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CHAPTER |
INTRODUCTION

1.1 General introduction

Between 2000-2008, the shrimp and prawnsproduction were the second highest
group reported value in“the aguaculture, productions(Table 1.1). In 2008, the value
reported of shrimps and_prawns (8.98% of total-aquaculture production) contained
62.87% of Pacific white"shrmps (Litopenaeus vannamei) followed by 23.46% of
black tiger shrimp (Penaeus monodon) and the other shrimp (FAO 2008). Thailand is
one of the ten leadingsexporters of shrimps in the world. Cultivated shrimp in
Thailand have started from the Department.-'of Fisheries succeeded in the propagation
of black tiger shrimp hatcheries . since abafjt 1972 (Tookwinas, 1991) and expanded
rapidly between 1985-1988, ‘'with growth";_inrthe province of Central, Eastern and
Southern Gulf of Thailand. This rapid growt-h-resulted in the reduction of shrimp cost
(1989-1990) and subsequently causet disease outbreaks (1990-1993). The virus that
was the major cause of disease outbreaks.in the f(—;;arly was yellow head virus and later
(1993) white spot syndrome virus (WSSV) Wﬁchjthe disease can also widely damage
in all area of shrimp culture till today. Previbhél_)?ffhé major farmed shrimp species in
Thailand was*the black figer shrimp. However, the performance of the black tiger
shrimp culture*has fallen since 1997 that resulted from the-smaller size and the
dropped survival rate of shrimp (Limsuwan, 1991, Kongkeo, 1994). Until 2002, the
black tiger shrimp production has decreased continuously while that of the pacific
white shrimpshas jincreased.sNew;: thesblack-tiger sshrimp export«of:Fhailand declined
from 64,565.41 tons in 2006 to 23,158.43 tons In'2009 and the pacific white shrimp
expandedfrom 35,942.76 tons in 2006 to 342,089.05 tons in 2009 (Fig. 1.1).

The™Pacific_wuhite shrimp, Litopenagus vannamei) /arenative to“thes eastern
Pacific, Mexico and Peru (Pérez Farfante and Kensley, 1997).It becames the main
cultured species in Thailand because it has much advantage. Examples include rapid
growth rate, lower protein requirements, certain disease resistance (pathogen resistant
stock), tolerance of high stocking density, tolerance of low salinities, and high

survival during larval rearing (Briggs et al., 2004). Although the farms can survive the



crisis by cultivation of the new shrimp species, it does not mean the sustainability of
shrimp production in the long run since the actual causes of the infectious diseases are
still there in the farm.
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Figure 1.1 The guality ort ¢ 7 us monodon) and white
shrimp (Litopenaeus vanne ) a an . source: Fisheries Foreign

23,158.43
342,089.05

To solve the above problems and rimp production, the overall

Py s
biological systems of P. menodon are uously studied including shrimp
immunity, genetics, patho :.:,gd_-.g_gi_g,g,glpj.;:-, ] e, selectlve breeding, to name a
few. The know };m_%i o, the pathogens and
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Table 1.1 World aquaculture productions by species groups in 2000-2008 [Source:
FAO Fishstat (2008)] (Q = tons, V = USD 1000)

Species group
Groupes d' espéces 2000 2001 2002 2003 2004 2005 2006 2007 2008
Grupos de especies
Carps, barbels and other cyprinids Q 12859744 14 575 364 535 898 16 890 130 17 766 017 18532 640 18 950 904 20593403
Vo 12336483 13 252 397 13 983 932 15 967 667 16 389 336 17 717 927 23177 414 26694 905
]
Tilapias and other cichlids Q 1190021 1.30 5, 2 1795 208 1996 220 2238 485 2551275 2797 819
v 1614132 L it 2 052 853 2266 473 2851937 3638662 4021164
Miscellaneous freshwater fishes Q 2562763 56 189 3963621 4 563 393 5146 646 5359 280
v 516G 5 5854713 6985 411 9207 667 9799 669
Sturgeans, paddlefishes Q 856 17 800 15 084 25 708 25 683
v ?‘ 67 660 &7 148 91682 105 339
River eels Q 217 434 233981 273832 265 488
784653830043 079536 1054210 1205647 1232778
Salmons, trouts, smelts Q 1546 003 755 2121941 2235530 2295523
1 964 9842 895 10742197 10669 958
Shads o 708 2700 1292 397
e 14 120 3t 2574
Miscellaneous diadromous fishes 617 100 701818 721183
T34 804 902 234 1108 401
Flounders. halibuts. soles 118 089 128 752 143 808
T02 479 713138 650 220
Cods, hakes, haddocks 13284 13722 21387
50707 55089 83 831
Miscellaneous coastal fishes 891 577 973 187 246 499
2 B55 412 3310 597 3584 327
Miscellaneous demersal fishes 23013 35979 33255
202970 218 113 195 322
Tunas, bonitos, hillfishes 113812 8485 89268
132 986 108 2568 123 004
Miscellaneous pelagic fishes 194 721 208 422 209 110
355 475 1400 675 1461 593 1439 134
Marine fishes not identified Q 245935 340 620 321673 397 522
| v 269 937 377035 552603 539 797
Freshwater crustaceans Q 520 922 913 832 954 846 1271 864 1369 626
. 71417 0 ann 49 4771031 AANT TR 7 RAR A1
Crabs, sea-spiders Q 195 595 198 258 231085 240 781
v 540773 580 943 648 085 T47 840
Lobsters, spiny-rock lobsters Q 29 35 70 372
v 527 710 1863 5 4591
== =
Shrimps, prawns Q 1136163 2363575 2662411 317978 3281558 3389105
. v 7155801 9 301 246 10 412 153 12 446 851 13562178 14281 651
Miscellaneous marine crustaceans Q 115 122 109
W 100 1045 1074 714
Freshwater molluscs | a 10220 135124 135024 153 471
Ii. v 14014 81677 109 432 138101
Abalones, winkles, conch 320 354 374 762 350 432
444 057 545830 613 584
Oysters r Q 3610867 4263 307 4402188 4164 010
-\ 3165108 2943 460 3016081 3174 608
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1.2 Taxonomy of Penaeus monodon

Penaeus monodon, the giant tiger shrimp, is a penaeid shrimp species that are
classified into the largest phylum in the animal kingdom, the Arthropoda. This group
of animal is characterized by the presence of pair appendages and a protective cuticle
or exoskeleton that covers the whole animals The taxonomic definition of the black
tiger shrimp, P. monodon is as follows (Bailey-Broekand Moss, 1992):

Phylum Arthrepoda
Sulphylum Crustacea Briinnich, 1772
Class Malacostraca Latreille, 1802
SubclassEumalacostraca Grohben, 1892
Qrder Decapoda l;atreille, 1802
Subgrder Dendfqbra'nchiata Bate, 1888
Superfamily Penaeoidea Rafinesque, 1815
Family Penaeidae Rafinesque, 1985
Geénus Penagus Fabricius, 1798

Species Peistéds' monodon Fabricius, 1798

Scientific name: Penaeus moﬁodon (FabriciUsj, i-798

Common name;  Tiger prawn (Africa), Jumbo tiger -prawn, Giant tiger
prawn, Black ~tiger prawn, Blue tiger prawn, keader prawn, Panda
prawn (Australia),.Jar-Pazun (Burma), Bangkear (Cambodia), Ghost prawn (Hong
Kong), Jinga (India;” Bambay region), Udang windu(Indonesia), Ushi-ebi (Japan),
Kamba ndogo (Kenya), Kalri, (Pakistan), Sugpo: (Rhillipines), Grass shrimp (Taiwan),
Kung kula-dum’ (Thailand), Tim sa“(Vietnam).

F.A.O. Names: Giant tiger prawn, Crevette giante tigre, Camaron tigre gigante.

1.3 Morphology

The exterior of penaeid shrimp contains three major regions, cephalon (head),
thorax and abdomen (Fig 1.2). The position of cephalon is first 5 somites and
following by 6 somites of thorax that were combined to the cephalothorax bearing all

the appendages excepting the pleopods (swimming legs) and uropods. The



cephalothorax is covered by a single, immobile carapace, which shields cuticular
structure arising from the posterior margins of the cephalon, extending anteriorly and
posteriorly. Many internal organs locate in thorax under the carapace such as gills,
digestive system, reproductive system and heart, while the muscles concentrate in the
abdomen. Characteristic of carapace is ridges«{carinae), grooves (sulci) and prominent
sharp teeth of rostrum that locates on+ dersalemidpoint. Appendages of the
cephalothorax differ.in. feature and function. In.the.cepharon region, the compound
eyes containing cornea and eyestalk responses for visien, antennules and antennae
performed sensory functions: Mandibles and two pairs. of maxillae form jaw-like
structures involved in feod uptake (Solis, 1988). In the thorax region including first three
pairs of maxillipeds madified for food hanQIing and five pairs of pereopods are the
walking legs. The abdomen composes of ﬁ_l.eopods in first five pairs (Baily-Brook and
Moss, 1992; Bell and Lightner, - 1988), thJe sixth pairs with uropods and final with
telson bearing the anus (Dall et al., 1990).7A rapid ventral flexion of the abdomen with
the tail fan produces the quick backward daﬁt ‘characteristic of prawn (Anderson, 1993).
The mouth is located in ventral-and the ceph}alic appendages surrounding it, plus the

first and second maxillipeds. ‘and sometifmes the ‘third as well, may be referred to

collectively as the "mouth parts”,

Adroatral carina
Gaslio-orbilal carlna Epigastric aping
=~ Anienn I‘"' -~ Hi r
Anlennular Rostrum -

Third maxilliped

Antennal llagelium

Figure 1.2 Lateral view of the external morphology of Penaeus monodon (Anderson,
1993).

The cuticle is secreted by an epidermal cell layer that composes of chitin and

protein in which calcium carbonate and calcium phosphate have been deposited.



While the old cuticle is moulted, the epidermis detaches the inner cuticle layer from
the inner cuticle layer and begins for secreting a new cuticle. After molting the new
cuticle is soft and is extended to accommodate the increased sized of the shrimp.

The black tiger shrimp has the fallowing characteristic coloration: carapace and
abdomen are transversely banded with red and \white, the antennae are grayish brown,
and the pereopods and pleopods are brown with erimson fringing setae. In shallow
brackish waters or when.cultured in pends, the color.changes to dark and, often, to
blackish brown (Moten; 1981 eited in (Solis, 1988).

ovary

stomach dorsal abdominal vessel

ventral nerve cord
f o g

Y hepatopancrea;

ida _-j‘;_!
Figure 1.3 Lateral view of the internal anatomy of a female Penaeus monodon
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The internalrmorpholog;of benaeid shrirﬁp IS outlined in‘Figure 1.3. Muscular,
digestive, circulatory; respiratory;  nervous, and  reproduetive systems are all
presented. The muscular, many sorts, control movements of the body for example
walking, crawling, burrowing, swimming, feeding, and -breathing. The complex
digestive system, part of the tract is differentiated into a foregut, a midgut, and a
hindgut.sThe circulatory: system: of “penaeids “and ‘other arthropods are an open
circulatory, system consisting of a heart, dorsally located in the "cephalothorax, with
branching arteries conducting blood to the various organs.

The blood and the ‘bload cells are therefore called jhemalymph' and hemacytes,
respectively. The valve hemolymph vessels leave the heart and branch several times
before the hemolymph reaches at the sinus, where exchange of substances take
place, scattering throughout the body. When passed the gill, the hemilymp comeback
to the heart by means of three wide non-valved openings (Bauchau, 1981). Gills serve

on the respiratory process. The nervous system includes two ventral nerve cords, a



dorsal brain, and a pair of ganglia for each somite. A large part of cephalothorax in
penaeid shrimps is captured by the hepatopancreas which connect to the
gastrointestinal tract via the primary duct. Its main functions are absorption of
nutrients, storage of lipids and production of digestive enzymes (Johnson, 1980). One
of the hemolymph vessels that leave the heart eads in the lymphoid organ where the
hemolymph is filtered. This organ composes oitwasdixtinct lobes and locates ventro-
anteriorly to the hepatopancreas. The hemocytes are.produced in hematopoietic tissue.
This organ consists.ef-densely.packed lobules located at different parts of the shrimp
anterior region, butemainly presented ground the stomach and in the onset of the

maxillipeds. Lymphoidioroan and hematoboietic tissue are shown in Figure 1.4.

hematopmet«: tissue Iymphmd organ

hematopoistic fisstue

Figure 1.4 Position of hematopoie_ti_é tissue al_}d | lymphoid organ of penaeid shrimp.

1.4 Shrimp diseases =7
Diseases are one of thé Tain 6bstacles to the‘sﬁrlmp aquaculture Shrimp diseases

can be divided. lnto two etiologies, noninfectious and lnfecuous (Lightner and

Redman, 1998). The examples for noninfectious diseases are en\flronmental extremes,
nutritional imbalances, toxicants and genetic factors (Lightner, 1988; Johnson, 1995).
The most serioushr:)roblem is infectious diseases that are cauééd by viruses, bacteria,
fungi andr parasites.; Especially, /Viral, and-bacterial -outbreaks-have. decimated the
shrimp industries in the world.

The "most prevalent bacterial in shrimp, that cause mass mortalities, is
Vibrionacea familyssuch, as=Vibrio haryeyiy\Vis parahaemelyticus,: Vealginolyticus and
V. anguillaram. Vibrio infections eften result from the environmental stresses.or viral
diseases, and are not the primary disease problem (Nash, 1990). Viral diseases are
serious outbreaks. The outbreak of the viral disease often occur from various stress
factors, such as low dissolved oxygen, abnormal temperatures and overcrowding.

Shrimp diseases have affected the economic viability such as losses of production,



reduced earning and decreased confidence of consumers. Hence, the disease
prevention and control is of prime important to the shrimp industry. Improvement of
farm management and study of the shrimp immunity can be applied in cultivation of

shrimp.

1.5 Viral diseases

Viruses are known to-be the most important pathogens in shrimp. Viral pathogens
can infect shrimp at different life stages that eause mortality, slow growth and
deformations. More than#20 wviruses have been reported as pathogenic to shrimp and
classified into seven families Jdncluding Parvoviridae, Baculoviridae, Iridoviridae,
Picornaviridae, Rhabdowiridae, rand Togaviridae (Jittivadhna, 2000). In Thailand,
seven viral pathogens are discovered and sf&died: white spot syndrome virus (WSSV),
yellow-head virus (YHV), hepatopancreatxié parvovirus (HPV), monodon baculovirus
(MBV), Taura syndrome virus (TSV), Eaem Singh virus (LSNV) and infectious
hypodermal and hematopogitic' virus (IHHNV); For cultivation of P. monodon in
Asia, the serious viral pathogens are WSSV, YHV and HPV causing the production
losses. Losses from the viruges MIBV. and IHHNW: are less clearly evident. While the
losses of P. vannamei to IHHNV-and TSV éZHouI-d be increase consideration (Flegel,
2006). This study is focused on WSSV infeét:io':r’fl'jn‘ shrimp. thus. WSSV is described in

details.

1.5.1 White spot syndrome (WSS)

White spot syndrome (WSS) was first detected in shrimp farms of northern
Taiwan.in'1992; (Chau et, aly 2995) and then-it rapidly. spread toalmest all Asian and
the Indo-Pacific countries. The pathogen causingi this.syndrome names white spot
syndromevirus (WSSV). The WSSV infection in shrimp reaches to 100% mortality
within' 710 days and«causes*enormous economic lossesrofishrimp~farming industries
(Wongteerasupaya‘et al.; 1995; Lightner; 1996; Flegel, 1997; Lotz, 1997; Spann et al.,
1997). The clinical signs observed in infected shrimp are sudden reduction in feeding,
lethargic, reddish discoloration of exoskeleton, white spot of 0.5-2.0 mm diameter in
the cuticle (Lightner, 1996; Wang, Y. et al., 1999). However, these clinical signs are
uncertainly diagnosis of WSS (Flegel, 2006) because the reduction in feeding is



observed in uninfected shrimp before and after molting (Jory et al., 2001), white spots
in the carapace can also be caused by other condition such as bacterial infection and
high alkalinity on shrimp pond water (Wang Y. et al., 2000).

White spot syndrome virus has been re-classified as a new virus family, the
Nimaviridae, and the genus Whispovirus (van‘Hulten et al., 2001b; Mayo, 2002). It is
a bacilliform, rod-shaped and nonoccluded enveloped virus (Chou et al., 1995; Wang
C. H. et al., 1995; Wongteerasupaya et.al., 1995).. Fhe.virions range between 210 and
420 nm in length and-70-167 am-in diameter. They contain one nucleocapsid with a
typical striated appearance and five majors and at least other 39 structural proteins
(Chang et al., 1996 ku et.al ;1997; Park et al., 1998; Rajendran et al., 1999; van
Hulten et al., 2000a; van Hulten et al., 2000b; van Hulten et'al., 2002) and one non-
structural protein VRO (LiuY set al., 2006) ZEig. 1.5). The viral envelope is the external
cover of the mature virus that protects thé}viribn from degradation. It is 6-7 nm thick
and is a lipidic bilayer membrane" structure with two electrontransparent layers
divided by an electronopague Iayer (Wongteerasupaya et al., 1995; Durand et al.,
1997). The nucleocapsid IS situated inside tHe envelope and is stacked ring structure
composed of globular protein’ stibunits (Durand ét' al., 1997; Nadala and Loh 1998).
The size of nucleocapside varles accordlng to the viral isolates and ranges between
180- 420 nm in“length and 54 85 nm in dlametér (Durand et als 1997; Kasornchandra
et al., 1998). Inside the nucleocapsid; there is a highly electrondense core containing
the DNA binding-protein VP15 and the viral DNA (Durand-et al., 1997; Wang Q. et
al., 1999; van Huiten et al., 2001a).
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Figure 1.5 Schematic diagram of WSSV (modified from Sanchez-Paz, 2010)
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The WSSV genome is a large circular double-stranded DNA and ranges
from 292 kb to 307 kp in size, the 292.2 kb isolate (AF369029) from Thailand
(WSSV-TH), the 307.2 kb isolate (AF440570) from Taiwan (WSSV-TW) and the
305.1 kb isolate (AF332093) from China (WSSV-CN) (van Hulten et al., 2001a;
Yang F. et al.,, 2001; Chen et al., 2002; Sanchez-Martinez et al., 2007). The major
differences among the three genomes are two polymerphic regions of about 14 kb that
are not virulence related. (Marks et al., 2004; Sanchez-Martinez et al., 2007). Some of
the most studied genesand eneode proteins of the WSSV genome are classified into
four groups according to_their assumed function (Table 1.3). The first group is
composed of the stru€tural genes encoding the envelope and the nucleocapsid or
tegument. The second.group contains functional or physiological genes that involves
in virus proliferation or life cycle functioi)s, such as replication and phosphorylation
of host proteins, and nuglease -activity. "The third group consists of latency and
sequesters genes, Whose expression’can be ‘detected even though the structural genes
might not be active. Morgover these genes involve in the persistence of the virus
within a host cell. The temporary regulatory-'éenes belong to the fourth group, which
participate at specific times ddfing-infection. l@dé%d, they do not require viral protein
for their transcriptional processes and. are ':e}p‘refssed using the host molecular
machinery in the\first hours after infection (Flirit e_f al., 2000; Sénchez-Martinez et al.,
2007). Transcripiton of viral genes during infection can be broeadly divided into three
Kinetic phases of-gene expression according to an ordered cascade of events. Three
phase are immediate-early (IE), early (E) and late (L). The dE genes are expressed
relying primarily on host.proteins and factors, for their expression, which occur in the
absence of viral DNA replication.: Thus, theproper expression, of these genes, during
the early.stages of infection, controls the accurate cascade of viral replication. The E
gene expression mainly encodes enzymes about the=synthesis of viral DNA and the
proteins whieh can regulate the expression of L genes. Synthesis of wiral DNA is
initiated, L gene expressions are encoded enzymes and structural proteins necessary
for virion assembly (reviewed in Sanchez-Paz, 2010).

WSSV can infect various tissues of shrimp including hemolymph, gills,
stomach and body cuticular epithelium, hematopoietic tissues, lymphoid organ,

antennal glands, connective tissues, muscle tissues, hepatopancreas, heart, midgut,
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hindgut, nervous tissues, compound eyes, eye stalks, pleopods, pereiopods, testes and
ovaries (Wongteerasupaya et al., 1995; Chang et al., 1996; Lo et al., 1997; Sahul
Hameed et al., 1998; Yoganandhan et al., 2003; Escobedo-Bonilla et al., 2007).
However, the major target tissues for replication are gills, stomach and body cuticular
epithelium, hematopoietic tissues, lymphoid ,organ and antennal glands (Tan et al.,
2001; Durand and Lightner, 2002; Escobede=Boailla et al., 2007). Some tissues,
midgut cecum, could. not.be detected that infected with WSSV (Sahul Hameed et al.,
1998; Escobedo-Bonilla et al.,»2007). Recently, Escobede-Bonilla et al. (2007) had
shown the primary_ieplication sites and spreading mechanism among the tissues of
WSSV. Cells in the gills and epithelial cells of the foregut in L. vannamei are portals
of entry after oral'inoculation of WSSV. After primary replication in these tissues, the
WSSV crossed thetbasal membrane_to réach the underlying connective tissues and
associated hemal sinuses: The WSSV "rlspréads to the other organs from via
hemolymph circulation. -Nevertheless, méehanism of WSSV infection has not yet
been clearly identified. The t’ran'smembrahé"prteins recognition a large variety of
extracellular and cell surface proteins that cailéh—integrins, have emerged as receptors or
co-receptors for a large number of viruses. Several %tudies have reported that many RGD
(Arg-Gly-Asp) containing viral proteins serve g?]igzi_nds through which these viruses bind
to the integrins~an the cell surface and then 'Qéiﬁqe’:nfry into the cells. Many envelope
proteins of WSSV.-contain-RGDmelifs—including-\VP281:- VP31, VP36A, VP110,
VP136A, VP664 and VP187 (Huang et al., 2002; Tsai et al;, 2004; Li et al., 2006).
Lately, Li et al. (2007) found the interaction between WSSV envelope protein,
VP187, with the shrimp intergrin. It is believed that B-integrin might function as a
cellularsTeceptor forr WSSV /infection: /At<the (early stage™of-WSSY infection, the
interaction between-viral'and integrin‘activated phosphorylationof"MjFAK (a focal
adhesion Kinase of Penaeus japonieas) to help viral entry (Zhang et al.,,2009). The
PriRab7 mightybeta receptor and: bind: directly to VP28 envelgpe proteir of WSSV in
shrimp. Additionally, the suppression “of PmRab7 "byusing ‘dSRNA Injection-into the
shrimp inhibited viral propagation (WSSV and YHV) suggesting that the PmRab7 is a
common cellular factor required for WSSV or YHV propagation in shrimp

(Sritunyalucksana et al., 2006; Ongvarrasopone et al., 2008).
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Table 1.2 Functions of WSSV genes (Sanchez-Martinez et al., 2007)

Type Function/proisin encoded gene/ORF/PROTEIN Report
Structural Envelope VP19, VP466, VP281 Rout ef al (2004), Huang et &l. (2002),
Van Hulten et al. (2002)
Emvelope/actin interaction Xie and Yang (2005)
Emdopafﬂﬂach'mll anu Yi et al (2004)
cell-penetration
Envelope VP‘! Li et al. (2006}

w15. Witteveldt ef al. (2005), Zhang et al. (2004),
Van Hulten ef al. (2001a)

Leu at al. (2005)

Tsai ef al. (2004), Chen af al (2002),
Lo ef al (1999)

Tsai ef al. (2004)

Huang ef al. (2005)

Tsai st al. (2004)

Tsai et al. (2004)

 Tsai ef al. (2004)

Tsai ef al. (2004)

Tsai ef al. (2004)

Tsai ef al. (2004)

Tsai et al. (2004)

Tsai et al. (2004)

Tsai af al. (2004)

Tsai af al. (2004)
Tsai ef al. (2004)
Tsai ef al. (2004)
Tsai ef al. (2004)
Tsai ef al. (2004)
S5V Tsai et al. (2004)
WSSV395. Tsai et al. (2004)
- Tsai et al. (2004)

of al. (2004)
Tsai ef al. (2004)
5 i et al. (2004)

Tsal et al. (2004)
|I Tsai et al. (2004)

VP 13B/wssv377 Tsai et al. (2004)
w1zﬂ.r Tsai of al. (2004)

A s e T o)

Non-gpedific nudease wsv 197 Li ef al (2005a)

AW a0 880 R

GTP-binding activity H‘él'l afai @UD’J‘]
Latency Shrimp phosphatase interact DHF42? Lu and Kwang (2004)

Auto-repressor ORFB9/0RF151 Hossain ef al (2004)

Pmtein kinase Pk wssv Liu ef al. (2001)

Functional

Nomenclature: Genes appear call in italics letters. Name of proteins appear in capitals

letters and open reading frames (ORFs) appear according to original reports.
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Several reports shown an important major envelope protein of WSSV, is
VP28. It is encoded by open reading frame (ORF) 421 (wsv421) (van Hulten et al.,
2001a; Yang F. et al., 2001) expressing in the late phase (Sanchez-Paz, 2010) as a
structural protein and very concern with the initial steps of systemic WSSV infection
in shrimp (Van Hulten et al., 2001b). The VP28bind the surface of shrimp cells and
help the viral to enter into the cytoplasm (Yielal., 2004) that is assumed to contribute
to the recognition of receptors at the'shrimp.cell. surface due to some potential
glycosylation sites (Fsai et al.,»2004); however, this has not yet been demonstrated.
Moreover, feeding with regombinant /P28 can inhibit WSSV infection into shrimp
and is developed to the'vacgination (Witteveldt et al., 2004a; Witteveldt et at., 2004Db).
Some studies on"VP28.geng structure and their functions would facilitate to develop
diagnostic technigues and strategies for thé control of the virus infection.

