the challenged animals were synthesized, the
cDNAs were pooled into three groups each group contained cDNAs from 3 individual shrimps
(1 female and 2 male) and one group of cDNA of control sample at different time points after
injection. The pooled-cDNAs were used as the templates for the semi-quantitative RT-PCR
technique. The amplification products of the target gene and the control gene (elongation
factor-1-alpha, EF) were run on the same 2% of agarose gel and a ratio of band intensity of the
target gene and the control gene was analyzed using Genetools analysis software (Syngene).
The expression was determined as the signal ratio of the interested gene : EF while the
expression of EF was normalized to 100 and then normalized with signal expression of the

control shrimp:.

3.24.1 A time course analysis of mRNA expression level against infection of V.
haeveyi
Upon challenge with V. harveyi, the expression levels of PPAF (Fig. 3.5A),
GPx (Fig. 3.5B), TG (Fig. 3.5C), WAP (Fig. 3.5D) and PPI (Fig. 3.5E) were significantly
increased, when compared with the relative expression at 0 hpi (p<0.05). The results of RT-

PCR and data analysis were shown in appendix A (I) and C (I-X), respectively. The expression
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levels of PPAF were significant increased within 24 hpi and returned to normal since 48 hpi.
The fold change at 24 hpi of PPAF was 1.78 compared with relative expression at 0 hpi.
Likewise, significant increase in the expression levels of GPx was observed within 6 hpi. (p <
0.05) and returned to normal since 48 hpi At 12 hpi, the highest expression level of GPx was
1.19-fold above that of the relative expression at 0 hpi. Whereas, significant increase in the
expression levels of TG were observed since 12 hpi. (p < 0.05) and was not significantly
lowered until 48 hours after injection. At 12 hpi, the highest level of TG was 1.33-fold above
that of relative expression at 0 hpi. Likewise, the expression of WAP and PPI was significantly
increased after challenged with V. harveyi, which was observed since 6 hpi. (p < 0.05). At 12
and 6 hpi., the highest level of WAP and PPI was 1.75- and 1.86-fold above that of relative
expression at 0 hpi, respectively. The expression of WAP was not significant different until 24
hpi, whereas that of PPI still increased during the study period (72 hpi.).

In contrast, upon challenge with V. harveyi, a significant decrease in the
expression of SOD (Fig. 3.6A) and survivin (Fig. 3.6B) was observed (p<0.05), The results of
RT-PCR and data analysis were shown in appendix A (II) and C (XI-XIV), respectively. The
expression level of SOD was significantly decreased since 3 hpi and returned to normal at 72
hpi. At 12 hpi, the lowest transcriptional level was observed 0.06-fold below that of relative
expression at 0 hpi. Although, the expression of survivin was found as significant decrease
during 3 - 24 hpi (p < 0.05), the lowest expression was observed-at 3 -hpi (0.43 -fold below that
of relative expression at 0 hpi.). After reaching the lowest level, the expression of survivin was
dramatically increased at 48 hpi until the end of the assay at 72 hpi the expression level was
significantly higher than that of O hpi.

No significant difference (p<0.05) in the expression level of P109, cyclophilin,
CCTP and HSP 60 was observed after challenging shrimps with V. harveyi (Fig. 3.7A, B, C
and D) and the results of RT-PCR and data analysis were shown in appendix A(III) and C(XV-
XXII), respectively). However, the expression of HSP 60 at 6 hpi was significant higher than

that at 72 hpi (1.27-fold). The relative expressions of the 11 immune related genes in V.
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harveyi challenged shrimps were summarized in Table 3.4 and the data analyses were shown

in appendix C.
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Figure 3.5 Relative expression levels of PPAF (A), GPx (B) and TG (C) at different time

intervals after injected with V. harveyi. Different letters indicate significant (p < 0.05)

difference in the mean expression level of the immune-related gene.
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Figure 3.7 Relative expression levels of P109 (A), cyclophilin (B), CCTP (C) and HSP 60
(D) at different time intervals after injected with V. harveyi. Different letters indicate significant

(p < 0.05) difference in the mean expression level of the immune-related gene.
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Table 3.4 Expression levels of the 11 immune-related genes in V. harveyi challenged shrimp determined by using a semiquantitative
RT-PCR.
Genes Relative Expression

0 hr 3hr 6 hr 12 hr 24 hr 48 hr 72 hr
PPAF 0.79* (£0.01)  0.66* (x0.07) 0.88% (x0.10)  0.91* (£0.16)  1.41° (£0.23)  1.00° (£0.37)  0.73* (20.06)
SOD 1.38%(£0.02)  1.00% (£0.08)  1.02°(+0.10)  0.83°(20.31)  1.04* (£0.09)  1.09% (0.11)  1.26* (+0.01)
Gpx 0.91* (0.10)  0.91°(£0.10) =~ 1.06°(£0.01)  1.08°(20.00)  1.04° (x0.02)  0.99%° (+0.03)  0.96™ (+0.04)
TG 0.97* (£0.01)  1.00® (£0.02) 1.05%® (£0.00) 1.29° (+0.09)  1.21° (0.05)  1.09° (+0.11)  1.06™ (+0.06)
WAP 0.73* (£0.09)  0.83™ (£0.07) 0.93° (£0.16)  1.28° (0.09)  1.13* (+0.32) 0.96 (£0.02)  0.95° (+0.24)
Survivin 0.90* (+0.08)  0.39°(£0.02) 046" (£0.20)  0.64° (£0.13)  0.90% (£0.18)  1.24°(+0.16)  1.76° (0.16)
P109 0.65% (+0.13)  0.64° (£0.09)  0.63*(£0.07)  0.70° (0.08)  0.77° (£0.11)  0.77*(£0.05)  0.77 (+0.14)
PPI 0.71* (£0.07)  0.87° (£0.04)  1.32°(x0.09)  1.30°(£0.18)  1.19%(x0.11)  1.07°%0.18)  0.94° (+0.05)
Cyclophilin 0.65* (£0.16)  0.62% (+0.18) - 0.70° (£0.27)  0.84*(£0.29)  0.70° (x0.36)  0.56* (£0.23)  0.68 (£0207)
CCTP 1.04* (£0.04)  1.05°(#0.06) = 1.01*(£0.05) - 1.04°(0.07)  1.05°(£0.11)  1.04*(£0.07)  1.06 (+0.07)
HSP60 1.02%° (+0.01)  1.11%°(+0.13)  1.12°(20.08)  1.01°(£0.06)  0.94™(:0.14)  0.96™ (+0.02)  0.88% (£0.07)

* Data in the same row having different letters are significantly different (P<0.05) in a mean expression level of the immune-related gene.
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3.2.4.2 A time course analysis of mRNA expression level against infection of

/AN 4

Upon challenging with WSSV, expression levels of PPAF (Fig. 3.8A),
WAP (Fig. 3.8B) and HSP 60 (Fig. 3.8C) were significantly increased when compared with
the relative expression at 0 hpi (p<0.05). The results of RT-PCR and data analysis were shown
in appendix B (I) and D (I-VI), respectively. Significant increase in the expression levels of
PPAF was observed since 12 hpi and become no significant differences until 48 hpi. The
highest level observed at 12 hpi was 1.38-fold above that of the relative expression at O hpi.
Whereas, significant increase in the expression levels of WAP was observed at 24 hours after
injection (p < 0.05), and reached the highest level (3.45-fold above that relative expression at 0
hpi.). The expression of WAP gene returned to normal level at 48h. The expression of HSP 60
was significantly increased since 3 hpi (p < 0.05) until 12 hpi. The highest level of HSP 60
mRNA was observed at 3 hpi. (1.23 folds above the relative expression at 0 hpi).

On the contrary, upon challenging with WSSV, a significant decrease in the
expression of GPx (Fig. 3.9A), SOD (Fig. 3.9B) and survivin (Fig. 3.9C) (p<0.05) was
observed. The Results of RT-PCR and data analysis were shown in appendix B (I) and D
(VII-XII), respectively. Significant decrease in the expression levels of GPx was observed at 12
hpi, and reached the lowest level (0.78-fold below the relative expression at 0 hpi). The
expression levels of SOD were significantly decreased since 3 hpi-until the end of the assay at
72 hours. The lowest expression level of SOD was observed at 24 hpi. (0.36-fold below that
of the relative expression at 0 hpi.). Although the expression of survivin was significantly
decreased after 3 hpi, the lowest expression was observed at 12 hours after WSSV injection
(0.71-fold below that of the relative expression at 0 hpi).

No significant (p > 0.05) difference in the expression levels of TG, CCTP,
P109, PPI and cyclophilin was observed after challenge with WSSV (Fig. 3.10A, B, C, D and

E and the results of RT-PCR and data analysis were shown in appendix B(IIl) and D(XIII-
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XXII), respectively. The relative expression of the 11 immune relative genes in WSSV
challenged shrimp were summarized in Table3.5.

In this study, it was found that both pathogens caused up-regulation of PPAF
and WAP genes. The expression of GPx was significantly increased (p < 0.05) after shrimp
was challenged with V. harveyi but there was significantly decreased (p < 0.05) after
challenged with WSSV. The expression of TG and PPI transcripts were significantly increased
(p < 0.05) after challenge with V. harveyi but both genes showed no response to WSSV
infection. On the contrary, the expression of HSP 60 was significantly increased (p < 0.05)
upon WSSV challenge but no response to V. harveyi challenge. From those results the up-
regulated genes including PPAF, GPx, WAP, TG, PPI and HSP 60 were selected for further

study in the next experiments.
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Figure 3.10 Relative expression levels of TG (A), P109 (B), PPI (C) and Cyclophilin (D) at
different time intervals after injected with WSSV. Different letters indicate significant (p <

0.05) difference in the mean expression level of the immune-related gene.
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Expression levels of the 11 immune-related genes in WSSV challenged shrimp determined by using a semiquantitative

Genes

Relative Expression

0 hours

3 hours

6 hours

12 hours

24 hours

48 hours

72 hours

PPAF
SOD
Gpx

TG
WAP
Survivin
P109
PPI
Cyclophilin
CCTP
HSP60

1.18 (£0.23)
1.47* (+0.15)
0.93* (+0.10)
0.77% (+0.04)
0.51% (£0.12)
0.69" (+0.04)
1.12* (+0.07)
0.64" (£0.14)
0.62%° (+0.01)
1.41% (£0.02)
0.74% (£0.02)

1.28% (+0.15)
0.87° (0.30)
0.83% (+0.0.2)
0.63% (+0.04)
0.69° (+0.22)
0.54° (+0.08)
1.11% (£0.08)
0.67% (£0.14)
0.61% (£0.02)
1.42% (£0.02)
0.91° (+0.03)

1.30% (+0.10)
0.67° (£0.30)
0.81% (+0.02)
0.61% (£0.06)
0.75%(=0.18)
0.51° (0.07)
1.12% (£0.08)
0.74% (£0.10)
0.62% (+0.01)
1.43% (£0.03)

0.90° (0.07)

1.63° (£0.27)
0.63° (£0.15)
0.73° (+0.06)
0.63% (£0.14)
0.91% (£0.38)
0.49° (+0.07)
1.10% (+0.09)
0.79* (0.07)
0.65° (+0.01)
1.40* (+0.03)
0.61*(0.10)

1.52% (+0.08)
0.53% (£0.15)
0.81%° (+0.09)
0.78% (+0.12)
1.76° (£0.72)
0.50° (:0.05)
1.10% (+0.10)
0.80% (£0.04)
0.64% (+0.05)
1.38% (£0.05)
0.62%(+0.10)

1.06* (+0.14)
0.67° (0.12)
0.99° (+0.09)
0.76™ (+0.12)
0.71% (£0.14)
0.59° (+0.10)
1.13* (+0.09)
0.74% (£0.04)
0.61% (£0.08)
1.38% (+0.01)
0.66% (+0.13)

1.00% (+0.15)
0.77° (£0.15)
1.09¢ (£0.16)
0.82° (0.07)
0.89% (£0.58)
0.66" (£0.05)
1.10 (20.07)
0.77 (+0.13)
0.63% (+0.05)
1.39 (+0.04)
0.77% (+0.08)

* Data in the same row having different letters are significantly different (P<0.05) in a mean expression level of the immune-related gene.
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3.3  Quantitative analysis of some immune related genes after expression
in response to V. harveyi and WSSV challenge by a real-time RT-
PCR

Our results showed that PPAF and WAP genes may play important roles in shrimp
immunity against both V. harveyi and WSSV. Thus, the time course analysis of mRNA
expression level against infection of V. harveyi and WSSV were verified and quantitatively
analyzed by a real-time RT-PCR using SYBR Green chemistry. In this study, the
housekeeping gene, elongation factor 1-alpha (EF) was used as a reference gene. The pooled-
cDNAs were prepared from total RNA of hemocyte of the challenged shrimp (V. harveyi 1526
or WSSV injected shrimp) and the control shrimp (0.85% NaCl(w/v) or LHM medium
injected shrimp) at 0, 3, 6, 12, 24, 48 and 72 hpi., the cDNAs were used as templates for a real-
time RT-PCR.

To determine the amplification efficiency of the target genes, serial dilutions of pooled
cDNAs of normal animal were made 5 to 5%10* dilutions for PPAF , WAP and EF. Real time
PCR efficiency was calculated from the slope, obtained from the curve plotted between five
dilutions of cDNA (log scale) of normal animal and the threshold cycle (Ct) (Fig. 3.11), using
the equation, E =102 | The real-time PCR efficiencies, correlative coefficient and melting
temperature are shown in Table 3.6. Real-time PCR efficiencies of selected immune genes

varied between 1.85 and 1.96, however, as these  efficiencies were not exactly 2.00

(representing 1002 amplification efficiency at each cycle), which calculated relative expression

ratios of certain gene using an equation to correct for differences in efficiency as described by

Pfaffl.
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A mathematical model described by Pfaffl was used to determine the relative

expression ratio according to the equation:

Ratio = ( Etarget) ACPtarget(control-sample)
ACP - I
( Eref) . f(contm sample)

FEtareet 18 the real-time PCR efficiency of target gene transcript;

Esis the real-time PCR efficiency of reference gene transcript;

ACParget 15 the CT deviation of control (saline-injected) - sample (V. harveyi-injected) of the
target gene transcript;

ACP,tis the CT deviation of control (saline-injected) - sample (V. harveyi-injected) of the
reference gene transcript.

The specificities of the products amplified by SYBR Green PCR were monitored by
analyzing the corresponding dissociation curve of each amplicon. Figures 3.12 provided
examples of the corresponding dissociation curves of PPAF, WAP and EF control gene after
challenged with V. harveyi (V) and WSSV (W). Dissociation curve of each gene showed the
single peak at expected melting temperature indicating that the gene of interest was specifically
amplified and there was no non-specific amplification or primer-dimer.

The mRNA expression levels of each gene were determined by normalizing the Ct
values of the pooled sample of V. harveyi-injected shrimp hemocytes with saline-injected
shrimp hemocytes and WSSV-injected shrimp hemocytes with LHM-injected shrimp
hemocytes. The expression ratios of certain gene at-each time point after injection were
calculated relative to EF and shown in Fig. 3.13 and Table 3.7 and 3.8.

The temporal expression of the PPAF gene in V. harveyi-challenged shrimps is shown
in Fig. 3.13A. The expression of PPAF was decreased at 3 and 12 hours of challenged with V.
harveyi (p < 0.05), the lowest expression was observed at 12 hpi. (0.33 time compared with
relative expression at 0 hpi.). After reaching the lowest level, the expression level of PPAF was

increased between 24 to 48 hours. The highest expression was observed at 24 hpi (4.13 times
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compared with relative expression at 0 hpi.). The temporal expression of the PPAF gene in
WSSV-challenged shrimps was shown in Fig. 3.13B. After WSSV challenge, the PPAF gene
expression level at the stage from 6 to 24 h was higher (p < 0.05) than at other times, which
there was no difference between the periods from 0 to 3 h and between 48 to 72 h. The highest
expression was observed at 24 hpi. (2.53 times compared with relative expression at 0 hpi.).

The temporal expression of the WAP gene in V. harveyi-challenged shrimps was
shown in Figure 3.13C, which was increased until 24 hpi. and fall down at 48 hpi. Before
climbed up again at 72 hpi.(p < 0.05). The highest expression was observed at 24 hpi. (4.23
times compared with relative expression at 0 hpi.). The temporal expression of the WAP gene
in WSSV-challenged shrimps is shown in Fig. 3.13D, the increase expression level of WAP
was observed since 3 hpi. (p < 0.05) and still increased during the study period. The highest
expression level of WAP was observed at 24 hpi. at 6.68 times compared with relative
expression at 0 hpi.

Expression pattern of PPAF and WAP against infection of V. harveyi and WSSV were
analyzed by semi-quantitative PCR as the same pattern as verified by real-time RT-PCR. The
transcription level of PPAF and WAP were significantly increased between 12 to 24 hpi (p <
0.05).
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Figure 3.11 Amplification efficiency curves of immune-related genes; PPAF(a,d) and WAP

(b, e) , and reference gene EF-1a. (c, f) after injected With V. harveyi (a, b, c) or WSSV (d, e, f)
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Figure 3.12 The dissociation curves-of immune-related genes; PPAF (a, d) and WAP (b, e),

and reference gene EF-1a (c, f) after injected with V. harveyi (a, b, ¢) or WSSV (d, e, f).
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Figure 3.13 Time-course analysis of PPAF (A,B) and WAP (C,D) transcrips in V. harveyi

(A,C)or WSSV (B,D) challenge shrimp using real time PCR.



Table 3.6 The PCR efficiency for each amplified gene and melting temperature of its product

Gene Melting Correlation Coefficient Slope PCR Efficiency*
name temperature (°C)
V. harveyi WSSV V. harveyi WSSV V. harveyi WSSV
injection injection injection injection injection injection
PPAF 90.5 1.000 0.998 -3.729 -3.412 1.85 1.96
WAP 88.5 0.999 1.000 -3.682 -3.690 1.87 1.87
EF 86.0 1.000 0.999 -3.466 -3.645 1.94 1.88

PCR Efﬁciency* was 10—1 slope
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Table 3.7 Expression levels of immune-related gene using real-time PCR in V. harveyi challenged shrimp.

86

Genes
Relative Expression
0 hr 3 hr 6 hr 12 hr 24 hr 48 hr 72 hr
PPAF 0.46 (+0.09) 0.19 (£0.15) 0.40 (+£0.07) 0.15 (£0.02) 1.90 (£0.10) 0.82 (£0.01) 0.42 (£0.05)
WAP 0.53 (£0.03) 0.47 (+£0.06) 0.95 (+0.08) 1.53 (+0.10) 2.25 (£0.07) 0.33 (£0.01) 0.68 (+£0.04)
Table 3.8 Expression levels of immune-related gene using real-time PCR in WSSV challenged shrimp.
Genes
Relative Expression
0 hr 3 hr 6 hr 12 hr 24 hr 48 hr 72 hr
PPAF 0.45 (£0.03) 0.51 (£0.05) 0.84 (£0.21) 0.84 (£0.08) 1.14 (£0.16) 0.59 (£0.08) 0.54 (£0.00)
WAP 0.22 (+0.02) 0.68 (+0.02) 0.63. (£0.06) 0.78 (£0.02) 1.47 (£0.10) 0.52 (+0.02) 1.18 (+£0.09)
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3.4  Expression patterns of immune related genes in different

developmental stages of P. monodon by a semi-quantitative RT-PCR

Genes showing up-regulation against the pathogens were subjected to further
investigation for their expression at different developmental stages. Those genes were PPAF,
GPx, WAP, TG, PPI and HSP 60. Shrimp samples were collected in early-larval (NaupliusIII
(N3), Zoea II (Z2), Mysis 11 (M2)), post-larval (PLS5 and 15) and juvenile 1 month (J1) stages.
At each stage, the sample was collected in triplicates.

The cDNA was synthesized from total RNA of each developmental stage of P.
monodon. The cDNA was used as template for PCR that amplification and the resulting
amplicons were analyzed by electrophoresis. The EF was used as an internal control gene. The
results are shown in Fig. 3.14. From the expression pattern, transcripts of PPAF, GPx, TG, PPI
and HSP 60 were detected throughout P. monodon development. However, transcripts of
WAP were not observed in N3, but they were appeared in the later developmental stages. The
relative expression levels of PPAF, GPx, WAP, TG, PPl and HSP 60 in different
developmental stages of P. monodon were shown in Table 3.9 and Fig3.15 and the data
analysis were shown in Appendix E.

The expression levels of PPAF and TG were significantly increased (p < 0.05) in PL5
when compared with the relative expression in larval stage (N3, Z2 and M2) and decreased in
the juvenile stages. Likewise, the expression levels of GPx were significantly increased (p <
0.05) in PL15 when compared with the relative expression in the larval stage (N3, Z2 and M2).
In both PL5 and PL 15 stages, the expression levels of PPI were higher than those other stages.
In contrast, the expression levels of HSP 60 were significantly decreased (p < 0.05) in M2 and
1 month old shrimp.

Interestingly, transcripts of WAP were not found in N3 stage, but they were shown to
markedly significant increase (p < 0.05) during the development of Z2 to PL15 and slightly

significant decrease (p < 0.05) of the juvenile stage. The results were show in Table 3.9
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Figure 3.14 Reverse transcriptase-polymerase chain reaction (RT-PCR) of immune-related
genes expression from total RNA at various developmental stages of the shrimp P. monodon;
NaupliuslII (1-3), Zoea II (4-6), Mysis Il (7-9), Post-larvae 5 (10-12), Post-larvae 15 (13-15)

and Juvenile (16-18). EF was used as an internal control.



Table 3.9 Expression levels of some immune related genes in different developmental stages of P. monodon by a sequantitative RT-

PCR.

Genes

Relative expression

N3

72

M2

PLS5S

PL15

J1

PPAF

109.79% (+5.18)

110.35 (+3.84)

93.40% (+4.69)

140.15° (+23.14)

135.26™ (+13.11)

97.00* (+1.41)

GPx

103.36* (£3.92)

153.25% (+23.99)

158.73 (+8.8)

185.10" (+60.32)

243.35°(37.12)

174.695% (+£10.54)

TG

51.43% (+7.67)

50.29% (+2.90)

54.35% (+7.8)

93.88% (424.9)

74.12% (+1.68)

39.27* (+8.08)

WAP

0.00* (0.00)

58.17° (£11.73)

116.78° (+13.52)

173.43% (+26.08)

417.67° (+43.68)

308.00" (+6.15)

PPI

132.77% (£15.75)

141.53% (£7.67)

132.78% (22.75)

227.98" (+24.26)

220.60° (+23.11)

135.02° (£15.20)

HSP60

116.48% (£7.10)

110.43% (22.20)

74.71° (+4.87)

89.87% (+31.04)

119.65" (+7.06)

79.36° (+2.71)

* Data in the same row having different letters are significantly different (P<0.05) in a mean expression level of the immune-related gene.
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3.5 Gene expression analysis of P. monodon from different populations

Expression levels of PPAF, GPx, WAP, TG, PPI and HSP 60, were examined by a
semiquantitative RT-PCR from hemocytes of juvenile P. monodon (3 months old) from 3
different shrimp farms. The samples (15 individuals) were collected from 2 commercial farms
in Suphunburi,  Chachoengsao and a selective domesticated P. monodon from
Nakhonsithammarat (specific-pathogen-free (SPF) shrimp).

Total RNA was prepared from hemocytes of individual shrimp by using a Trizol
reagent. After the first stranded cDNAs were synthesized, they were pooled into triplicate
composing of 5 individual shrimps in each group. The pooled-cDNAs were used as the
templates, in the semi-quantitative RT-PCR amplification.

The amplification products were run on a 2% of agarose gel and a ratio of band
intensity of the target gene and the control gene (elongation factor 1 alpha, EF) was analyzed
using Genetools analysis software (Syngene). The expression was determined as the signal
ratio of the interested gene: elongation factor 1 alpha (EF) while the expression of EF was
normalized to 100. The results are shown in Fig. 3.16. .

The transcription levels of PPAF, WAP, PPI and TG were significantly higher (p <
0.05) in the domesticated P. monodon than those from the two commercial farms. The GPx
expression of the domesticated P. monodon was significantly higher (p < 0.05) than that of P.
monodon from Supunburi but was not significantly different from those in Chachoengsao
farm.No significant difference (p > 0.05) in the expression level of HSP60 was observed in P.
monodon from the 3 farms. The results are shown in Fig. 3.17 and Table 3.10 and the data

analysis were shown in Appendix F.
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Figure 3.16 Analysis of expression levels of PPAF, WAP, PPI, TG and HSP 60 transcripts

in hemocytes of P. monodon from three different farms. EF was used as an internal control.

Lanes 1-3 : P. monodon from the commercial farm in Suphunburi
Lanes4-6 : P. monodon from the commercial farm in Chachoengsao
Lanes 7-9 : P. monodon from the domesticated farm in Nakhonsithammarat
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Figure 3.17 Expression level of immune-related genes of P.monodon from commercial farm
in Suphunburi (NS) and Chachoengsao (NC) and a domesticated farm in Nakhonsithammarat
(NN). Different letters indicate significant (p < 0.05) difference in a mean expression level of

the immune-related gene.
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Table 3.10 The expression level of the immune-related genes of P. monodon from the

commercial and domesticated farms. The experiment were performed in triplicate (n=5).

Relative Expression
Genes
Commercial farms domesticated farm

Suphunburi Chachoengsao Nakhonsithammarat

PPAF 36.20° (£5.18) 50.43" (+5.87) 105.65° (+42.26)
GPx 140.15°(+44.15) 168.22%(+9.30) 214.21°(+28.86)
WAP 155.09" (+£59.96) 206.88" (+45.52) 316.07° (+44.60)
PPI 72.03* (+13.50) 88.39° (43.14) 125.37° (£2.95)
TG 132.97° (+10.03) 148.58" (+14.23) 216.45° (+19.83)
HSP60  278.04 (+128.86) 221.07* (£67.08) 372.86" (+89.77)

Data in the same row having different letters are significantly different (P<0.05) in a mean expression level

of the immune-related gene.



CHAPTER IV
DISCUSSIONS

Tremendous economic losses are realized in the culture of crustaceans due to
viral and bacterial epizootics. At present, the problem of infectious disease outbreaks
in cultured shrimp is still uncontrollable. Therefore, the genetic selection for healthy
or disease resistant broodstock might solve the problem. To select the healthy or

disease resistant broodstock, the understanding of shrimp immunity is thus important.

The shrimp defense mechanisms are based mainly on innate immune
responses. Innate immunity comprises both cellular and humoral reaction components
of the circulatory system, which interplay for detecting and for eliminating foreign
and potentially harmful microorganisms and parasites. The first immune process is the
recognition of invading microorganisms, which is mediated by the haemocytes and by
plasmatic proteins (Vargas-Albores et al., 1993). Distinct pattern recognition proteins
(PRPs) recognize and bind to molecules present on the surface of microorganisms but
absent in multicellular organisms such as bacterial lipopolysaccharides (LPS),
peptidoglycans (PG), and fungal beta-1,3- glucans, and thus trigger responses such as
phagocytosis, nodule formation, encapsulation, activation of proteinase cascades, and
synthesis of antimicrobial peptides (Cerenius et al., 1994; Kim et al., 2000;
Tho mqvist et al., 1994; Yu et al., 2002). Several PRPs like LPS- and glucan-binding
protein (LGBP) genes involve in the activation of pro-PO are identified in Penaeus
stylirostris (Roux et al., 2002). Furthermore, He et al. (2004) identified genes in
hemocyte of P. japonicus following microbial challenge found that Kunitz-type
protease inhibitor, chaperonin (chaperonin containing TCP1 (CCT)), and antioxidant
(cytochrome ¢ oxidase and NADH dehydrogenase) were expressed at a higher level
after the challenge. For wviral stimulation, WSSV caused up-regulation of
lipopolysaccharide and beta-1, 3-glucan binding protein (LGBP), protease inhibitors,
apoptotic peptides and tumor-related proteins in Penaeus shrimp (Roux et al., 2001;
Rojtinnakorn et al., 2002). On the other hand, the haemolymph, total haemocyte

count, phagocytosis, phenoloxidase (PO), superoxide anion (O, ) and superoxide
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dismutase (SOD) production are significantly reduced, which occurred in the first 1-4
days. The immune system of shrimp consequently crashed and high mortality
occurred (Chang et al., 2003). Besides, Song et al. (2003) has reported that in Taura
syndrome virus-infected shrimp, plasma phenoloxidase (PO) activity was

significantly increased.

In the present study, we examined the expression of some immune related
genes in order to identify candidate genes that can be use as biomarkers for health
monitoring and have potential used for broodstock selection. At present, a variety of
methods are used to quantify mRNA expression such as northern blotting and in situ
hybridisation (Parker and Barnes, 1999), RNAse protection assays (Hod, 1992;
Saccomanno et al., 1992), the reverse transcription polymerase chain reaction (RT-
PCR) (Weis et al., 1992) and the cDNA arrays (Bucher, 1999). Northern analysis is
the only method providing information about mRNA size, alternative splicing and the
integrity of RNA samples. The RNAse protection assay is most useful for mapping
transcript initiation and termination sites and intron/exon boundaries, and for
discriminating between related mRNAs of similar size, which would migrate at
similar positions on a northern blot. /x situ hybridisation is the most complex method
of all, but is the only one that allows localisation of transcripts to specific cells within
a tissue. The main limitation of Northern analysis, in situ hybridisation, RNAse
protection assays techniques is their comparatively low sensitivity (Melton et al.,
1984). The cDNA arrays, is still limited in its use by cost considerations. Quantitative
RT-PCR is the method of choice used to quantify the mRNA expression which is
useful for the detection of rare transcripts or for the analysis of samples available in
limiting amounts (Carding and Bottomly, 1992). It is the most sensitive and accurate
of the quantification methods (Wang and Brown, 1999). Since the discovery of PCR
numerous applications have been described to quantify the results, such as semi-
quantitative and quantitative competitive RT-PCR and its latest innovation

quantitative “real-time” RT-PCR.

Competitive PCR 1is carried out based on the competition of the target RNA
and known amount of a synthetic homologous competitor template, usually
engineered to share the primer recognition site with the target sequence but to differ

either in length or by a short heterologous sequence stretch and the overall PCR
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efficiency is not affected by the modification (Orlando et al., 1998; Goerke et al.,
2001). This technique is an “end-point” measuring method occurs when the PCR
reaction is completed. An amplification curve with the internal competitor is then
built for each sample. Quantification is rather accurate, but this technique requires a
relatively large amount of cDNA and a large number of amplification reactions per
sample. Moreover, intensive initial works are required when different RNAs have to

be analyzed and hence different competitors need to be constructed.

Semi-quantitative RT-PCR for evaluation transcriptional levels of immune-
related genes found in this study was developed. This method simultaneously
amplifies interesting genes and the internal control (a housekeeping gene). The PCR
product is quantitatively analyzed at the exponential phase of amplification. As a
result, the PCR product at this point is surely related to the amount of mRNA at the
initiation. This method is a highly sensitive, specific and easy to set up (Marone et
al., 2001). Semi-quantitative RT-PCR assumes that the experimental conditions do
not alter the expression levels of the selected control RNA. The PCR product of the
interesting genes are analyzed relatively to the internal control. However, Semi-
quantitative RT-PCR 1is only able to tell that one transcript is expressed at a higher
level than the other.

Real-time reverse transcription (Real-time RT-PCR) based on fluorescence-
kinetic RT-PCR enables quantification of the PCR product in “real-time.”. This
sensitive and accurate technique measures PCR product accumulation during
exponential phase of the reaction (Bustin, 2002; Klein, 2002). The technique much
faster than the previous endpoint RT-PCR as it is designed to provide information as
rapidly as amplification process itself, thus requiring no post-PCR amplification.
Real-time RT-PCR can be used to compare and quantitate expression of selected
genes 1n different biological samples. Real-time RT-PCR data analysis methods may
be broadly classified as absolute quantitation, based either on standard curve method
or relative based on the comparative threshold method. The comparative threshold
method was used to report the changes in expression of interested genes relative to
reference gene in a given treatment. Expression of target genes was normalized with
reference genes of housekeeping genes. In this study, elongation factor-1 alpha (EF-1

alpha was used as reference gene.
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Housekeeping genes are present in all nucleated cell types since they are
necessary for basis cell survival, like glyceraldehydes-3-phosphate dehydrogenase
(G3PDH or GAPDH), actins, cyclophilin, 18S rRNA, 28S rRNA or EF were
applicable.

The glycolytic tetramer glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
is a multifunctional enzyme involved in cellular metabolism. Although it was initially
believed that GAPDH is expressed as a single-copy nuclear gene (Bhatia, et al.,
1994), genome sequencing data have identified at least two functionally independent
GAPDH genes in Caenorhabditis elegans, Drosophila melanogaster and humans.
Predictably this gene also has limitations too. For example it has been reported that its
use should be avoided in experimental hypoxia (Zhong and Simons, 1999), cancer cell
lines (Rondinelli et al., 1997), during ontogeny and acute pancreatitis (Calvo et al.,

1997), cell proliferation and carcinogenisis (McNutty and Toscano, 1995).

Actin is one of the major components of cytoplasmic microfilaments in
eukaryotic cells. It plays an important role in diverse cellular functions, such as
cyctoplasmic streaming, changes in cell shape, cell motility, phagocytosis, cell
division, the distribution of plasma membrane proteins and the generation of
contractile force in both muscle and non-muscle cells (Romans et al., 1995;
Kusakabe, 1997). As a member of a multigene family, every organism typically
possesses three to four highly homologous actin isoforms. Although actin is one of the
most widely used internal control genes, there is an increasing volume of evidence
suggesting that the relative amounts of each isoform expressed and the total actin
content can vary with muscle type, development, cell culture conditions,

pathologically and potentially between cells within tissues (Drew and Murphy, 1997)

Cyclophilins, or peptidyl-prolyl cis-trans isomerases, are enzymes belonging
to the superfamily of immunophilins. Their biological significance is manifested by
the catalysis of protein folding via peptide bond rotation on the amino side of proline
residues (Fischer et al., 1989; Takahashi et al., 1989), the action as a chaperone for
protein trafficking as well as the nucleolytic degradation of the genome (Montague et
al., 1997). Numerous reports have observed a differential induction of CYP, in

general, mainly during development or exposure to certain stressors. It has been
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shown for example, that mercuric chloride (Martinez-Gonzalez and Hegardt, 1995),
development (Marivet et al., 1992), heat shock, virus infection, ethephon and salicylic
acid exposure (Marivet et al., 1994) significantly induce CYP expression in plants.
Similarly, differential regulation was observed in hypoxia and heat stressed myogenic

cells (Andreeva et al., 1997).

The 18S and 28S ribosomal subunits are a further example of commonly used
internal controls. A literature review of its uses revealed a reoccurring theme: when
directly compared to other housekeeping genes they compare extremely favourably in
terms of steady-state expression levels. The ribosomal subunits are not
polyadenylated they cannot be exploited when dealing with poly(A)+RNA or cDNA
derived from total RNA utilising poly T-primers in the RT reaction. It is precisely for
this reason that the ribosomal subunits have failed to replace the use of other
housekeeping genes. Although it possesses very promising invariant characteristics,
its uses are limited, especially in the light of the fact that an increasing number of

laboratories prefer the use of mRNA or polyT-primers in the RT step.

The elongation factor-1 alpha (EF-1 alpha) is an ubiquitous protein that binds
aminoacyl-transfer RNA to ribosomes during protein synthesis. It has been stipulated
to be a good invariant control to adjust for differences in tube-to-tube loading and/or
degradation (Dostal et al., 1994). In shrimp, elongation factor 1-alpha gene (EF-1a)
was identified as constitutively expressed gene and was used as reference gene for
real-time RT-PCR analysis (Astrofsky et al., 2002). Furthermore, Dhar et al. (2004)
suggest that EFl-alpha will be a good internal control for moderate and highly
expressed genes, whereas GAPDH will be a better control for low expressed genes for

measuring gene expression in WSSV shrimp by real-time RT-PCR.

To study expression of some immune related genes in P. monodon, selected
immune gene from ESTs in different tissues and conditions. The EST information

could be accessed from the P. monodon EST project (http://pmodon.biotec.or.th).

A total of 2,312 ESTs obtained from the P. monodon’s hepatopancreas, Vibrio
harveyi-challenged lymphoid organ, healthy and V. harveyi-challenged hemocytes
were analyzed the putative gene identification. One hundred and eighty clones

representing 6.3% of the total clone sequences were identified as putative immune-
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related genes and categorized into 7 different subgroups consisting of antimicrobial
molecules, ProPO systems, oxidative enzymes, proteinases and inhibitors, heat shock
proteins, apoptotic- and tumor-related proteins and other immune-related molecules.
In this study, genes involving immune responses of Peneaus monodon were selected
from the EST database and analyzed the expression level in order to identify

candidate markers for the application in broodstock selection.

The total of fourteen putative immune genes were isolated from the ESTs of P.
monodon based on functional categories consisting of the prophenoloxidase activating
factor (PPAF), transglutaminase (TG), WAP four-disulfide core domain protein 5
precursor (WAP), glutathione peroxidase (GPx), cytosolic manganese superoxide
dismutase precursor (SOD), chaperonin containing TCP1 subunit 4 (CCTP), heat
shock protein 60 (HSP60), apoptosis inhibitor survivin (survivin), P 109 protein,
Peptidyl-prolyl cis-trans isomerase 5 precursor (PPI), cyclophilin 18, thrombospondin
4, techylectin-5B and lectin C-type as previously illustrated to homologous with other

species.