The WSSV.infegtion can be detected by several diagnostic methods such as
in situ hybridization (Wang /C. S.- et aI.,'—1_998), miniarray (Quéré et al., 2002), a
reverse passive latex agglutination assay iRPlA) (Okumura et al., 2004), loop
mediated isothermal amplification (LAMP);- (Kono et al., 2004), application of
serological methods = (employing polycit)héf;-" and monoclonal antibodies),
histopathological and PCR. - In this study, :tbe':’F;’C‘R’ methods are chosen for WSSV
detection because it'can detect as little as 5 fg :)f WSSV . DNA (20 viral particles)
(Kiatpathomchawet-al:; 2001). These methods include one step PCR (Lightner 1996;
Lo et al., 1996), semi nested PCR (Kiatpathomchai et al., 2001), two step PCR (Hsu
et al., 1999; Tapay et al., 1999; Hossain et al., 2004), quantitative competitive PCR
(Tang and Lightner, 2000) and real time PCRy(Durand and Lightner 2002).

Since, the WSS is the ‘'serious problem that lass shrimp ‘preduction around
the world. Thus, Tesearchers "have studied and developed Several preventive and
curative measures such as vaccination (by either thespurified WSSV envelop proteins
(vp) such as VP28 or. vp expression plasmid DNA (Witteveldt et al., 2004a; Witteveldt
et al., 2004b; Rout et al., 2007; Satoh et al., 2008; Ha et al., 2008)), immunostimulants
(by plant extracts, beta-glucan, vitamin C and seaweed extracts (fucoidan) (Chang et al.,
2003; Chotigeat et al., 2004; Citarasu et al., 2006; Balasubramanian et al., 2008)),
antimicrobial peptide (by a synthetic mytilin (Dupuy et al., 2004; Roch et al., 2008)
and rALFPm3 (Tharntada et al., 2009)), The dsRNA mediated RNA interference
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(RNAI) (for example, multiple injections of VP28-siRNA (Xu et al., 2007) and
PmRab7-siRNA (Ongvarrasopone et al., 2008)) and General husbandry practices such
as avoiding stocking in the cold season, use of specific pathogen free (SPF) or
polymerase chain reaction (PCR)-negative seed stocks, and use of biosecure water
and culture systems (Withyachumnarnkul 1999).

1.6 The invertebrate immune system..

Immune defense is obwviously crucial for protecting against microbial, vial or
parasite invasion or ether foreign substances. It is classified into two types, including
adaptive or acquired amnd inpate or natural immunity, by increasing specificity defenses
and evolution. Both adaptive and, innate .immunity are found in the vertebrates,
whereas only innatg immunity i1s found. in invertebrates. The adaptive immune system
produces receptors with ability t@ highly fgco’gnize specific pathogens or antigen and
remember foreign molecules after the first 'exposure, known as antibodies. The innate
immune system involves a large number of generalized effector molecules (Medzhitov
and Janeway, 1998b). dda

Innate immune systef is-a-more phyl@éﬁ-étically ancient defense mechanism
found in all multicellular mieroorganisms. It _ig_fifs} immunity to defend and interpret
the biological context of antigens and instructs th-é adaptive immune system to make
the appropriate -antibody or T-cell pesponse (Medzhitov and-Janeway, 1998a) limit
infection at an early stage and relies on germline-encoded receptors recognizing
conserved molecular patterns that are present in the microorganism (Janeway, 1998).
The innate immunitygCan.discriminate between self and non-self recognition molecules.
They recognize non-self’ through'a 'series—of “pattern recognition“receptors (PRRS)
(Janeway_"and “Medzhitov, 2002)= PRRs recognize“~eonserved " pathogen-associated
molecular patterns (PAMPs), whichdre essential and unique components of, virtually all
microorganistis, (but “absent. in- higher organisms. “Albeit, the 'innate . mmunity is
primarily ‘of“immune system, “but” more sophisticated and complicated ‘mechanism

including immunological memory (Lee et al., 2001).
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1.7 The crustacean immune system

The defense mechanism of crustacean depends completely on innate immune
system based on cellular and humoral components of the circulatory system (Lee et
al., 2002). First line of defense between crustaceans and the environment is the hard
cuticle that covers all external surfaces of crustaceans. Moreover, the innate immune
system can respond immediately It microorganisms invade the animals. Major
defense systems are carried.out.in the hemolymph.containing cells called hemocytes.
Hemocytes and plasma protein recognize large groups of pathogens by means of
common molecular patterns of particular microbes. Hemocytes as effectors of the
cellular immune respense are also involved in synthesizing the majority of humoral
effectors. Cellular responsg; the actions with direct participation of blood cells,
includes phagocytasis, eacapsulation, synﬁhesis of antimicrobial pepteides (AMPs) and
activation of proteolyti¢ cascades that lead to melanization, blood coagulation, release of
stress-reponsive proteins and molecules berlieved to funetion in opsonization and iron
sequestration (Jiravanichpaisal et al., 2006a). On the contrary, humoral factors act in
the defense without direct involvement of the cells even though many of the factors
are originally synthesized and stored in the blood cells. These factors include enzyme
and proteins involved in prophenoloxidq;ei’(p(oPO) system, clotting proteins,

agglutinins, hydrolytic enzymes, proteinase inhibifors, and antimicrobial peptides.

1.7.1 Pattern.recognition proteins

The target recognition of innate immunity is called “pattern recognition
molecules (PRMs) and_shared among groups of pathogens. Responding of host
organism, to PRMs, the'pattern recognitionproteins or receptors. (PRPS or PRRs) have
been developed. PRRs “identify “eenserved“pathogen=associated melecular patterns
(PAMPs), which are absent in thé host but present on the surface of pathogens
(Medzhitov ei. ak,"2002). ‘Several known PAIMPs are LPS/ of ‘gram-nedative bacteria,
PGN 'of gram-positive bacteria, the mannan ‘of yeasts, glucanof fungi and double-
stranded RNA of viruses (Hoffmann et al., 1999; Kurata et al., 2006). This process is

mediated by the hemocytes and by plasmatic protein (Medzhitov et al., 1997).
Carbohydrates are common constituents of microbial cell wall, and microbial

carbohydrates have distinct structures from those of carbohydrates of eukaryotic cells.
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Therefore, LPS or/and B-1,3-glucan binding proteins (LGBP, BGBP), peptidoglycan
recognition protein (PGRP), several kinds of lectins, and hemolin have been identified
in a variety of invertebrates with different biological functions proposed following
their binding to their targets (Lee et al, 2002). Lectins can bind to specific
carbohydrates expressed on different cell” surfaces due to an occurrence of
agglutination reaction. The BGBP were reporied iasmany crustaceans and suggested
that BGBP is the specific.receptor for.p-1,3-glucan.in.the proPO activation system
(Lee et al., 2000)..LGBP has-been reported as a multivalent carbohydrate-binding
agglutinin that, besides its.bacterial agglutination ability, increases phagocytic rate
(\Vargas-Albores, 1995). Recent findings indicate that, in decapods, LGBP and GBP
have retained the crucial components for glucanase activity, and share a common
ancestor with glucan recegptors, as well as i/vith the glucanase proteins of a wide range
of invertebrates; however, these LGBP and BGBP lack glucanase activity, implying
that these proteinssmight have lost their glucanase properties during evolution, but
retained their glucan-hinding activity as an adépﬁve process (Padhi et al., 2008).

1.7.2 Cell-mediated defense reactions 7 +248
Cellular defense reactions. contain phggqcytosis and encapsulation (Millar,
1994). Phagocytasis; a common phenomenon in ;II organisms; includes foreign body
attachment, ingestion and destruction. In crustaceans, phagocyies can be found free in
the hemocoel or en the surface of arterioles of the hepatopanereas, and/or in the gills
(lwanaga et al., 2005). In the freshwater crab, Parachaeraps bicarinatus, and the
shore crab, Carcinus maenas, phagocytes are;the main cells that participate in the
elimination of circulating particles in the hemocoel. Phagocytes of ‘P bicarinatus and
Cherax™ ,destructor” recognize “particularly Gram-negative ‘bacCteria, such as
Pseudomonas spp. and E. coli (MeKay et al., 1970) In addition, phagacytes of the
American’ lobster,” Homarus americanus, recognize: only Gram-negative but not
Gram-positive bacteria (Mori et al., 2006).
Encapsulation, a process wherein layers of cells enclose the foreign material,
occurs when a large parasite is not ingested by phagocytosis. This process kills
pathogens or, at least, limits their movement and growth in the hemocoel cavity.

Through histochemical analyses, it has been demonstrated that hemocytes, which
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participate in the encapsulating process, show acid or neutral mucopolysaccharides
and glycoproteins (Rather et al., 1983). Destruction of encapsulated organisms occurs
due to the decrease in oxygen concentration and the action of hydrolases, or by the

toxic action of quinones (Soderhall and Rented, 1984).

1.7.3 Hemocyte adhesion molecules

Cell adhesion, essential for the function.of multicellular organisms, is not
only involved in many physiolegical processes such as development, wound healing
and hemostasis, but also in patholegical conditions, for examples metastasis of cancer
cells and inflammatogy disease (Hynes, 1992). Moreover, in invertebrate immunity, it
is important for“encapstiiation and nodule formation. Blood cells of the crayfish,
Pacifastacus leniuseulusy can release a céll-adhesive and opsonic peroxidase called
peroxinectin (Lin et al., 2007)."A site eontaining the KGD motif appears to be
adhesive by binding to a transmembrane réceptor of the integrin family on the blood
cells (Johansson et al., 1995). Peroxinectin also binds to a peripheral blood cell
surface CuZn-superoxide dismutase. The pé}exidase-integrin interaction appears to
have evolved early and seems conserved;lﬁu}fién myeloperoxidase supports cell
adhesion via the aMp2 integrin. Fhere is eyidg:p'c‘e for peroxinectin-like proteins in
other arthropodsy Effects by RGD peptides indic;te that Integrins mediate blood cell
adhesion and | cellular immunity in diverse invertebrate species (Johansson and
Soderhall, 1989).-Other blood cell molecules proposed to be-iavolved in cell adhesion
in invertebrates include the insect plasmatocyte-spreading peptide, as well as soluble
and transmembrane gproteins which show seme similarity to vertebrate adhesive or
extracellular-matrix molecules. Proteins such as the lg family member hemolin or
proteins found in~insect hosts for parasitic’ wasps, "inhibit’ cell’ adhesion and may

regulate or block cellular immunity:(Johansson, 1999).

1.7.4 The prophenoloxidase (proPO) system
The proPO system is an efficient part of the innate immune response,
containing several proteins that are concerned with melanization, cytotoxic reaction,
cell adhesion, encapsulation and phagocytosis. This system is triggered by the

presence of minute amounts of microbial components, such as LPS and
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peptidoglycans (PGN) from bacteria and -1, 3 glucans from fungi, through pattern-
recognition proteins (PRPs). In addition, this system is composed of several serine
protease and their zymogens, proPO as well as proteinase inhibitors, which are
important regulatory factors to avoid activation of the system where it is not
appropriate (Cerenius and Soderhall, 2004).

In crayfish, when BGBP binds to [-1;3.glucan; it becomes activated and binds
specifically to a cell-surface associated protein, a_superoxide dismutase (SOD)
(Johansson, 1999) or binds to a B-iniegrin on the hemocyte surface through its RGD motif
(Arg—Gly—Asp). The reeogniiion of non-self-triggers degranulation of the semigranular
cells (SGCs) and the granulaicells (GCs): Among the released proteins are components
of the proPO activating system, for example _f[_he proprophenoloxidase activating enzyme
(proppA), which is jfurther activated to pp‘Az by the presence of PAMPs. Active ppA
converts the proPO 0 PO (monophenai dihydroxyphenylalanine: oxidoreductase;
EC1.14.18.1). PO is a bifungctional copper!:containing enzyme, which is known as a
tyrosinase and catalyzes the early steps in the':pathway to melanin formation. The active
enzyme catalyzes the oxygenation of monophenols to o-diphenols and further the
oxidation of o-diphenols to e-guinones and_:__-e;/egt__ually the synthesis of melanin. In
addition, PO is also important for-pigmentation, Vsc-:.lerotisation in many tissues, wound
healing, and encapsulation of fereign materials (JiraVanichpaisaI et al., 2006a).

Another-function of ppA is found in crayfish whose<ppA contains one clip
domain, in whichithe disulfide-bonding pattern is likely to be identical to those of the
horseshoe crab big defensin and mammalian $-defensins. The recombinant clip-domain
of ppA has antibacterial activity in vitro against Gram-positive bacteria suggesting a dual
function of the crayfish*ppA which may be true also for other ppAs (Wang R. et al.,
2001). Since this part of the ppA iscleaved during the proteolyti¢ processing of pro-ppA
into ppA; it is possible that the antimicrobial activity is produced concomitantly with
proPO activation (Jiravanichpaisal et'al., 2006a).

In penaeid shrimp, enzymes' in the proPO! system~are localized- in the
semigranular and granular cells (Perazzolo and Barracco, 1997), according with the
study of Sritunyalucksana et al. (2000) demonstrated that P. monodon proPO mRNA
is expressed only in the hemocytes. Amparyup et al., (2009) reported that the two
proPOs from P .monodon, PmproPO1 and PmproPO2, were involved in the proPO

system and gene silencing resulted in a significant reduction and increase
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susceptibility to V. harveyi infection. Recently, RNAi-mediated silencing of P.
monodon PPAE gene significantly decreased the total PO activity (36.7%) in shrimp
and additionally increased the mortality of V. harveyi infected shrimp, the latter of
which correlated with an increase in the number of viable bacteria in the hemolymph
(Charoensapsri et al., 2009). These results indicate that the proPO system is a major

immune reaction in the shrimp defense against.bacterial infection.

1.8 Antimicrobial peptides

Antimicrobial peptides (AMPs) are important compenents of the innate immune
system and are ubiguitously found inall kingdoms from bacteria to mammals,
including fungi-and plants. /They:are small peptides containing 150-200 amino acid
residues which aregmostly cationic and a[fnphipatic molecules. However, the anionic
peptides also exist. AMPs have awide variety:and diversity in amino acid sequences,
structure, and range of activity. These pebt_ides exhibit a broad spectrum of activity
against microorganisms: bacterial, yeast and filamentous fungi, parasites, enveloped
viruses and even tumor cell (Cruciani et ai.:"'5-1991; Murakami et al., 1991; Hancock
and Diamond, 2000; Tharntada et-al., 2008);: Thia AMPs have been shown to have
antimicrobial activity and directly-kill pathpgégs',‘but some appear to participate in
immunoregulatory .mechanisms by modulatihg—signal transduction and cytokine
production and/er release (Hancock and Diamond, 2000; Brown and Hancock, 2006;
Guani-Guerra et al 2010).

AMPs contain‘two or more positively charged residues-and can be classified on
the basis of their amino.acid compositions and:structure: (i) anionic peptides, rich in
glutamiesand aspartic acidssuch-as maximin H5\from amphibians;+dermcidin from
humans; ,(ii) ‘linear cationic a—helical peptides, lack in cysteine such as cecropins,
andropin, moricin, ceratotoxin andmelittin from and=LL37 from humans(iii) cationic
peptides enriefied for; specific @amino acids, /rich in proline, arginine, phkenylalanine,
glycine and tryptophan such as bactenecins, hymenoptaecin, coleoptercin and
indolicidin; (iv) anionic and cationic peptides that contain cysteine and form disulfide
bonds such as defensin, protegrin and brevinin; and (v) anionic and cationic peptide

fragments of larger proteins including lactoferricin and casocidinl (Brogden, 2005).
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The accurate mechanism by which AMPs exert their antimicrobial properties has
yet unknown, but it is generally accepted that cationic AMPs interact by electrostatic
forces with the negatively charged phospholipid headgroups on the bacterial
membrane and cause disruption. There are several mechanisms proposed, the widely
accepted are the transmembrane pore-formingsand intracellular killing (Brogden,
2005). The transmembrane pore-forming meehanisms have three proposed models
explaining peptide insertion.and membrane perimeability (Fig 1.6): (i) the barrel-stave
model, the attached.peptides aggiegate and insert into the membrane bilayer so that
the hydrophobic pepiide regions align with the lipid core regions and the hydrophilic
peptide regions form the interior region of the pore; (i) the carpet model, the peptides
disrupt the membrane by orienting parallel to the surface of the lipid bilayer and
forming an extensive layer or garpet; (iiii:the toroidal model, the attached peptides
aggregate and induce the lipid monolayers to bend continuously through the pore so
that the water coreiis indine by both the ihs_erted peptides and the lipid head groups.
Although the formation ©of ‘lon’ channels, transmembrane pores and extensive
membrane rupture eventually leads to Iysis'd;‘the microbial cells, there is increasing
speculation that these effects.are not the onIy;' @éﬁhanisms of microbial killing. There
is increasing evidence indicating that antimigkgpi_ql peptides have other intracellular
targets (Fig 1.7), for example, inhibition of —cell wall. synthesis, alteration of
cytoplasmic membrane (inhibition of septum formation), activation of autolysin,
binding to DNAs-inhibition of DNA, RNA, protein syniheses and inhibition of
enzymatic activity.

Presently, AMPRs have been widely discovered in the whole living kingdom
identified ' and ' are accessible “on " databases = (http://aps.unmc:edu/AP/main.php)
comprising more than 1,500 AMPS."In arthropods, several antimicrobial peptides were
isolated and characterized, especially Drosophila and. chelicerates (horseshoe crabs)
(lwanaga et al., 2005). These proteins in horseshoe crabs are mainly syathesized in
the hemocyte and stored within the cytoplasmic granules. The cells are highly
sensitive to LPS, a major outer membrane component of Gram-negative bacteria, and
respond by degranulating the granules after stimulation by LPS. The antimicrobial
peptide synthesis in insect is mainly synthesized by the fat body that differs from
those of the crustaceans (Engstrom, 1999; Hoffmann et al., 1999).
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The toroidal

The barrel-stave model

Figure 1.6 Transmem ; antimicrobial-peptide-
induced killing.  Hydrephilic rec fot ! e _are shown colored red,

hydrophobic regions of - s are shown colored blue (Brogden, 2005).
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In crustaceans which lack an adaptive immune system, these AMP molecules
provide an important means to fight such foreign invaders (Hancock and Sahl, 2006).
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There are many reports on antimicrobial peptides in crustaceans. In horseshoe crab,
tachyplesin family and anti-LPS factors are identified which act against Gram-
negative bacteria (Ohashi et al., 1984; Aketagawa et al., 1986; Nakamura et al., 1988;
Muta et al., 1990). In 1997, calliectin was found in the hemolymph of blue crab,
Callinectes sapidus and reported to be responsiple for the majority of antimicrobial
activity (Khoo et al., 1999). In shrimp, the. firstéAMP family being identified is
penaeidin which display. antimicrobial activity against. Gram-positive bacteria and
fungi (Destoumieux.et-al; 1997).. The cDNA clones of penaeidin isoform were also
isolated from the haemocytes of L. vannamei and L. setiferus (Gross et al., 2001) and
P. monodon (Supungul et al.,2002). The anti-lipopolysaccharide factor (ALF) was
originally isolated” fromthe" hemocytes of horseshoe crabs, Tachypleus tridentatus
(TALF) and Limulus polyphemus (LALé) (Tanaka et al., 1982). They are able to
specifically inhibit the lipapolysaccharide (LPS)-mediated activation of the Limulus
coagulation system (Tanaka et al., “1982; Muta et al., 1987) and also showed strong
antimicrobial activity against Gram-negative:‘R-ﬁ/pe bacteria (Morita et al., 1985) and
a hemolytic activity on red blood ¢ells senéiti'zed with LPS (Ohashi et al., 1984). At
the N-terminal region, ALF .are highly hydrb?ﬁdbic and contain positively charged
residues within the conserved disulfide loqp,!,th'_e‘ putative LPS binding domain as
predicted in Limulus ALF (LALF) (Hoess et al:, 1_993). Several‘isoforms of ALF have
been identified <from the expressed sequence tag (EST) daiabase of P. monodon
(http://pmonodon:biotec.or.th) (Tassanakajon et al., 2006). The expression of
ALFPm2 and ALFPm3 was rapidly increased in V. hatveyi challenged shrimp
(Tharntada et al.,, 2008). Moreover, the gecombinant ALFPm3 protein exhibits
antimicrebial activity ‘against Gram-negative bacteria, Gram-positive bacteria and
fungi (Semboonwiwat et al., 2008) and ‘exhibits antiviral activity (Tharntada et al.,
2009). Crustins contains a single® whey acidic pretein (WAP) domain_at the C-
terminus (Srmih et al;,; 2008). The WAP. domain generally consists of 56 ‘amino acid
residues with eight cysteine residues at defined positions that form to four
intracellular disulfide bonds creating a tightly packed structure (Ranganathan et al.,
1999). Crustin was first identified from shore crab (Carcinus maenas), namely carcinin
(Smith and Chisholm 2001). They were classified into three types (Type I, Type Il

and Type Il1) based mainly on the domain structure between the signal sequence and
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the WAP domain (Smith et al., 2008). In P. monodon, the recombinant crustinPm1,
crustinPm5, crustin-likePm and SWDPm2 (Type Il crustin) shown the activity
against Gram-positive bacterial (Supungul et al., 2008; Vatanavicharn et al., 2009),
whereas crustin-likePm can inhibit the growth of both Gram positive and Gram
negative bacteria (Amparyup et al., 2008). The most well-known of AMP is lysozyme
that described in numerous phylogenctically‘diversesorganisms. They clave the -1,4-
glycosidic linkage between. N-acetylglucosamine..and.  N-acetylmuramic acid of
peptidoglycan in the-bacterial.eell walls (Qasha et al.; 1997). Lysozymes have been
traditionally categorized into ihree major types: chicken-type lysozyme (c-type),
goose-type lysozyme (g-type) and invertebrate-type lysozyme (i-type) (Simpson et al.,
1980; Bachali et'al., 2002)The i-type lysozyme is found in“the invertebrate but is
identified from several other species.such és earthworm, leech and starfish. Its activity
inhibits the bacteria in the digestive system (Jolles and Jolles, 1975). Recently,
destabilase-lysozyme, a new: menber of i-fype lysozyme was identified from salivary
gland of the medicinal leech, Hirudo medicinalis and the plasma of the eastern oyster
(Zavalova et al., 2000). They exhibit the ant'iﬁ:licrobial activity against Gram negative
and Gram positive bacteria. Brem the EST Iib;'rér’iés' of P.monodon, the c-type and two
forms of i-type lysozymes were identified (S:qp'gr’)gylfet al., 2010). Moreover, histones
and histone derived peptides of L. vannamel has t;een also reporied as innate immune
effectors becausethey can inhibit growth of Gram=positive bacteria (Relf et al., 1999;
Patat et al., 2004).