The immune reaction of shrimp and crustaceans is mainly accomplished
through circulating hemocytes and many immune factors located in hemocytes or
released into plasma from hemocytes (Bachere, 2000). Therefore, 14 immune-related
genes from the ESTs of the black tiger shrimp were determined the expression pattern
in hemocytes. From the results, PPAF, TG, WAP, GPx, SOD, CCTP, HSP 60,
Survivin, P109, PPI and Cyclophilin genes were found significantly expressed in

shrimp hemocytes

Expression levels of eleven putative genes including PPAFE, TG, WAP, GPx,
SOD,. CCTP, HSP 60, survivin, P109, PPI and cyclophilin in. hemocytes of P.
monodon were analyzed at different treatment periods after shrimps were challenged
with the appropriate amount of V. harveyi or WSSV using semi-quantitative RT-PCR
and the expression levels of PPAF and WAP were quantitatively determined by Real-
time RT-PCR. The results showed that both pathogens caused up-regulation of PPAF
mRNA. The higher expression of PPAF at 24 hours (4.13 and 2.53 fold difference
comparing with relative expression at 0 hpi) after injected with V. haeveyi and WSSV,

respectively. Microbial cell wall (B-1,3-glucan, peptidoglycan and lipopolysaccharide
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(LPS)) and viral components (probably capsid proteins) might induce the activation of
the pro-PO-activating enzyme (Aspan and Soderhill, 1991; Duvic and Soderhall,
1992; Yoshida et al., 1994; Song et al., 2003). It has also been the hypothesis of the
pattern recognition molecules (binding protein), a complex with the proPO-activating
enzyme(s) and microbial cell wall components, to activate proPO activating
enzyme(s) and converts the proPO to an active phenoloxidase (PO) by limited
proteolysis (Soderhdll and Cerenius, 1998; Ashida and Brey, 1998; Gillespie et al.,
1997).

Likewise, change in expression of WAP protein were significant increase with
the maximum at 24 h (4.23 and 6.68 fold difference compared with relative
expression at o hpi, respectively) after V. harveyi and WSSV stimulation. A similar
expression profile was observed in L. vannamei where the WAP domain (SWD)
mRNA levels increased at 3 and 6 h and returned slowly to non-stimulated levels
from about 12 to 24 h after injection of V. alginolyticus (Jim-Vega et al., 2004). In
vertebrates, WAP domain can also be stimulated as found in mouse, by the SLPI
synthesis was observed from 60 min, obtaining the maximum expression in 24-36 h
(Jin et al., 1998). It’s indicated that the probable role of this protein in the immune
system may be necessary to protect host from microbial proteases or virus and to
regulate the proteases cascades (the proPO and coagulation system) (Laskowski and

Kato, 1980; Aspan et al., 1990).

Cytosolic manganese superoxide dismutase (SOD) is an important enzyme in
the antioxidant defense pathway responses to oxidative stress produced by activated
phagocytes (Fridovich, 1995). The mRNA level of SOD in P. monodon was
significant decrease after V. harveyi-and WSSV stimulation, similar to the enzymatic
activity reported  in Palaemonetes -argentinus after infected  -with Probopyrus
ringueleti (Neves et al., 2000). Besides, these results are supported by the previous
evidence in ileum of rabbit that significant decrease in the levels of SOD enzyme in
the enterocytes isolated from V. cholerae 0139 treated ileum (Gorowara et al., 1998).
A lower level of SOD might sensitize the hemocyte due to an increasing of
accumulation of superoxide anion (O, ), hence superoxide anion are potentially

deleterious to microorganism (Munoza et al., 2000; Thornqvist and Séderhéll. 1997).
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After that, SOD level returns to normal level suggested that host cell might protect

themselves from oxidative damage.

Survivin and P 109 protein are an inhibitor of apoptosis (IAP) protein
regulating apoptosis at cell division (Liston et al., 1996; Uren et al., 1996). The
decreasing level of survivin transcript in P. monodon, after V. haeveyi and WSSV
challenged, appeared earlier in hemocytes (3 h). In addition, this study found that
survivin gene increasingly expressed after 48-72 h after V. harveyi stimulation
whereas returned to normal level in WSSV stimulation. The lower expression of
survivin at early injection might promote the apoptosis in infected-cells due to avoid
virus spreading by eliminating microbial and virus-infected cell (Anggraeni and
Owens, 2000). After that the upregulation of survivin may suppress apoptosis in
shrimp hemocyte (Sahtout et al., 2001; Khanobdee et al., 2002). Furthermore,
Wongprasert et al. (2003) reported that apoptosis in various tissues of the black tiger
shrimp occurred following WSSV injection. On the other hand, no significant
differences in the level of P109 mRNA in P. monodon were observed after challenged
with V. harveyi or WSSV. From those results, it is suggested that survivin involves in
inhibition of apoptosis in hemocyte of P. monodon, whereas P109 is still unknown

properties in immune system of P. monodon.

For the RT-PCR results showed only a significant increase expression of TG
in hemocyte of V. harveyi-injected P. monodon as well as the previous evidence in
horseshoe crab that the components of hemolymph coagulation were released and the
system was initiated upon stimulation by microbial polysaccharides (Iwanaga and
Kawabata et al., 1998). Although, the expression levels of TG in WSSV-injected P.
monodon were not changed, Song et al. (2003) observed that the coagulation system
of L. vannamei seemed likely to be a target in virus attacks which hemocytic TG
activity was declined concomitantly after the Taura Syndrome Virus (TSV) infection.
Differential immune response may be according to host factors, for example species,

age, physiological state and pathogens species.

The glutathione peroxidase (GPx) has been reported as an important
extracellular antioxidant, to remove the hydrogen peroxide and various

hydroperoxides from cells. These are mechanisms to protect host cell from free-
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radical damage (Ho et al., 1998; Rich-Evans et al., 1993). Mates et al. (1999) reported
that gene expression of glutathione peroxidase was up-regulated by H,O, and other
ROS. The mRNA level of GPx in P. monodon was significantly increased after V.
harveyi stimulation. The upregulation of GPx is suggested that V. harveyi may be
over induced reactive oxygen species (ROS) generation in hemocyte of P. monodon
(Song and Hsieh, 1994) or V. harveyi may have some mechanism that induces GPx
transcription in shrimp in order to protect them from free-radical damage or it may
employ a novel way(s) to activate GPx transcription to evade the host defense. In
contrast, the mRNA level of GPx was significantly decreased after WSSV
stimulation. With a significant decrease of GPx mRNA, it might accumulate H,0,
which H,O, are potentially deleterious to microorganism (Munoza et al., 2000;
Thornqvist and Soéderhill, 1997). The expression profiles of GPx in response to
exterior pathogen and the difference of expression profiles between Vibrio and WSSV
infection provides some clues to further understanding the complex innate immune

mechanism in shrimp.

Mammalian Hsp60 is the assistance to correct the folding protein and may be
the potential activators of the innate immune system (Wallin et al., 2002; Tsan and
Gao, 2004. However, no significant differences in the transcription level of HSP 60 in
P. monodon were observed after V. harveyi stimulation. Deane et al. (2004) observed
that the transcription levels of HSP60 remained unchanged after sea bream fish
infected by V. alginolyticus. On the other hand, the transcript levels of HSP60 were
observed significant increase in-WSSV-injected P. monodon. Interestingly, Hsp60
was found to involve in the activation of apoptosis that the Hsp60 cooperates to
induce apoptosis by acting as a chaperone to procaspase-3 and aiding in its maturation
into active caspase-3 (Lim et al., 2001; Samali et al., 1999; Xanthoudakis et al.,
1999)..HSP60 may be important in the stimulation of the innate immune system

against invaded of WSSV in P. monodon.

Cyclophilin, a peptidylprolyl isomerase is known in mammals to accelerate
the folding of proteins and to mediate signalling events leading to T-cell activation
(Shida et al., 2003). Recently, a fish cyclophilin was found from head kidney cells of
carp stimulated with peptidoglycan that associated with the increasing protection

against infectious disease (Konoa et al., 2004). In P. monodon, the mRNA level of
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Peptidyl-prolyl cis-trans isomerase 5 (PPI) was significantly increased after V. harveyi
stimulation, whereas, no significant differences after WSSV stimulation. Besides,
PPI-5 was reported that involving in activation of coagulation system, degradation of
chromatin during apoptosis and cell signaling after V. harveyi infection (Mattila et al.,
1990; Montague et al., 1997; Allain et al., 1999). On the contrary, no significant
differences in the mRNA level of cyclophilin 18 after V. harveyi or WSSV injection.
The function cyclophilin in immune system of shrimp have not been previously

studied.

Until today, little is known about chaperonin containing t-complex
polypeptide-1 (CCTP) and the immune system of shrimp. From suppression
subtractive hybridization (SSH) of P. japonicus following microbial challenge found
that CCTP was also expressed at a higher level after the challenge (He et al., 2004).
RT-PCR results showed that the transcription levels of CCTP in P. monodon after V.

haeveyi or WSSV challenged were no significant difference.

In microbial-challenged shrimp as observed in other crustacean species (Smith
and Ratcliffe, 1980; Martin et al., 1993; Liu et al., 2005; Somboonwiwat et al., 2005),
the total number of circulating hemocytes dramatically drop in the early hours post-
injection (3-12 hours), followed by a recovery (with a return to initial level) at about
24-48 hours. During the very low number of total circulating hemocytes in the first
phase of pathogen response, PPAF, WAP, GPx, PPI, TG and HSP60 transcripts were
found highly expressed and up-regulated. This implies that PPAF, WAP, GPx, PPI,
TG and HSP60 genes involve by up-expression in order to function against pathogens

and presumably to be the innate immune responses in P. monaodon.

In general, the early developmental stages of animal are sensitive to diseases
than adults. Some immune genes are differentially expressed between larval and adult
stages of shrimp. However, until now, little is known about the immune system and
the larval and post-larval stages of shrimp development and ontogeny of the immune
system in invertebrates as their small size precludes direct study. This study analyzed
the expression level of PPAF, GPx, WAP, TG, PPI and HSP 60 in different
developmental stages (NaupliusIIl (NIII), Zoea II (ZII), Mysis II (MII), post-larvae
(PL5 and 15) and juvenile (1 month)) of P. monodon. The results showed that the
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transcripts of PPAF, GPx, TG, PPI and HSP 60 were detected throughout P. monodon
development. Those genes might express during embryogenesis or important in
stabilize cells under mechanical stress or participate in morphogenesis in some other
ways (Chasan and Anderson, 1989; Murugasu-Oei et al., 1995; Singer et al., 1992;
Sugino et al., 2002). Likewise, the transcripts of penaeidin are already present in the
early stage of nauplius V by RT-PCR analyses (Munoz et al., 2003). However, the
transcripts of WAP were not found in NaupliuslII stage, but they were observed in the

later developmental stages tested.

In Drosophila melanogaster, PPAF is essential for pattern formation during
normal embryonic development and expressed during embryogenesis, larval, and
pupal developments (Chasan and Anderson., 1989; Murugasu-Oei et al 1995).
Likewise, PPI-5 in Caenorhabditis elegans was relatively constant throughout the
larval and adult stages. However the embryonic expression level was two-fold higher
than that observed in larval and adult stages (Picken et al., 2002). Saito et al. (1999)
proposed that CypS5 played a role in postembryonic development rather than acting as
a stress-responsive chaperone. In addition, TG mRNA was found during the early
blastula stage and increases thereafter in starfish and grasshoppers (Singer et al.,
1992; Sugino et al.,, 2002). Also in vertebrates, the expression of HSP60 was

demonstrated in early mouse embryos (Bensaude and Morange, 1983).

Aguirre-Guzman et al. (2002) demonstrated that the Nauplii to protozoea III
stages showed greater susceptibility to the pathogens, compared to mysis I to
postlarvae 1. For P. monodon, larval substages from N3 to M2 infected with V.
campbellii showed significantly (p<0.001) lower survival rates than PL stage
(Hameed, 1995). From this study, the expression levels of PPAF, GPx, TG, WAP, PPI
in post-larval stages (PL5 and PL15) were observed as higher than larval stages (N3,
72 and M?2). This indicates that the expression levels of immune genes
simultaneously increase during larval development as reported the increasing
resistance of larvae development to the Vibrio isolated (Hameed et al., 1996).
However, the expression of these genes showed decreasing in juvenile stage, it’s
possibly due to the fluctuations in oxygen, temperature and salinity in pond that cause
the increasing of physiological stresses, a result of the immune response is lowering

(Le Moullac and Haffner, 2000).
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Expression levels of PPAF, GPx, WAP, TG, PPI and HSP 60, were examined
by semi-quantitative RT-PCR from hemocytes of juvenile P. monodon from 3
different shrimp farms: commercial farms (Suphunburi and Chachoengsao) and
domesticated farm  (Nakhonsithammarat). In experiment, shrimp from
Nakhonsithammarat is specific-pathogen-free (SPF) shrimp (Free from WSSV and
YHV). From the results, the transcription levels of PPAF, WAP, PPI and TG were
significantly higher (p < 0.05) in the domesticated P. monodon than those from the
commercial farms. The GPx expression of the domesticated P. monodon was
significantly higher (p < 0.05) than that of P. monodon from Supunburi but no
significant difference from those in Chachoengsao farm. No significant difference (p
> (.05) in the expression level of HSP60 was observed in P. monodon from the 3
farms. The different expression levels might be due to genetics, environment,
nutrition and farm practices of shrimp. For example geography, genetics, sensitivity to
pathogen, size, age, breeding stage, health status of the broodstock, temperature,
salinity, pH, dissolved oxygen, feeding and nutrition status, have been reported to
effect the immune response in many species of decapod crustaceans (Le Moullac and
Haffner, 2000). Furthermore, dietary administration of 3-Glucan or peptidoglycan has
been used to enhance the immune system in shrimp (Chang et al., 2003; Rattanachai

et al., 2005).

Consequently, it was suggested that, the domesticated P. monodon might be
more healthy than those commercial shrimp (wild animal) based on the level of
immune-related genes. This should be confirmed by testing the shrimp from different
origins and determine their survival rate after challenged with pathogens in order to

select for healthy or disease resistant broodstock.

At present, it has a little biomarkers for immune of shrimp, Song et al. (2003)
reported that immunological parameters (haemocyte counts, agglutinin, bacterial
growth inhibitory activity, clotting response (transglutaminase activity), phagocytosis-
related reactive oxygen intermediates (production of superoxide anion) and
phenoloxidase activity) can be used as biomarkers for evaluate shrimp health. In this
research, genetic parameters were used as biomarker to accurately assess shrimp

health status.
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These present results indicate that the expression level of PPAF, WAP, GPx
and PPI can be expected to assess shrimp health for selection of healthy shrimp that
potential used as broodstock. The additional information from the EST data would
further be selected for analyzing the expression levels in order to fine suitable use as

biomarker for monitoring shrimp health.



CHAPTER V
CONCLUSIONS

A total of fourteen immune-related genes were selected from EST libraries of the
black tiger shrimp genome project. The expression of Thrombospondin,
Techylectin and Lectin,C-type could not be detected by RT-PCR in hemocyte of
P.monodon. Therefore, the expression levels of 11 genes including PPAF, TG,
WAP, GPx, SOD, CCTP, HSP 60, survivin, PPI and cyclophilin gene were

successfully detected in P .monodon hemocytes.

The determination of expression level of 11 immune-related genes after
challenged with Vibrio harveyi by semi-quantitative RT-PCR showed that the
pathogens caused up-regulation of PPAF, GPx, TG, WAP and PPI genes whereas
the expression levels of SOD and survivin were significantly decreased. No
significant difference in the expression levels of P109 protein, cyclophilin, CCTP
and HSP 60 was observed.

The examination of expression levels of 11 immune-related genes after
challenged with WSSV by semi-quantitative RT-PCR showed that the expression
levels of PPAF, WAP and HSP60 were significantly increased whereas the
expression levels of SOD, GPx and survivin were significantly decreased. No
significant difference in the expression levels of TG, P109 protein, PPI,
cyclophilin and CCTP was observed.

By real-time PCR analysis, it was shown that PPAF and WAP transcripts were
up-regulated upon V.harveyi and WSSV infections. The higher expression levels
of PPAF were at 24 hours (4.13 and 2.53 fold difference compared with relative
expression at 0 hpi, respectively) after injected with V. haeveyi and WSSV,
respectively. Likewise, the maximum expression levels of WAP were at 24 h
(4.23 and 6.68 fold after compared with relative expression at 0 hpi, respectively)
after V. harveyi and WSSV stimulation
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The semi-quantitative RT-PCR was used to determine the expression patterns of
6 immune-related genes in early-larval (Naupliuslll, Zoea II, Mysis II), post-
larval (PL5 and 15) and juvenile (1 month) stages of P.monodon. The transcripts
of PPAF, GPx, TG, PPI and HSP 60 were detected throughout P.monodon
development, whereas the transcript of WAP could not be found in the
NaupliusIIl stage, but it was observed in the later developmental stages.
Furthermore, the expression levels of PPAF, GPx, TG, WAP and PPI in the post-

larval stages were higher than the larval stages.

The transcription levels of PPAF, WAP, PPI and TG in hemocytes of juvenile
shrimps from domesticated farm were significantly higher (p < 0.05) than
shrimps from the commercial farms, whereas no significant difference (p > 0.05)
in the expression level of HSP60 was observed in P. monodon from different

farms.

From expression analysis some immune related genes such as PPAF, WAP, PPI
and TG can be candidate biomarkers for health monitoring and have potential

used for broodstock selection.



REFERENCES

Adams, J. C., Tucker, R. P., and Lawler, J. (1995). The Thrombospondin Gene

Family. Austin: R.G. Landes.

Aeschlimann, D., and Paulsson, M. 1994. Transglutaminases: protein crosslinking

enzymes in tissues and body fluids. Thromb. Haemost. 71: 402-415.

Aguirre-Guzman, G., Vazquez-Juarez, R., and Ascencio, F. 2001. Differences in the
susceptibility of American white shrimp larval substages (Litopenaeus

vannamei) to four Vibrio species. Journal of Invertebrate Pathology 78: 215-

219.

Allain, F., Boutillon, C., Mariller, C., and Spik, G. 1995. Selective assay for CyPA
and CyPB in human blood using highly specific anti-peptide antibodies.
J. Immunol. Methods 178: 113-120.

Allain, F., Durieux, S., Denys, A., Carpentier, M., and Spik, G. 1999. Cyclophilin B
binding to platelets supports calcium-dependent adhesion to collagen.

Blood 94: 976-983.

Anderson, I. 1993. The veterinary approach to marine prawns. In Brown (ed.),

Aquaculture for veterinations: Fish husbandry and medicine, pp. 271-290.

Amsterdam: Oxford Pergamon Press.

Andreeva, L., Motterlini, R., and Green, C. J. 1997. Cyclophilins are induced by
hypoxia and heat stress in myogenic cells. Biochem. Biophys. Res. Commun.

237: 6-9.

Anggraeni, M. S., and Owens, L. 2000. The hemocytic origin of lymphoid organ
spheroid cells in the penaeid prawn Penaeus monodon. Dis. Aqua.Org. 40: 85-

92.




110

Aono, H., and Mori, K. 1996. Interaction between hemocytes and plasma is necessary
for hemolymph coagulation in the spiny lobster Panulirus japonicus. Comp.
Biochem. Physiol. 113: 301-305.

Arber, S., Krause, K. H., and Caroni, P. 1992. s-Cyclophilin is retained intracellularly
via a unique COOH-terminal sequence and colocalizes with the calcium

storage protein calreticulin. J. Cell Biol. 116: 113-125.

Ariki, S., Koori, K., Osaki, T., Motoyama, K., Inamori, K., and Kawabata, S. 2004. A
serine protease zymogen functions as a pattern-recognition receptor for

lipopolysaccharides. Proc. Natl. Acad. Sci. U S A. 101: 953-958.

Ashida, M., and Brey, P. T. 1997. Recent advances on the research of insect
prophenoloxidase cascade. In P. T. Brey, and D. Hultmark (eds.), Molecular
Mechanisms of Immune Responses in Insects, pp. 135-172. London: Chapman

and Hall.