1.9 Penaeidin

Penaeidins are shrimp AMPS that firstisolated from hemalymph. of L. vannamei
by reverse-phase “chromatography” (Destoumieux “et~al., 1997). They contain the
unique characteristic compose of two domains, the=N-terminal prolinesrich domain
(PRD) "and "the +C-terminal. Cysteine-rich: domain’ (CRD) centaining=six " cysteine
residues with a molecular mass of 5.5 to 6.6 kDa (Destoumieux et al., 1997;
Cuthbertson et al., 2002). Based on their primary amino acid sequence diversity,
penaeidins can be classified into four distinct classes: PEN2, PEN3, PEN4 and PENDS.
Penaeidin class 1 has since been defined as a class 2 variant (Destoumieux et al.,
1999; Cuthbertson et al., 2002).


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T39-4J9MSW0-1&_user=591295&_coverDate=04%2F12%2F2006&_alid=1387408928&_rdoc=1&_orig=search&_cdi=4941&_sort=r&_docanchor=&view=c&_ct=166&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&_fmt=full&_pii=S0378111905007171&_issn=03781119&md5=ba03a8dc549ab4c365f2a6db0ea88fea#bib3#bib3
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Moreover, each class has been defined by the conserved key residues of eight
specific amino acids located in precise positions that appear to be a signature
(Gueguen et al., 2006; Kang et al., 2007). The signatures of penaeidins have been

established in PenBase, http://www.penbase. immunaqua.com (Gueguen et al., 2006),

whereas the sequence characteristics of PEN-5; initially identified in the Chinese
shrimp, Fenneropenaeus chinensis, have ‘been ieported by Kang et al. (2007).
However, the alignment. of these knowan' penagidin.sequences (as of December 2008)
exposed slightly different penaeidin sighatures, as variations in a few key amino acid

residues were observed (Fig«1.8).
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Figure 1.8 Signatures of the penaeidin sﬁbé(oups. (Tassanakajon et al., 2010)
# I

It has been reported that different shrimp'speéies each express different classes of
penaeidins (Grass et al., 2001; Supungul et al., 2002; Rojtinnakorn et al., 2002;
Barracco et al;, 2005). For example, PEN2, PEN3 and PEN4, were identified in the
pacific white shrimp, L. vannamei, and the white shrimp, L. setiferus, transcripts were
found and present to all be expressed in a single individual (Gross et al., 2001).
However, quantitative<feal-time PCR revealed that the expression level of PEN3
transcripts was 10%fold and 10°-feld more abundant than those for PEN2 and PEN4,
respectively (O’Leary and Gross 2006). Whilst PEN3 and PEN5 were found only in
the Chinese shrimp, Fenneropenaeus chinensis (Kang et al., 2007) and the-black tiger
shrimp, P. monodon (Tassanakajon, et al., 2010), with PEN3 being more abundant.
Furthermore, PEN3 seemed to be the most abundant class in penaeid shrimps. PEN3
from different shrimp species differ in the coding length and amino acid sequences,
whereas PEN4 are highly conserved across species. Most variations were observed in
the proline-rich domain, while the cysteine-rich domain was more conserved

(Tassanakajon, et al., 2010). In addition to class diversity, each penaeidin class also
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displays isoform diversity arising from multiple length and single nucleotide
polymorphisms (Cuthbertson et al., 2002).

During larval development, penaeidin transcripts are observed in all larval stages
as early as in the nauplii stage but vary in expression levels (Mufioz et al., 2003;
Jiravanichpaisal et al., 2007). Penaeidins are synthesized in hemocytes, stored in
granular hemocytes and released into the blced Ciseulation in response to microbial
stimulation (Destoumieux.et al, 2000; Mufioz. et.ak, 2002), which results in a
reduction of penaeidintranscripts.in the early hours following stimulation and a return
to normal levels at 48°h post-challenge (Munoz et al., 2002; Supungul et al., 2004).
The decrease of penaeidinsexpression In circulating hemocytes is a resulted from
migration of penaeidin=expressing. hemacytes to the infected sites (Mufoz et al.,
2002). In contrast, in F. ghinensis PENS tr;anscript levels were upregulated much later
in various tissues, being significantly altered from after 24 h post-microbial challenge
(Kang et al., 2007). The non-congruent pét_tern of penaeidin gene expression within
and between shrimp species indicates a Iikely different regulation of gene expression
for each penaeidin class. AL

In oder to produce large amount of perija;eidfhs, they were over-expressed in a
heterologous expression system ~because :t;he)( _contain disulfide-linked cysteine
residues with pest-translational modification. Ijlo et al. (2004) used the insect-
baculovirus expression system to produce PENS3 from P. monoedon, Destoumieux et al
(1999) expressed-PEN2 and PEN3a from L.vannamei In Saecharomyces cerevisiae,
lastly, Li et al. (2005) and Kang et al. (2007) expressed PEN3 and PEN5 from F.
chinensis in the yeast Richia postoris. In thesinitial description of penaeidins and
recombinant penagidins ‘examination, /it “was“evident that ‘penaeidins are active
primarily, against “Gram-positive “bacteria, ‘with some effect on “fungi at higher
concentration (Destoumieux et al., 1999; Cuthbertson-t al., 2004), and itzappears that
different classeswexhibit variations in their potency and target specificity.against
various strains of microorganisms. Although, PEN3 has a broader range of microbial
targets and is more effective against certain bacteria species than other classes of
penaeidins, it is less effective against fungi (Cuthbertson et al., 2006). A little or no
activity against Gram-negative bacteria was observed for PEN2, PEN3, and PEN4

subgroup members, whereas F. chinensis PEN5 possesses antibacterial activity
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against Gram-negative bacteria as well as Gram-positive bacteria and fungi (Kang et
al., 2007). Interestingly, penaeidins exhibit significant activity against human
pathogens including multiple species of Candida (Cuthbertson et al., 2006) and the
herpes simplex virus type (HSV-1) (Carriel-Gomes et al., 2007). Recently, Li et al.
(2010) demonstrated that penaeidin from P. monoedon possess an integrin-p-mediated
cytokine feature to promote shrimp granulocyteandssemi-granulocyte adhesion.

The solution structures of the recombinant PENS. from L. vannamei and the
synthetic PEN4 pepiide from. L. setiferus unveil the N=terminal proline-rich domain
that is unconstrainedsand adopis an extended structure, while the C-terminal domain
forms a conserved steucture that is constrained by disulfide bonds (Yang Y. et al.,
2003; Cuthbertson et ak; 2005). While PENS and PEN4 share a similar fold at the C
terminus, it is likely that the Sequence :divergence in the N-terminal proline-rich
domain and subsequent conformational differences are responsible for the differences

in antimicrobial activity and effectiveness'(Cuthbertson et al., 2005).

1.10 RNA interference (RNAI) A

RNA interference (RNAY or RNA-bas:;'edjt;ene silencing is a gene silencing
system that found in many eukaryoies. Two,typ‘es' of small RNA molecules, including
microRNA (miIRNA) and small interfering RNA (SIRNA), are important to RNA
interference pathway. These small RNAS bind to mRNA-and prevent an from
producing a protein. In an immune system, the double stranded RNA (dsRNA) can
directly prevent eukaryotic cell form viral infection (for example HIV-1, RSV, HPV,
poliovirus etc.) andgalso induced sequence-specific inhibition of gene expression
(Bagasfayand Prilliman, 2004). ‘First, dsRNA"Is attracted with a“ribonuclease 11l
(RNAaselll) “type “protein Dicer.”Dicer homologues~can ‘be found in C.elegans,
Drosophila, plants, and mammals, Suggesting that small RNA-mediated regulation is
evolutionarilysancient and may have critical biological roles (Elbashirgt al., 2001;
Agrawal et al., 2003; Bernstein et al., 2003). Next, the dicer enzyme will cleave the
dsRNA into short interfering RNA (siRNA) of 21-23 nucleotides (Hammond et al.,
2000). The siRNA will be unwound into two ssSRNA, namely the passenger strand and
the guide strand. The passenger strand will be degraded, and the guide strand is

incorporated with helicase, RecA, exo-, endo-nucleases and other protein forming
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RNAI-induced silencing complex (RISC). The RISC binds to and claves the target
MRNA at the center of the region complement to SiRNA. As a result, mRNA is
suddenly degraded leading to increasing of gene expression. MicroRNA (miRNA) is a
special class of siRNA encoded by endogenous gene (Bartel et al., 2004; Ambros et
al., 2007). In mammalians, mIRNA is function ua regulation of specific expression of
immune gene (Chowdhury et al., 2005).

RNAI pathway was.initially discevered .in. plant.(Matzke et al., 1989) but the
effect of dsSRNA leading to gene specific silencing was elucidated in Caenorhabditis
elegans (Fire et al.,.2998).-Now. post-transcriptional gene silencing mechanism by
dsRNA has been discevering i verious organism (Mello and Conte et al., 2004). The
selective and specific of RNAI on gene expression became an important tool for
functional genomie  studied, cell cultl:ue, biotechnology, medicine and other
applications. RNAI mediated gene silencing have been used successfully in many
organism such as.Drosgphila (Misquitta 'et_ al., 1999), Zebrafish (Wargelius et al.,
1999), Planaria (Sanchez Alvarado et al., 1:9'9§j and plants (Jensen et al., 2004). In
crustacean, RNAI have become & powerful'téchnique for understanding of functional
immune respond in crayfish (Liu H. et;' ;axl:’;-" 2006, 2007) and P. monodon
(Ongvarrasopone et al., 2008; Charoensapsr:i;é:t{a_l.‘, 2009; Prapavorarat et al., 2010).

1.11 Aims of thethesis

The objective-of this thesis was to Investigate the role of shrimp AMPs in
antiviral immunity: First, the P. monodon AMP genes were primarily analyzed the
transcription after WSSV-challenge. Then,sthe AMP gene responding to WSSV-
challenge, PenmonPENS; was further characterized for the anti-viral properties. The
viral induction“of"PenmonPEN5 MRNA' expression Was confirmed by quantitative
real-time RT-PCR (qrt-RT-PCR), awhile RNA interference mediated genersilencing
was, performed to “study the, effect of penaeirdin knockdown @nithe suseeptibility of
shrimp to WSSV infection. In addition, the recombinant PenmonPENS5 protein was
produced in the yeast Pichia pastoris expression system and further characterized for its

in vitro antimicrobial activity and anti-WSSV activity.
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-80 °C Freezer (Thermo-Electror Cor
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Amicon a-4
Autoclave model # 3750 (SANY.O E&E Ei K Branch) UK Co.)
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Electrica
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Incubator 37 °C (Memmert)
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PCR thin wall microcentrifuge tubes 0.2 ml (Perkin Elmer)
PCR workstation model # P-036 (Scientific Co., USA)

pH meter model # SA720 (Orion)

Pipette tips (10, 20, 200, and 1000 pl (Axygen)



Power supply: Power PAC 300 (Bio-RAD Laboratories)
iCycler iQ™ Real-Time Detection system (Bio-Rad, USA)
CX31 Biological Microscope (Olympus)

pyranoside (X-Gal) (Fermentas)
o T -
Absolute ethanol, C,HsOH{(BDH)
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ANSRIATHANING AT
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Bromophenol blue (Merck, Germany)

Calcium chloride, (CaCl,) (Merck)

Chloroform, CHCI3 (Merck)

Coomassie brilliant blue R-250, C4sH44N307S;Na (Sigma)
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Diethyl pyrocarbonate (DEPC), CgH190s (Sigma)
Dipotassium hydrogen phosphate, K;HPO, (Ajax)
Ethidium bromide (Sigma)

Ethylene diamine tetraacetic a
Formaldehyde, CH.O (B

o,

N, N'-methylene-bisat .ﬁrr,
Phenol crystals, CsHsOH
Phenol:chlo

Potass .':::r:::t:t:_tf.f ------ ———————— —
LY )
Potassiu rﬂh yd .
Prestained protein molecular weight marker (Fermenm)
Sodium acetate, CH;COONa (Merck), »

gRIANNNANYING

Sodium dodecyl sulfate (Sigma Chemical Cos:USA) a/

YAIRINERAN LI NER Y

Tricine, CgH13NOs (National diagnostics)

Tris-(hydroxy methyl)-aminomethane, NH,C(CH,OH); (USB)
Trizol reagent (Gibco BRL)

Tryptic soy broth (Difco)




Whatman 3 MM™ filter paper (Whatman)
Xylene cyanol FF, CzsH27N206S;Na (Sigma)
Yeast nitrogen base without amino acid (Difco)

2.1.3 Enzymes

BamHI (Biol
DNasel (Pr

SnaBl (Biolabs,
T4 DNA ligase

Aeroc 0'*— ..........

E. coli strain
Microco “ luteus

Pichia pastou'sﬂl?l

UHANUNTNYNT

GenomeWalker™ Universal Kit (Clontech) =,
IRIREAIBHMAINYINY

Nucl in® Extra cherey-Nagel)

QIlAprep spin miniprep kit (Qiagen)

RevertAid™ First Strand cDNA Synthesis Kits (Fermentas)

SYBR® Green (Bio-Rad, USA)

T & A Cloning vector kit (RBC)
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T7 RiboMAX™ Express RNAi System (Promega)

2.1.6 Vectors
pPICIK (Invitrogen)
T&A cloning vector (RBC)

2.2 Software

BlastX (http://mwwwenebi-nim.nin.gov/blast/Blast.cgi)

ClustalX (Thompsoneet al., 199 72)

GENETY X version 7:0.3 program (Software Development inc.)
SECentral (Scientific &Education software):

SignalP (http://wva.cbs.dtu.dk/services/SiqnaIP/)

Genetools (SYNGENE)

Penaeus monodon EST database (http://pmenodon.biotec.or.th/home.jsp)
Neural Network Prometer Prediction i
(http://www.fruitfly.org/seq_tooIs/promoter'.himl; Reese, 2001,)
MATCH™TRANFAC 6.0 program (hitp://www.gene-regulation.com/cgi-
bin/pub/programs/match/bin/match:cgi; BIOBA$E)_

2.3 Samples

Shrimps were-abtained from a local shrimp farm in Thaiand and acclimatized in
laboratory aquaria,at a temperature of 28 £ 4 °C and a salinity of 15 ppt, for at least 1
week before use in experiment. Healthy sub-adult P. monodon shrimps of about 15 to
20 g bady weight were used for‘analysis of«the transcriptionalrexpression of shrimp
antimicrobial” genes after WSSV challenge. For the gene “silenCing experiment,

juvenile shrimps of approximate 4 g body weight were.used.

2.4 Expression of antimicrobial genes from Penaeus monodon in response to
WSSV challenge
2.4.1 Preparation of WSSV infected shrimp
To determine the proper dilution of WSSV for WSSV challenge
experiments, three dilutions, 1:6000, 1:8000 and 1:10000 of WSSV stock solution
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obtained from the Charoen Pokphand Group of Companies were tested. Shrimp were
separated into 4 groups, three shrimp per group. In group 1-3, shrimp were injected
with 100 pul of each WSSV dilution in lobster hemolymph medium (LHM: 15 mM
CaCl;, 10 mM KCI, 5 mM MgCl;, 84 mM MgSO,4, 486 mM NaCl, 0.5 mM
Na;HPO4, 36 MM NaHCO; and 0.05% (w/v).dextrose in Minimum Essential Medium
(Invitrogen)). The last group, the control greup; shmmp were injected with 100 pl of
LHM. The shrimp mortality. was observed daily.for.Z.days. To confirm the WSSV
infection, a small portion of the gill tissue from each shrimp was homogenized in 0.2
ml of lysis buffer (25 N.NaOH and 10% (w/v) SDS), then boiled for 10 min,
incubated on ice for.8 min and centrifuged at 8,000 xg for 10 min at 4 °C. The
supernatant was diluted100-fold with distill water and used as the template for PCR
amplification withsthe WSSV specific j)rimers WSSVFE/WSSVR (Table 2.1) as
described by Kiatpathemchai et al. (2001). Briefly, The PCR reaction (25 pl) included
75 mM Tris—-HCl/pH 8.8, 50 mM (NHL{)ZSO4, 0.1% (v/v) Triton X-100, 1.5 mM
MgCl,, 0.2 mM of each dNTP, 0.2 mM of 'sp'é-cific primers, 0.2 unit of Taqg DNA
polymerase (Fermentas) and 3 -t of templd@& The PCR cycle parameters were an
initial denaturation at 94 °C fof 5 min, foIIovi;iédiﬁy 25 cycles of 94 °C for 30 sec, 55
°C for 30 sec and 72 °C for 30 sec,and then:f}hglzl_'yjz °C for 10 min. Five microliters
of each PCR™\reaction was visualized by 7 UV transillumination following
electrophoretic resolution through 1.5% (w/v) agarose-TBE-gel and staining with
ethidium bromide=The WSSV dilution that caused the 100%-shrimp mortality within
4 days was chosen-for the challenge experiments.

To prepare, WSSV infected shrimp, shrimp were divided into four
groups, twelve shrimp per group..The three“experiment group, shrimp were injected
with 1:8000 of WSSV dilutions and a control group, shrimp were injected with LHM.
Hemocytes from 3 individual shrimp per group wereseollected at 0.25, 12,.24 and 48

hour post injection (hpi).

2.4.2 Hemocyte collection and total RNA preparation
Hemolymph was collected from the shrimp ventral sinus at 0.25, 12, 24
and 48 h post challenge (three individual shrimp for each time point) using 27 G/1/2

inch needle fitted onto a 1.0 ml syringe pre-loaded with 200 pl of an anticoagulant
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solution of 10% (w/v) trisodium citrate dehydrate, pH 4.6., and immediately
centrifuged at 800 xg for 10 min at 4 °C to separate the hemocytes from the plasma.
The harvested hemocyte pellet was then immediately resuspended in 1 ml of Trizol
reagent (Gibco BRL) and briefly homogenized. The homogenate was incubated at
room temperature for 5 min to completely separate of nucleoprotein complexes. Then
0.2 ml of chloroform was added into the sample.and vigorously shaken for 15 sec.
The mixture was incubated.at room temperature for.2-5.4min and centrifuged at 12,000
xg for 15 min at 4 °Cresulting two phases, a lower red of phenol chloroform phase
and colorless aqueous phase. .The RNA remains in the agueous phase that was
transferred into a fresh 1.5:ml:centrifuge tube and the same volume of isopropanol
was added to precipitate total RNA. Theisample was stored at room temperature for
10 min and centrifuged at 12,000 xg.for 15 min at 4 °C for removing the supernatant.
The RNA pellet was washed witir 1 ml of cold 75% ethanel and centrifuged at 12000
xg for 15 minutes at 4 °C for discard the sUp_ernatant. The RNA pellet was shortly air-
dried for 10 min, and then dissolved with “an appropriate amount of diethyl
pyrocarbonate (DEPC)-treated water and ke'pfiat -80 °C until used.

The total RNA-was- further tréétéa-’ with 1 ul of RNase-free DNase
(Promega, 1 unit/pl) at 37 °C for-30 min tp;é!iqm‘inrate the DNA contamination and
extracted againywith Trizol reagent as desériBed above. The RNA pellet was
preserved in 75% ethanolat -80 °C until use. Before use, the RNA pellet was air-dried
and resuspended in-appropriate volume of DEPC-treated water.

The-concentration of total RNA was determined.by measuring the OD-g
and estimated in ng/pl using the following equation:

[RNA] ='ODzg * dilution factor x 40

One ODygo Corresponds to approximately 40 ng/ul of RNA (Sambrook et
al., 1989). The relative purity of RNA samples wassinvestigated by measuring the
ratio of Azsonse. The maximum absorption ofi protein is at 280-nm. The“good: quality
of RNA sample should have an Azeo/280 ratio above 1.7.

The quality of the extracted RNA was analyzed using 1.5% (w/v)
agarose gel electrophoresis that prepared in 1x TBE buffer (89 mM Tris-HCI, 8.9 mM
boric acid and 2.5 mM EDTA, pH8.0). The agarose slurry was melted by a

microwave oven until completely dissolving and placed to cool down at room
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temperature to 60 °C. Then, the solution was poured into a casting tray with a well-
forming comb. The gel was immersed in a chamber that holds enough amount of 1x
TBE buffer for covering the gel.

Approximate 200 ng of the total RNA was mixed with one-sixth volume
of 6x loading dye (0.25% bromophenol blue .and. 30% glycerol in water) before
loading into the well. A*100 bp DNA marker was used as the standard markers.
Electrophoresis was carried.out in 1x TBE buffer.at.100 volts about 20 min that the
bromophenol blue frent'was mugrated to approximately % of the length. The gel was
stained in a 2.5 pglml ethidivm bromide (EtBr) solution for 1 min and destained to
remove excess EtBr by washing with distilled water for 15 min. The total RNA was
visualized as fluorescentbands tnder a UV transilluminator.

2.4.3 First strand eDNA-synthesis,

One microgram of the DNA;fr_ee total RNA sample was used with 0.5
ug of oligo(dT)s as the primer for first-strand cDNA synthesis using a RevertAid™
First Strand cDNA Synthesis Kit (Fermentasi.-The reaction was adjusted to 12 ul by
Nuclease free water and incubated at 70 °Ci:1io’r"s min. After on ice for 5 min, the
reverse transcription reaction mix (4 ul-of 5 x:,:f:qu‘giqn buffer, 2 pul of 10 mM each of
the ANTP, 1 ul of RevertAid™ M-MulLV revefse_franscriptase (200 U/ul) and 1 pl of
RiboLock™ RNage iiihibitor (20 U/pil);) Was added and gently mixed. The reaction
was incubated at-37 °C for 5 min followed by 42 °C for 60-min and then terminated
reverse transcriptase activity at 70 °C for 10 min. All cDNA-samples were stored at
—20 °C until use.

2.4.4 Semi-quantitative RT-PCR
For analysis of thettranscriptional expression of the P..rmonodon
antimicrobial~ genes ;"afters WSSV * challenge, ' semi-guantitative | RT-PCR was
performed. The antimicrobial genes that used in this experiment were identified from
P. monodon EST database containing ALFPm2, ALFPm3, ALFPm6, crustinPm1l,
crustinPm4, crustinPm?7, penaeidin 3, penaeidin 5 and lysozyme. The gene specific
primers of them (table 2.1) were used to amplify the PCR product. An internal control

was amplified by the primers of beta-actin gene (table 2.1). Each PCR reactions were
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carried out in a total volume of 25 pl including 1x reaction buffer (10 mM KCI, 2 mM
MgSQO,.7H20, 20 mM Tris-HCI pH 8.8, 10 mM (NH,)2SO4, 0.1 mg/ml BSA, 0.1%
(v/v) Triton X-100 and 2 mM MgCly), 0.2 mM of each dNTP, 0.2 mM of each primer,
0.7 unit of RBC Taqg DNA Rolymerase (RBC Bioscience) and an optimal
concentration of template cDNA wusing /asThermal cycler mastercycler gradient
(Eppendrof). The reactions were initially denattredeat 94 °C for 3 min followed by
optimal cycles of denaturation at 94 °C for 30.sec, annealing at an optimal
temperature for 30.seeand exiension at 72 °C for 30 see. The final extension was at
72 °C for 7 min. The primer seguences were displayed in table 2.1 and annealing
temperatures, amount.of templates and cycle numbers were reported in table 2.2. The
PCR products were wisualized by UV: transillumination following electrophoretic
resolution through 2.0%(w/v) agarose-Té.E gel and staining with ethidium bromide.
The expression level of each transcript af-lla particular time was normalized with the
internal control (aetin) using the Genetoc;ls analysis software (Syngene). One Way
Analysis of Variance (One-way ANOVA) Was used for statistical analysis and values
were considered to be significantat p < 0.05-’{ -
74,

Table 2.1 Sequences of the PCR primers used-:_i_ry_th_is‘thesis

Primer name Sequence (5'-3") . Usage
ALFPmM3QF .~ CCCACAGTGCCAGGCTCAA RT-PCR
ALFPmM3QR TGCTGGCTTCTCCTCTGATG RT-PCR
ALFPM2RTF . CAAGCGGTGCAGCGACCTCC RT-PCR
ALFPmM2RTR TTAGTGCTCAAGCCAAATCCTGG RT-PCR
ALFPm6F AGTCAGCGTTTAGAGAGGTT RT-PCR
ALFPmER GCTCGAACTCTCCACTCTC RT-PCR
RT-cruslF CTGCTGCGAGTCAAGGTATG RT=PCR
RT-crusiR AGGTACTGGCIGCTCTACTG RT-PCR
R -erus7k GGCATGGTGGCGITGITECF RT-PCR
RT-crus7R TGTCGGAGCCGAAGCAGTCA RT-PCR
LyF TCCTCTGGTGCTGCTGGTTG RT-PCR
LyR GGTTGCGGTTGCGGTTGATG RT-PCR
SpPEN3F GGCTTAGCCCCTTACA Gene specific, RT-PCR
SpPEN3R GACCCATACCTACAAATAAC Gene specific, RT-PCR
CTA470F CAAGGATACAAGGGCGGTTA Full-length, Recombinant protein
expression




37

Primer name Sequence (5'-3) Usage
RT-PCR, Full-length, Genomic
CT470R TTATCCTTTCAATGCAGAACAA organization, qrt-RT-PCR,
Recombinant protein expression
SpPENSF ATCCCGACCTATTAGTACTC RT-PCR, grt-RT-PCR
Actin-F GCTTGCTGATCCACATCTGCT RT-PCR
Actin-R ATCACCATCGGCAAGGAGA RT-PCR
EF-1aF GGTGCTGGACAAGCTGAAGGE grt-RT-PCR, RT-PCR
EF-1aR CGITICCGGTGATCATGITCTTGATG grt-RT-PCR, RT-PCR
VP28-F TCACTETTICGGTCGTGTCG RT-PCR
VP28-R CCACACACAAAGGTGCCAAC RT-PCR
2Gsp1PENS5 GICAGGICAGAGCCAAGCACCGACT Genomic organization
2GSp2PENS ACﬁffKCGCGGTTGTG&AAGCAGTT Genomic organization
AP1 ?(?T@A"I'ACGACTQACTAT_AGGGC Genomic organization
AP2 /fCT_ATAGGGéACGCGT'GGT Genomic organization

T7 promoter

¢ TAATACGACTCACTATAGGG

Genomic organization

M13R

GICATAGETGTTJCCTGTGTGA

Genomic organization

confirmGW %C&EGGCTG(_BTAAAA@']’ GCT Genomic organization
PEN5RNAIF TIGGICTATGCTTIGCAAGG Gene silencing
PEN5RNAIR A@KGATAGT:I’A_\JAAGTG%QAC Gene silencing
WSSVF AGAGQECGANZAGTGTTTCCTEAEC WSSV detection
WSSVR AACACAGCTAACCTTTATGAG" WSSV detection
WSSV1011F TGGTC_CCC;'I’,E}CTCATC'E@G, b WSSV copy number detection
WSSV1079R GCTGCCTTGCCGGAAATTA

ol

WSSV, eopy number detection
J - I

-
-

Table 2.2 cOr@iﬁbns for the RT-PCR

.

| Amount of template Annealing Cycle
Gene Primer name il
(ul) (1:10 diluted cDNA) temperature (°C) number
ALFPM2RTF 1
ALFPm2 ) 58 30
ALFPMZ2RTR (undiluted)
ALFPM3QF
ALFPM3 3 58 28
ALFPmM30QR
ALFPm6F
ALFPmM6 3 55 30
ALFPmM6R
. RT-cruslF
CrustinPm1 3 55 25
RT-cruslR
. RT-crus7F
CrustinPm7 3 55 25
RT-crus7R
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Gene Primer name Amount of template Annealing Cycle
(ul) (1:10 diluted cDNA) | temperature (°C) | number
SpPEN3F
PenmonPEN3 2 57 25
SpPEN3R
SpPENSF
PenmonPENS 3 57 25
CT470R
LyF
Lysozyme § 3 55 25
LyR
. Actin=F
Beta-actin . 2 55 25
Actin-R
i EF-10E
Elongation v 55 25
factorl alpha ERdloR
VP28E .
VP28 3 57 30
\/P28R

2.4.5 Quantitative real time RT-PCR f

The antimicrobial gene ithat Iikelil'._:to.-_- be WSSV responsive genes were
investigated using guantitative real time -RT-PCR (qrt-RT-PCR). The reference
control was elongation factor 1 alpha (EF-la_‘)"ggr;e that was amplified using the EF-
laF/EF-1aR primers (Table 2.1} A star?fafdJ curve for amplification of the
antimicrobial gene fragment-Wwas producedr'—.é{rid-j compared to_that for the EF-la
fragment. qrt-RT-PCR was carried out in a real-time thermal_cygcler (Bio-Rad, USA)
with SYBR® Green (Bio-Rad, USA). The amplification was done in a 20 ul reaction
volume consisted of 3 pl of the 1:10 diluted cDNA template, 0.4 uM of each primer
and 1 x iQ™ buffer containing DNA polymerase. PCR amplification was performed
by an initial @denaturation,at-95, °G for:8yminy followed by-40 eycles-of 95 °C for 20
sec, 57 °C for.25.sec and 72 °C.for 30 sec. Forieach cDNA sample, the AC; was
calculated from the threshold PCR.cycle (C;) of the test gene normalized relative to
the! C¢ of thelIaference. EFA1a gene [fragmeiit lin the same'sample. The AAG; value was
then calculated as” AC; (WSSV" challenged ‘group) = AC: (eontrol, LHM™injected
group). Each sample was done in triplicate and presented as 2““, which represents
the fold difference relative to the control expression. Data obtained from qrt-RT-PCR
analysis were subjected to One-way ANOVA. Data differences were considered

significant at p<0.05.
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According to the differential expression of P. monodon antimicrobial gene
determined by RT-PCR, penaeidin5 or PenmonPEN5 was likely to be one of WSSV
responsive genes, therefore this result was confirmed by using qrt-RT-PCR and the

expression of elongation factor 1 alpha (EF- ler) was used as an internal control.

2.5 cDNA sequence analysis

Penaeidin 5. cDNA.  was identified .in..P...monodon EST database
(http://[pmonodon.bietee.or.th) and translated using the GENETYX 7.0.3 program.
The cDNA sequencesand deduced amino acid sequence of this gene were analyzed
using the NCBI BLAST programs in GenBank. Related multiple nucleotides and
deduced amino acid sequenges 0f the penaeidin isoforms were aligned using ClustalX
program. The potential gleavage site of tbe signal peptide was predicted by SignalP
software (http://cbs.dtu.dk/services/SignalF"r{) (Bendtsen et al., 2004).

2.6 Genomic organization of PenmonPENS
2.6.1 Preparation of P. menodon g'eﬁomic DNA
Genomic DNA"was prepared fréfﬁtfﬁ'e pleopods of healthy P. monodon

using phenol-chloroform extractlon The pleopods were homogenized in 700 ul of
extraction buffer (100 miM Trls buffer pH 8. 0, 100 mM EDTA pH 8.0, 250 mM NacCl,

1% (w/v) SDS, and 100 fig/ ml Proteinase K) and incubated overnight at 65 °C. Then,
5 ng of RNaseA-were added into the lysate and incubated for 30 min at 37 °C,
extracted with phenol:.chloroform:isoamyl alcohol (25:24:1)-by inverting and mixing
for 20 min and centrifuged for 10 min at 5,000,rpm. The upper phase was transferred
to a fresh tube, extracted with chloroform:isoamyl alcohol (24:1)*by inverting and
mixing for, 20 min~and centrifuged for 10 min at 5,000 rpm." The Upper phase was
transferred to a new tube. The genomic DNA was precipitated with twaivolumes of
cold absolutesethanol. The mixture was centrifuged at 5,000 rpm for 1 min. The
genomic DNA was washed with 70% ethanol, air-dried, and then dissolved in 50 pl of
TE buffer (10 mM Tris-HCI pH 8.0 and 1 mM EDTA pH 8.0).
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2.6.2 Quality of genomic DNA
The quality of genomic DNA was examined by 0.6% (w/v) agarose gel
electrophoresis. One microliter of experimental genomic DNA (0.1 pg/ul) and 1 pl of
control genomic DNA (0.1 pg/ul).were loaded and run on 0.6% agarose gel in 1x
TBE buffer. The gel was stained with ethidium bromide and visualized under the UV
light to estimate the size of product. A good genomie'DNA preparation should contain
DNA larger than 50 kb.with-minimum smearing.

2.6.3 Amplifieationsof gemomiciPenmonPENDS gene

In order 0 determine the genomic gene structure of PenmonPENS, the
sequence of the"PenmonPENS gene from P. monodon was obtained by a PCR
approach using gemomicsDNA ‘as the teﬁ]plate and the CT470F/CT470R primers
(Table 2.1), so as to amplify from the start to'stop codons of the penaeidin gene (183
bp amplicon). Approximately 20 “ng of template DNA was used for the PCR
amplification in a 50 pl final reaction volume containing one unit Advantage 2
Polymerase Mix (Clonetech, USA), 1x Adi/éntage 2 buffer, 0.2 mM of each dNTP,
0.2 mM each primer and thermocycled with ap ihifial denaturation step at 94 °C for 2
min, followed by 30 cycles at 94 °C for 30 s:e:c',2§5_‘°C for 30 sec and 72 °C for 3 min
with the final 72y°Cfor 10 min. The PCR pro-du;:t was analyzed on 1% agarose gel
electrophoresis 1% TBE buffer. The gel was stained with-ethidium bromide and
visualized under UV transillumination to determine the size of PCR product. The
expected PCR product was excised and purified using NueleoSpin® Extract 11 Kits
(MACHEREY-NAGEL).. The gel slice wasgweighed and dissolved in three volumes
of NT buffer that ‘contain chaotropic salt at 60 °C. Then, the solutionywas loaded into
the column and centrifuged at 12,000g for 1 min to eliminate the Supernatant. The
column was washed with 500 pl of NT2 buffer andzeentrifuged as described above.
Six hundred microliters 'of NT3 buffer were added into the column andcentrifuged.
The additional centrifugation was used for completely removal of the NT3 buffer
containing ethanol. The column was placed into a new 1.5 ml microcentrifuge tube.
The DNA was eluted with 40 ul of elution NE buffer (5 mM Tris-Cl, pH8.5) and
stood at room temperature for 1 min before centrifugation. The eluted DNA was then

stored at -20 °C until used.
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2.6.4 Competent cell preparation

A single colony of E. coli XL-1 blue was cultured in 10 ml of LB broth
(1% (w/v) bacto tryptone, 0.5% (wi/v) bacto yeast extract, and 1% (w/v) NaCl) to
prepare the starter inoculum. The culture was incubated at 37 °C with shaking at 250
rpm overnight. One percent of starter culture was inoculated into 1 L of LB broth and
incubated at 37 °C with vigorous shaking f01-2-3.a until ODgoo of the cells reached
0.2-0.6. Cells were then-incubated on ice for 10 -min-and harvested by centrifugation
at 5,000 rpm for 5.minat 4 °C. Fhe supernatant was eliminated as much as possible.
Cell pellet was washed withecold 10 mM CacCl; in a total volume of 500 ml, and then
centrifuge at 5,000 gom for 5 min at 4 °C. The pellet was resuspended in a total
volume of 50 ml'of cold 10.mv CaCly, chilled on ice for 30 min. This cell suspension
was divided into 400 wl aliquots for imlnediately used or mixed with 60% (v/v)
glycerol to a final concentration of 15 % glyéérol before divided into 100 pl aliquots

and stored at -80 °€ until used.

2.6.5 Cloning of the amplified gendr'i;iic,[)_NA fragments
The DNA Tragment was Iigatedlt-d’-ihe T&A cloning vector (Fig. 2.1).
The reaction component contained: | ul of ea;h'zl_:.(}xr Rapid A and B ligation buffers,
50 ng of T&A clening vector, proper amounf o-f PCR product. /1 ul of T4 DNA ligase
(3 units/ pl) and-distilied water to a final volume of 10 pl. The freaction was mixed,

quickly spun and-+ncubated at 4 °C overnight.

2.6.6 Calcium chloride transformation

The "ligation reaction was 'transformed into an E."coli“XL-1 blue using
CaCl, method. The aliquot competent cells were gently thawed on ice, mixed with 5-
10 pl of ligation mixture and thén chilled on icezfor 30 min. The thiXture was
Incubated lat"42%°C for 1 min and added /0.9 ml of LB 'broth. The reaction was
incubated at 37 °C with shaking at 250 rpm for 1 h. The mixture reaction was spread
onto a LB agar plate containing 100 pg/ml of amplicillin, 20 pg/ml of X-gal and 30
pug/ml of IPTG and then incubated at 37 °C for overnight. After incubation, the
recombinant clone was identified by colony PCR using universal T7 and M13R

primers.
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2.6.7 Screening of transformant by colony PCR

T7 and M13R primers were used to amplify and analyze the DNA insert
cloned size into the multiple cloning regions. Colony PCR was carried out in a 25 pl
reaction volume including 1x reaction buffer (10 mM KCI, 2 mM MgS0..7H,0, 20
mM Tris-HCI pH 8.8, 10 mM (NH4)2SO04, 0.4 mg/ml BSA, 0.1% (v/v) Triton X-100
and 2 mM MgCly), 0.2 mM of each dNTP,Q.2'miMrof each primer, 0.7 unit of RBC
Taq DNA Polymerase (RBC Bioscience). For the DNA.template, white colonies were
picked and resuspended in the-reaction mixture. The PCR profile was performed at
94°C for 3 min, 30 cyeles at.94 °C for 30 sec, 55 °C for 30 sec, 72 °C for 1 min and a
final extension at 72 °€ for, 7 min. The PCR products were analyzed by 1.0% agarose
gel electrophoresis. The/€lopes that contain an expected size of insert were selected to
isolate the recombinant plasmid. ,

2.6.8 Recombinant plasmid prepération

A positive colony was inoculated into 2 ml of LB broth and incubated at
37 °C with shaking at 4 °C overnight. The'ézmure was spun at 8,000 rpm for 3 min
and collected the pellet to .isolate and pur;if;y’—{he plasmid using QIlAprep® Spin
Miniprep Kit described in Qiagen’s handbqqk!’jl‘_herQlAprep miniprep procedure is
based on alkaline lysis of bacterial cells foIIoWeJ by adsorption of DNA onto silica
membrane under-figh salt condition. Firstly, the bacterial cell-pellet was resuspended
in 250 pl of Buffer P1 containing RNase A. Next, the 250 wlof P2 buffer was added
and the reaction was mixed thoroughly by inverting the tube 4-6 times for cell lyses
(the solution turned’ blue). Then, 350 plyof N3 buffer was added and mixed
immediately “and ‘tharoughly /by “inverting “the “tube '4-6 ‘times* (thessolution turned
colorless), After centrifugation at 13,000 rpm for 10 min, the ‘supernatant containing
the plasmid was applied to columniby pipetting. The=column was centrifuged for 30-
60 s, and themthe, flow-through was discarded. The QIAprep spin column,was.washed
twice by adding 0.5 ml of PB buffer and 0.75 ml of PE buffer, respectively, and then
centrifuged to remove residual ethanol from PE buffer. Finally, the QlAprep column
was placed in a new 1.5 ml microcentrifuge tube. The plasmid DNA was eluted by
adding 50 pl of EB buffer (10 mM Tris-HCI, pH8.5) to the center of each column.
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After incubation at room temperature for 1 min, the DNA eluted fraction was
collected by centrifugation for 1 min.

The recombinant plasmid containing interested gene was examined with
restriction enzyme digestion using qico? Ian BamHI. The digested plasmid was
analyzed by agarose gel electrophoresis. !
with standard DNA ladder. (100 bp ladder~ o he recombinant plasmid was
sequenced by the commal:ma.l_serwce (Macrogenmc.,_K.n.ea)

f DNA fragment was compared

(A)
Murupleaomp( gioni* f p»o ey S e
lacZa gene ‘ tall o » i’iih1 "s‘ﬂ;g\ T Kpn 1(434)
Aﬂgene ,!"f F [ﬂ F ;“.T i -‘-. . — -—l’; "s..g'm
T7 promoter ~ 12 %
Mi13 unlver#"'r .me_:::-" - ‘ e
M 13 reverse primer ) 48 ZE o [Hind Hi(448)]
" insertDNA
(BglN(452)]
Barn HI(458)
Xbal(466)
(B)

5 AGCTGG COGAAAG GGG GAT GIGLI G CAAGGL GATIAA GIIGGG 1AM G UAGG
S e TCOACCOUTTTCCCCCTA CACGAC GTTCCG CTAAT Ccare

34

@ /T TCCC AGTCAC GACGT T GTAAAA CGACGG CCAGT e =
CAAMAGGG TCAGTG CIGCAA CATTTT GCTGCC GGTCAC TTAACA TTATGC TGAGTGATATCC

Kpni Smal EcoRl [Hindill] [Bglll] BamHI Xuc!  Sail
CGAATT CCAAGCTT -A GATCT GGATCC CCTCTA GAGTCG
CGCT (G AGCCAT GGGCCC GCTTAA GGTTCGAA- | TCTAGA CCTAGG GGAGAT CTCAGC

A
Pstl Hindlt R

ACCTGCAGGCAT GCAAGCTIGGCG TAATCA TGGTCA TAGCTG TTTCCT GTGTGA AATTGT TATCCG
TGGACGTCCGTA CGTTCG AACCGCATTAGT ACCAS T ATCGAC AAAGGA CACACT TTAACA ATAGE C
-— .

represent the multiple cloning site sequences (B). (Source: T&A Cloning vector kit
User Manaul: RBC)
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2.6.9 Genomic DNA library construction

Four genomic DNA libraries were constructed by digesting the genomic
DNA separately with four blunt-end restriction enzymes (Fig. 2.2). In each reaction,
2.5 ug of genomic DNA was digested in 100 pl reaction with 80 units of restriction
enzyme (Dral, EcoRV, Pvull or Stul) and Ixresiriction enzyme buffer. The digestion
mixtures were incubated for 2 h at 37°C. Thesreagtions were then vortexed at slow
speed for 5-10 min and.incubated further at 37°C.overnight. Each digestion reaction
was analyzed by sumning 5 _ul on 0.6% agarose gel electrophoresis to determine
whether the digestiopawas cempleted.

Then, caeh reaction tube was added an equal volume (95 pl) of phenol
and vortexed at“slow speed for 5-10 sec. The mixture was briefly spun at room
temperature to separate jthe agueous and:organic phases. The upper aqueous phase
was transferred into amnew tube. The uppe'rrlphase was then added an equal volume (95
ul) of chloroform and vertexed at slow spe_ed for 5-10 sec. The mixture was briefly
spun at room temperature to ‘separate the él'qu'e-ous and organic phases. The upper
phase was transferred int@ a new tube. The 'uﬁ;per phase was added two volumes (190
ul) of ice cold 95% ethanol, A0 volurie (9.5 ) of 3 M NaOAc (pH4.5) and 20 g
of glycogen. The mixture was-vortex at slow speed for 5-10 sec and centrifuged at
14,000 rpm for15 min at 4°C The supernatant was decantéd and the pellet was
washed in 100 wl6f ice cold 70% ethanol The supetnatant-was decanted and the
pellet was air-dried. The pellet was dissolved in 20 pl of TE buffer and vortexed at
slow speed for 5-10 sec. To determine the approximate.guantity of DNA after
purification, 1 pl of each.reaction was run oni0.6% agarose gel electrophoresis.

The "genomic DNA fragments~from the four digestion. reactions were
ligated ‘'with GenomieWalker™ adaptors. For each ligation reaction, the digest was
added to 1.9 pl of 25 uM GenomeWalker adaptors, 446 pl of 10x ligatiombuffers and
0.5 ul of T4 DNA Tigase (6 units/ pl). The reaction mixtutes were incubated overnight
at 16°C. The reactions were stopped by incubating at 70°C for 5 min. Each reaction
was added 72 pl of TE buffer and vortexed at slow speed for 10-15 sec. The four

libraries were named Dral, EcoRYV, Pvull and Stul libraries.
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Genomic DNA
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Digest separate aliquots with restriction enzymes
218 19 GepomeWalker Adaptor

T S— ST =

ARARSERMIANND

Figure 2.2 Flow chart of the BD GenomeWalker™ protocol. The genomic libraries
were constructed for use as templates for nested PCR. (Source:

www.bdbiosciences.com)
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2.6.10 Determination of the 5’ upstream sequences of PenmonPENS gene

To obtain the 5° UTR sequence of the PenmonPEN5 gene, the
2Gsp1PENS5 and 2Gsp2PENS primers (Table 2.1) were designed from the upstream
sequence of the EST clones, CT470. The PCR based genome walking was carried out
using universal GenomeWalker™ Universal it (Clontech, USA). Four libraries were
use as the PCR template. Primary PCR was _perfosmed using the AP1 and the gene
specific 2Gsp1PENS. primers. (Table 2.1). The PCR.reaction contained one unit of
Advantage 2 Polymierase Mix;+1x Advantage 2 buffer, 0.2 mM of each dNTP, 200
UM of each primer.and was periormed with a two stage and two-step PCR cycle
comprised of 7 cyclesqat 94.°Cfor 25 sec and 72 °C for 4 min, followed by 32 cycles
at 94 °C for 25 sec'and 67 °C for 4 min, with a final 67 °C for 4 min. In the subsequent
nested PCR, the prmary,PCR products tiiat was diluted 50 folds in distill water were
used as templates and.@amplified using the AP2 and gene specific 2Gsp2PENS primers
(Table 2.1) with PCR cyele parameters of fiv_e cycles at 94 °C for 25 sec and 72 °C for
4 min, followed by 22 eycles at 94 °C for 25 sec and 67 °C for 4 min with a final stage
of 67 °C for 4 min. The PCR preducts were flilen separated by 1% (w/v) agarose-TBE
gel electrophoresis, the desired  band elute%j; éﬁd cloned into the TA vector for
sequencing by a commercial service (Macrogeh)lzn_c‘.,fKorea).