Ashida, M., and Brey, P. T. 1998. Recent advances in research on the insect pro-

phenoloxidases. In P. T. Brey, and D. Hultmark (eds.), Molecular Mechanisms

of Immune Responses in Insects, pp. 135-172. London: Chapman and Hall.

Aspan, A., and Soderhdll, K. 1991. Purification of prophenoloxidase from crayfish
blood-cells, and its activation by an endogenous serine proteinase. Insect

Biochem. 21:363-373.

Aspén, A., Hall, M., and Soderhall; K. 1990. The effect of endogenous proteinase
inhibitors on the prophenoloxidase activating enzyme, a serine proteinase from

crayfish hemocytes. Insect Biochem. Mol. Biol. 20: 485-492.

Aspén, A., Huang, T., Cerenius, L., and Sdderhill, K. 1995. ¢cDNA cloning of
prophenoloxidase from the freshwater crayfish Pacifastacus leniusculus and

its activation. Proc. Natl. Acad. Sci. 92: 939-943.

Aspan, A., Sturtevant, J., Smith, V., and Soderhéll, K. 1990. Purification and
characterization of a prophenoloxidase activating enzyme from crayfish blood

cells. Insect Biochem. 20: 709-718.




111

Assavalapsakul, W., Tirasophon, W., and Panyim, S. 2005. Antiserum to the gpl116
glycoprotein of yellow head virus neutralizes infectivity in primary lymphoid

organ cells of Penaeus monodon. Dis. Aquat. Org. 63: 85-88.

Bachere, E. 2000. Shrimp immunity and disease control. Aquaculture 191: 3-11.

Bachere, E., Mialhe, E., Noel, D., Boulo, V., Morvan, A., and Rodriguez, J. 1995.
Knowledge and research prospects in marine mollusk and crustacean

immunology. Aquaculture 132: 17-32.

Baily-Brook, J. H., and Moss, S. M. 1992. Penaeid taxonomy, biology and
zoogeography. In A. W. Fast, and L. J. Lester (eds), Marine shrimp culture:

Principles and practices. Amsterdam: Elsrvier Science Publishers.

Basu, S., Binder, R. J., Suto, R., Anderson, K. M., and Srivastava, P. K. 2000.
Necrotic but not apoptotic cell death releases heat shock proteins, which
deliver a partial maturation signal to dendritic cells and activate the NF-jB

pathway. Int. Immunol. 12: 1539-1546.

Baticados, M. C. L., Lavilla-Pitogo, C. R., Cruz-Lacierda, E. R., de la Pena, L. D.,
and Sunaz, N. A. 1990. Studies on the chemical control of luminous bacteria
Vibrio harveyi and V. splendidus isolated from diseased Penaeus monodon

larvae and rearing water. Dis. Aquat. Org. 9: 133-139.

Bell, K. L., and Smith, V. J. 1993. In vitro superoxide production by hyaline cells of

the shore crab Carcinus maenas (L.). Dev. Comp. Immunol. 17: 211-219.

Bergsma, D. J., Eder, C., Gross, M., Kersten, H., Sylvester, D., Appelbaum, E.,
Cusimano, D.; Livi, G. P., McLaughlin, M. M., Kasyan, K., Porter, T. G.,
Silverman, C., Dunnington, D., Hand, A., Prichett, W. P., Bossard, M. J.,
Brandt, M., and Levy, M. A. 1991. The cyclophilin multigene family of
peptidyl-prolyl isomerases: characterization of three separate human isoforms.

J. Biol. Chem. 266: 23204-23214.



112

Bhatia, P., Taylor, W. R., Greenberg, A. H., and Wright, J. A. 1994. Comparison of
glyceraldehyde-3-phosphate dehydrogenase and 28S-ribosomal RNA gene
expression as RNA loading controls for Northern blot analysis of cell lines of

varying malignant potential. Anal. Biochem. 216: 223-226.

Billich, A., Winkler, G., Aschauer, H., Rot, A., and Peichl, P. 1997. Presence of
Cyclophilin A in Synovial Fluids of Patients with Rheumatoid Arthritis. J. Exp.
Med. 185: 975-980.

Bo, D., Feng-Song, L., Zhen-Yu, G., Fu-Hua, L., Hong-Wei, G., and Jian-Hai, X.
2005. Expression Profiles of Penaeidin from Fenneropenaeus chinensis in

Different Development Stages and Response to Exterior Pathogens Infection

by Real Time PCR. Acta Oceanologica Sinica 24: 131-140.

Bornstein, P., Armstrong , L. C., Hankenson, K. D., Kyriakides, T. R., and Yang, Z.
2000. Thrombospondin 2, a matricellular protein with diverse functions.

Matrix Biol. 19: 557-568.

Bucher, P. 1999. Regulatory elements and expression profiles. Current Opinion in

Structural Biology 9: 400-407.

Bulet, P., Stocklin, R., and Menin, L. 2004, Anti-microbial peptides: from

invertebrates to vertebrates. Immunol. Rev. 198: 169-184.

Bustin, S. A. 2002. Quantification of mRNA using real-time reverse transcription

PCR (RT-PCR): trends and problems. J. Mol. Endocrinol. 29: 23-39.

Calvo, E. L., Boucher, C., Coulombe, Z., and Morisset, J. 1997. Pancreatic GAPDH
gene expression during ontogeny and acute pancreatitis induced by caerulein.

Biochem. Biophys. Res. Comm. 235: 636-640.

Campa-Cordora, A. 1., Hernndez-Saaveda, N. Y., De Philippis, R., and Ascencio, F.
2002. Generation of superoxide-anion and SOD activity in haemocytes and
muscle of American white shrimp (Litopenaeus vannamei) as a response to b-

glucan and sulphated polysaccharide. Fish Shellfish Immunol. 12: 353-366.




113

Carding, S. R., Lu, D., and Bottomly, K. A. 1992. A polymerase chain reaction
assay for the detection and aquantification of cytokine gene expression  in

small number of cells. J. Immunol. Method. 151: 277-287.

Cerenius, L., Liang, Z., Duvic, B., Keyser, P., Hellman, U., Palva, E. T., Iwanaka, S.,
and Soderhdll, K. 1994. Structure and biological activity of a 1,3-beta-D-
glucan-binding protein in crustacean blood. J. Biol. Chem. 269: 29462-29467.

Chang, C. F., Su, M. S., Chen, H. Y., and Liao, I. C. 2003. Dietary-1,3-glucan
effectively improves immunity and survival of Penaeus monodon challenged

with white spot syndrome virus. Fish Shellfish Immunol. 15: 297-310.

Chang, P. S., Lo, C. F., Wang, Y. C., and Kou, G. H. 1996. Identification of white
spot syndrome associated baculovirus (WSBV) target organs in shrimp,

Penaeus monodon, by in situ hybridization. Dis. Aqua. Org. 27: 139-632.

Chantanachooklin, C., Boonyaratpalin, S., Kasonchandra, J., Direkbusarakom, S.,
Ekpanithanpong, U., and Supamataya, K. 1993. Histology and ultrastructure
reveal a new granulosis-like virus in Penaeus monodon affected by "yellow-

head" disease. Dis. Aquat. Org. 17: 145-157.

Chasan, R., and Anderson, K. V. 1989. The role of easter, an apparent serine protease
in organising the dorsal-ventral pattern of the Drosophila embryo. Cell 56:

391-400.

Chen, M. Y., Hu, K.-Y., Huang, C. C., and Song, Y. L.. 2005. More than one type of
transglutaminase in invertebrates? A second type of transglutaminase is

involved in-shrimp-coagulation. Developmental and Comparative Immunology

(in press).

Chou, H. Y., Huang, C. Y., Wang, C. H., Chiang, H. C., and Lo, C. F. 1995.

Pathogenicity of a baculovirus infection causing white spot syndrome in

cultured penaeid shrimp in Taiwan. Dis. Aqua. Org. 23: 165-173.



114

Chouchane, L., Bowers, S., Sawasdikosol, S., Simpson, R. M., and Kindt, T. J. 1994.
Heat shock proteins expressed on the surface of human T cell leukemia virus
type I-infected cell lines induce autoantibodies in rabbits. J. Infect. Dis. 169:

253-259.

Chythanya, R., Karunasagar, 1., and Karunasagar, 1. 2002. Inhibition of shrimp
pathogenic vibrios by a marine Pseudomonas 1-2 strain. Aquaculture 208: 1-
10.

Cowley, J. A., Dimmock, C. M., Spann, K. M., and Walker, P. J. 2000. Detection of
Australian gill-associated virus (GAV) and lymphoid organ virus (LOV) of
Penaeus monodon by RT-nested PCR. Dis. Aquat. Org. 39: 159-167.

Cowley, J. A., Dimmock, C. M., Wongteerasupaya, C., Boonsaeng, V., Panyim, S.,
and Walker, P. J. 1999. Yellow head virus from Thailand and gill-associated
virus from Australia are closely related but distinct viruses. Dis. Aquat. Org.

36: 153-175.

Cowley, J. A., and Walker, P. J. 2002. The complete sequence of gill-associated virus
of Penaeus monodon prawns indicates a gene organization unique among

nidoviruses. Arch. Virol. 147: 1977-1987.

Cruciani, R. A., Barker, J. L., Zasloff, M., Chen, H. C., and Colamonici, O. 1991.
Antibiotic magainins exert cytolytic activity against transformed cell lines

through channel formation. Proc. Natl. Acad. Sci. U S A. 88: 3792-3796.

Deane, E. E., Li, J., and Woo, N. Y. S. 2004. Modulated heat shock protein
expression-during pathogenic Vibrio alginolyticus stress of sea bream. Dis.

Aquat. Organ. 62: 205-215.

Decker, H., and Tuczek, F. 2000. Tyrosine/catecholoxidase activity of hemocyanins:

structural basis and molecular mechanism. TIBS 25: 392-397.

Destoumieux, D., Bulet, P., Loew, D., Van Dorsselaer, A., Rodriguez, J., and Bachere,
E. 1997. Penaeidins, a new family of antimicrobial peptides isolated from the

shrimp Penaeus vannamei (Decapoda). J. Biol. Chem. 272: 28398-28406.



115

Destoumieux-Garzon, D., Saulnier, D., Garnier, J., Jouffrey, C., Bulet, P., and
Bachere, E. 2001. Crustacean immunity. Antifungal peptides are generated
from the C terminus of shrimp hemocyanin in response to microbial challenge.

J. Biol. Chem. 276: 47070-47077.

Dhar, A. K., Roux, M. M., and Klimpel, K. R. 2002. Quantitative assay for measuring
the Taura syndrome virus and yellow head virus load in shrimp by real-time

RT-PCR using SYBR Green chemistry. J. Virol. Meth. 104: 69-82.

Donati, Y. R. A., Slosman, D. O., and Polla, B. S. 1990. Oxidative injury and the heat
shock response. Biochem. Pharmacol. 40: 2571-2577.

Doolittle, R. F., and Fuller, G. M., 1972. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis studies on lobster fibrinogen and fibrin. Biochim. Biophys.

Acta 263: 805-809.

Dostal, D. E., Rothblum, K. N., and Baker, K. M. 1994. An improved method for
absolute quantification of mRNA using multiplex polymerase chain reaction:
determination of renin and angiotensinogen mRNA levels in various tissues.

Anal. Biochem. 223: 239-250.

Downs, C. A., Fauth, J. E., and Woodley, C. M. 2001. Assessing the health of grass
shrimp (Palaeomonetes pugio) exposed to natural and anthropogenic stressors:

A molecular biomarker system. Marine Biotechnology 3: 380-397.

Drew, J. S., and Murphy; R. A. 1997, Actin isoform expression, cellular heterogeneity,
and contractile function in smooth muscle. Can. J. Physiol. Pharmacol. 75:

869-877.

Durand, S., Lighter, D. V., Redman, R. M., and Bonami, J. R. 1997 Ultrastructure and
morphogenesis of white spot syndrome baculovirus (WSSV). Dis. Aqua. Org.
29:205-211.

Duvic, B., and Soderhéll, K. 1992. Purification and partial purification of a d-1,3-
glucan binding protein membrane receptor from blood cells of the crayfish

Pacifastacus leniusculus. Eur. J. Biochem. 207: 223-228.




116

Eguchi, M., Itoh, M., Chou, L., and Nishino, K. 1993. Purification and
characterization of a fungal protease specific protein inhibitor (FPI-F) in the

silkworm haemolymph. Comp. Biochem. Physiol. 104: 537-543.

Fincato, G., Polentarutti, N., Sica, A., Mantovab, A., and Collotti, F. 1991. Expression
of a heat inducible gene of the Hsp70 family in human myelomonocytic cells:

regulation by bacterial products and cytokines. Blood 77: 579-586.

Fischer, G., Wittmann-Liebold, B., Lang, K., Kiefhaber, T., and Schmid, F. X. 1989.
Cyclophilin and peptidyl-prolyl cic-trans isomerase are probably identical

proteins. Nature 337: 476-478.

Flegel, T. 1997. Special topic review: Major viral diseases of black tiger prawn

(Penaeus monodon) in Thailand. World J. Microbiol. Biotechnol. 13: 433-442.

Flohe, S. B., Bruggemann, J., Lendemans, S., Nikulina, M., Meierhoff, G., Flohe, S.,
Kolb, H. 2003. Human heat shock protein 60 induces maturation of dendritic
cells versus a TH1-promoting phenotype. J. Immunol. 170: 2340-2348.

Francki, R. 1. B., Fauquet, C. M., Knudson, D. L., and Brown, F. (1991).

Classification and nomenclature of viruses. New York: Springer-Verlag.

Fridovich, I. 1995. Superoxide radical and superoxide dismutases. Annu. Rev.

Biochem. 64: 97-112.

Fruman, D. A., Burakoff, S. J.,-and Bierer, B. E. 1994. Immunophilins in protein
folding and immunosuppression. FASEB J. 8:391-400.

Galat, A. 1993. Peptidylproline cis-trans-isomerases: immunophilins. Eur. J. Biochem.

216:689-707.

Gething, M. J., and Sambrook, J. 1992. Protein folding in the cell. Nature 355: 33-45.

Gillespie, J. P., Kanost M. R., and Trenczek, T. 1997. Biological mediators of insect
immunity. Annu. Rev. Entomol. 42: 611-643.




117

Gokudan, S., Muta, T., Tsuda, R., Koori, K., Kawahara, T., Seki, N., Mizunoe, Y.,
Wai, S. N., Iwanaga, S., and Kawabata, S. 1999. Horseshoe crab acetyl

grouprecognizinglectins involved in innate immunity are structurally related to

fibrinogen. Proc. Natl. Acad. Sci. USA. 96: 10086-10091.

GorowaraS ,.S ,apru.S ,, andG anguly acellular secondRole of intr .1998 K .N ,
cholera .V messengers and reactive oxygen species in the pathophysiology of

1407 Biochimica et Biophysica Acta .treated rabbit ileum 1390:21 -.30

Greenberg, C. S., Brickbichler, P. J., and Rice, R. H. 1991. Transglutaminases:
multifunction cross-linking enzymes that stabilize tissue. FASEB J. 5: 3071-
3077.

Gross, P. S., Bartlett, T. C., Browdy, C. L., Chapman, R. W., and Warr, G. W. 2001.
Immune gene discovery by expressed sequence tag analysis of hemocytes and
hepatopancreas in the Pacific White Shrimp, Litopenaeus vannamei, and the

Atlantic White Shrimp, L. setiferus. Dev. Comp. Immunol. 25: 565-577.

Grutter, M. G., Fendrich, G., Huber, R., Bode, W., 1988. The 2.5 A° X-ray crystal
structure of the acid-stable proteinase inhibitor from human mucous secretions
analysed in its complex with bovine alpha-chymotrypsin. EMBO J. 7: 345-
351.

Gutteridge, J. M. C. 1977. The eject of calcium on phospholipids peroxidation.
Biochem. Biophys. Res. Commun. 74: 529-536.

Hall, M., van Heusden, M. C., and Soderhall, K. 1995. Identification of the major
lipoproteins. in _erayfish- hemolymph as- proteins -involved  in immune

recognition and clotting. Biochem. Biophys. Res. Commun. 216: 939-946.

Hall, M., Wang, R., van Antwerpen, R., Sottrup-Jensen, L., and Soderhall, K. 1999.
The crayfish plasma clotting protein: a vitellogenin-related protein responsible
for clot formation in crustacean blood. Proc. Natl. Acad. Sci. USA. 96:1965-
70.




118

Hameed, A. S. S., Anilkumar, M., Raj, M. L. S., and Jayaraman, K. 1998. Studies on
the pathogenicity of systemic ectodermal and mesodermal baculovirus and its

detection in shrimp by immunological methods. Aquaculture 160: 31-45.

Hameed, A. S. S., Rao, P. V., Farmer, J. J., Brenner, F. W. H,. and Fanning, G. R.
1996. Characteristics and pathogenicity of a Vibrio campbellii like bacterium
affecting hatchery reared Penaeus indicus (Milne Edwards, 1837) larvae.

Aquaculture Res. 27: 853-863.

Hameed, A. S. S. 1995. Susceptibility of three Penaeus species to a Vibrio campbellii-
like bacterium. J. World. Aquacult. Soc. 26: 315-319.

Hancock, R. E. W., and Diamond, G. 2000. The role of cationic antimicrobial
peptides in innate host defences. Trends Microbiol. 8: 402-410.

Handschumacher, R. E., Harding, M. W., Rice, J., Drugge, R. J., and Speicher,D. W.
1984. Cyclophilin: a specific cytosolic binding protein for cyclosporin A.
Science 226: 544-547.

Hasnain, S. E., Begum, R., Ramaiah, K. V., Sahdev, S., Shajil, E. M., Taneja, T. K.,
Mohan, M., Athar, M., Sah, N. K., and Krishnaveni, M. 2003. Host-pathogen
interactions during apoptosis. J. Biosci. 28: 349-58.

He, N., Liu, H., and Xu, X. 2004. Identification of genes involved in the response of
haemocytes of Penaeus japonicus by suppression subtractive hybridization
(SSH) following microbial challenge. Fish & Shellfish Immunology 7: 121-
128.

He, N., Qin, Q., Xu, X. 2005. Differential profile of genes expressed in hemocytes of
White Spot Syndrome Virus-resistant shrimp (Penaeus japonicus) by
combining suppression subtractive hybridization and differential hybridization.

Antiviral Research 66: 39-45.

Ho, Y. S., Magnenat, J. L., Gargano, M., and Cao, J. 1998. The nature of antioxidant

defense mechanisms:a lesson from transgenic studies. Environ. Health

Perspect. 106: 1219-1228.



119
Hod, Y. 1992. A simplified ribonuclease protection assay. Biotechniques 13: 852-854.

Hoffmann, J. A., Kafatoa, F. C., Janeway, Jr. C. A., and Ekekowitz, R. A. B. 1999.

Phylogenetic perspectives in innate immunity. Science 284: 1313-1318.

Homblad, T., and Soderhill, K. 1999. Cell adhesion molecules and antioxidative

enzymes in a crustacean, possible role in immunity. Aquaculture 172: 111-123.

Huang, C. C., Sritunyalucksana, K., Soderhall, K., and Song, Y. L. 2004. Molecular
cloning and characterization of tiger shrimp (Penaeus monodon)

transglutaminase. Dev. Comp. Immunol. 28: 279-94.