The putative promoter and tran-scr;ption start site were predicted with
Neural Network Promoter Prediction
(http://www.fruitfiy.org/seq_tools/promoter.html) (Reese, -2001) and Match_1.0
Public/TRANSFAC 6.0 program (BIOBASE, http://www.gene-regulation.com/cgi-
bin/pub/programs/match/bin/match.cgi), respectively. The Match_1.0 Public program
was set.t0 high quality matrices with;0.85as the matrix and care“similarity cut-off

value.

2.7 Tissue distribution of P; monhadon penaeidin5 transcripts
2.7.1 Tissue collection
Hemocytes, eyestalk, gill, epipodite, heart, lymphoid organ,
hepatopancreas, intestine and antennal gland were collected from three individual
healthy shrimps and immediately frozen in liquid nitrogen (-176°C). All tissues

excepted hemocytes were pulverized until homogenized by 1 ml of Trizol reagent to



47

extract the total RNA. The RNA extraction and first strand cDNA synthesis method
was described above.

2.7.2 Semi-quantification of PenmonPENS5 expressions by RT-PCR

The specific primers for PeamonPENS5 (SpPEN5SF/CT470R) were
designed based on the sequence from the .€T440 EST clones of P. monodon
(http://pmonodon.biotec.or.th/) to yield.an amplicon of ca 133 bp, and are described in
Table 2.1. The PCR.reaction (25 ul) included 75 mM. Tris—HCI, pH 8.8, 50 mM
(NH4)2S04, 0.1% (v Triton X<100, 2.5 mM MgCl,, 0.2 mM of each dNTP, 0.2 mM
of specific primers, Launit of Tag DNA polymerase (Fermentas) and 3 pl of the 1:10
diluted first-strand CDNA. Fhe PCR cycle parameters were an initial denaturation at
94 °C for 5 min, fallowed by 25 cycles oﬁ:94 °C for 30 see, 57 °C for 30 sec and 72
°C for 30 sec, and then finally:72°°C for 10 min. The EF-1la gene transcript fragment,
as the internal control, was amplified asrp'er the PenmonPENS5 transcript fragment
except with an annealing temperéture of 55;_.0(:3:. Ten pl of each PCR reaction was
visualized by UV transillumination foIlowihgi;-;electrophoretic resolution through 1.5%
(w/v) agarose-TBE gel and staining with etbid}ﬁ-?n bromide. The band intensity of
PCR products between the penaeidin gene:frégrr_hent and the EF-1a gene fragment
internal control were analyzed and correlated -usihg the Genetools analysis software

(Syngene). The retios of the PENS to EF-Ta transcript fragments were presented.

2.8 Antiviral experiment in shrimp by RNA interference (RNAI)
2.8.1 Primeridesign and double-stranded RNA preparation

Dauble stranded'RNA (dsRNA) that correlated with nucleotide sequence
of PenmenPEN5 was synthesized by in vitro transcription and performed by T7
RiboMAX™ Express RNAi Systefn (Promega). Oligenucleotide primersiof this gene
were incorporated with T7 promoter sequences (5’
GGATCCTAATACGACTCACTATAGG 3') at the 5" ends. The template DNA for
generating dsRNA was amplified in two separate PCR reactions. The specific primers
were designed from the nucleotide sequence of PenmonPEN5 gene as shown in
appendix B. The sense strand template was synthesized from T7PEN5-RNAIF and

PEN5-RNAIR primers (Table 2.1), whereas the anti- sense strand template was
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synthesized from the PEN5-RNAIF and T7PEN5-RNAIR primers (Table 2.1). Both
PCR reactions were performed with 0.02 units/pl of Hotstart Phusion Tag DNA
Polymerase (New England Biolabs) with PCR cycle parameters of an initial
by 3 cycles of 98 °C for 10 sec, 55 °C for
ion at 72 °C for 10 min. The PCR

electrophoresis and the desired

denaturation at 98 °C for 30 sec, foll
30 sec and 72 °C for 20 se
product was separated by

band was eluted and-ﬁi-d-nmg N!JIeoS

each template was
Scale RNA Prod
protocol. The sense

I Kits. One microgram of
iboMAX™ Express Large
to the manufacturer's
hen mixed at equimolar
amounts and anneal template was then

eliminated by tre

ﬂuﬂq%ﬂﬁ€MH1ﬂﬁ

10 minute spin in microcentrifuge.

N1y “;I?] gieN
|gure,2-l ﬁllne of procedure roduction and purlfé!lon o@ gusmg

the T7 RioMAX express RNAi System. (Source: T7 Ribomax™ Express RNAI
System (Promega)
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2.8.2 Determination of quality and quantity of double-stranded RNA
The quality of dsRNA was examined by 1.5 % (w/v) agarose gel
electrophoresis. Half of one microliter of dSRNA and each stand template were loaded
and run on agarose gel electrophoresis in 1x TBE buffer. The gel was stained with
ethidium bromide and visualized under the UV light to estimate the size of product.
The concentration of dsRNAWwas deiermined by measuring the ODgo
and estimated in ng/ulusing the following equation:
[dSRNA} =0ODg x dilution factorx 50
One ODy¢, corresponds. io approximately 50 ng/ulof DNA. The relative purity
of RNA samples wasdinvestigated by _measuring the ratio of Azsorzso. The maximum
absorption of protein is‘at 280.nm: The good quality of RNA sample should have an

Aos0/280 ratio aboved.7. -

2.8.3 Specific gene silencing of PehmonPENS transcript

To assess the sequénce-specifié -.I-<nockdown effect of PenmonPENS
dsRNA, the concentration of PenmonPEI\fo dsRNA and the control, poly(GC)
(Invitrogen), were optimised such that th(& )h{a'd less effect on other penaeidin
transcripts, PenmonPEN3. After optimization,rz ,d,c_iubrle injections of 5 and 2.5 pg of
dsRNA per 1 gishrimp were used. Twenty r-nicfograme (5 pg per 1 g shrimp) of
PenmonPENDS (dsRNA or poly(GC) dissolved in 0.85% (W/v)-NaCl to a final volume
of 30 ul, were injeeted into each P. monodon shrimp (approximately 4 g body weight
each) in the lateral area of the fourth abdominal segment-tsing a 0.5 ml insulin
syringe with a 29-gatige-needle. An additional eontrol group of shrimps were injected
with 0.85% (w/v)'NaCl only./At'24 h-after the first injection, the|injection of dSRNA
(2.5 pg per 1 g shrimp) or NaCl were repeated. The hemolymph of three individual
shrimps from each group were collected and used fer.total RNA extraction and first
strand cDNA"synthesis, as described aboye.

The efficiency and specificity of dsRNA-mediated gene knockdown of
PenmonPEN5 was analyzed by semi-quantitative RT-PCR using the SpPEN3F/
SpPEN3R and SpPEN5/CT470R (Table 2.1) with the same condition for semi-
quantification of PenmonPEN3, PenmonPENS5, respectively except that the

amplification cycle was repeated 30 times.
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2.8.4 The effect of suppression of the PenmonPENS transcript on WSSV
challenge

To determine the effect of suppression of the PenmonPENS transcript on
WSSV infection, shrimp were double injected with PenmonPENS5 dsRNA, poly(GC)
or 0.85% (w/v) NaCl as mentioned above and at.the second injection, shrimp was
injected together with VWSSV (10° copies). After a further 24 h, the hemolymph of
three individual shrimps from-€ach group were collected and used for total RNA
extraction and then reverse iranscribed to first strand cODNA, as described above.

The effeet of suppression of the PenmonPENS transcript on WSSV
infection was “investigated" by: semi-quantitative. RT-PCR" analysis using the
SpPENS3F/SpPEN3R, SpPENS/CT470R a,nd VP28 primers (Table 2.1). The intensity
of the PCR amplicon/between the VP28 'gerfé and the internal control (EF-1a gene
fragment) were analyzed after electrophorési_s through a 1.5% (w/v) agarose-TBE gel.
The PCR condition for peneidin3; -5 and VP28 transcript were described in table 2.2.

This experiment was twice examined using twe'set of shrimps.

: i

2.8.5 Detection of viral copy numbe_l_'.-:,:__': .

Shrimps were sebarated into two -grc-iups; the control group (poly (GC)-
injected shrimps) and the PenmonPENS-downregulated group. Shrimps from both
groups were double Injected with either poly (GC) or-—PenmonPEN5 dsRNA,
respectively, and-then with WSSV, as mentioned in section.2.8.4. Twenty-four hour
after the WSSV injection, hemocytes from three individual shrimps per group were
collectedyfor-genomic DNA extraction, as ‘described 2.6.1. The samples were sent to
Charoen Pokphand Foods PCL for‘the detection of the" WSSV copy number by real-
time PCR with the WSSV1011F/WSSV1079R, as described by Durand and Lightner
(2002), using=an*ABI7000 Sequence Detection System. All assays were-earried out in
duplicate. A" WSSV recombinant plasmid (known copy number) was serially diluted
and used as the standard for quantification. Independent Sample T-Test was used to
analyze the significance of any difference in the data between groups. This

experiment was twice examined using two set of shrimps.
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2.9 Expression and characterization of PenmonPEN5

The deduced amino acid of PenmonPENS5 (accession no. ACQ66008, FJ686018)
(Tassanakajon et al., 2008) was regained from P. monodon EST database
(http://[pmonodon.biotec.or.th). The mature .PenmonPEN5 gene was amplified and
expressed in the Pichia pastoris methylotrophicaeast system (Invitrogen) for testing
the antiviral property in hemocyte cell culture.

2.9.1 Construetion of expression plasmid PenmoenPENS (pPenmonPEND)
The muitiple gopies of 'the expression vecter, pPICIK (Fig. 2.4), was
selected for PenmonRENS expression. It contains a kanamycin resistance gene which
confers resistance to high level of G418 in P. pastoris. Spontaneous generation of
multiple insertion ewvents,which/occur in E pastoris at a frequency of 1-10%, can be
identified by the level of resistance to G418 P. pastoris transtormants are chosen on
histidine deficient /medium and screened fo_r their level of resistance to G418. The
increased level of resistance to G418 indicates multiple copies of the kanamycin
resistance gene as well as the clened of inte'ré;sted gene. The copies number increment
of the interested gene in a recombinant Fi’.ﬁés’toris strain may increase protein
expression levels. :
2.9.1.1 Primer design
To construct an expression cassette, the forward and reverse
primers were designed from the cDNA sequence enceded mature peptide of
PenmonPENS and added. the restriction sites. A SnaBI site was added to 5’-end of
forward PCR primers, ‘thus“introaucing' two-adaitional amino’acids*(T'yr and Val) to
the amino, terminus of the recombinant PenmonPENS5 protein (rPenmonPEND).
Moreover, a Notl site was added to 3’-end of reverse primers after thesstop codon.
Pririer sequences, Were:
CT470F-SnaBl: 5" TACGTACAAGGATACAAGGGCGGTTA 3
CT470R-Notl: 5 GCGGCCGCTTATCCTTTCAATGCAGAACAA 3’
The primers were used to amplify the mature gene, cloned in-frame into the

pPICI9K vector downstream of the sequence for the a-mating factor signal peptide
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from Saccharomyces cerevisiae and the Glu-Ala-Glu-Ala repeat sequence and then
transformed into the E. coli XL-1 blue.

2.9.1.2 Amplification of PenmonPENS5 gene by PCR

The mature PenmonPENS gene was amplified by CT470F-SnaBl
and CT470R-Notl primer (Section 2.9.1.1) andwisingPfu DNA Polymerase (Promega,
USA). PCR conditions.were. pre-heat at 94 °C for.5.min, follow by 35 cycles of 94
°C for 30 sec, 55 °C.er30 sec, 72 °C far 30 sec and a final eycle of 72 °C for 10 min.
The PCR reaction was cartied out in the total 50 pl reaction consisting of 200 ng of
plasmid containing PenmoaPENS gene, 1x reaction buffer, 0.2 mM of each forward
and reverse primers, 0.2’mM dNTPs and 4 unit of Pfu DNA polymerase (Fermentas).
After PCR amplification, the expected;197 bp PCR product was purified by
NucleoSpin® Extract I Kits (MACHEREY-NAGEL).

o

2.9.1.3 Restriction enzyme digestion of the purified PCR product
: I

il ' il

and expression vector \
The pPICIK -vector ani éd-fified PCR products from section
2.9.1.2 were digested with SnaBl.and NotL FTrst,3 g of them were double digested
at 37 °C for 3 with SnaBl 5nd Notl in the feéct-(')n of 1% FastDigest reaction buffer,
1x BSA and 0.5-unit-of SnaBl-and-Notl(Fermentas). The reaetions were stopped by
heat at 70 °C for-20 minutes. The completely digested products were separated by
agarose gel electrophoresis and purified using NucleaSpin® Extract 11 Kits
(MACHEREY-NAGEL).

2.9.1.4 Ligation
The SnaBI/Netl digested-PCR=and -pPIC9K fragments were
ligated prior teltransform to'P. pastoris. The ligation reaction'0f20 ul centained 2 pl
of 10x ligation buffer, 2 ul of digested-PCR product, 8 ul of SnaBI/Notl digested-
pPICI9K vector, and 2 ul of T4 ligase (New England Biolab), which molar ratio of
insert:vector was 7:1. The total volume was adjusted to 20 pl with distilled water. The

ligation reaction was then incubated at 16 °C overnight.
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2.9.1.5 Transformation into E.coli and plasmid preparation
The ligation reaction was transformed into E. coli strain XL-1
blue cells by calcium chloride transformation as described in section 2.6.6. One
hundred microliters of the transformation were spreaded onto LB-amplicillin selected
plates and incubated overnight at 37 °C. Trapsformants grown on LB-amplicillin
selected plates were screened by colony PCRe#as described in section 2.6.7. The a-
signal peptide and the.3°-AOX primers were used.for.colony PCR screening. The
positive clone was pieked to_culture in LB-broth containing 100 mg/ml of ampicillin
for overnight and thenextraeted.the recombinant plasmid by Q1Aprep miniprep.
.
2.91.6 Confirmation the pPenmonPENS
A nesitive transfornﬁnt was selected to sequence in order to
verify the sequence and orient the Penmohl,PE*NS gene in the expression plasmid. The

a-signal peptide and the 3°-AOX primers were used in sequencing reactions.

o,
|

2.9.2 P. pastoris transformation
2.9.2.1 Electrocompetent cellsibiéﬁ;iration

To prepare the P. pastor@z__g!éqt[ocompetent cells, a single colony
of P. pastoris KM71 was cuItLred in 5 ml of YI-DD-'(Z% (w/v) peptone, 1% (w/v) bacto
yeast extract anc-2% glucose) at-30 °C with shaking at 300 rpm overnight and used as
starter. One hundied microliters of the overnight culture was-inoculated in 500 ml of
fresh medium in-a-2-liter flask and grown overnight again-te an OD600 of 1.3-1.5.
The cells were precipitated using centrifugation at 3,500 rpm for 5 min at 4 °C. The
cell pellet was washed by resuspended-in anequal volume‘of cold sterile water, gently
mixing ‘and centrifugation. The pellet was washed furthier with' 250 ml of cold sterile
water followed by 20 ml of ice-cald sterile 1 M sorbitol and resuspendedsto a final
volume of Ll of ice-cold'sterile 1 '™ sorbitol. The final volume including- the cell
pellet was approximately 1.5 ml that was divided into 80 pl aliquots and stored at -80

°C until used.
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3" AOX1(TT)

Comments for pPIC9K:
9276 nucleotides

5° AOX1 promoter fragment: bases 1-948
5° AOX1 primer site: bases 855-875
a-Factor secretion signal(s): &

a-Factor primer site: bases

CCT TCA ATT
Pro Ser Ile

TET
Phe

TTA GCT GCT
Leu Ala Ala

CCA GTC AAC GCA CAA ATT CCG

Pro Val Asn Thr ] sp~ Gln Ile Pro
GCT GAA GCT GTC.-W@‘I; s .-,. - GAT TTC
Ala Ala-Val e "‘ > Asp Phe

h

GAT @ ’(Jﬂ;'ﬂ.mlmm..‘ra-;mm.-;a.n-‘v.— Valalie Vab.' AAC GGG

Asp Ve \1a Val Leu Pro n Se I‘g Asn Gly

TTA TTGl T ATA \ el AT :CT GCT AAA

Leu Leu e Ile Asn e Ala Ser IldiBla Ala Lys
Y Signal cleavage (1203-1204) Sna Bl

GAA G GTA TCT CTC GAG A GA GAG GCT GAA GCT TAC

Glu Glu G Ser Leu Glu L rg Glu Ala Glu Ala Tyr

:ﬁ&k??@ Hfa N

ACATGACTGT TCCTCAGTTC ‘AGTTGGGCA CT'IEGAGAA GACCGGTCTU

o W b el £

AGGCTTCATT TTTGATACTT TTTTATTTGT AACCTATATA GTATAGGATT

| AOX1 mRNA 3'end (1418)
TTTTTTGTCA

Figure 2.4 The circular map (A) and PAOX1 and multiple cloning site (b) of pPIC9K
vector. (Source: www.invitrogen.com)
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2.9.2.2 Transforming DNA preparation

The pPICO9K vector with PenmonPEN5 gene cloned was
linearized with Sacl for insertion at AOX1. When Pichia strain KM71 was
transformed with the Sacl-linearized plasmid; Mut® recombinants would be generated.
Both the pPenmonPENS construct and the pRICIK vector were digested by mixing 10
ug of plasmid, 10 units of Sacl, 1x reaction-bufferand incubating at 37 °C for 12-16
h. A small portion of the digest was analyzed by 1.0%.agarose gel electrophoresis for
confirming the complete digestion of plasmids. The digested DNA was ethanol
precipitated and resuspended i 10 pl of water and stored at -20 °C until ready to

transform.

2.9.2. 3 Transformation.of P;:pastoris Py electroporation

An aliguat of P. pastoris KM71 competent cells was gently
thawed on ice and/mixed with 8 pg of Sabi_-linearized plasmid and placed on ice for
about 5 minutes. The imixtlire ‘solution was transformed Dy electroporation in a cold
0.2 cm cuvette with the apparatus sefting as fgﬂows; 25 uF of the Gene pulser, 200 Q
of the Pulse controller unit,"and - 1.50 kV/ of;' t;hé";Gene pulser apparatus (Bio-RAD).
After one pulse was applied at- the aboy:e':’s:é_t;ing, the cells were immediately
resuspended with 1.ml of ice cold steriled 1 M s_brbitol and transferred to test tube.
Two hundred ane fifty microliter of cell suspension was spreac-on the MD agar plates

and incubated at 30 °C until colonies appeared.

2.9.2.4,Screening for yeast high expression transformants

To screen transformants, of G418 resistance, the transformants
that grown on ‘MD"plates were pooled by adding sterile water over each plate and
running sterile spreader across ithe top of thesagar to resuspendathem. The
transformantsy fram all ‘plates ‘were ‘pooled and determined  the cell -dénsity by a
spectrophotomerter (1 OD600 = 5 x 10" cells/ml). Ten to the fifth power cells
transformants were spreaded on the YPD plates which containing G418 at final
concentrations of 0, 1 and 2 mg/ml. Plates were incubated at 30 °C and checked daily.
The G418 resistant colonies appeared after 2 - 5 days. The resistant clones observed

on each YPD-G418 plate were chosen. To purify putative G418 resistant clones, they
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were streaked on the YPD plates for isolated the single colonies and confirmed G418

resistance on the same concentration of YPD-G418 plates.

2.9.2.5 Determination of the integrated PenmonPENS gene in P.

pastoris genome by PCR

To select the transformants thaispresence the integrated PenmonPENS
gene, a single colony.of Pichia clones.was randomly.picked and resuspended in the
PCR master mix that.eentained 1% reaction buffer, 0.2 mi of each dNTP and 0.2 mM
of each primer (o-signal peptide and the 3-AO0X) without Taqg DNA Polymerase.
Next, the reactions were ineubated at 94 °C for 10 min to lyse the cell wall of yeast
cells and then added 0.7 unit of RBC Tagq DNA Polymerase (RBC Bioscience). The
PCR was performed for 30 gycles as aboie parameters in section 2.6.7. The resulting
PCR product was analyzed using 1.2% égarb'se TBE gel to determine whether the
DNA fragment was suceessiully amplified'.'—-_The size of the DNA fragment that was
amplified including @-factor “'signal peptide, the PenmonPEN5 gene and the

3'sequence of alcohol oxidase (AOX) gene. =

2.9.3 Expression of the recombinant_.-Elp:rier

Asingle colony df each positive' cion—é was grownsin YPD broth at 30 °C
overnight. The starter was inoculated into 100 ml of BMGY (1% (w/v) Yeast extract,
2% (w/v) Peptone; 100 mM Potassium phosphate buffer pH-6.0, 1.34% (w/v) YPD,
4x107 %(w/v) Bietin and 1% (v/v) glycerol) in a 1 liter flask-and grown at 30 °C with
300 rpm shaking until .the OD600 of the culture reached to 4-6. The culture was
centrifuged at 3500 rpm for:5 min at room temperature to collect the cell pellets. To
induce the expression, the cell pellets were resuspended in 20 ml of BMMY medium
(1% (w/v) Yeast extract, 2% (w/v):Peptone, 100 misPotassium phosphate buffer pH
6.0, 1.34% (wiv) “YPD, 4x10” %%(wiv) Biotin and 0.5% (V/v) Methanol)“and add
100% methanol to a final concentration of 0.5% every 24 h to maintain the induction.
The expression culture was collected 1 ml at each time points (0, 1, 2, 3, 4, 5 and 6
days) and separated the supernatant and cell pellet using centrifugation at 9,000 rpm

for 2 min at room temperature. The supernatant and cell pellet were kept at -80 °C
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until ready to confirm the rPenmonPENS. Tricine SDS-PAGE and silver stained was

used to analyze the rPenmonPENS expression.

2.9.4 Analysis of recombinant protein by Tricine SDS-PAGE

Fifteen percent of tricine SDS-PAGE gel electrophoresis was used for
completed a resolution of small proteins in the rangesbetween 5 and 20 kDa (Schagger
and von Jagow, 1987)..The separating-gel in 16.5%. (wi/v) and 4% (w/v) stacking gel
were set into the slab gel system that size about 10 x 10 x 0.75 cm. The gel
preparation was described inAppendix A. The anode (0.2 M Tris buffer pH 8.9) and
cathode (0.1 M Tris buffer.pH'8.25, 0.1 M Tricine, and 0.1% SDS) running buffers
were used to run‘the electyophoresis: system. The protein samples were mixed with
sample buffer (see n Appendix A) and tlien boiled for 10 min. After protein boiled,
twenty microliters of mixing: samples were loaded into the gel and started the
electrophoresis at 30 V. /When the sampler had completely gotten in the stacking gel,
the electricity pressurg was adjusted to 100 V. "The electrophoresis gel was finished
when the lower dye had run to the fower edgé;-of gel.

The silver staining gel method;' Qéééribed of Bollag et al. (1996) was
used for detection of the protein bands becausé this method can detect a little protein
about 2 ng in a Single band. First, the gel was séalzed in 50% methanol and 10% acetic
acid for at least - hwith 2-3 changes of methanol/acetic acid-solution. After that the
gel was washed with water for 30 min with at least 3 changes and then stained in
solution C (All selutions for silver staining was described in"Appendix A.) for 15 min
with gentle constantdgitation. After rinsing for,2 times and soaking for 2 min, the gel
was developed using Solution D."At less 10 'min; the protein bands Were appeared and
then rinsed with 1% acetic acid to"stop the development. Last, the gel was washed in

the water for at least 1 hour with atieast three changes.

2.9.5 Purification of recombinant protein
To purify the recombinant PenmonPEN5 (rPenmonPENS5), the cation
exchange chromatography was performed and 20 mM of potassium phosphate buffer
pH 7.0 was used as the running or start buffer. At this pH rPenmonPEN5 with a

calculated pl of 9.6 carried a positive net charge and could be purified by cation
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exchange. The crude protein was dialyzed in distilled water and concentrate using
Calbiochem Aquacides (Merck) to concentrate the protein. Fivefold concentration of
the protein can be completed in 3 hours by changing the resin surrounding the dialysis
sack every half hour (Schleif and Wensink, 1981). The concentrated protein was
dialyzed again in start buffer and clarified by filration through a 0.45 pum pore size
filter (Millipore) before loading into the columa:

The Hitrap. SP..Sepharose (cation.exchange) column (GE Healthcare)
was washed with 5.eelumn velumes of start buffer at the flow rate of 1 ml/min to
eliminate the preservatives. Next, the column was washed with start buffer containing
1 M NaCl, elution buffer, and equilibrated with 10 column volumes of start buffer.
The crude rPenmonPENS in‘start buffer was loaded into the column and washed with
10 column volumes'oT start buffer or unti:l:the Asgo read 0. The rPenmonPENS were
eluted using step wise gradient-at 0.2, 0.4,°0.6, 0.8 and 1M NaCl. All fractions
collected from washing and elution-steps Were measured the Ago to approximate the
amount of protein. The fractions were also érial"j-/zed by Tricine SDS-PAGE and then
the fractions that had the band of protein Wél‘é pooled.

The protein concentration Is thé’n; éélbulated according to the following
formula: -

Protein concentration (mglr;]L) = el / Asgp
where ¢ = extinetion coefficient, and | = optical path length-in cm. The extinction
coefficient was caleulated using ProtParam program from ExPASy Proteomics tools
(http://expasy.orgltools/protparam.html).
The pooled purified proteingwas dialyzed again in start buffer to
eliminatey NaCl. Then" the“purified ‘proteiny, was: concentrated using ultrafiltration

(Amico Ultra 3'k) and kept at -20°C for antimicrobial and antiviral activity test.

2.9.6 Antimicrabial activity assay.

The antibacterial activity of rPenmonPENS against Aerococcus
viridans and Micrococcus luteus was confirmed before testing the antiviral activity by
the solid phase assay described by Minagawa et al. (2001). Bacterial cultures grown
overnight for 18 h at 30°C in 5 ml of 2YT medium (1%w/v NaCl, 1%w/v Yeast

extract, 1.6%w/v peptone). The bacterial density was adjusted to 0.2 at 600 nm with



59

poor broth (0.5% wi/v NaCl, 1% w/v peptone) or start buffer (20 mM phosphate buffer
pH7.0) for A.viridans and M.luteus, respectively, containing 1 % agarose and poured
onto 90 mm plates. After the solidification of the agar, wells (diameter: 4 mm) were
cut into the freshly poured plates.. Sixty microgram of purified rPenmonPENS5 was
added to a punched well and incubated at 30°€ for 24 h. Amplicillin (0.8pg) and
lysozyme (10 mg) were used as positive .coniwel in A.viridans and M.luteus,
respectively and 100 ul.of 20.mM potassium phosphate buffer pH 7.0 was used as the

negative control. Thediameters-ofthe halo zone of inhibition were measured.

2.9.7 Antiviral activity assay
Toginvestigate-the inhibition of rPenmonPENS against white spot
syndrome virus (WSS\/) propagation, ihe primary cell culture of P. monodon
hemocyte was used. Fhe WSS\ infection was detected using RT-PCR of a major
envelope protein VP28 expression ‘in- the host cells. The presence of the VP28
transcript indicated viral propagation. i
2.9.7.1 Preparation of:"prji'hﬁary hemocyte P. monodon cell
culture R
Hemolymph was cc’)llected from/'the healthy sub-adult
shrimp (~20 g bedy Weigth) at ventral sinus using 27 G/1/2 inch needle fitted onto a
1.0 ml syringe pre-loaded with 400 pl of an anticoagulant solution (0.82% (wi/v)
sodium chloride, -0:55% (w/v) citric acid, 1.98% (w/v) glucese, 0.88% (w/v) sodium
citrate and adjusted the pH to 5.6 by 10 N sodium hydroxide) and then the hemocytes
were harvested by centrifugation at 200 x g for 10 min at 4 °C. The hemocyte cells
were resuspened 0.7 'ml ‘of L-15 Culture” medium™(1.6x" Leibovitz L-15 medium
(Gibco) supplemented with 20% (w/v) fetal bovine serum (FBS), 1% (w/v) glucose,
0.4% (w/v) sedium chloride, 100 1U/ml penicillin “and 100 g/ml streptomycin; pH
7.6; adjusting the osmotic pressure to 750 + 15 mOsm/kg with sodium chloride
solution). The concentration of a cell suspension was determined using
Hemocytometer Slide under a light microscope. Ten microliter of a cell suspension
was added to an assembled slide (The coverslip was pressed down onto slide), viewed

on microscope and the cell lysates were counted within this 1-mm? area that stand on
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the top and left hand lines. The cell suspension was calculated the average of the two
counts and derived the concentration using the following formula
c=nlv
where c is the cell concentration (cells/mL), n is the number of cells counted, and v is
the volume counted (mL). For this slide, the depth of the chamber is 0.1 mm, and,
assuming that only the central 1 mm” is Usédy".is*1 x 10* mL. The formula then
becomes
¢  n x10*
The cell suspension was subséquently seeded at 10° cells per 150 pl in a 96-well plate
and incubated at 28 °Cfor 24 hours. Afterward, the pre-treated hemocytes were ready
for used in experiments
249.7.2 Preparation of white spot syndrome virus

The hemolymbh_ was collected from WSSV-infected P.
monodon and combined with TNE buffer (SGMM Tris—HCI, 400mM NacCl, and 5mM
EDTA, pH 8.5) in the ratio 1:1:+7Fhe mixed-éoiution was centrifuged at 3,500g for 5
min at 4 °C to keep the supernatant. After ceritr;ifdéation of the supernatant at 30,0009
for 30 min at 4 °C, the pellet,was washed wi;:h:IM buffer (50 mM Tris-HCI, 10 mM
MgCl,, pH 7.5)%and then centrifuged at 3,5069—f0r 5 min ai'4 °C. The pellet was
collected and suspened in TM buffer. Then, the supernatant was harvested using
centrifugation at 30,000 g for 30 min at 4 °C and dissolved-in TM buffer to split the

aliquots and stored-at -80 °C until used.

2.9.7.3"Antiviral activity test

In "order 1o better understand” the" antiviral infection
mechanism of PenmonPENS, thef rPenmonPENS .was treated with 1@° scopies of
WSSV in thesprimary cell culture. After WSSV mixed withthe. 25, 12.5%and 6.25 uM
(approximately 100, 50 and 25 pg, respectively) of purified rPenmonPENS, they were
immediately added to the cell culture and incubated at 28 °C for 2 h. Then, all
medium was wash and replaced with a new culture medium and continuously
incubated at 28 °C for 24 h. Besides, the medium was removed and 50 pl of Trizol

reagent was added into a well for RNA extraction. The cell and Trizol reagent was
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incubated at room temperature at least 10 min afterwards they were resuspended to
lyse the cell and transferred into a new 1.5 ml microcentrifuge tube (10 wells per
tube). The RNA was extracted and DNA was eliminated as described in section 2.4.2.
The first stand cDNA synthesis was performed as described in section 2.4.3. The
VP28 primers were used for detected the \WSS\/propagation, and the EF-1a primers
were used to amplify the housekeeping gene (Lable 2.1). The PCR reaction was
carried out in a total volume of 25 pl eontaining. lx.reaction buffer (10 mM KCI, 2
mM MgSO,.7H,0;:200mM Tyis-HCI pH 8.8, 10 mM (NH4)2SO4, 0.1 mg/ml BSA,
0.1% (v/v) Triton X200 and 2. miM MgCl,), 0.2 miM of each dNTP, 0.2 mM of each
primer, 0.7 unit of RBE€ Tag DNA Polymerase (RBC Bioscience) and 3 pl of the 1:10
diluted first-strand cDNA. Fheparameters of PCR cycle were described in table 2.2.
The intensity of thetPCRfamplicon betweén the VP28 gene (506 bp) and the internal
control (EF-1a gene fragment, 150 bp) were analyzed after electrophoresis through a
1.5% (w/v) agarose-TBE gel. :

2.9.74 Trypan blue eXc'ihsion test for the cell viability

To-determine thei:céy’tﬂ}t'oxicity of rPenmonPENS, the dye
exclusion method was used. -The reactivity Qf;t'hjis'_method is based on the dye, such as
trypan blue, eoSin, propidium, or erythrosine, Wifhout interactéd with the cell unless
the membrane Is-damaged. As a result; all the cells which exciude the dye are viable.
The hemocyte cells were incubated with the mixture of 25, 12.5 or 6.25 uM of
purified rPenmoAPENS5 as described In section 2.9.7.3..without WSSV. After
incubation at 28 °Gifox, 24 hour, 120 pl @fymedium were eliminated to give an
approximate cell concéntration| of 10 ¢ells/*ml-and then ‘the Cells“were resuspended
until all gells diffused. The cells"SUspensions were transferred to the new tube and
mixed thoroughly in ratio 1:1 with trypan blue solutien. (0.4% of trypan blue in 0.81%
of'sadium| chigride and 0.06%, of potassium, phosphate, dibasic). After standing for 2
min at room temperature, the cells were count in triplicated using the Hemocytometer
Slide as described in section 2.9.7.1. The viable cells had clear cytoplasm whereas
nonviable cells had blue cytoplasm. Cell viability could be calculated using the

following equation:
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% cell viability = total viable cells (unstained) 100
o ce VIabIILY = total cells (stained plus unstained)
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CHAPTER 111
RESULTS

3.1 Expression of P. monodon antimicrobial peptide genes in response to WSSV-
challenge

Previously, genes encoding antimicrobial peptides were identified from hemocyte
cDNA libraries of the black tiger shrimp Penaeus monodon. These genes include
those coding for penaeidins, .erustins, antilipopolysaccharide factors (ALF) and
lysozymes. The antibactemal activities of these shrimp AMPs have been reported (see
a review by Tassanakajoneet al.,'2010). To investigate the possible antiviral response
of P. monodon antimierohial peptide gen'es';-'the transcript levels of these genes were
determined in hemocytes of WSSV-challenged P. monodon compared to those of the
control shrimp. )

To determine the @ppropriate dose of'f_r_V\{_SSV for experimental-challenge, P.
monodon were intramuscularly, injected; With various dilution of WSSV.
Subsequently, a gill portion. of three indi&li?jﬁal..shrimp was collected for WSSV
detection. DNA was extracted-and 20 ng \&gs:i'j-sed as the template. The WSSV
infection was detected by-PCR amplificatioﬁ'_u'smg—primers WSSVF/R (Table 2.1).
The expected. size of PCR product was about 250 bp (Fig.3.1). The dilution of
WSSV at 1:8000'which caused 100% mortality within 4 days was used for WSSV
experimental challenge.

Sub-adult P. monodon (approximately 15 g of body weight) were separated into
four groups, three shrimps per group. Three‘experimental groups were injected with
1:80007 WSSV ditutions whereas the control group was Injected with Lobster
hemolymph medium (LHM). Hemolymph of three individual shrimp from each group
was collected at 0.25, 12, 24 and 48_h post_injection (hpi). RNA was extracted and
used ‘for the first'stand cDNA synthesis. The expression of major AMP genes in P.
monodon was determined by semi-quantitative RT-PCR analysis using p-actin as an
internal control. The relative expression was then normalized against the control

group and presented in Fig. 3.2
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Figure 3.1 Detection of WSSV infection by PCR amplification. Shrimp were injected
with various dilution of \WSSV. Twenty nanogram of gill DNA was used as a
template for PCR.amplifieation using ;i)rimers WSSVF/R (Table 2.1). The PCR
product was analyzedon ad.5% agarose bel at 100 volts for 30 min.

Pane M GeneRuler™ 100 bp DNA ladder (Fermentas)

Lanes 4-3: 1:10000WSSV dilutions

Lanes 46:1:8000 WSSV dilutions

L ahes 7-9: 1:6000 V\7:$-_$i\/£dilutions

Lang10: poéitive con_-t-rél (With DNA of WSSV)

Lane N; negative conifdl__‘(yvjthout DNA template)

- un A g
il )

After challenging with WSSV, the exp?gési'oh—levels of ALFPm3, ALFPm6 and
PenmonPENS5 were significantly increased (p< 0.05). The transcription of ALFPm3

was significanflj up-regulated by approximately 6 folds at 24 and 48 hpi as compared
to the control shrimp. Likewise, ALFPm6 mRNA was up-re’gijlated and the highest
level of its expression was detected at 48 hpi (increase by 3.3-fold). Significant up
regulation of PenmonPENS transcripts was 6bserved at 24 hpi by approximately 3.6-
fold. Nevertheless; the transcription/ of this gene was undetectable at 48 hpi.
Constitutive expression of ALFPm2, crustinPm1, crustinPm7, PenmonPEN3 and
lysozyme was observed as their expression levels weresnot significant different during

the study period.
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Figure 3.2 The relative ession ratios of P. monodon AMP genes, ALFPm2,

ALFPm3, ALFPmM®, crustir rifl,'-brﬂstinP‘_Fﬁif penaeidin3, penaeidin5 and lysozyme,

o o
in the hemocytes of SV-:thIZI‘enged}-E*iuignodon (15 g) analyzed by semi-

quantitative RT-PCR.

injection were then compared with f-actin and normalized against the control group

-

(LHM-injected -s.rgrimp). The data shown as the mean (+1 SD)jare derived from three
independent éxﬁgﬂments.—One-Way-ANOxLA-is-used-asg@ﬁéfistic and significant
o

differences (p 2@5) are marked with an asterisk.

|
5 =

3.2 Sequence analysis of PenmonPENS5 cDNA from Penaeus monodon

e réiéti&/é-expresé@{éiios at 0.25, 12, 24 and 48 h post

In this study;"PenmonPENS was selected for ' further study: its“role in antiviral
immunity.: In“P. 'menodon two 'subgroups‘of penaeidin genes, PenmonPEN3 and
PenmonPENDS, were identified from 4 contigs of P.monodon EST, database
(httn://pmoncdon.biotecior:th)“.and 'deposited’ in the’. GenBank ‘(aCc&ssion nos.
ACQ66008 and FJ686018). Both of ‘them"were mostly ‘identified in the hemocytes
cDNA library. The full-length cDNA of PenmonPEN5 was predicted the open-

reading frame of 237 bp encoding a putative peptide of 79 amino acid residues as
shown in Fig 3.3A. The signal peptide of 19 residues was predicted by using the

signalP 3.0 program. Thus, a calculated molecular mass and a theoretical pl of the


http://pmonodon.biotec.or.th/
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mature protein of PenmonPENS5 (60-amino residues), were estimated to be 6.42 kDa
and 9.64, respectively. BLASTX homology searching of the NCBI databases showed
that PenmonPENS5 significantly matched to PEN5 from the Chinese shrimp, F.
chinensis (FenchiPENS5) with 72% aming acid sequence identity, whereas it shared
only 57% overall amino acid sequence identity to the PEN3 from P. monodon
(PenmonPEN3) (ACQ66006, ACQ66007).~Multiple sequence alignment using the
ClustalX program (Thompson.et al., 1997) revealed.a highly conserved signal peptide
at the N-terminus follew by a-proline-rich domain (PRD) where as a large variation
and a cysteine-rich_demain(CRD) containing six conserved cysteine residues at the
C-terminus (Fig. 3.3B). Amino acid sequence alignment of the two classes, PEN3 and
PENS, from P. monodon and F chinensis revealed that the penaeidin sequences from
both species contain the conserved eigthpecific amino acids (Fig. 3.4B and C),
which are the signatures of the penaeidin-plas'ses (Gueguen et al., 2006; Kang et al.,
2007). However, shght variations*in ce}t-ain key residues in the penaeidin class

signature were found and seeni to be specieé specific (Fig. 8.3C).
: I

_J-

3.3 Genomic organization of genaeidins gefé#ﬁm P. monodon
3.3.1 Determination.of exens and ir]t_.?qr]é of P. monodon penaeidin5 gene

THe, introns ana exons within the -'ORF of PenmmonPEN5 gene were
investigated using:PCR-amplification with the gene specific primer (CT470F/R, Table
2.1) which designed from the 5’ and 3’ ends of the PenmonPEN5 ORF and genomic
DNA was used as‘a template. The PCR product of about 860 bp was detected and
cloned into the T&A.cloning vector (Fig. 3.4). After sequencing, the genomic
sequence; was analyzed by comparing: to“the ‘corresponding’ ,cDNA: sequence. The
results presented that the entire ‘coding region contained two exons separated by a
single intron of 620 bp (Fig. 3.7). The intron separates the proline-rich domain from
the cysteine-richv domain. The classical canonical GT/AG! splicing reeegnition site

was found at the boundary of the intron.
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(A)
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Figure 3.3 (A) Complete nucleotide and amino acid sequences of the penaeidin 5
from P. monodon. The signal peptides are underlined and asterisks indicate the stop
codons. (B) Amino acid sequence alignment of penaeidin-3 and penaeidin-5 from P.
monodon and F. chinensis. All penaeidin sequences are from'the GenBank (Accession
numbers ACQ66006,,AAQ84721 and AAQQ5769 for PenmonPEN3a; ACQ66007 for
PenmonREN3b; AAP33450. .for., FenchiPEN3-1; , ABC33920.. for..FenchiPEN3-2;
ACQ66008 and ACH70378 for- PenmonPENS; AAZ80041 and ABC33919 for
FenchiPEN5-2; AAZ79334 “for FenchiPEN5-1; AAV85945 for' FenchiPENS). The
signal peptides are underlined. Amino acid conservation across alignments is shown
as (*), (t) and (.) for identical, conserved and semi-conserved, respectively. The six
conserved, Cys residues ‘are ‘jdentified by dark| arrowheads:. The lamino "acids in
highlight of 'grey are lidentical to the signature of the penaeidin. classesiaccording to
Gueguen et al. (2006) and Kang et al. (2007). The white arrowhead illustrates the
specific signature amino acids of penaeidin class5. Black highlights indicate signature
amino acids of species. (C) The eight conserved amino acid signatures of the
penaeidin classes are illustrated for classes 3 and 5 with their specific amino acid
signature in black highlight.
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Figure 3.4 Agaroseﬂe‘ri

;rophoresifif PCR product of PenmonPEN5 amplified
from the shrimp g

Ic ""NA analyzed on a 1.5% agarose gel at 100 volts for 1

hour. Fpi -4

= "

Lane M: cRuler™ 100 bp"DNA'Ladders (Fermentas)
Ive £on orf(wi,thout.};)I\'l‘A template)
product of PeﬁFnonPéNS amplified from shrimp genomic DNA

.".-"j“ !:

. W o
. e g
3.3.2 Determination of promoter ag@g.}efgulatory elements of P. monodon
Il s rordesd g

il

penaeidin5 gene e — —

—

To determine the-location of tﬁg.‘ign‘zmaier and regulatory elements at the

Lanes 1: Neg
Lanes 2: P

5" upstream sedhbnce, genome walking and nested PCR techdiqqes were performed.
Vi al

The templates of four DNA libraries including Dral, ECORV, Pvull and Stul libraries

were amplified using nested PCR with specific primers, 2Gsp1PENS and 2Gsp2PEN5

primers (Table 2.1), designed from the known gene sequentces closed to the 5' end.
The primary and “secondary PCR produets were analyzed by agarose gel
electrophioresis (Fig. 3.5). The secondary PCR products of approximately 400 and 500
bp were found in Pvull and Stul, respectively. The PCR products were then cloned
and subsequently sequenced. The genomic sequences of PenmonPENS5 were
confirmed by ‘amplification of the' whole genomic segments ;using confirmGW and

CT470R primers (Table 2.1) and subsequently sequenced.
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the genome walking of PeamonPENS gene amplified from the four genomic libraries
(Dral, EcoRV, Pvull an Stul libraries). Fhe PCR products were run on 1.2% agarose
gel at 100 volts for 1 heur. &+ 4

Lane MiGen u],érTM 1‘0:':0 bpﬂ A ladder (Fermentas)

Lane 1% Thepri ary PCR prodﬁuq;,frgm Dral library

Lane 2: The primary PCR product from ECORV library

Lane 3: The primary-PER produ'eﬁ‘&om Pvull library

Lane 4: The glmg.ry PCR produéjéit-ré'nfa Stul library

Lane 5: The secondary-PCR product from Dral library

Lane 6: The secondary PCR produet from EcoRV library

Lane7: The secondary PCR product from Pvull library

LépeB#Fhe%eeendaMlGR—pmd&*eﬁmméw—ubriryf

LaneN: Negative control (without DNA template)~-~

The putative transcriptional start site and cofé promoter region were
predicted using the” Neural Network Promoter Prediction (Reese, 2001). The 5’
upstream sequence' of PenmonPENDbS caontained the  putative caore promoter region
(TATA box) at 32 base pairs upstream (-32 region) of the putative transcriptional start
site. _The putative cis-regulatory elements were “indentified by using~Match_1.0
Public/TRANSFAC 6.0 program.(BIOBASE, http://lwww.gene-regulation.com/cgi-

Din/pub/programs/match/bin/match.cqi) with the cut-offs for both core and matrix

similarities of 0.85. In this 5' flanking region, nine putative transcription factor
binding sites including three GATA (consensus WGATAR) and two each of GATA-
3, activator protein 1 (AP-1) (consensus TGASTCA) and dorsal transcription binding

were identified and shown in Fig. 3.6


http://www.gene-regulation.com/cgi-bin/pub/programs/match/bin/match.cgi
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TTGGTCTTCATTACGTGTGGTATATGTTTAAAAAANNGCGAGGTTTAAAAGTTAAAATTG

Ap-1 GATA-3 dorsal GATA-3 GATA

ATGATGATGATGATGAATAATGATGAAACTGAAAAATCTTATATTTTTTCCATGTTTTTT
Ap-1 GATA

ATCTGTCTGTCTGTCAATCTAATAGTTAGCTATCTATCTATTTACCATTCTGTTTAGTTC

dorsal
TGAGTCTCTTTTTCTATTTGTCT TGCCTATTTATATTTCTTTCTTTCCCTCTTACCC
GATA

CCCTTCTCTCTCTCTCTCIF ] CTCTATCTATCTTTACCTTCCTGTCT

. Wy TATA-box

TTCTCCCCCCCCGTGT ; GCACAACCGCGTGGCGTCTCTATA

\' - exonl

ARAGCACCACAG

atgcgactcgtttcattat

cacgtaatcg c%ﬁtatttacaaagtatgtctat
taacagtgc t&ﬁfcattttgtgtgcttaaat
aaattaca aaa _;1. 3 gatgtagatgataacc
acaaggttccta C @ é ¥ ) attatggtgataggtgtaataaa
tattatggttataatg e gﬁq’ E z tgacaaacgacagaataataaa
tgcagatattgatag J n_‘ g y ctataataacactaacg
ataataatgattg s agatgate Cg aacataatcttaataatcgta
cttatagcagtgatta g&héﬁ jatdatla : tccatcacaggtattacaat

3 tggtgataaaacggaaatg

attgataaggatggc :tacaaéage?ﬂ
'*iE;”‘ exon2
ttgcasatctct tgliftt LR e

s C H T I T F

D K A I A C (C R ¢ C s A L K G *

ACTGGTTGATGGAGAAGézMﬁGAMH TACAACGTATTAACTGATACGTGAA
GAGACTGCAACCCTGK’ETT?G#E&CTQ’TR TTTCECCCTTCCATTTTCTTACTTTTGCTTGT
SACTAAAGATTTTTCCATGA

ATGTAGGTATTTGGTCTATGCTTTGC.
== GTATTTGCCGAGCA

ATGAA AAAGTGCA ATGT
ATCTGTGTGTGGCTGG
[TGCAAATAAANTTGA

e

A4
ENS. The 5’ upstream,

exon and intron sequences are presented in wer case, shaded upper case and lower

case le , ive i i i e.sbold-faced with the
ﬁiﬁ%ﬁin | ewe Sq eﬁs(]-‘rm\tg;d rting from the

signal

putative transcription start site (+1) in exon-1 and proceeding as positive numbers in a
3’ direction and negative numbers n the 5’ directiofiaThe putative binding' sequence

ORI AR LR

equences are the TATA box and stop codon, respectively. A polyadenylation site
(AATAAA) is shown in bold italic upper case letters. The predicted intron
dinucleotide acceptor and donor sites for RNA splicing are in bold italic lower case

letters.
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3.4 Tissue expression analysis of PenmonPENS5

To determine the tissue specificity of PenmonPEN5 mRNA expression, semi-
quantitative RT-PCR analysis was manipulated with amplification of the EF-1a gene
transcript fragment being used as the internal reference control. The total RNAs from
hemocytes, hepatopancreas, lymphoid organ,gill; intestine, heart, epipodite, eye stalk
and antennal gland were extracted from three_nealihy shrimp. After cDNA synthesis,
the expression of PenmonPENS gene was determined..Fhe PenmonPENS transcripts
were found to be highly expressed in hemocytes and were also detected to a lesser
extent in the intestinerand enly slightly in the heart (Fig. 3.7). No transcripts were
detected in the eyestalk; epipodite, gill, lymphoid organ, hepatopancreas and antennal

gland.
300 4F &F P LY 48
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Figure 3.7 The relative expression level of PenmonPEN5 mRNA in nine tissues of P.
monodon detected: by sSemisquantitative) RT-PCR/J The totalsRNA>from hemocyte
(HC), eye stalk (EY), epipodite (ER), gill (G), heart'(H), lymphoid organ (L), intestine
(1), hepatopancreas (Hpa) and antennal gland (AN) were extracted form three healthy

shrimps’(N=8)} ER-1 a.gene-Was used s an.internal ¢ontrol)

3.5 Temporal expression of PenmonPENS5 transcripts after systemic infection
with a lethal dose of WSSV.
The expression profile of PenmonPENS5 transcripts in the hemocytes of WSSV-
challenged P. monodon was determined by qrt-RT-PCR. The mRNA expression level
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of the PenmonPENS5 gene found in WSSV (in LHM) injected shrimps was normalized
to that of the EF-1a transcript fragment as the reference, and then expressed relative
to the control group that was injected with the viral-free LHM media. The results
presented that transcripts of PenmonPENS were rapidly down-regulated after WSSV-
challenge (Fig. 3.3) but at 24 hpi the eipfes’sion level was up-regulated by
approximately 1.8-fold. Interestingly, the tranég}ipts of PenmonPEN5 were then
almost undetectable at.48.h post-challenge indicating.a.strong down-regulation of the

PenmonPENS transcripts by this time paint.