Inouye, K., Miwa, S., Oseko, N., Nakano, H., Kimura, T., Momoyama, K., and
Hiraoka, M. 1994. Mass mortalities of cultured Kuruma shrimp Penaeus
Jjaponicus in Japan in 1993: electron microscopic evidence of the causative

virus. Fish Pathol. 29: 149-158.

Iwanaga, S., Kawabata, S., and Muta, T. 1998. New types of clotting factors and
defense molecules found in horseshoe crab hemolymph: their structures and

functions. J. Biochem. (Tokyo) 123: 1-15.

Janeway, C. A. Jr. 1998. Approching the asymptole evoluation and revolution in

immunology Colo. Spring Habour Symp. Quant. Biol. 54: 1-13.

Jaschke, A., Mi, H., and Tropschug, M. 1998. Human T cell cyclophilin 18 binds to
thiol-specific antioxidant protein Aopl and stimulates its activity. J. Mol. Biol.

277:763-769.

Jimenez-Vega, F., Yepiz-Plascencia, G., Soderhill, K., and Vargas-Albores, F. 2004.
A" single - WAP' domain-containing ' protein from Lifopenaeus vannamei

hemocytes. Biochem. Biophys. Res. Comm. 314: 681-687.

Jin, F., Nathan, C. F., Radzioch, D., and Ding, A. 1998. Lipopolysacchariderelated

stimuli induce expression of the secretory leukocyte protease inhibitor, a

macrophage-derived lipopolysaccharide inhibitor. Infect. Immun. 66: 2447-
2452.



120

Jin, Z. G., Melaragno, M. G., Liao, D. F., Yan, C., Haendeler, J., Suh, Y. A., Lambeth,
J. D., and Berk, B. C. 2000. Cyclophilin A Is a Proinflammatory Cytokine that
Activates Endothelial Cells. Circ. Res. 87: 789-796.

Jitrapakdee, S., Unajak, S., Sittidilokratna, N., Hodgson, R. A., Cowley, J. A., Walker,
P. J., Panyim, S., and Boonsaeng, V. 2003. Identification and analysis of
gpl16 and gp64 structural glycoproteins of yellow head nidovirus of Penaeus

monodon shrimp. J. Gen. Virol. 84: 863-873.

Jittivadhna, K. 2000. PCR-Based detection of hepatopancreatic parvovirus and white-

spot syndrome virus in Penaeus monodon. Master's thesis. Faculty of Graduate

studies, Mahidol university.

Jomori, T., and Natori, S. 1992. Function of the lipopolysaccharide-binding protein of
Periplaneta americana as an opsonin. FEBS Lett. 296: 283-286.

Kanchanaphum, P., Wongteerasupaya, C., Sitidilokratana, N., Boonsaeng, V., Panyim,
S., Tassanakajon, A., Withyachumnarnkul, B. and Flegel, T. W. 1998.
Experimental transmission of white spot syndrome virus (WSSV) from crabs

to shrimp Penaeus monodon. Dis. Aqua. Org. 34: 1-7.

Kanost, M. R., and Jiang, H. 1996. Proteinase inhibitors in invertebrate immunity. In

K. SOderhill, S. Iwanaga, G. Vanta, (eds.), New directions in invertebrate

immunology, pp. 155-173. Fair Haven: SOS Publications.

Karunasasagas, L, Otta, S: K. and Sagar, L. K. 1997. Histopathological and
bacteriological study of white spot syndrome of Penaeus monodon along the

west cost of India.-Aquaculture 153: 9-13.

Kasornchandra, J., and Boonyaratpalin, S. 1996. Read disease with patches or white

spot disease in cultured penaeid shrimp in Asia. Asian shrimp news. 273-274.

Kawabata, S. L., and Iwanaga, S. 1999. Role of lectins in the innate immunity of

horseshoe crab. Dev. Comp. Immunol. 23: 391-400.




121

Kerr, J. F., Wyllie, A. H., and Currie, A. R. 1977. Apoptosis: A basic biological
phenomenon with wide-ranging implications in tissue kinetics. Br. J. Canc. 26:

239-257.

Khanobdee, K., Soowannayan, C., Flegel, T. W., Ubol, S., and Withyachumnarnkul,
B. 2002. Evidence for apoptosis correlated with mortality in the giant black
tiger shrimp Penaeus monodon infected with yellow head virus. Dis. Aquat.
Org. 48: 79-90.

Kiatpathomchai, W., Jitrapakdee, S., Panyim, S., and Boonsaeng, V. 2004. RT-PCR
detection of yellow head virus (YHV) infection in Penaeus monodon using

dried haemolymph spots. J. Virol. Methods 119: 1-5.

Kieffer, L. J., Thalhammer, T., and Handschumacher, R. E. 1992. Isolation and
characterization of a 40-kDa cyclophilin-related protein. J. Biol.Chem. 267:
5503-5507.

Kilpatrick, D. C. (2000). Handbook of Animal Lectins. Chichester: John Wiley &

Sons.

Kim, Y. S., Ryu, J. H., Han, S. J., Choi, K. H., Nam, K. B., Jang, 1. H., Lemaitre, B.,
Brey, P. T., and Lee, W. J. 2000. Gram-negative bacteria-binding protein, a
pattern recognition receptor for lipopolysaccharide and [3-1,3-glucan that

mediates the signaling for the induction of innate immune genes in Drosophila

melanogaster cell. J. Biol. Chem. 275: 32721-32727.

Klein, D. 2002. Quantification using real-time PCR technology: applications and
limitations. Trends Mol. Med. 8: 257-260.

Koizumi, N., Imamura, M., Kadotani, T., Yaoi, K., Iwahana, H., and Sato, R. 1999.
The lipopolysaccharide-binding protein participating in hemocyte nodule
formation in the silkworm Bombyx mori is a novel member of the C-type

lectin superfamily with two different tandem carbohydrate- recognition

domains. FEBS Lett. 443: 139-143.



122

Konoa, T., Ponpornpisitb, A., and Sakai, M. 2004. The analysis of expressed genes in
head kidney of common carp Cyprinus carpio L. stimulated with

peptidoglycan. Aquaculture 235: 37-52.

Kopacek, P., Grubhoffer, L., and Séderhill, K. 1993. Isolation and characterization

of a hemagglutinin with affinity for lipopolysaccharides from plasma of the

crayfish Pacifastacus leniusculus. Dev. Comp. Immunol. 17: 407-418.

Kopacek, P., Hall, M., and Sdderhill, K. 1993. Characterization of a clotting protein,
isolated from plasma of the freshwater crayfish Pacifastacus leniusculus. Eur.

J. Biochem. 213: 591-597.

Kreuzer, K. A. et al. 1999. Highly sensitive and specific fluorescence reverse
transcription-PCR  assay for the pseudogene-free detection of beta-actin

transcripts as quantitative reference. Clin. Chem. 45: 297-300.

Kusakabe, T. 1997. Ascidian actin genes: developmental regulation of gene

expression and molecular evolution. Zoolog. Sci. 14: 707-718.

Kwon, T. H., Kim, M. S., Choi, H. W., Joo, C. H., Cho, M. Y., and Lee, B.L. 2000. A
masquerade-like serine proteinase homologue is necessary for phenoloxidase
activity in the coleopteran insect, Holotrichia diomphalia larvae. Eur. J.

Biochem. 267: 6188-6196.

Kyriakides, T. R., Zhu, Y. H., Smith, L. T., Bain, S. D., Yang, Z., Lin, M. T.,
Danielson, K. G.; lozzo, R. V., LaMarca, M., McKinney, C. E., Ginns, E. 1,
and Bornstein, P. (1998). Mice that lack thrombospondin 2 display connective
tissue -abnormalities - that ; are. -associated -with disordered collagen

fibrillogenesis, an increased vascular density, and a bleeding diathesis. J. Cell

Biol. 140: 419-430.

Laskowski, Jr. M., and Kato, 1. 1980. Protein inhibitors of proteinases. Annu. Rev.

Biochem. 49: 593-626.



123

Lathangue, N. B., and Latchman, D. S. 1988. A cellular protein related to heat shock
protein 90 accumulates during herpes-simplex-virus infection and 1is

overexpressed in transformed cells. Exp. Cell Res. 178: 169-179.

Lawler, J. 2000. The functions of thrombospondin-1 and -2. Curr. Opin. Cell
Biol. 12: 634-640.

Le Moullac, G., and Haffner, P. 2000. Environmental factors affecting immune

responses in Crustacea. Aquaculture 191: 121-131.

Lee, S. Y., and Soderhéll, K. 2002. Early events in crustacean innate immunity. Fish

Shellfish Immuneol. 12: 421-437.

Lee, S. Y., Wang, R., and Sdderhill, K. A. 2000. Lipopolysaccharide and b-1,3-
glucan-binding protein from hemocytes of the freshwater -crayfish
Pacifastacus leninusculus. Purification, characterization, and cDNA cloning.

J. Biol. Chem. 275: 1337-1343.

Leelatanawit, R. 2005. Isolation and Characterization of Differentially Expressed

Genes in Ovaries and Testes of the Giant Tiger Shrimp (Penaeus monodon).

Master’s Thesis. Department of Biotechnology, Faculty of Science,
Chulalongkorn University.

Lightner, D. V. 1983. Diseases of cultured penaeid shrimp. In J. McVey (ed.),
Handbook of Mariculture, vol. 1 Crustacean Aquaculture, pp. 289-320. Boca
Raton: CRC Press.

Lightner, D. V. 1988. Vibrio disease of penaeid shrimp. In C. J. Sinderman, D. V.

Lightner, (eds.), Disease-Dianosis- and-Control in. North-American Marine

Aquaculture. 2 pp. 42-47. Amsterdam: Elsevier.

Lightner, D. V. 1996. A Handbook of pathology and diagnostic procedures for disease
of penaeid shrimp. World Aquaculture Soc. Baton Rouge, Section 3.11.




124

Lim, K. M., Lin, B., Lian, I. Y., Mestril, R., Sheffler, I. E., and Dillmann, W. H. 2001.
Combined and individual mitochondrial HSP60 and HSP10 expression in
cardiac myocytes protects mitochondrial function and prevents apoptotic cell

deaths induced by simulated ischemia reoxygenation. Circulation 103: 1787-

1792.

Liston, P., Roy, N., Tamai, K., Lefebvre, C., Baird, S., Cherton-Horvat, G., Farahani,
R., McLean, M., Ikeda, J. E., MacKenzie, A., and Korneluk, R. G. 1996.
Suppression of apoptosis in mammalian cells by NAIP and a related family of

IAP genes. Nature 379: 349-353.

Liu, C. H., Cheng, W., and Chen, J. C. 2005. The peroxinectin of white shrimp
Litopenaeus vannamei s synthesised in the semi-granular and granular cells,

and its transcription is up-regulated with Vibrio alginolyticus infection. Fish

Shellfish Immunol. 18: 431-444,

Liu, J. 1993. FK506 and cyclosporin, molecular probes for studying intracellular signal
transduction. Immunology Today 14: 290-295.

Liu, P. C., Lee, K. K., and Chen, S. N. 1996. Pathogenicity of different isolates of Vibrio
harveyi in tiger prawn, Penaeus monodon. Lett. Appl. Microbiol. 22: 413-416.

Lo, C. F., Ho, C. H., Peng, S. E., Chen, C. H., Hsu, H. C., Chiu, Y. L., Chang, C. F., Liu,
K. F., Su, M. S., Wang, C. H. and Kou, G. H. 1996. White spot syndrome
baculovirus (WSBV) detected in cultured and captured shrimp, crabs and other

arthropods. Dis. Aqua. Org. 27: 215-225.

Lo, C.F,; Leu;J. H., Ho, C. H.; Chen, C. H., Peng, S. E., Chen, Y. T., Yeh, P. Y., Huang,
C. J., Wang, C. H., and Kou, G. H. 1996a. Detection of baculovirus associated
with white spot syndrome virus (WSSV) in penaeid shrimp using polymerase

chain reaction. Dis. Aqua. Org. 25: 133-141.

Longeon, A., Peduzzi, J., Barthelemy, M., Corre, S., Nicolas, J. N., and Guyot, M. 2005.
Purification and Partial Identification of Novel Antimicrobial Protein from

Marine Bacterium Pseudoalteromonas Species Strain X153. Mar. Biotecnol.

(NY)  (in press).




125

Lu, Y., Tapay, L. M., and Loh, P. C. 1996. Development of a nitrocelluloseenzyme
immunoassay for the detection of yellow-head from penaeid shrimp. J. Fish. Dis.

19: 9-13.

Marivet, J., Frendo, P., and Burkard, G. 1992. Effects of antibiotic stresses on
cyclophilin in maize and bean and sequence analysis of bean cyclophilin

cDNA. Plant Sci. 84: 171-178.

Marivet, J., Margis-Pinheiro, M., Frendo, P., and Burkard, G. 1994. Bean cyclophilin
gene expression during plant development and stress conditions. Plant Mol.

Biol. 26: 1181-1189.

Martin, G. G., Hose, J. E., Ormori, S., Chong, C., Hoodbhoy, T., and McKrell, N. 1991.
Localization and roles of coagulogen and transglutaminase in hemolymph

coagulation in decapod crustaceans. Comp. Biochem. Physiol. 100: 517-522.

Martin, G. G., Poole, D., Poole, C., Hose, J. E., Arias, M., Reynolds L., McKrell, N., and
Whang, A. 1993. Clearance of bacteria injected into the hemolymph of the penaeid
shrimp, Sicyonia ingentis. J. Invert. Pathol. 62: 308—15.

Martinez-Gonzalez, J., and Hegardt, F. G. 1995. Charcterization of a cDNA encoding
a cytosolic peptidylprolyl cis-trans-isomerase from Blattella germanica. Eur. J.

Biochem. 234: 284-292.

Mates, J. M., Perez-Gomez, C., and Nunez de Castro, I. 1999. Antioxidant enzymes
and human diseases. Clin. Biochem. 32: 595-603.

Mattila, P. S., Ullman, K. S., Fiering, S., Emmel, E. A., McCutcheon, M., Crabtree,
G. R., and Herzenberg, L. A. 1990. The actions of cyclosporin A and FK506
suggest a novel step in the activation of T lymphocytes. EMBO J. 9: 4425-
4433.

Mayo, M. A. 2002. A summary of taxonomic changes recently approved by ICTV.
Arch. Virol. 147: 1655-1656.



126

McNutty, S. E., and Toscano, W. A. 1995. Transcriptional regulation of
glyceraldehyde-3phosphate dehydrogenase by 2,3,7,8-tetrachlorodibenzo-P-
dioxin. Biochem. Biophys. Res. Comm. 212: 165-171.

Melton, D. A., Krieg, P. A., Rebagliati, M. R., Maniatis, T., Zinn, K., and Green, M.
R. 1984. Efficient in vitro synthesis of biologically active RNA and RNA
hybridization probes from plasmids containing a bacteriophage SP6 promoter.

Nucleic Acids Research 12: 035-7056.

Millar, D. A., and Ratcliffe, N. A. 1994. Invertebrates. In R. J. Turner, (ed.),
Immunology: A Comparative Approach, pp. 29-68. Chichester: Wiley.

Montague, J. W., Hughes, Jr. F. M. and Cidlowski, J. A. 1997. Native recombinant
cyclophilins A, B, and C degrade DNA independently of peptidylprolyl
cistrans isomerase activity: Potential roles of cyclophilins in apoptosis. J.

Biol.Chem. 272: 6677-6684.

Montero, A. B., and Austin, B. 1999. Characterization of extracellular products from
an isolate of Vibrio harveyi recovered from diseased post-larval Penaeus

vannamei (Bonne). J. Fish Dis. 22: 377-386.

Morimoto, R. I. 1998. Regulation of the heat shock transcriptional response: cross talk
between a family of heat shock factors, molecular chaperones, and negative

regulators. Genes 12: 3788-3796.

Morrison, T.; Weis,J. J.,s and Wittwer, C. T.-1998. -Quantification of low-copy
transcripts by continuous SYBR Green I monitoring during amplification.

Biotechniques 24:954-962.

Motoh, H. 1981. Studies on the fisheries biology of the giant tiger prawn, Penaeus
monodon in the Philippines.Technical Report No. 7, SEAFDEC AQD,

Tigbauan, Iloilo, Philippines, 128 p.



127

Munoz, M., Cedeno, R., Rodriguez, J., Van der Knaap, W. P., Mialhe, E., and
Bachere, E. 2000. Measurement of reactive oxygen intermediate production in

haemocytes of the penaeid shrimp, Penaeus vannamei. Aquaculture 191: 89-
107.

Murakami, T., Niwa, M., Tokunaga, F., Miyata, T., and Iwanaga, S. 1991. Direct
virus inactivation of tachyplesin I and its isopeptides from horseshoe crab

hemocytes. Chemotherapy 37: 327-334.

Murugasu-Qei, B., Rodrigues, V., Yang, X. and Chia, W. 1995. Masquerade: a novel
secreted serine protease-like molecule is required for somatic muscle

attachment in the Drosophila embryo. Genes Dev. 9: 139-154.

Muta, T., Nakamura, T., Furunaka, H., Tokunaga, F., Miyata, T., Niwa, M., and
Iwanaga, S. 1990. Primary structures and functions of anti-lipopolysaccharide
factor and tachyplesin peptide found in horseshoe crab hemocytes. Adv. Exp.
Med. Biol. 256: 273-285.

Nadala, E. C. B., and Loh, P. C. 2000. Dot-blot nitrocellulose enzyme immunoassays
for the detection of white-spot virus and yellow-head virus of penaeid shrimp.

J. Virol. Methods 84: 175-179.

Nakamura, T., Furunaka, H., Miyata, T., Tokunaga, F., Muta, T., Iwanaga, S., Niwa,
M., Takao, T., and Shimonishi, Y. 1988. Tachyplesin, a class of antimicrobial
peptide from the hemocytes of the horseshoe crab (Tachypleus tridentatus).
Isolation and chemical structure. J. Biol. Chem. 263: 16709-16713.

Nam,-B.-H., Yamamoto, E., Hirono, 1., and Aoki, T. 2000. A survey of expressed
genes in the leukocytes of Japanese flounder, Paralichthys olivaceus, infected

with hirame rhabdo virus. Develop. Comp. Immunol. 24: 13-24.

Nash, G. L. 1990. Penaeus monodon grow-out diseases. In M. B. New, H. de Saram,
T. Singh, (eds.), Technical and Economic Aspects of Shrimp Farming.

Proceedings of the Aquatech 90 Conference, Kuala Lumpur, Malaysia.




128

Neves, C. A., Santos, E. A., and Bainy, A. C. D. 2000. Reduced superoxide dismutase
activity in Palaemontes argentinus (Decapoda, Paleminedae), infected by

Probopyrus ringueleti (Isopoda, Bopyridae). Dis. Aquat. Organ. 39: 155-158.

Nover, 1. (1991). Heat shock response. Boca Raton: CRC.

Nunan, L. M., and Lightner, D. V. 1997. Development of a nonradioactive gene probe
by PCR for detection of white spot syndrome virus WSSV. J. Viral. Methods
63:193-201.

O'Brien, D., and McVey, J. 1993. Blood coagulation, inflammation, and defence. In
E. Sim (ed.), The natural immune system, humoral factors. pp. 257-280. New

York: IRL Press.