Relative expression ratio

0 o R : .
0,25 == sl 42 -2 48
\ Hours post-WSSV challenge _I.'"

Figure 3.8 Aiiysw of PenmonPEN5 mRNA expression &j]e hemocytes of P.
monodon shrimps~by qri-RT-PCR at different times (0.25;-12, 24 and 48 h) after
WSSV infection."Data are shown as the mean(x1 SD) of threereplicates and represent
the fold change of PenmenPENS after normalization relative to the EF-1a transcript
levels and then compared relative to'the contral group (set as = 1). Significant

differences (p < 0.05) are marked with an asterisk.

3.6 RNAi-mediated [down regulation of the PenmonPENS ‘transcript levels and
the effect on WSSV infection

The shrimp’s response to WSSV challenge in terms of PenmonPENS transcript
levels was determined by grt-RT-PCR. This was initiated in accordance with a
previous report from microarray analysis that PenmonPENS is likely to be a viral

responsive gene (Pongsomboon et al., 2010). Therefore, its potential function in the
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shrimp’s antiviral immunity was investigated in P. monodon by RNAI mediated gene

silencing

3.6.1 Gene-specific silencing of PenmonPENS5 transcript levels in P.
monodon hemocytes
After optimization, doubie injections«of 5 and 2.5 pg of dSRNA per 1 g
shrimp were performed..Shrimps (each' of ~4.g). were. first injected with 20 pg of
PenmonPENS5 dsRNArand then 24 h later they were injected with either 10 g of
PenmonPENS dsRNA-for the experimental group or with poly(GC) or NaCl for the
control group. The If__eninonPENS dsRNllA appeared at least partially specific in that
suppression of trahgcri_ption levels-at 24 .hogr post second injection was observed for

PenmonPENS but ndt PenmonPEN&l’ Mareover, injection of the control poly(GC) or
NaCl did not affect the' mRNA level of Pe?}manENs (Fig. 3.9).

E id PenmonPEN5
NacCl' . poly(GC) dsRNA

PenmonPEN3 2= . —

Figure 3.9 Gene-specific s-il_é‘ﬁéingi] of Penrﬁ!o'ln-Pﬁlfﬁl-S-transcriptlJeveIs in hemocytes of
P. monodon. V-Shf_jmp were injected with either the-5-ig of:_lfenmonPEN5 dsRNA,
poly(GC) per '-g:-'ishrimp or NaCl and then repeated injection with 2.5 pg of
PenmonPEN5 dsRNA, poly(GC) per g shrimp or NaCl. Total RNA was extracted
from P. monodor*hemocytes 24 h after second injection and assayed for the transcript
expression levels of iPenmonPENS, PenmonPEN3 and VP28 by RT-PCR. EF-1a was
used as.an ‘internal control to standardize-the amount of cDNA template in each
reaction.

3.6.2/Relative expression levels of VP28 mRNAafter PenmonPENS gene
silencing gene'and WSSV challenge

To determine whether the suppression of PenmonPENS gene transcript

levels would affect WSSV-challenge, shrimps were pre-injected with PenmonPEN5

dsRNA, poly(GC) (control) or NaCl (control) and subsequently injected with

PenmonPENS5 dsRNA, poly(GC) or NaCl together with 102 copies of WSSV. After 24
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hpi, the hemocytes were collected to extract the total RNA.The relative expression of
VP28 was normalized against the EF-1a and then the One-Way ANOVA was used to
analyze the significance of any difference in the data between groups. The result
showed that significant increase in the VP;28 transcript level was observed in the
PenmonPEN5 RNAI knockdewn shrimps Wﬁycompared with the control shrimps
injected with either the virus-free saline soluon erwith the virus and poly(GC) as
shown in Fig. 3.10 (AB). 9 o

(A) - -

PenmonPENS

REREN dsRNA

(B)

NaCl poly(GC) PenmonPENS

Figure 3,10 PenmonPENS transcripts down regulationby RNAI results in an increase
in the VP28 transcript levels in Ps monodon shrimps challenged with WSSV (10°
copies) .~Shrimps were-injected-twicepwithsPenmenPENS, dsRNA, poly(GC)-or NaCl
and then linjected, ‘with' 10° WSSV .virions. Total RNA was extracted from P.
monodon hemocytes 24 h after WSSV injection and assayed for the transcript
expression levels of PenmonPENS, PenmonPEN3 and VP28 by RT-PCR (A). EF-1a
was used as an internal control to standardize the amount of cDNA template in each
reaction. The One-Way ANOVA was used to analyze the significance of any
difference in the data between groups and showed in (B).
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3.6.3 Quantification of WSSV copies number by real time RT-PCR
To investigate the viral copy number in infected shrimp, shrimps were
double-injection with dsPenmonPENS5 or pon(GC) and then injected with 107 copies

of WSSV. The genomic DNA was x d rom P. monodon hemocytes and WSSV

infection in shrimp was detected [ It was found that silencing of
PenmonPENS gene resulted. in a 1.€ he WSSV copy number in the
infected shrimps, from7.8x10 . ed to the control shrimps
injected with poly( te ‘ﬂMV infection (Fig. 3.11).

Figure 3.11 ' RNAI results in an
increase in the \WSSV challenged with WSSV
(10° copies). Shﬂps'"' ere. injec , @5 dsRNA or poly(GC)
and then injected"with 10> WSSV virions. Total DNA was extracted from hemocytes
at 24 h post WSSV injeetion. Data are showmas the mean fold-change of WSSV copy
numbeﬁ ugrﬂ mﬁnﬁ ﬂ\ﬂrﬁr flejrlmps for each
group usi rked with an

asterlsk
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In order to better understand the antiviral mechanism of PenmonPENSD5, the

recombinant protein was produced in Pichia pastoris expression system and
characterized, before testing the anti-WSSV of rPenmonPEN5 in the primary

hemocyte cell culture.
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3.7.1 Preparation of a DNA fragment encoded mature PenmonPEN5
The region encoding mature peptide of PenmonPEN5 was amplified
from the EST clone homologue of penaeidin5 from the hemocyte EST library. The

primers were designed from the ¢ \ uence and incorporated with 5' SnaBl and

3' Notl cleavage sites to the was separated on 1.5% agarose

gel to determine the size cific 183 (Fig. 3.12). The PCR product

was purified, digestedml andj\lotl,mrvith an expression vector,

pPIC9K. The ded the recombinant protein
would be YVQGY 1d V/ can iction site of SnaBI (Fig.

about 6.68 kDa.

Figure 3.12 Agﬁe gel electrophore

ﬁne amplified by PCR.
The PCR produc

as run on a 1.5 % agarose gel at 100 volis-for 30 min.
ne M: Standard D%Iadder (100 bp marker)

ﬂ‘lJEJﬁ]W'V"ITWEEﬂ“TTT?
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KexZ Etelld cleavage =ite

} i } SnsBI

37 ATG o— Factor CIC GAG RAR AGR GRAGC GCT GRR COT TAC GTR
M Eignal Sequence L E K R E L E L T v

can GGA TAC AAaG GGC GGT TAC neh GGT TCA TAC ToC AGA CCA CCC TAT
Q G Y K G G i T G 5 Y 5 | 24 P E Y

GGA TOC COGA CCT ATT AGT ACT OGRS COCRAATC AGT CGT CCA GOC ACT GGT
G 5 R E il = T R B I & 23 13 A T G

TGS ACT TCA TGS CAC ACT ATT ACC TTCGAT ARAR GCT ATT GCT TGS TGO
C T = Z H T I "I[' F D K Y I A C C
Notl

AGR CAG TTC GGA CGRATGI TGT TCT GCA TTG AAA GGA TAA GCG GCC GC 37
R Q F G F c w = A L K G £

Figure 3.13 The nuecleotide and deducetlzl amino acid sequences of PenmonPENS in
the expression vecior pPPICIK' (pPenmonPENS). The mature peptide of
PenmonPENS5 gene are shown iin beld and was inserted in frame with the o-factor
secretion signal sequence between ‘the SnaBI and Notl sites that are underlined.
Arrows above the atcleotide sequence indicate the Kex2 and Stel3 cleavage sites
necessary for proteolytic processing of thé;-'ﬁls'ion protein formed by the a-factor
secretion signal and PEnmonPENS. ¥

3.7.2 Preparation of an ekpression vgabjr pPICI9K

To produce the recombinant pr’qté.ij.:\- of PenmonPENSD, the expression
vector, pPIC9K was used. The pPICIK vector has the generation of multicopy gene
insert in Pichia and expresses the secretion protein. The vectdr utilizes the AOX1
promoter for inducible, high-level expression. The mature PenmonPEN5 gene was
inserted at the SnaBl site after the STE13 protease cleavage site. Thus, the
recombinant protein‘contains extra amino acid-residues, Tyr and Val at NH,-terminus
from SnaBl, |and sometime of double Glu-Ala repeats resulted from the inefficient
STE13 protease cleavage (Fig. 3.13).

The pPIC9K vector was double digested with SnaBl and Notlrestriction
enzyme. The.digested was isolated by 1% agarose gel, praduct size about 9,283 bp
(Fig. 3.14), and excised to purify.
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Figure 3.14 The expression vector, pPI'p9K double digested with SnaBI and Notl.
The digested product was analyzed on 1% agarose gelat 100 volts for 1 hour.

Lane M: Standard@NA ladder (1 kb marker)

lfang'1: Double dlgl'ésted PPICIOK

3.7.3 Construction of expressuon \ie_ctor
After the PCR product Was Ilgated to the pPIC9K vector, the ligated
product was transformed |nt0 E* coli XL-1. ’Bhae cells Transformants grown on LB-
amplicillin selected plates were randomly scree screened using colony PCR with the a-
signal peptide and the 3’ AOX prlmers Th,e p.05|t|ve colonies were selected for

plasmid extraction and subjected to sequencing to confirm. the correct construction.

The plasmid wa&caneq the pPenmonPENS. ~ -.
3.7.4 Transformatlon of the recombinant plasmid mto yeast cells

Before transformed into yeast cells, pPenmonPENS was linearized with
Sacl and then transformed into P. postoris KM71 by electroporation to generate the
recombinant'PenmonPENS "(rPenmonPENS): The transformants were spread on the
Minimal sDextrose (MD) plates and then screened on YPD that contain various
concentration of G418 resistance. Geneticin resistant:golonies grew on 1 @and 2 mg/ml
YPD-G418 piates. Single calony of Pichia clones ‘was "randomly*picked and
confirmed to determine the integrated PenmonPENS expression cassette in P. pastoris
transformants by PCR amplification. The a-signal peptide and the 3’-AOX primers
were used to amplify the Pichia genome. The parental plasmid pPIC9K produce a 197
bp PCR product while the expected sizes of pPenmonPEN5 of PCR product are 380
bp (197 bp + 183 bp). The results showed that all selected resistant clones have
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PenmonPENS genes integrated into the yeast genome (Fig. 3.15). Since the high-copy
number transformants assumed from the G418 hyper-resistance, the positive resistant
clones on the YPD containing 2 mg/ml G418 were selected for recombinant

expression.

Figure 3.15 Screenin 2118 f_’és‘liistant transformant clones containing
PenmonPENS genes b
at 100 volts for 45
L Standard DNA Iadder (100 bp marker)

N: Negatlve cq.ntrol'(wnhout DNA template)

4 es 1 -3: PCR pr :Qf 2 mg/mi G418 resistant Pichia

transformatmi:aﬁtaining the integrated

‘pPenmorﬂi?ﬂE

.f,-' Iﬂ-—.

£

3.75 E.xpressmn of recombinant clones —

T*he"rG418 hyper-resistance clones were selectedxiefr expression. Single
colonies of each p93|t|ve clone were grown in YPD brothaat 30°C overnight as the
starter. The start; was inoculated in BMGY media to incr(;ase biomass. Next, the
Pichia eellsweresharvested, and-resuspended insthesBMMY .media. Methanol was
added Into the culture t9 a final concentration of 0.5% (w/v) every 24 hours for
maintenance the induction. Because the pPIC9K consist of the a-factor signal,
rPenmonRENS, was ssecreted #inta the j culture=smedium /4 The | KEX2=andy STE13
proteases proteolytically remaved. thewsignal peptide in the.P. pastoris secretory
pathway (Cereghino and Cregg, 2000). Each expression culture was collected at 0, 1,
2, 3, 4, 5 and 6 days and centrifuged for separating the supernatant. The supernatant
was analyzed using 16.5% Tricine SDS-PAGE and detected the protein band by silver
staining (Fig. 3.16). A major protein band of approximately 6.6 kDa, closed to the
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estimated molecular weight (6.685 kDa), was secreted at hightest levels at day 5 after
induction. Electrophoresis also revealed the minor band of approximately 7 kDa that
may be the recombinant protein containing double Glu-Ala repeats resulted from the
inefficient STE13 protease cleavage. Fig: 3 16 presented the highest rPenmonPEN5S
expression clone that was further scaled up fgf’ ﬁem production and purification.
-

PPICOK e SO of "ot odae® 54 6d

Figure 3.16 The silver stalned -16: 5"7 “Tricine. SDS-PAGE analysis of the
rPenmonPENS5 expression from.P. pastorls_,étone with respective to induction time.
The rPenmonPENS5 clone Was moculated’,m*';BMGY medium and the protein
expression was induced with 0:5% methan@lﬂe culture supernatant was sampling
every 24 hours within 6 days_-Lane M is the«prﬁ‘ted"rmarker (Invitrogen), lane pPIC9K
6d is the 6 days;expressed protein from P. pastoris contains fmpty the pPIC9K and
others are expreﬁed protein from P. pastoris contains pPenmoﬂPJEN5 in each day.

| e

3.7.6 Purification of the recombinant PenmonPENS (rPenmonPENS5)

The culture supernatant of rPenmonPENS at day 5 post induction was
collected,  to purify © the' /protein* by ““Sp-Sepharose HiTrap, cation-exchang
chromatography. The crude rPenmonPENS in 20 mM potassium phosphate buffer pH
7.0 was loaded into the Hitrap SP €olumn and then.eluted with step-wise gradient of
sodium chloride at flow rate:of1 ml per min. The protein fractions weré-¢ollected and
determined the concentration by Ajg absorbance (Fig. 3.17A). The purified protein
was analyzed using 16.5% Tricine SDS-PAGE and then detected by silver staining
(Fig. 3.17B). After analysis of the purified protein with tricine gel, the result
illustrated that the purified rPenmonPEN5 was eluted in the second peak (b) at 400

mM sodium chloride and the yeast proteins were eluted in the first peak (a) at 200
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mM sodium chloride (Fig 3.17A). Silver stained Tricine SDS-PAGE analysis
presented two band of purified protein containing a major band of rPenmonPENS5 and
minor band of rPenmonPENS joined with the double Glu-Ala repeats. An average of

overed from 1 L of culture medium.

about 2 mg of purified rPenmonPENS
(A)

T 900

o o ‘-‘vl o«

o o o (=]

o o =] =3
Concentration of NaCl {(mM)

t
B
=3
=3

(B)

Fi A7, T rifi e‘ . culture.. s t of
TR S ARy AR
@luted by step wise gradient of sodium chloride (dash line). The first peak (a) is the
protein of P. pastoris and the second peak (b) is the rPenmonPENS protein. (B) The

crude and purified rPenmonPENS5 were analyzed using the silver stained 16.5%
Tricine-SDS-PAGE.
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3.7.7 Antimicrobial activity of rPenmonPEN5

To assure the activity of rPenmonPENS, a solid phase assay was
employed to evaluate the activity against Gram positive bacteria, Aerococcus viridans
and Micrococcus luteus. AmpIiC|II zyme were used as the positive control
in A. viridans and M. luteus, res xelf;) illimolars potassium phosphate
buffer pH 7.0 was used @Il\/e contr .&ubation at 30 °C for 16 h, the
result revealed that t@enm&hPEl\@alo zone against M. luteus
and A. viridans withdiameter of 12 and 18 mﬁM\:ig 3.18AB).

(A)

Figure 3.18 Anti‘TJcrobial’aet-ivit;L of rF EN againaj;j/licrococcus luteus (A)

and Aerococcus V|r|dans (B) by solid phase assay. Twenty millimolar of potassium

phosph tro 0zyme or 8 ng
of am ﬁ ﬁ ed WH e cﬁol w ati n%fls C for 16 h, the

dlameterﬂbf the cleared zones Were measured.

9 RARIAIAUNBAINYIA Y

To assess the anti-WSSV of penaeidinb, the primary cell culture of the
P. monodon hemocyte was used. The WSSV propagation in hemocyte cells was
detected from the VP28 gene, a major envelope protein gene of WSSV using semi-
quantitative RT-PCR. The mixtures of WSSV and purified rPenmonPENS5 (25, 12.5,
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and 6.25 uM) were incubated with cell culture at 28 °C for 2 hour and then the
medium was wash and replaced by fresh medium. The cell culture infected with
WSSV and 20 mM potassium phosphate buffer was used as a control. After incubated
at 28 °C for 24 hour, the total RNA was collected to determine the VP28 gene. The
EF-lo. gene, housekeeping gene, was ‘useds as, the internal control. At low
concentration (6.25 puM) of rPenmonPENS WSSV propagation was inhibited.
However, the transcription. level of VP28 was observed at high concentration of

rPenmonPENS (Fig.3:29). The experiment was repeated twice and a representative of

one experiment was shown.in Fig 3.19. |

/e

o _. .. .fll
Figure 3.19 The effect of purified- rPenmonPE[\iS in hemocyte cell culture infected
with WSSV. Semi- quantltatlve RT s waspsed to analyze the transcripts of VP28

gene, a major envelope gene of WSSV The IélF lo was used as, the internal control.

Laue—l—Hemeeﬁe—eeu—eultum—meubated—W&tﬂ: WSSV and 20 mM

4 potassium phosphate buffer. ot
Lanes 2-4: Hemocyte cell culture incubated with WSSV and 6.25, 12.5
and 25 puM of purified PenmonPENS, respectively.

Lane Ni Negative control'(without'cDNA template)

To determine the effeet of protein to the cell culture, the cytotoxicity of
rPenmonPENS on-hemacyte cells was studied  using the trypan blue €xelusion test.
The viable cells with'undamaged cell"'membranes were not' stained with trypan blue,
S0 observed as clear white cells. The dead cells were observed as blue cells that cause
the trypan blue interaction with the damaged cell membranes. After incubation the
hemocyte cultures with 6.25, 12.5 or 25 puM of rPenmonPENS5, the result

demonstrated that the viable cells at the ighest concentration of rPenmonPENS5 (25
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uM) was slightly decreased (65% viability) compared with the control cell incubated
with 20 mM potassium phosphate buffer pH 7.0 (69% viability) (Fig. 3.20). Thus, the
concentration required to reduce the viable cells to 50% of control, CC50, of

PenmonPENS was more than 25 uM ’ ,/

a0 -

IE

% viability
] & Y

=y
[5,]

25 pM of
rPenmonPENS

Y2k
Figure 3.20 The percent bilit.)M’\é o ulture after incubated with 10° copies

WSSV and 6.25, 12.5 of 25 m—m f he purified protein was incubated

with the cell culture. After ' bation with. ture for 2 hour, the medium was

replaced by fresh me incubated at 30 our. Frypan blue exclusion

test was used tQ-exeludethe-viable-and-—non-viable-ceHs: ‘ were counted by
Hemocytometer Slide iplicated.

d
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CHAPTER IV
DISCUSSION

Nowadays, the shrimp farming industry has progressed along with the
management of cultured system such as biosegurity but it is not absolutely eliminate
the outbreaks of infectious diseases in hatcheries/and farms. The main outbreak is the
virus infection, especially WSSV that causes high mortality in cultured shrimp and
has not effectively prevent.er heal by chemicals or drugs. Thereupon, the knowledge
of shrimp immunessystemwill be very helpful for controlling this disease in shrimp

aquaculture.