Ohashi, K., Burkart, V., Flohe, S., and Kolb, H. 2000. Cutting edge: heat shock
protein 60 is a putative endogenous ligand of the toll-like receptor-4

complex. J. Immunol. 164: 558-561.

Ohashi, K., Niwa, M., Nakamura, T., Morita, T., and Iwanaga, S. 1984. Anti-LPS
factor in the horseshoe crab, Tachypleus tridentatus. Its hemolytic activity on

the red blood cell sensitized with lipopolysaccharide. FEBS Lett. 176: 207-210.

Okumura, T., Nagai, F., Yamamoto, S., Oomura, H., Inouye, K., Ito, M., and Sawada,
H. 2005. Detection of white spot syndrome virus (WSSV) from hemolymph of
Penaeid shrimps Penaeus japonicus by reverse passive latex agglutination

assay using high-density latex particles. J. Virol. Methods 124: 143-148.

Omori, S. A., Martin, G. G., and Hose, J. E. 1989. Morphology of hemocyte lysis and
clotting in the ridgeback prawn, Sicyonia ingentis. Cell Tissue Res. 255: 117-
123.

Pan, D., He, N., Yang, Z., Liu, H., and Xu, X. 2005. Differential gene expression
profile in hepatopancreas of WSSV-resistant shrimp (Penaeus japonicus) by

suppression substractive hybridization. Dev. Comp. Immunol. 29: 103-112.




129

Panjwani, N. N., Popova, L., and Srivastava, P. K. 2002. Heat shock protein gp96 and
hsp70 activate the release of nitric oxide by APCs. J. Immunol. 168: 2997-
3003.

Parker, R. M., and Barnes, N. M. 1999. mRNA: detection by in situ and northern
hybridization. Methods in Molecular Biology 106: 247-283.

Parsell, D. A., and Lindquist, S. 1993. The function of heat shock proteins in stress
tolerance: degradation and reactivation of damaged proteins. Ann. Rev.

Genetics 27: 437-496.

Patat, S. A., Carnegie, R. B., Kingsbury, C., Gross, P. S., Chapman, R., and Schey, K.
L. 2004. Antimicrobial activity of histones from hemocytes of the Pacific

white shrimp. Eur. J. Biochem. 271: 4825-4833.

Paule, M. R., and White, R. J. 2000. Survey and summary: transcription by RNA
polymerase I and III. Nucleic Acids Res. 28: 1283-1298.

Perazzolo, L., and Barracco, M. A. 1997. The prophenoloxidase activiting system of
the shrimp Penaeus paulensis and associated factors. Dev. Comp. Immunol.

21:385-395.

Pfaffl, M. W. 2001. A new mathematical model for relative quantification in real-time

RT-PCR. Nucleic Acids Res. 29: 2004-2007.

Picken, N. C., Eschenlauer, S., Taylor, P., Page, A. P., and Walkinshaw, M. D. 2002.
Structural and biological characterisation of the gut-associated cyclophilin B

isoforms from Caenorhabditis-elegans. J. Mol. Biol. 322: 15-25.

Potempa, J., Korzus, E., and Travis, J. 1994. The serpin superfamily of proteinase
inhibitors: structure, function, and regulation. J. Biol. Chem. 269: 15957-
15960.

Primavera, J. H. 1990. External and internal anatomy of adult penaeid

prawns/shrimps. SEAFDEC, Aquaculture Department.




130

Ranganathan, S., Simpson, J. K., Shaw, C. D., and Nicholas, K. R. 1999. The whey
acidic protein family: a new signature motif and three-dimensional structure

by comparative modeling. J. Mol. Graph. Model. 17: 106-113.

Rattanachai, A., Hirono, I., Ohira, T., Takahashi, Y., and Aoki, T. 2005.
Peptidoglycan inducible expression of a serine proteinase homologue from
kuruma shrimp (Marsupenaeus japonicus). Fish Shellfish Immunol. 18: 39-
48.

Relf, J. M., Chisholm, J. R., Kemp, G. D., and Smith, V. J. 1999. Purification and

characterization of a cysteine-rich 11.5-kDa antibacterial protein from the
granular haemocytes of the shore crab, Carcinus maenas. Eur. J. Biochem.

264: 350-357.

Rice-Evans, C., and Burdon, R. 1993. Free radical lipid interactions and their

pathological consequences. Prog. Lipid Res. 32: 71-110.

Ririe, K. M., Rasmussen, R. P., and Wittwer, C. T. 1997. Product differentiation by
analysis of DNA melting curves during the polymerase chain reaction. Anal.

Biochem. 270: 154-160.

Ritossa, F. A. 1962. A new puffing pattern induced by temperature shock and DNP in
Drosophila. Experientia 18: 571-573.

Roberts, D. D. 1996. Regulation of tumor growth and metastasis by thrombospondin-
1. FASEB J. 10: 1183-1191.

Rojtinnakorn, J., Hirono, T., Itami, T., Takahashi, Y., and Aoki, T. 2002. Gene
expression in haemocytes of kuruma prawn, Penaeus japonicus, in response
to infection with WSSV by EST approach. Fish and Shellfish Immunology.
13 : 69-83.

Romans, P., Firtel, R. A., and Saxe, C. L. J. 1995. Genespecific expression of the
actin multigene family of Dictyostelium discoideum. Mol. Biol. 186: 337-355.

Rondinelli, R. H., Epner, D. E., and Tricoli, J. V. 1997. Increased glyceraldehyde-3-
phosphate dehydrogenase gene expression in late pathological stage human

prostate cancer. Prostate Cancer Prostatic Dis. 1: 66-72.




131

Rosenberry, B. 1997. World shrimp farming 1997. Sandiego: Shrimp News

International.

Rosenberry, B. 2003. World shrimp farming 2003. San Diego, CA, Shrimp News

International.

Roux, M. M., Pain, A., Klimpel, K. R., and Dhar, A. K. 2001. The lipopolysaccharide
and b-1,3-glucan binding protein gene is upregulated in white spot syndrome

virus-infected shrimp (Penaeus stylirostris). J. Virol. 76: 7140-7149.

Roux, M. M., Pain, A., Klimpel, K. R., and Dhar, A. K., 2002. The lipopolysaccharide
and b-1,3-glucan binding protein gene is upregulated in white spot virus-

infected shrimp (Penaeus stylirostris). J. Virol. 76: 7140-7149.

Saccomanno, C. F., Bordonaro, M., Chen, J. S., and Nordstrom, J. L. 1992. A faster
ribonuclease protection assay. Biotechniques 13: 846-850.

Sahtout, A. H., Hassan, M. D., and Shariff, M. 2001. DNA fragmentation, an
indicator of apoptosis, in cultured black tiger shrimp Penaeus monodon
infected with white spot syndrome virus (WSSV). Dis. Aquat. Organ. 44: 155-
159.

Saito, T., Niwa, Y., Ashida, H., Tanaka, K., Kawamukai, M., Matsuda, H., and
Nakagawa, T. 1999. Expression of a gene for cyclophilin which contains an
amino-terminal endoplasmic reticulum—targeting signal. Plant Cell Physiol. 40:

77-87.

Samali, A., Cai, J., Zhivotovsky, B., Jones, D. P., and Orrenius, S. 1999. Presence of a
pre-apoptotic . complex = of pro-caspase-3, Hsp60 and HsplO in the
mitochondrial fraction of jurkat cells. EMBO J. 18: 2040-2048.

Santos A. N., Korber, S., Kullertz, G., Fischer, G., and Fischer, B. 2000. Oxygen
stress increases prolyl cis/trans isomerase activity and expression of

cyclophilin 18 in rabbit blastocysts. Biol. Reprod. 62: 1-7.

Saphire, A. C., Bobardt, M. D., and Gallay, P. A. 1999. Host cyclophilin A mediates
HIV-1 attachment to target cells via heparans. EMBO J. 18: 6771-6785.



132

Schneider, H., Charara, N., Schmitz, R., Wehrli, S., Mikol, V., Zurini, M. G.
M.,Quesniaux, V. F. J., and Movva, N. R. 1994. Human cyclophilin C:
primary structure, tissue distribution, and determination of binding specificity

for cyclosporins. Biochemistry 33: 8218-8224.

Sherry, B., Yarlett, N., Strupp, A., and Cerami, A. 1992. Identification of cyclophilin
as a proinflammatory secretory product of lipopolysaccharide-activated

macrophages. Proc. Natl. Acad. Sci. U S A. 89: 3511-3515.

Shiao, S. H., Higgs, S., Adelman, Z., Christensen, B. M., Liu, S. H., and Chen, C. C.
2001. Effect of prophenoloxidase expression knockout on the melanization of

microfilariae in the mosquito Armigeres subalbatus. Insect Mol. Biol. 10: 315-

321.

Shida, K., Terajima, D., Uchino, R., Ikawa, S., Ikeda, M., Asano, K., Watanabe, T.,
Azumi, K., Nonaka, M., Satou, Y., Satoh, N., Satake, M., Kawazoe, Y., and
Kasuya, A. 2003. Hemocytes of Ciona intestinalis express multiple genes

involved in innate immune host defense. Biochem. Biophys. Res. Commun.

302: 207-218.

Singer, M. A., Hortsch, M., Goodman, C. S., and Bentley, D. 1992. Annulin, a protein
expressed at limb segment boundaries in the grasshopper embryo, is

homologous to protein cross-linking transglutaminase. Dev. Biol. 154: 143-59.

Sithigorngul, P., Chauychuwong, P., Sithigorngul, W., Longyant, S.,
Chaivisuthangkura, P., and Menasveta, P. 2000. Development of a monoclonal
antibody specific to yellow head virus (YHV) from Penaeus monodon. Dis.

Aquat. Org. 42: 27-34.

Sithigorngul, P., Rukpratanporn, S., Longyant, S., Chaivisuthangkura, P., Sithigorngul,
W., and Menasveta, P. 2002. Monoclonal antibodies specific to yellow-head
virus (YHV) of Penaeus monodon. Dis. Aquat. Org. 49: 71-76.

Sittidilokratna, N., Hodgson, R. A. J., Cowley, J. A., Jitrapakdee, S., Boonsaeng, V.,
Panyim, S., and Walker, P.J. 2002. Complete ORF1b-gene sequence indicates

yellow head virus is an invertebrate nidovirus. Dis. Aquat. Org. 50: 87-93.




133

Smith, V. J., and Ratcliffe, N. A. 1980. Cellular defense reactions of the shore crab,
Carcinus maenas: in vivo hemocytic and histopathological responses to

injected bacteria. J. Invertebr. Pathol. 35: 65-74.

Smith, V. J., and Soderhéll, K. 1983b. Induction of degranulation and lysis of

haemocytes in the freshwater crayfish, Astacus astacus, by components of the

prophenoloxidase activating system in vitro. Cell Tissue Res. 233: 295-303.

Soderhill, K., and Ajaxon, R. 1982. Effect of quinones and melanin on mycelial
growth of Aphanomyces spp. and extracellular protease of Aphanomyces

astaci, a parasite on crayfish. J. Invertebr. Pathol. 39: 105-109.

Soderhill, K., and Cerenius, L. 1992. Crustacean immunity. Annual Review of Fish

Diseases 2: 3-23.

Soderhill, K., and Cerenius, L. 1998. Role of the prophenoloxidase-activating system

in invertebrate immunity. Curr. Opin. Immunol. 10: 23-28.

Soderhill, K., Cerenius, L., and Johansson, M. W. 1996. The prophenoloxidase
activating system in invertebrates. In Soderhéll, K., Iwanaga, S., and Vasta, G.

R. (eds.). New directions in invertebrate immunology. pp. 229-253. Fair

Haven: SOS Publications.

Soderhill, K., Smith, V. J., and Johansson, M. W. 1986. Exocytosis and uptake of
bacteria by isolated hemocyte populations of two crustaceans: Evidence for
cellular co-operation in the defence reactions of arthopods. Cell Tissue Res.

245: 43-49.

Soderhall, K., Smith, V. J., Johansson, M. W., and Bertheusen, K. 1985. The
cytotoxic reaction of hemocytes from the freshwater crayfish, Astacus astacus.

Cell Immunol. 94: 326-332.

Solis, N. B. (1988). Biology and ecology. In Taki, Y. Premavara, J. H., and Lobrera,

J.(eds.), Biology and culture of Penaeus monodon, Aquaculture Department:

Southeast Asia Fisheries Development Center.



134

Somboonwiwat, K. 2004. Identification of genes for antimicrobial effectors and

characterization of anti-lipopolysaccharide factor of the black tiger shrimp

Penaeus monodon. Doctoral dissertation. Department of Biochemistry,

Faculty of Science, Chulalongkorn University.

Song, Y. L., and Hsieh, Y. T. 1994. Immunostimulation of tiger shrimp (Penaeus
monodon) hemocytes for generation of microbiocidal substances: analysis of

reactive oxygen species. Dev. Comp. Immunol. 18: 201-209.

Song, Y. L., Yu, C. L, Lien, T. W., Huang, C. C., and Lin, M. N. 2003. Haemolymph
parameters of Pacific white shrimp (Lifopenaeus vannamei) infected with

taura syndrome virus. Fish Shellfish Immunol 14: 317-31.

Soowannayan, C., Flegel, T. W., Sithigorngul, P., Slater, J., Hyatt, A., Cramerri, S.,
Wise, T., Crane, M. S. J., Cowley, J. A., McCulloch, R. J., and Walker, P. J.
2003. Detection and differentiation of yellow head complex viruses using

monoclonal antibodies. Dis. Aquat. Org. 57: 193-200.

Spanakis, E. 1993. Problrm related to the interpretation of autoradiographic data on
gene expression using common constitutive transcripts as controls. Nucleic

Acids Research 21: 3809-3819.

Spann, K. M., McCulloch, R. J., Cowley, J. A., East, 1. J., and Walker, P. J. 2003.
Detection of gill-associated virus (GAV) by in situ hybridization during acute

and chronic infections of Penaeus monodon and P. esculentus shrimp. Dis.

Aquat.Organ 56: 1-10.

Spik,-G., Haendler, B.; Delmas, O., Mariller; C., Chamoux, M., Maes, P., Tartar, A.,
Montreuil, J., Stedman, K., Kocher, H., Keller, R., Hiestand, P. C., and Movva,
N. R. 1991. A novel secreted cyclophilin-like protein (SCYLP). J. Biol. Chem.
266: 10735-10738.

Sritunyalucksana, K., and Soderhidll, K. 2000. The proPO and clotting system in
crustaceans. Aquaculture. 191: 53-59.



135

Sugino, H., Terakawa, Y., Yamasaki, A., Nakamura, K., Higuchi, Y., Matsubara, J.,
Kuniyoshi, H., and Ikegami, S. 2002. Molecular characterization of a novel

nuclear transglutaminase that is expressed during starfish embryogenesis. Eur.

J. Biochem. 269: 1957-67.

Supamattaya, K., Hoffmann, R. W., Boonyaratpalin, S., and Kanchanaphum, P. 1998.
Experimental transmission of white spot syndrome virus (WSSV) from black
tiger shrimp Penaeus monodon to the sand crab Portunus pelagicus, mud crab

Scylla serrata and krill Acetes sp. Dis. Aqua. Org. 32: 79-86.

Supungul, P., Klinbunga, S., Pichyangkura, R., Hirono, 1., Aoki, T., and Tassanakajon,
A. 2004. Antimicrobial peptides discovered in the Black Tiger Shrimp
Penaeus monodon using the EST approch. Dis. Aquat. Org. 61: 123-135.

Supungul, P., Klinbunga, S., Pichyangkura, R., Jitrapakdee, S., Hirono, I., Aoki, T.,
and Tassanakajon, A. 2002. Identification of Immune-Related Genes in
Hemocytes of Black Tiger Shrimp (Penaeus monodon). Mar. Biotechnol. 4:
487-494.

Takahashi, N., Hayano, T., and Suzuki, M. 1989. Peptidylprolyl cis-trans isomerase is
the cyclosporin-A binding protein cyclophilin. Nature 337: 73-475.

Takahashi, Y., Itami, T., Maeda, M., Suzuki, N., Kasornchandra, J., Supamattaya, K.,
Khongpradit, R., Boonyaratpalin, S., Kondo, M., Kawai, K., Kusuda, R.,
Hirono, I., and Aoki, T. 1996. Polymerase chain reaction (PCR) amplification
of bacilliform virus (RV-PJ) DNA in Penaeus japonicus Bate and systemic
ectodermal and mesodermal baculovirus (SEMBV) DNA in Penaeus monodon

Fabricius. J. Fish. Dis. 19: 399-403.

Takai, Y., Takuya, S., and Takashi, M. 2001. Small GTP-binding proteins. Physiol.
Rev. 81: 153-208.

Tambunan, J., Chang, P. K., Li, H., and Natori, M. 1998. Molecular cloning of a
cDNA encoding a silkworm protein that contains the conserved BH regions of

Bcl-2 family proteins. Gene 212: 287-293.



136

Tang, K. F. J., and Lightner, D. V. 1999. A yellow head virus gene probe: nucleotide
sequence and application to in situ hybridization. Dis. Aquat. Org. 35: 165—
173.

Tang, K. F. J., Spann, K. M., Owens, L., and Lightner, D. V. 2002. In situ detection of
Australian gill-associated virus with a yellow head virus gene probe.

Aquaculture 205: 1-5.

Tapay, L. M., Nadala, E. C. Jr., and Loh, P. C. 1999. A polymerase chain reaction
protocol for the detection of various geographical isolates of white spot virus.

J. Virol. Methods 82: 39-43.

Tegeder, 1., Schumacher, A., John, S., Geiger, H., Geisslinger, G., Bang, H., and
Brune, K. 1997. Elevated serum cyclophilin-levels in patients with severe

sepsis. J. Clin. Immunol. 17: 380-386.

Theopold, U., Schmidt, O., Séderhill, K., and Dushay, M. S. 2004. Coagulation in
arthropods: defence, wound closure and healing. Trends Immunol. 25: 289-

294.

Thompson, C. B. 1995. Apoptosis in the pathogenesis and treatment of disease.
Science 267: 1456-1462.

Thornqvist, P. O. and Soderhdll, K. 1997. In: Diseases in Asian Aquaculture III
(Flegel, T. and MacRae, 1., Eds.), pp. 203-218. Asian Fisheries Society,

Manila

Tsai, M. F., Yu, H. T., Tzeng, H. F.; Leu, J. H., Chou, C. M., Huang, C. J., Wang, C.
H., Lin, J. Y., Kou, G. H., and Lo, C. F. 2000. Identification and
characterization of a shrimp white spot syndrome virus (WSSV) gene that
encodes a novel chimeric polypeptide of cellular-type thymidine kinase and

thymidylate kinase. Virology 277: 100-110.

Tsan, M. F., and Gao, B. 2004. Cytokine function of heat shock proteins. Am. J.
Physiol. (Cell Physiol.) 286: 739-744.




137

Tsunemi, M., Matsuura, Y., Sakakibara, S., and Katsube, Y. 1996. Crystal structure of
an elastase-specific inhibitor elafin complexed with porcine pancreatic elastase

determined at 1.9 A° resolution. Biochemistry 35: 11570- 11576.

Uren, A. G., Pakusch, M., Hawkins, C. J., Puls, K. L., and Vaux, D. L. 1996. Cloning
and expression of apoptosis inhibitory protein homologs that function to
inhibit apoptosis and/or bind tumor necrosis factor receptor-associated factors.

Proc. Natl. Acad. Sci. U. S. A. 93: 4974-4978.

van Hulten, M. C. W., Westenberg, M., Goodall, S. D., and Vlak, J. M. 2000.
Identification of two major virion protein genes of White Spot Syndrome virus

of shrimp. Virology 266: 227-236.

van Hulten, M. C. W., Witteveldt, J., Peters, S., Kloosterboer, N., Tarchini, R., Fiers,
M., Sandbrink, H., Lankhorst, R. K., and Vlak, J. M. 2001. The white spot
syndrome virus DNA genome sequence. Virology 286: 7-22.

Vandenberghe, J., Li, Y., Verdonck, L., Li, J., Sorgeloos, P., Xu, H. S., and Swings, J.
1998. Vibrios associated with Penaeus chinensis (Crustacea: Decapoda) larvae

in Chinese shrimp hatcheries. Aquaculture 169: 121-132.

Vargas-Albores, F. 1995, The defense system of brown shrimp Penaeus californiensis:

humoral recognition and cellular responses. J. Mar. Biotechnol. 3: 153-156.

Vargas-Albores, F., Guzman, M. A., and Ochoa, J. L. 1993. A lipopolysaccharide-
binding agglutinin isolated from brown shrimp Penaeus californiensis Holmes

haemolymph. Comp. Biochem. Physiol. 104B: 407-413.

Vargas-Albores, F., Jimenez-Vega, F., and Soderhall, K. 1996. A plasma protein
isolated from brown shrimp Penaeus califoriensis which enhances the
activation of prophenoloxidase system by b-1,3-glucan. Dev. Comp. Immunol.

20, 299-306.

Vargas-Albores, F., and Yepiz-Plascencia, G. M. 2000. Beta glucan binding protein
and its role in shrimp immune response. Aquaculture 191: 13-21.



138

Vaseeharan, B., and Ramasamy, P. 2003. Control of pathogenic Vibrio spp. By
Bacillus subtillis BT23, a possible probiotic treatment for black tiger shrimp
Penaeus monodon. Lett. Appl. Microbiol. 36: 83-87.

Wallin, R. P., Lundqvist, A., More S. H., Bonin A.von., Kiessling, R., and Ljunggren,
H. G. 2002. Heat-shock proteins as activators of the innate immune system,

Trends Immunol. 23: 130-135.

Wanaga, S., Kawabata, S., and Muta, T. 1998. New types of clotting factors and
defense molecules found in horseshoe crab hemolymph: their structures and

functions. J .Biochem. (Tokyo). 123: 1-15.

Wang, C. H,, Lo, C. F., Leu, J. H., Chou, C. M., Yeh, P. Y., Chou, H. Y., Tung, M. C.
C., Hang, C. F., Su, M. S., and Kou, G. H. 1995. Purification and genomic
analysis of baculovirus associated with white spot syndrome WSBV of

Penaeus monodon. Dis. Aqua. Org. 23:239-242.

Wang, R., Lee, Y., Cerenius, L., and Soderhdll, K. 2001. Properties of the
prophenoloxidase activating enzyme of the freshwater crayfish, Pacifastacus

leniusculus. Eur. J. Biochem. 268: 895-902.

Wang, R., Liang, Z., Hall, M., and Soderhall, K. 2001. A transglutaminase involved
in the coagulation system of the freshwater crayfish Pacifastacus leniusculus.

Tissue localization and cDNA cloning. Fish Shellfish Immunol. 11: 623-37.

Wang, T., and Brown, M. J. 1999. mRNA quantification by real time TagMan
polymerase chain reaction: validation and comparison with RNase protection.

Anal. Biochem. 269; 198-201.

Wang, Y., Kelly, C. G., Singh, M., McGowan, E. G., Carrara, A. S., Bergmeier, L. A.,
and Lehner, T. 2002. Stimulation of Th-1 polarizing cytokines, C-C
chemokines, maturation of dendritic cells, and adjuvant function by the
peptide binding fragment of heat shock protein 70, J. Immunol. 169: 2422-
2429.



139

Wang, Y. C., Lo, C. F., Chang, P. S., and Kou, G. H. 1998. Experimental infection of
white spot baculovirus in some cultured and wide decapods in Taiwan.

Aquaculture 164: 221-231.

Wang, Y. G., Hassan, M. D., Shariff, M., Zamri, S. M., and Chen, X. 1999.
Histopathology and cytopathology of white spot syndrom virus (WSSV) in
culture Penaeus monodon from peninsular Malaysia with emphasis on
pathogenesis and the mechanism of white spot formation. Dis. Aqua. Org. 39:

I-11.

Warner, H. R. 1994. Superoxide dismutase, aging, and degenerative disease. Free

Radical Biol. Med. 3: 249-258.

Weis, J. H., Tan, S. S., Martin, B. K., and Wittwer, C. T. 1992. Detection of rare
mRNAs via quantitative RT-PCR. Trends in Genetics 8: 263-264.

Weis, W. L., Taylor, M. E., and Drickamer, K. 1998. The C-type lectin superfamily in

the immune system. Immunol. Rev. 163: 19-34.
Welch, W. J. 1993. How cells respond to stress. Sci. Am. 268: 56-64.

Whaley, K., Lemercier, C. 1993. The complement system. In E. Sim, (ed.), The

natural immune system, humoral factors. pp. 121-150. New York: IRL Press.

Witteveldt, J., Vermeesch, A. M., Langenhof, M., de Lang, A., Vlak, J. M., and van
Hulten, M. C. 2005. Nucleocapsid protein. VP15 is the basic DNA binding

protein of white spot syndrome virus of shrimp. Arch. Virol. (in press)

Wongteerasupaya, C., Pungchai, P., Withyachumnarnkul, B., Boonsaeng, V., Panyim,
S., Flegel, T. W., and Walker, P. J. 2003. High variation in repetitive DNA
fragment length for white spot syndrome virus (WSSV) isolates in Thailand.
Dis. Aquat. Organ. 54: 253-257.

Wongteerasupaya, C., Tongcheua, W., Boonsaeng, V., Panyim, S., Tassanakajon, A.,
Withyachumnarnkul, B., and Flegel, T.W. 1997. Detection of yellow-head
virus of Penaeus monodon by RT-PCR amplification. Dis. Aquat. Org. 31:
181-186.




140

Wongteerasupaya, C., Vickers, J. E., Sriurairatana, S., Nash, G. L., Akarajamorn, A.,
Boonsaeng, V., Panyim, S., Tassanakajon, A., Withyachumnaarnkul, B., and
Flegel, T. W. 1995. A non-occluded systemic baculovirus that occurs in cells

of ectodermal and mesodermal origin and causes high mortality in the black

tiger prawn Penaeus monodon. Dis. Aqua. Org. 21: 77-96.

Wu, W., Wang, L., and Zhang, X. 2005. Identification of white spot syndrome
virus (WSSV) envelope proteins involved in shrimp infection. Virology 332:
578-583.

Xanthoudakis, S., Roy, S., Rasper, D., Hennessey, T., Aubin, Y., Cassady, R., Tawa,
P., Ruel, R., Rosen, A., and Nicholson, D.W. 1999. Hsp60 accelerates the
maturation of procaspase-3 by upstream activator proteases during apoptosis.

EMBO J. 18: 2049-2056.

Yamano, K., Qiu, G. F., Unuma, T. 2004. Molecular cloning and ovarian expression
profiles of thrombospondin, a major component of cortical rods in mature
oocytes of penaeid shrimp, Marsupenaeus japonicus. Biol. Reprod. 70: 1670 -
1678.

Yang, F., Wang, W., Chen, R. Z., and Xu, X. 1997. A simple and efficient method for
purification of prawn baculovirus DNA. J. Virol. Methods 67: 1-4.

Ye, X. Y., and Ng, T. B. 2000. Mungin, a novel cyclophilin-like antifungal protein
from the mung bean. Biochemical. Biophys. Res. Comm. 273: 1111-1115.

Yeh, M. S., Chen, Y. L., and Tsai, I. H. 1998. The hemolymph clottable proteins of
tiger shrimp, Penaeus monodon, and related species. Comp. Biochem. Physiol.

121:'169-176.

Yoganandhan, K., Narayanan, R. B., and Sahul Hameed, A. S. 2003. Larvae and early
post-larvae of Penaeus monodon (Fabricius) experimentally infected with

white spot. J. Fish Diseases. 26: 385-391.




141

Yu, X. Q., and Kanost, M. R. 2000. Immulectin-2, a lipopolysaccharide-specific lectin
from an insect, Manduca sexta, is induced in response to gramnegative

bacteria. J. Biol. Chem. 275: 37373-37381.

Yu, X. Q., Gan, H., and Kanost, M. R. 1999. Immulectin, an inducible C-type lectin
from an insect, Manduca sexta, stimulates activation of plasma prophenol

oxidase. Insect Biochem. Mol. Biol. 29: 585-597.

Zhang, X., Huang, C., and Qin, Q. 2004. Antiviral properties of hemocyanin isolated

from shrimp Penaeus monodon. Antiviral Res. 61: 93-99.

Zhong, H., and Simons, J. W. 1999. Direct comparison of GAPDH, beta-actin,
cyclophilin, and 28S rRNA as internal standards for quantifying RNA levels
under hypoxia. Biochem. Biophys. Res. Comm. 259: 523-526.

Zhu, Y., Roshal, M., Li, F., Blackett, J., and Planelles V. 2003. Upregulation of
survivin by HIV-1 Vpr. Apoptosis 8: 71-79.

Zugel, U., and Kaufmann, S. H. E. 1999. Role of heat shock proteins in protection

from and pathogenesis of infectious diseases. Clin. Microbiol. Rev. 12: 19-39.




AONUUINYUINNS )
ANRINTUNAINENRE



143

AONUUINYUINNS )
ANRINTUNAINENRE



144

0 3 6 12 24 48 72 hpi

PPAF
A al i
EF
el 3
42 PPAF
EF
'PAF
a3

—_— — — — EF

PPAF
i)
EF

a2

al

I. Analysis of expression levels of PPAF (A) and GPx (B) transcripts
after injection with V. harveyi for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al  : V. harveyi injected shrimps, replication 1

Panel a2  : V. harveyi injected shrimps, replication 2

Panel a3 : V. harveyi injected shrimps, replication 3

Panel b : saline injected shrimps
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I. (continued)  Analysis of expression levels of TG (C) and WAP (D)
transcripts after injection with V. harveyi for 0, 3, 6, 12, 24, 48 and 72 hrs.
Panel al  : V. harveyi injected shrimps, replication 1
Panel a2  : V. harveyi injected shrimps, replication 2
Panel a3 : V. harveyi injected shrimps, replication 3

Panel b : saline injected shrimps
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I. (continued)  Analysis of expression levels of PPI (E) transcripts after
injection with V. harveyi for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al  : V. harveyi injected shrimps, replication 1

Panel a2 : V. harveyi injected shrimps, replication 2

Panel a3 . V. harveyi injected shrimps, replication 3

Panel b : saline injected shrimps
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I1. Analysis of expression levels of SOD (A) and survivin (B) transcripts

after injection with V. harveyi for 0, 3, 6, 12, 24, 48 and 72 hrs.
Panel al  : V. harveyi injected shrimps, replication 1
Panel a2  : V. harveyi injected shrimps, replication 2
Panel a3 : V. harveyi injected shrimps, replication 3

Panel b : saline injected shrimps
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III.  Analysis of expression levels of P109 (A), Cyclophilin (B) transcripts
after injection with V. harveyi for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al  : V. harveyi injected shrimps, replication 1
Panel a2  : V. harveyi injected shrimps, replication 2
Panel a3 : V. harveyi injected shrimps, replication 3

Panel b : saline injected shrimps
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I11. (continued) " Analysis of expression levels of CCTP (C) and HSP 60
(D) transcripts after injection with V. harveyi for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al : V. harveyi injected shrimps, replication 1
Panel a2  : V. harveyi injected shrimps, replication 2
Panel a3 : V. harveyi injected shrimps, replication 3

Panel b  :saline injected shrimps
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I. Analysis of expression levels of PPAF (A) and WAP (B) transcripts after
injection with WSSV for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al : WSSV injected shrimps, replication 1
Panel a2 : WSSV injected shrimps, replication 2
Panel a3 : WSSV injected shrimps, replication 3
Panel b : LHM injected shrimps
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I. (continued) Analysis of expression levels of HSP 60 (D) transcripts
after injection with WSSV for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al
Panel a2
Panel a3

Panel b

: WSSV injected shrimps, replication 1
: WSSV injected shrimps, replication 2
: WSSV injected shrimps, replication 3
: LHM injected shrimps
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I1. Analysis of expression levels of SOD (A) and GPx (B) transcripts after
injection with WSSV for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al : WSSV injected shrimps, replication 1
Panel a2 : WSSV injected shrimps, replication 2
Panel a3 : WSSV injected shrimps, replication 3
Panel b : LHM injected shrimps



Survivin
EF

Survivin
EF
Survivin

EF

Survivin

EF

II. (continued)  Analysis of expression levels of Survivin (C) transcripts

after injection with WSSV for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al
Panel a2
Panel a3

Panel b

: WSSV injected shrimps, replication 1
: WSSV injected shrimps, replication 2
: WSSV injected shrimps, replication 3
: LHM injected shrimps
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III.  Analysis of expression levels of TG (A) and P109 (B) transcripts after

injection with WSSV for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al
Panel a2
Panel a3

Panel b

: WSSV injected shrimps, replication 1
: WSSV injected shrimps, replication 2
: WSSV injected shrimps, replication 3
: LHM injected shrimps
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III. (continued)  Analysis of expression levels of PPI(C) and Cyclophilin
(D) transcripts after injection with WSSV for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al : WSSV injected shrimps, replication 1
Panel a2 : WSSV injected shrimps, replication 2
Panel a3 : WSSV injected shrimps, replication 3
Panel b : LHM injected shrimps
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I1I. (continued) Analysis of expression levels of CCTP (E) transcripts after
injection with WSSV for 0, 3, 6, 12, 24, 48 and 72 hrs.

Panel al
Panel a2
Panel a3

Panel b

: WSSV injected shrimps, replication 1
: WSSV injected shrimps, replication 2
: WSSV injected shrimps, replication 3
: LHM injected shrimps
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IL.

Anova test of PPAF expression in V. harveyi-challenged P. monodon.

ANOVA
PPAF_V
Sum of
Squares df Mean Square F Sig.
Between Groups 1.093 6 .182 5.102 .006
Within Groups .500 14 3.571E-02
Total 1.593 20

Dancan test of PPAF expression in V. harveyi-challenged P. monodon.

PPAF_V
Duncan®
Subset for alpha = .05
HOURS N 1 2
3.00 3 .6622
72.00 3 .7349
.00 3 7971
6.00 3 .8785
12.00 3 9139
48.00 3 1.0059
24.00 3 1.4095
Sig. .065 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic'Mean Sample Size = 3.000.
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I

IV.

Anova test of GPx expression in V. harveyi-challenged P. monodon.

ANOVA
GPX_V
Sum of
Squares df Mean Square F Sig.
Between Groups |9.039E-02 6 1.507E-02 4.275 .012
Within Groups 4.933E-02 14 3.524E-03
Total .140 20

Dancan test of GPx expression in V. harveyi-challenged P. monodon.

GPX_V

Duncan®
Subset for alpha = .05

HOURS N 1 2 3
.00 3 .9067
3.00 3 .9133
72.00 3 .9633 .9633
48.00 3 .9933 .9933 .9933
24.00 3 1.0400 1.0400
6.00 3 1.0600 1.0600
12.00 3 1.0867
Sig. .120 .086 .096

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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V.

VL

Anova test of TG expression in V. harveyi-challenged P. monodon.

ANOVA
TG_V
Sum of
Squares df Mean Square F Sig.
Between Groups 227 6 3.784E-02 12.594 .000
Within Groups 4.207E-02 14 3.005E-03
Total .269 20

Dancan test of TG expression in V. harveyi-challenged P. monodon.

TG_V

Duncan®
Subset for alpha = .05

HOURS N 1 2 3
.00 3 .9733
3.00 3 1.0033 1.0033
6.00 3 1.0533 1.0533
72.00 3 1.0567 1.0567
48.00 3 1.0867
24.00 3 1.2067
12.00 3 1.2867
Sig. .107 .107 .096

Means for-groups in-homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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VIL

VIIL

Anova test of WAP expression in V. harveyi-challenged P. monodon.

ANOVA
WAP_V
Sum of
Squares df Mean Square F Sig.
Between Groups .605 6 .101 3.201 .034
Within Groups 441 14 3.151E-02
Total 1.046 20

Dancan test of WAP expression in V. harveyi-challenged P. monodon.

WAP_V

Duncan®
Subset for alpha = .05

HOURS N 1 2 3
.00 3 .7296
3.00 3 .8297 .8297
6.00 3 .9332 .9332
72.00 3 .9464 .9464 .9464
48.00 3 .9647 .9647 .9647
24.00 3 1.1338 1.1338
12.00 3 1.2792
Sig. .163 .077 .051

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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IX.

X.

Anova test of PPI expression in V. harveyi-challenged P. monodon.

ANOVA
PPI_V
Sum of
Squares df Mean Square F Sig.
Between Groups .964 6 .161 11.845 .000
Within Groups .190 14 1.357E-02
Total 1.154 20

Dancan test of PPI expression in V. harveyi-challenged P. monodon.

PPI_V

Duncan®

Subset for alpha = .05
HOURS N 1 2 3 4
.00 3 .7100
3.00 3 .8567 .8567
72.00 3 .9433
48.00 3 1.0667 1.0667
24.00 3 1.1900 1.1900
12.00 3 1.2967
6.00 3 1.3267
Sig. .145 .054 216 .194

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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XI.

XIL

Anova test of SOD expression in V. harveyi-challenged P. monodon.

ANOVA
SOD_V
Sum of
Squares df Mean Square F Sig.
Between Groups .575 6 9.576E-02 5.117 .006
Within Groups .262 14 1.871E-02
Total .837 20

Dancan test of SOD expression in V. harveyi-challenged P. monodon.

SOD_V

Duncan®
Subset for alpha = .05

HOURS N 1 2 3
12.00 3 .8367
3.00 3 1.0067 1.0067
6.00 3 1.0200 1.0200
24.00 3 1.0400 1.0400
48.00 3 1.0933 1.0933
72.00 3 1.2600 1.2600
.00 3 1.3800
Sig. .055 .058 .301

Means for-groups in-homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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XIII.  Anova test of survivin expression in V. harveyi-challenged P. monodon.
ANOVA
SURVI_V
Sum of
Squares df Mean Square F Sig.
Between Groups 4.098 6 .683 32.468 .000
Within Groups .295 14 2.104E-02
Total 4.393 20

XIV. Dancan test of survivin expression in V. harveyi-challenged P. monodon.

SURVI_V

Duncan®

Subset for alpha = .05
HOURS N 1 2 3 4
3.00 3 .3900
6.00 3 .4633
12.00 3 .6400
24.00 3 .9067
.00 3 .9233
48.00 3 1.2367
72.00 3 1.7567
Sig. .064 .890 1.000 1.000

Means for groups in-homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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XV.

XVI.

Anova test of P109 expression in V. harveyi-challenged P. monodon.

ANOVA
P109_V
Sum of
Squares df Mean Square F Sig.
Between Groups |7.385E-02 6 1.231E-02 1.236 .346
Within Groups .139 14 9.962E-03
Total .213 20

Dancan test of P109 expression in V. harveyi-challenged P. monodon.

P109_V
Duncan®
Subset
for alpha
= .05
HOURS N 1
6.00 B .6267
3.00 3 .6433
.00 3 .6567
12.00 3 .6967
48.00 3 .7667
72.00 3 .7667
24.00 3 7733
Sig. 131

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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XVIL.  Anova test of cyclophilin expression in V. harveyi-challenged P. monodon.

ANOVA
CYP18_V
Sum of
Squares df Mean Square F Sig.
Between Groups .135 6 2.247E-02 352 .897
Within Groups .895 14 6.392E-02
Total 1.030 20

167

XVIIIIL Dancan test of cyelophilin expression in V. harveyi-challenged P. monodon.

CYP18_V

Duncan®

Subset

for alpha
=.05

HOURS N 1
48.00 3 .5640
3.00 3 .6200
.00 3 .6533
72.00 3 .6867
24.00 3 .6933
6.00 3 .6967
12.00 3 .8433
Sig. .246

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.



XIX. Anova test of CCTP expression in V. harveyi-challenged P. monodon.

ANOVA
CCTP_V
Sum of
Squares df Mean Square F Sig.
Between Groups |3.162E-03 6 5.270E-04 .098 .995

Within Groups 7.567E-02
Total 7.883E-02

14 5.405E-03
20

XX. Dancan test of CCTP expression in V. harveyi-challenged P. monodon.

CCTP_V
Duncan®
Subset
for alpha
= {015
HOURS N 1
6.00 3 1.0167
12.00 3 1.0400
.00 3 1.0433
48.00 3 1.0433
24.00 3 1.0467
3.00 3 1.0500
72.00 3 1.0600
Sig. .527

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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XXI.  Anova test of HSP 60 expression in V. harveyi-challenged P. monodon.

ANOVA
HSP60_V
Sum of
Squares df Mean Square F Sig.
Between Groups .146 6 2.437E-02 3.092 .038
Within Groups .110 14 7.881E-03
Total .257 20

XXII. Dancan test of HSP 60 expression in V. harveyi-challenged P. monodon.

HSP60_V

Duncan®
Subset for alpha = .05

HOURS N 1 2 3
72.00 3 .8833
24.00 3 .9433 .9433
48.00 3 .9567 .9567 .9567
.00 3 1.0267 1.0267 1.0267
12.00 3 1.0667 1.0667
3.00 3 1.1100 1.1100
6.00 3 1.1200
Sig. .088 .055 .059

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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IL.

Anova test of PPAF expression in WSSV-challenged P. monodon.

ANOVA
PPAF_W
Sum of
Squares df Mean Square F Sig.
Between Groups .957 6 .160 5.106 .006
Within Groups 437 14 3.124E-02
Total 1.394 20

Dancan test of PPAF expression in WSSV-challenged P. monodon.

PPAF_W

Duncan®
Subset for alpha = .05

HOURS N 1 2 3
72.00 3 1.0028
48.00 3 1.0647
.00 3 1.1800
3.00 3 1.2899 1.2899
6.00 3 1.3045 1.3045
24.00 3 1.5287 1.5287
12.00 3 1.6314
Sig. .078 .138 .489

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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1. Anova test of WAP expression in WSSV-challenged P. monodon.

ANOVA
WAP_W
Sum of
Squares df Mean Square F Sig.
Between Groups 2.956 6 493 2.992 .043
Within Groups 2.305 14 .165
Total 5.262 20

V. Dancan test of WAP expression in WSSV-challenged P. monodon.

WAP_W

Duncan®

Subset for alpha = .05
HOURS N 1 2
.00 3 .5127
3.00 3 .6986
48.00 3 .7133
6.00 3 .7563
72.00 3 .8936
12.00 3 9116
24.00 3 1.7600
Sig. .297 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.



V.

VL

Anova test of HSP 60 expression in WSSV-challenged P. monodon.

ANOVA
HSP60_W
Sum of
Squares df Mean Square F Sig.
Between Groups .282 6 4.698E-02 6.369 .002
Within Groups .103 14 7.376E-03
Total .385 20

Dancan test of HSP60 expression in WSSV-challenged P. monodon.

HSP60_W

Duncan®

Subset for alpha = .05
HOURS N 1 2
12.00 3 .6167
24.00 3 .6200
48.00 3 .6567
.00 3 .7367
72.00 3 .7700 .7700
6.00 3 .9067
3.00 3 .9100
Sig. .066 .078

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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VIL

VIIL

Anova test of SOD expression in WSSV-challenged P. monodon.

ANOVA
SOD_W
Sum of
Squares df Mean Square F Sig.
Between Groups 1.753 6 292 6.973 .001
Within Groups .587 14 4.190E-02
Total 2.340 20

Dancan test of SOD expression in WSSV-challenged P. monodon.

SOD_W

Duncan®

Subset for alpha = .05
HOURS N 1 2
24.00 3 B58E8
12.00 3 .6333
6.00 3 .6667
48.00 3 .6667
72.00 3 .7667
3.00 3 .8667
.00 3 1.4667
Sig. .095 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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IX.

Anova test of GPx expression in WSSV-challenged P. monodon.

ANOVA
GPX
Sum of
Squares df Mean Square F Sig.
Between Groups .287 6 4.782E-02 5.703 .003
Within Groups 117 14 8.386E-03
Total .404 20

Dancan test of GPx expression in WSSV-challenged P. monodon.

GPX

Duncan®

Subset for alpha = .05
HOURS N 1 2 3 4
12.00 3 .7333
24.00 3 .8067 .8067
6.00 3 .8100 .8100
3.00 3 .8267 .8267 .8267
.00 3 .9333 .9333 .9333
48.00 3 .9933 .9933
72.00 3 1.0933
Sig. .268 .139 .052 .061

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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XI.

XIL

Anova test of survivin expression in WSSV-challenged P. monodon.

ANOVA
SURVI_W
Sum of
Squares df Mean Square F Sig.
Between Groups .118 6 1.966E-02 4.216 .012
Within Groups 6.527E-02 14 4.662E-03
Total .183 20

Dancan test of survivin expression in WSSV-challenged P. monodon.

SURVI_W

Duncan®

Subset for alpha = .05
HOURS N 1 2
12.00 3 .4933
24.00 3 .5000
6.00 3 .5100
3.00 3 .5367
48.00 3 .5967 .5967
72.00 3 .6633
.00 3 .6900
Sig. .114 .134

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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XIII.  Anova test of TG expression in WSSV-challenged P. monodon.

ANOVA
TG
Sum of
Squares df Mean Square F Sig.
Between Groups .145 6 2.409E-02 2.801 .053
Within Groups .120 14 8.600E-03
Total .265 20

XIV. Dancan test of TG expression in WSSV-challenged P. monodon.

TG

Duncan®

Subset for alpha = .05
HOURS N 1 2
6.00 3 .6067
3.00 3 .6267
12.00 3 .6300
48.00 3 .7633 .7633
.00 3 .7667 .7667
24.00 3 .7833 .7833
72.00 3 .8233
Sig. .054 .477

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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XV. Anova test of P109 expression in WSSV-challenged P. monodon.

XVI.

ANOVA
P109_W
Sum of
Squares df Mean Square F Sig.
Between Groups |3.029E-03 6 5.048E-04 .070 .998
Within Groups .101 14 7.233E-03
Total .104 20

Dancan test of P109 expression in WSSV-challenged P. monodon.

P109_W
Duncan®
Subset
for alpha
= {015
HOURS N 1
24.00 3 1.1000
12.00 3 1.1033
48.00 3 1.1033
3.00 3 1.1100
.00 3 1.1200
6.00 3 1.1267
72.00 3 1.1333
Sig. .672

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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XVII. Anova test of PPI expression in WSSV-challenged P. monodon.

ANOVA
PPI_W
Sum of
Squares df Mean Square F Sig.
Between Groups |7.087E-02 6 1.181E-02 1.128 .396
Within Groups .147 14 1.047E-02
Total 217 20

XVIII. Dancan test of PPI expression in WSSV-challenged P. monodon.

PPI_W
Duncan®
Subset
for alpha
= {015
HOURS N 1
.00 3 .6367
3.00 3 .6667
6.00 3 .7433
48.00 3 .7433
72.00 3 7733
12.00 3 .7900
24.00 3 .8033
Sig. .097

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.



XIX. Anova test of cyclophilin expression in WSSV-challenged P. monodon.

ANOVA
CYCLO_W
Sum of
Squares df Mean Square F Sig.
Between Groups |5.162E-03 6 8.603E-04 2.377 .085
Within Groups 5.067E-03 14 3.619E-04
Total 1.023E-02 20

XX. Dancan test of cyclophilin expression in WSSV-challenged P. monodon.

CYCLO_W

Duncan®

Subset for alpha = .05
HOURS N 1 2
48.00 3 .6067
3.00 3 .6133
6.00 3 .6167
.00 3 .6233 .6233
72.00 3 .6333 .6333
24.00 3 .6433 .6433
12.00 3 .6533
Sig. .052 .095

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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XXI. Anova test of CCTP expression in WSSV-challenged P. monodon.

ANOVA
CCTP_W
Sum of
Squares df Mean Square F Sig.
Between Groups | 6.448E-03 6 1.075E-03 1.085 417

Within Groups 1.387E-02
Total 2.031E-02

14 9.905E-04
20

XXII. Dancan test of CCTP expression in WSSV-challenged P. monodon.

CCTP_W
Duncan®
Subset
for alpha
= {015
HOURS N 1
24.00 3 1.3833
48.00 3 1.3833
72.00 3 1.3967
.00 3 1.4067
12.00 3 1.4067
3.00 3 1.4167
6.00 3 1.4367
Sig. .086

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

181



182

AONUUINYUINNS )
ANRINTUNAINENRE



183

I. Anova test of PPAF expression in different developmental stages of P. monodon

ANOVA
PPAF
Sum of
Squares df Mean Square F Sig.
Between Groups | 5288.511 5 1057.702 5.405 .012
Within Groups 1957.049 10 195.705
Total 7245.560 15

II. Dancan test of PPAF expression in different developmental stages of P. monodon

PPAF

Duncan’®
Subset for alpha = .05

STAGES N 1 2 3
3.00 3 93.3967
6.00 2 97.0000
1.00 2 | 109.7850 | 109.7850
2.00 3 | 110.3567 | 110.3567
5.00 3 135.2600 | 135.2600
4.00 3 140.1500
Sig. .229 .077 .700

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic-Mean Sample Size = 2.571.
b. The group sizes are unequal. The harmonic mean of

the group sizes is used. Type I error levels are not

guaranteed. ) )
* The 1-6 stages were NaupliuslIl , Zoea II, Mysis II, PL5, PL15

and juvenile stage of P. monodon, respectively.
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III. Anova test of GPx expression in different developmental stages of P. monodon

ANOVA
GPX
Sum of
Squares df Mean Square F Sig.
Between Groups | 26764.34 5 5352.867 4.668 .019
Within Groups 11467.91 10 1146.791
Total 38232.25 15

IV. Dancan test of GPx expression in different developmental stages of P. monodon

GPX

Duncan®®
Subset for alpha = .05

STAGES N 1 2 3
1.00 2 | 103.3650
2.00 3 | 153.2500 | 153.2500
3.00 3 | 158.7300 | 158.7300
6.00 2 174.6950 | 174.6950
4.00 3 185.0967 | 185.0967
5.00 3 243.3467
Sig. .107 .343 .052

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.571.

b. The group sizes are unequal. The harmonic mean of
the group sizes is used. Type I error levels are not
guaranteed.

* The 1-6 stages were Naupliuslll , Zoea II, Mysis II, PL5, PL15

and juvenile stage of P. monodon, respectively.
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V. Anova test of TG expression in different developmental stages of P. monodon

ANOVA
TG
Sum of
Squares df Mean Square F Sig.
Between Groups | 5328.302 5 1065.660 7.061 .005
Within Groups 1509.323 10 150.932
Total 6837.625 15

VI. Dancan test of TG expression in different developmental stages of P. monodon

TG

Duncan®?
Subset for alpha = .05

STAGES N 1 2 3
6.00 2 39.2750
2.00 3 50.2933 50.2933
1.00 2 51.4300 51.4300
3.00 3 54.3533 54.3533
5.00 3 74.1167 74.1167
4.00 3 93.8767
Sig. .223 .067 .098

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.571.

b. The group sizes are unequal. The harmonic mean of
the group sizes is used. Type I error levels are not
guaranteed.

* The 1-6 stages were Naupliuslll , Zoea II, Mysis II, PL5, PL15

and juvenile stage of P. monodon, respectively.
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VII. Anova test of WAP expression in different developmental stages of P. monodon

ANOVA
WAP
Sum of
Squares df Mean Square F Sig.
Between Groups | 323610.5 5 64722.110 110.507 .000
Within Groups 5856.820 10 585.682
Total 329467.4 15

VIII. Dancan test of WAP expression in different developmental stages of P.

monodon

WAP

b
Duncan®

Subset for alpha = .05

STAGES N 1 2 3 4 5 6
1.00 .0000
2.00
3.00
4.00
6.00
5.00 417.6767
Sig. 1.000 1.000 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.

a.'Uses Harmonic Mean Sample Size = 2.571.

58.1700
116.7800
173.4300
307.9950

WNWWWwN

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error
levels are not guaranteed.

* The 1-6 stages were NaupliuslIl , Zoea II, Mysis II, PL5, PL15 and juvenile stage of

P. monodon, respectively.



IX. Anova test of PPI expression in different developmental stages of P. monodon

ANOVA
PPI
Sum of
Squares df Mean Square F Sig.
Between Groups | 29558.05 5 5911.611 20.706 .000
Within Groups 2855.077 10 285.508
Total 32413.13 15

X. Dancan test of PPI expression in different developmental stages of P. monodon

PPI

Duncan®?

Subset for alpha = .05
STAGES N 1 2
1.00 2 | 132.7700
3.00 3 | 132.7800
6.00 2 | 135.0200
2.00 3 | 141.5333
5.00 3 220.6033
4.00 3 227.9800
Sig. .595 .631

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 2.571.

b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I error
levels are not guaranteed.
* The 1-6 stages were NaupliuslIl , Zoea II, Mysis II, PL5,

PL15 and juvenile stage of P. monodon, respectively
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XI. Anova test of HSP60 expression in different developmental stages of P. monodon

ANOVA
HSP60
Sum of
Squares df Mean Square F Sig.
Between Groups | 5070.506 5 1014.101 4.734 .018
Within Groups 2142.185 10 214.219
Total 7212.691 15

XII. Dancan test of HSP60 expression in different developmental stages of P.

monodon

HSP60

Duncan®?

Subset for alpha = .05
STAGES N 1 2
3.00 3 74.7067
6.00 2 79.3600
4.00 3 89.8667 89.8667
2.00 3 110.4300
1.00 2 116.4850
5.00 3 119.6500
Sig. .288 .057

Means for ‘groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 2.571.

b. The group sizes are unequal. The harmonic
mean of the group sizes is used. Type I error
levels are not guaranteed.

* The 1-6 stages were Naupliuslll , Zoea II, Mysis II, PL5,

PL15 and juvenile stage of P. monodon, respectively



189

AONUUINYUINNS )
ANRINTUNAINENRE



Anova test of PPAF expression.

ANOVA
PPAF
Sum of
Squares df Mean Square F Sig.
Between Groups 8073.928 2 4036.964 6.555 .031
Within Groups 3695.051 6 615.842
Total 11768.98 8
IL. Dancan test of PPAF expression.
PPAF
Duncan®
Subset for alpha = .05
SOURE N 1 2
1.00 36.2033
2.00 50.4267
3.00 105.6467
Sig. .509 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

Indication

Soure 1 : Suphunburi ;

Soure 2 : Chachoengsao;

Soure 3 : Nakhonsithammarat.
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I11. Anova test of GPx expression.
ANOVA

GPX

Sum of

Squares df Mean Square F Sig.
Between Groups | 8387.889 2 4193.944 4.389 .067
Within Groups 5733.873 6 955.645
Total 14121.76 8

IV.  Dancan test of GPx expression.

GPX

Duncan®

Subset for alpha = .05
SOURE N e 2
1.00 140.1533
2.00 168.2233 | 168.2233
3.00 214.2133
Sig. .309 .118

Means for groups.in. homogeneous subsets-are displayed.

Indication

a. Uses Harmonic Mean Sample Size = 3.000.

Soure 1 : Suphunburi ;

Soure 2 : Chachoengsao;

Soure 3 : Nakhonsithammarat.
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V. Anova test of WAP expression.

ANOVA
WAP
Sum of
Squares df Mean Square F Sig.
Between Groups | 40519.99 2 20259.993 7.938 .021
Within Groups 15314.38 6 2552.396
Total 55834.36 8

VL Dancan test of WAP expression.

WAP

Duncan®

Subset for alpha = .05
SOURE N 1 2
1.00 155.0933
2.00 206.8767
3.00 316.0733
Sig. .256 1.000

Means for groups-in homogeneous subsets are displayed.

Indication

a. Uses Harmonic Mean Sample Size = 3.000.

Soure 1 : Suphunburi ;

Soure 2 : Chachoengsao;

Soure 3 : Nakhonsithammarat.
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VIIL

Anova test of PPI expression.

ANOVA
PPI
Sum of
Squares df Mean Square F Sig.
Between Groups | 4480.188 2 2240.094 33.466 .001
Within Groups 401.621 6 66.937
Total 4881.809 8
Dancan test of PPI expression.
PPI
Duncan®
Subset for alpha = .05
SOURE N 1 Z 3
1.00 72.0333
2.00 88.3967
3.00 125.3733
Sig. 1.000 1.000 1.000

Means for groups in-homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Indication

Soure 1 : Suphunburi ;

Soure 2 : Chachoengsao;

Soure 3 : Nakhonsithammarat.
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IX. Anova test of TG expression.

ANOVA
TG
Sum of
Squares df Mean Square F Sig.
Between Groups 11820.94 2 5910.469 25.456 .001
Within Groups 1393.077 6 232.180
Total 13214.01 8
X. Dancan test of TG expression.
TG
Duncan®
Subset for alpha = .05
SOURE N 1 2
1.00 3 | 132.9667
2.00 3 | 148.5767
3.00 3 216.4533
Sig. .256 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

Indication Soure 1 : Suphunburi ;
Soure 2 : Chachoengsao;

Soure 3 : Nakhonsithammarat.



XI.

XII.

Anova test of HSP 60 expression.

ANOVA
HSP60
Sum of
Squares df Mean Square F Sig.
Between Groups 35273.83 2 17636.917 1.814 .242
Within Groups 58325.17 6 9720.861
Total 93599.00 8
Dancan test of HSP 60 expression.
HSP60
Duncan®
Subset
for alpha
= .05
SOURE N 1
2.00 221.0767
1.00 278.0400
3.00 372.8600
Sig. .118

Means for groups in. homogeneous subsets are displayed.

Indication

a. Uses Harmonic Mean Sample Size = 3.000.

Soure 1 : Suphunburi ;

Soure 2 : Chachoengsao;

Soure 3 : Nakhonsithammarat.
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