Antimicrohial peptides ((AMPs) ;aré important components of the innate
immune system.” Theyaresshort chain polypeptides that kill or slow the growth of
microbes like bacteria (antibacterial activ_ity), fungi (antifungal activity), viruses
(antiviral activity), or parasites (antiparasites activity) (Boman, 1995; Hancock et al.,
2000). The existence of antiviral properties’-éf—several peptides has been reported in
various marine species incldding tachyplesih '(Mrurakami et al.,, 1991; Yasin et al.,
2000), polyphemusin (Morimoto &t aI.,1991:;?Ii/!a$L‘Jda et al., 1992; Nakashima et al.,
1992; Tamamura,et al., 1993), PmAV (Luo et él.:,_’20703), LvCTiL1 (Zhao et al., 2009),
haemocyanin (Zhang-et-al;-2004; 1e-eral;2008); mythin(Dupuy et al., 2004; Roch
et al., 2008), PmRab7 (Sritunyalucksana et al., 2006) and ALF (Liu H. et al., 2006;
Tharntada et al., 2009). In Penaeus monodon, several AMP sequences were identified
from the cDNA libraries of the P. monodon,, consisting of penaeidins (PEN3 and
PENS){ erustins (CrustinPmi-2, 4-7),-antilipopolysaccharide factor(ALFPm1-6) and
c-type lysozyme (Supungul ‘etal.;*2002;" Tassanakajonet al., 2006; Tassanakajon et
al., 2010). These P. monodon AMPs have been characterized for theirantibacterial
and antifungai activities (see a-review by Tassanakajon‘et al,'2010). 70 investigate
the antiviral property of these AMPs, a temporal expression analysis of ‘eight AMP
genes in response to WSSV challenge was conducted by semi-quantitative RT-PCR.
The results revealed that WSSV infection induced the expression of the three AMP
genes: ALFPm3, ALFPm6 and PenmonPENS. Nevertheless, both isoforms of ALFs

have been previously investigated their role in the defense against WSSV infection
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(Tharntada et al., 2009, Tassanakajon et al., unpublish), hence the PenmonPENS5 was

chosen for further characterization in this study.

The penaeidin class 5 (PEN5) is the new subgroup of penaeidin and have been
reported, until today, from F. chinensis;and P. monodon (Kang et al., 2007;
Tassanakajon et al., 2010). Previously, the oiherpenaeidin subgroups (PEN2, 3 and
4), especially PEN3, are-well characterized (Destoumioux et al., 1997; Cuthberson et
al., 2002; Cuthberson et al.,.2004) whiler PENS5 is less documented (Chen et al., 2004;
Kang et al., 2007). Gueguen etal. (2006) classified the penaeidin subgroups according
to signature and specifigramino.acid of each subgroup, excepted penaeidin5 that are
classified by Kangeet al.(2007). Sequence alignment of the deduced amino acids of
the PenmonPENS with other penaeidin suB@roups showed the amino acid signature
(GInl, Ser5, Arg13, Serl8, Gly35, His37,1:Ly__s43 and Ala46) similar to the signature
of FenchiPENS butwariations in three of fhe residues, Gly5, Ser35 and His37, were
observed, which were jidentical o the residues in PENS (Fig. 3.3B, C). However,
PENS contain Ser18,/Which is a speeific class 5 residue (Tassanakajon et al., 2010). It
also contains Lys/Asp at position.43 which iillus'g_ates the specific subgroup between
PEN3 and PEN5 (Fig. 3.3B, C}. in addition, trh-e Lys/Asp at position 43 was also
species specific_in PEN5 (Fig:3:3B, C). Altﬁ(;uzgh'ié PENS from.P. monodon has been
reported beforg (Chen et al., 2004), this is different from-that ‘reported here in this
study. From analysis of the conserved amino acid signatures of-the penaeidin classes
and phylogenetic analysis, this previously reported PEN5 should rather be classified
as PEN3 and not PEN5 (Kang et al., 2007; Tassanakajon et al., 2008).

Amplification of the' genemic PenmonPENS5.gene was also performed to
reveal the gene structure. The result demonstrates that the gene structure of
PenmonPENS is very similar to that of the FenchiPEN5 (Kang et al.;»2007). The
entire encoding sequence was/interrupted by only one intran of 620 and 608 bp for
PenmonPENS5 and FenchiPENDS, respectively, which separated the proline-rich
domain from the cysteine-rich domain. This was also similar to the overall gene
organization of other penaeidin subgroups, but difference within the variation of
intron length (O'Leary and Gross, 2006). Despite the similar gene organization, it has

been shown that each penaeidin class is encoded by a unique gene and that class
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diversity is not generated by alternative splicing. Indeed, genomic DNA sequence
analysis indicates that PEN2, PEN3 and PEN4 of the Pacific white shrimp, L.
vannamei, are encoded by different genes (O'Leary and Gross, 2006; Cuthbertson et
al., 2008).

To gain more information of the PenmonRENS. gene organization, the genome
walking technique was performed (Siebert et ak;+1995). In the genome walking
technique, the four DNA libraries of shrirmp genomic DNA were constructed and used
for the nested PCR reaction using the gene specific primers. The regulation of gene
expression of PenmonPENS was' examined by determining the promoter and
regulatory sequenees located/5' upstream of the gene. By sequence searching against
the TRANSFAC regulaiory sequence ‘d:ai.tabase, the 5’ upstream sequence of
PenmonPENS contained some nine putatix\;e regulatory motifs known to be involved
in immune response and /or regulate the ex!pression of antimicrobial peptides in other
arthropods. There are three GATA‘and two each of GATA-3, AP-1 and dorsal.

GATA factors play cruciat roles in-'ééﬂ)d,evelopment, containing in cell-fate
specification, differentiation and proliferatiot'-l.fT'fJTéy were reported to be involved in
the interactions with other.transeription factors, ,,transcriptional co-activators and co-
repressors such_as-interactions with NF-kB transcription factor in fat body-specific
expression in insects (Patient and McGhee, 2002; Senger et al.; 2006). The GATA site
is required for the activity of penaeidin 2 promoter of L. vannamei (O'Leary and
Gross, 2006). Seven and five putative GATA sites were also*found in the ALF genes.
GATAS3 belongs to“transcription factor families (GATAL to GATAG) that share a
steroid-hormone-receptor: superfamily; C4 zinc-finger- DNA-binding motif (Merika
and Orkin; 1993). The activator protein 1 (AP-1) factor is involved in the cell
proliferation, differentiation, apoptosis and also produced in response to-a'variety of
stimuli, includingicytokines, growth factors, stress and infection of bacterial and viral
(Karin et al., 1997; Douglas et al., 2003). Dorsal is a member of the NF-kB family,
involved in the Drosophila host defense (Hoffmann, 2003), and might contribute to
the immune responses (Meng et al., 1999).

Some putative regulatory motifs, including dorsal, GATA and AP-1, of

PenmonPENS are similarly found in the upstream region of the LitvanPEN4 gene as
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reported by O’Leary and Gross (2006). AP-1 and GATA motifs are also found in the
upstream region of another antimicrobial peptide, ALF of P. monodon (Tharntada et
al., 2008). Discovery of these regulatory motifs on 5’ upstream of PenmonPEN5
implied the involvement of PenmonPENS in the shrimp immune system. In 2009, Ho
and Song reported two promoter types in 2. monodon, type536 and type4ll, and
demonstrated that Type411 exhibits a stronger transcriptional activity. According to
the 5’ upstream sequence,the PenmonPENS. promoter is nearly identical to the
Type536 promoteipbar a_dew: nucleotide wvariations; and so Type4ll could,
presumably, be the.PenmonPENS promoter. The analysis of the hemocyte cDNA
libraries (>10,000 ESTS) from P. /manodon, indicated that transcripts of PEN3 are
much more abundant than RENS (Tassanakajon et al., 2006), which could result from

the differences in the promoter activities.

The tissue distribution of PenmonPENS in healthy shrimp was analyzed by
semi-quantitative RT-RPCR and the ‘result revealed that PenmonPEN5 transcript is
mainly expressed inthe hemocyte followed by intestine and very low level in heart
(Fig 3.7), which implies that,nemocyte is the main site of PenmonPENS synthesis.
This was consistent with the previous reports 012 FenchiPEN5 (Kang et al., 2007),
other penaeidins from L. vannamei (DestoufﬁiéUX et aly; 2000),and penaeidin 3 from
P. monodon (He-et al., 2004). The other tissue of shrimp-which were detected the

weak expression‘of PenmonPENS, may resulted from the infiltration of hemocytes.

Penaeidins* contain the three disulfide-linked cysteine residues and their
chimeric-like overall stracture display posttranSlational modification such as COOH-
terminal amidation and NHa-terminal ‘cyclization of-a glutamine residue in PEN3
(Destoumieux et al., 1997). Besides previously reported, the recombinant of
penaeidins were expressed in insect-baculovirus expression system (Ho et<al., 2004),
in the yeast Saccharomyces cerevisiae (Destoumieux et al., 1999), and Pichia pastoris
(Li et al., 2005) presented a broad spectrum of antibacterial and antifungal properties.
The overalls indicating these peptides could perhaps be produced in eukaryotic
expression systems. Therefore, in this study, the PenmonPEN5 was over-produced
using the P. pastoris expression system. Also the reasons that described, P. pastoris

was chosen because it possesses many advantages containing high expression level
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that possible to hundreds of mg/L yields, easy scale-up and inexpensive heterologous
expression system (Cereghino and Cregg, 2000). The expression of several
antimicrobial peptides were also successful in this expression system such as anti-
lipopolysaccharide factor (Somboonwiwat et al., 2005; Tharntada, 2007), cecropin
(Jin et al., 2006) and penaeidin (L1 et al., 2005; Kang et al., 2007). The mature
PenmonPENS gene was higated into pPICI9K«vegior at downstream of the alcohol
oxidase I (AOX 1) promoter. that drives the heterologous protein expression in P.
pastoris and the a-faetor which semetimes is removed by the somewhat inefficient
STE13 protease cleavage. The yield of recombinant protein depends on the gene copy
number that integrated to .the host ‘genome as single or multiplie copies or
expression cassettes. The fkanamycin ‘gene in the expression cassette confers
resistance to genetiein o G448 in P, pastéris so the level of G418 resistance roughly
relies on the number of kapnamycin gene to screen the highest expression clone. In this
study, the Pichia transformant clones whiéh_ resisted 2 mg/ml G418 was used for the
scale-up expression, Pecause ‘it could expr:e'ss":higher amount of protein. Proteins
secreted into the culture supernatant, were &ﬁaiyzed by Tricine SDS-PAGE resulting
the band corresponding to.the expected s;iz;ex—’éf the recombinant PenmonPEN5
(rPenmonPENS) (6.685 kDa) and-then Was:pu[irﬁ_qdf based on charge property using
cation exchangér, chromatography since at pH- 7—Which lowersthan its pl (9.59), the
molecule possessed the net positively charge. The rPenmonPENS5 contained an
additional dipeptide, Tyr and Val while the recombinant of-Ch-penaeidin was added
tetrapeptide, Tyr-Val-Glu-Phe, at the N-terminal of mature-peptide (Li et al., 2005).
Tricine SDS-PAGEganalysis showed the major band that more than 80% of the
elution/ Mractions”were the 'rPenmonPENS; andi a ‘minor band “probably is the
rPenmonPENSTinked with the double Glu-Ala repeatsof STE13 cleavage site. These

fractions also exhibited antimicrobial activity against-A. viridians and M. luteus.

To confirm the activitylof rPenmonPENS before testing the anti-WSSV, the
liquid growth inhibition assay has been used to determine the minimum inhibitory
concentration (MIC) of most penaeidins but in this study, an agar diffusion assay was
employed because the amount of rPenmonPENS obtained is too low for the MIC test.

The results revealed that rPenmonPENS exhibited the antimicrobial activity against
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M. luteus and A. viridians which correspond to the activity of penaeidin 5 from F.
chinensis that was less effective than other penaeidins (Table 4.1). The antimicrobial
activity spectrum of all penaeidin subgroups has been examined and PEN3 has a
broader range of microbial targets and 'is more effective against certain bacteria
species than other classes of penaeidins (Cuthbesison et al., 2006; Tassanakajon et al.,
2010).

Table 4.1 Range of antimicrobial -Jactivity of the recombinant Litvan PEN2-
1, Litvan PEN3-1 _«(Destoumieux et al, 1999), the chemically
synthesized Litvan PEN4<1 (Cuthbertson et al., 2004), the recombinant Fenchi PEN3-
1 (Li et al., 2008), thesrecombinant Fenchi PENS (Kang et al., 2007) and the
recombinant penaeidin-like (Penmon PENS,Fthiou et al., 2005). MIC are expressed as
the interval a-b, where a'is the highest con?engration tested at'which the growth of the
microorganism is not inhibited and b the If)dwést concentration that causes the 100%
growth inhibition.  For Fenechi-PENS, b theﬁlpwest concentration that causes the 50%

growth inhibition. f_;_ L
- MIC (uM)
Micro-organism — g Penaeidin-
Litvan_- | wsLitvan ; | & Litvan. Fenchi Fenchi like
PEN2:1 | PEN3-1 | “PEN4-1 | PEN3-1 PEN5 (Penmon
PEN3)
Bacteria
Gram positivé
Aerococcus viridans 1.25-2.5 0.3-0.6 1.9-2.92 ND ND 20
Micrococcus luteus 2.5-5 1.25-25 | 1.9-2.92 3.7 0.78-6.25 ND
Bacillus megaterium 2.5-5 2.5-5 >50 2.0 6.25-25.0 ND
Saphylocoecus ‘aureus >20 > 40 >50 3.5 6.25-25.0 ND
Gram negative

Escherichia coli 363 >40 10-20 22-33 2.1 ND ND
Vibrio vulnificus >20 >20 >50 ND ND ND
Salmonella thyphimurium >20 >40 >50 ND ND. ND
Klebsiella pneumoniae >20 >40 >50 2.0 3.13-12.5 ND
Filamentous fungi
Fusarium oxysporum 5-10 5-10 0.84-1.26 12 3.13-6.25 10
Botrytis cinerea 5-10 5-10 4.38-6.57 ND ND ND

ND = not determine


http://penbase.immunaqua.com/bibliography.php?page=biblio#publi2
http://penbase.immunaqua.com/bibliography.php?page=biblio#publi7
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To confirm the preliminary study of the expression profile of PenmonPENS5
transcript in the hemocytes of WSSV-challenged shrimp, the quantitative real time
RT-PCR (qrt-RRT-PCR) was performed. The result illustrated that transcripts of
PenmonPENS were rapidly down-regulated after WSSV-challenge nevertheless at 24
hpi. Its transcript was up-regulated by approximately 1.8-fold. On the contrary, the
expression level of PenmonPENS was then alimost.undetectable at 48 hpi indicating a
strong down-regulation.of.the PenmonPENS transcripts. by this time point. In 2005,
Dong et al. revealedsthe expression profile of penacidin as an inverse “U” gradually
decreasing to below baseling level ‘after 24 h after WSSV challenged and
Pongsomboon et al. (2010) also demonstrated the decrease of this gene in hemocyte at
24 h after WSSV'challenge JInL vannamei the transcript of penaeidin3 was decrease
four- to fivefold ats8 h after heat-killed rﬁjcroorganism challenge and its expression
returned to control levels at 12 hpi. Nevertheless, the concentration of penaeidin3 was
increased in the plasma at 3 h post-stirhul_ation (Destoumieux et al., 2000). After
microbial infection, the migration of the ﬁérﬁi)cytes toward injured tissues or to
nodule formation leads t@ decrease the peria'éidin transcription. This is in agreement
with previous studies on other-crustacean spééiéé-’(Martin et al., 1998). On the other
hand, microbial stimulation could-also trig:ge'[’h'e‘mocyte degranulation and release
several peptidestinto the blood (Bachere et al., 2064). In additon, WSSV might inhibit

the expression of-genes by yet undiscovered modes (Dong et ai:; 2005).

To better understand the role of PenmonPENS against WSSV, PenmonPEN5S
was knocked-down by RNAI technology to investigate the infected-WSSV of shrimp
and was«jover-produced, as, recombinant protein, to, usesin.the «in vitro. RNA
interference (RNAI) mediated by long dsRNA has been used to silence the target
genes for“study the functional genomics. RNAIi promotes the study function of
immune-relatesgenes.in, several-arthropads; (Reynolds, etyal, 2008)~and-longydsRNA
has been reported that potential activitysagainst viraliinfection.in shrimp (Rabalino et
al., 2004, 2005; Kim et al., 2006; Yodmuang et al., 2006). In this study shrimps were
double-injected with dsPenmonPEN5 and then injected with WSSV. The result

revealed that the suppression of PenmonPENS5 gene transcript resulted in an increase
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in the viral infection load in shrimp as compared with the control shrimp indicating
the possible role of PenmonPENS in protecting shrimp from WSSV infection.

Hemocytes of crustaceans are generally known to play a crucial role in the
innate immunity (reviewed in Jiravanichpaisal et al., 2006a). Here, the primary
hemocyte culture of P. monodon was used as«anJn vitro model for the study of anti-
WSSV activity of PenmonPENS. The WSSV propagation in the hemocyte cell culture
was detected by semi-quantitative RT-PVCR with-primers that corresponding with the
VP28 genes, an envelope protein gene for WSSV entry into host cells. After
incubating the cell"culture with the mixture of rPenmonPENS and WSSV, the effect
of rPenmonPENS on" WSSV propagation was examined and the result shown that, the
VP28 gene expression was significanﬂ}}. decreased only at 6.25 uM of the
rPenmonPENS proteins Surprisingly; a ﬁi:gh__er coneentration could not inhibit the
propagation of WSSV. Likewise the previc!;us report by Li et al. (2010), found that a
lower concentration of the recombinant penaeidin (50 pmol) led to a full recovery of
hemocyte adhesion after penaeidirl-knock=dewn but at higher concentration of the
recombinant penaeidin further lowered the :_numger of adhesive hemocytes and no
obvious cell lysis and apoptoSis-phenomena: Waé observed. They presume that the
regulation of adhesive hemocytes by pehééfdiﬁ 1S -concentration-dependent and
possesses the feature of a feedback control. This function of penagidin as a cytokine is
an addition function to a bactericide. The inhibition effect of WSSV propagation by
the rPenmonPENS In the shrimp cell culture remains unclear and the understanding of

the immune mechanism require extensive investigation.

So far, antilipopolysaccharide factor (ALF)iis the only shrimp AMP which has
been demonstrated to be involved in protection against shrimp viral pathogens.
However, a few studies report the upregulation of‘penaeidin transcripts.in WSSV -
challenge shrimps (Rojtinnakarn et al., 2002; Pangsomboon et al., 2010), whilst a
significant activity of penaeidins against human herpes simplex virus type 1 (HSV-1)
has been reported (Carriel-Gomes et al., 2007). Therefore, it seems likely that AMP in
the penaeidin family could play a crucial function in the shrimp antiviral immunity.

Due to the high negative impact of viruses play an important role in antiviral
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immunity is of great importance and so they should be further characterized to unveil

the shrimp’s immune mechanisms towards viral infections.
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CHAPTER V
CONCLUSIONS

The expression of PenmonPENS transeript was significantly increased upon
WSSV-challenge which implied its possible funciion in antiviral immunity. Tissue
distribution analysis revealed that the transCript Of PenmonPENS5 was highest in
shrimp hemocytes.

The open reading frame of PenmonPENS contains 237 bp encoding a putative
peptides of 79 amino_acids with a 19 amino acids signal peptide and a 60 amino acid
mature protein. “The PenmonPENS, genomic gene contains two exons separated by a
single intron located between the prolineici;:h domain and the cysteine-rich domain.
The 5’ upstream sequgnce of PenmonPEN%IS contains a putative promoter, TATA box
and nine putative regulatory motifs known:to be involved in the regulation of immune

genes in other arthropads.

o

Silencing of the PenmonPENS5 gene '__by%gpuble-injection of double stranded
RNA (dsRNA) corresponding 6 this gene into shrimp, illustrated a specific
PenmonPENS5 gene knockdown: ~Suppression of the PenmonPEN5 gene transcript

resulted in andncrease in viral load in shrimp.

The recombinant protein of PenmonPENS was successfully expressed in the
yeast Pichia pasteris system. The purified recombinant protein has the estimated
molecular mass of 6.6 kba and displays antibacterial activity against Gram-positive
bacteria; Aerococcus viridans “and *Micrococcus ‘futeus. Incubation of shrimp
hemocyte; cell culture with the mixture of WSSV and rPenmonPENS5 could inhibit
WSSV propagation only at 6.25 puM but not 4ats higher concentration of the
rPenmonPENS protein. ' Taken together, this study suggests the possible function of
PenmonPENS in the shrimp’s antiviral immunity against the white spot syndrome
virus (WSSV).
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1. Preparation for Tricine-SDS-PAGE electrophoresis

Stock reagents
49.5 % Acrylamide, 3% bis- acrylamlde 100 ml
Acrylamide

\ 0 100 ml with distilled

Distilled water
10% (NH,4
TEMEE
4.0 % :V_?';
49.5 ;!5 rylamide,

ﬁgyﬁwawsW@hﬂi
QICTRAIAI NN ANNAY

Commasie blue G 2 ml
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Phenol red 2 mi
1 % Bromophenol blue 1.0 mi
Distilled water 0.9ml

Adjust volume to 10 ml

illed water

ne part of sample. The mixture

- - J : :
2. Preparation for sliver statn L‘ 450 s
Solution A &

SIiv

e
ﬁﬁa@MH%ﬁwawni

AR Y

Mix 0.5 ml 1% citric acid with 50 pl 3.8% formaldehyde, add water to 100
ml. Solution must be fresh
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PenmonPENS -GCTTGCACRACCGCG--TGECETCTCTATARRAGCACCACAGCCCCC-GETGCCAGTCG 56
PenmonPEN3 ARCCTGC-CGEACGTGGCTGCCCTCCCC-TGGTGGCCTGTCGGGCAGGAGETGC-AGTCG 57
* O wEw w R W L w o w W W FEEEET WA EEN
PenmonPENS GTGCTTGGCTCTCACCTGACCCCCACCTGCAGAGGCCGAGRCTCCTTGCCCGEGTTCCTT 116
PenmonPEN3 GIGCTTIGGCTCTCACCTGACCCCCACCTGTAGAGGCCGAGARCTCCTTIGCCCGEGTTCCTT 117
FERA A AR ERREN NN R R R R i R EFARERAAAAAATERAAAAAA TR AT R W
PenmonPENS CCTGAGTCCGC TCTTCCTGETCTCCTTICGCCCTIGETIC 176
PenmonPEN3 CCTGTGTICCGC TTCCTGECCTCCTTICGCCCTGETC 177
EEAEE W E R RE N w AEEEE A AAAFEREA R AN ET RN
PenmonPENS 413&4: TCCAGRCCACCCTATGGR 236
PenmonPEN3 GGTTRCNCECGCEEETTCCCCAGACCACCCTATGGE 237
L WERAAT AN TR TT
PenmonPENS CGTCCRGCC CTGGTTGCACTTCATGCCAC 296
PenmonPEN3 BT LGTTTGCACTICATGCCAC 276
‘ R KRR RN H N
PenmonPENS AR NG L GACLGTT RCGTTIGTTIGTITCTIGCRE 356
PenmonPEN3 [ [GCTGCAGSC Th GITGTITGIGATGCR 336
L " - g "\\ W THEERERLN R EA N W
PenmonPENS T TGLTGEAG L LT TITACARCGTATTAR 416
PenmonPEN3 G ATGEEEANEACARCGAR T GACTTCACAATGTATTAR 393
. w \ ‘-i whE HWEEN W RWAE RN
PenmonPENS 'GTL CCCETTCCATTTITICTT 476
PenmonPEN3 TCRGT- TS \ ITTTCTRAGTTCCATTITICTT 452
w R w L R E R R R RN W
PenmonPENS LACTTTIGCTEGT TITGCRARGGATGCACTARAG 536
PenmonPEN3 ACTTTTIGCETGT GRANAEGA TG TAGGEART IR, — — ——— — — ———————————— ——————— 486
FEA NN EAEEERL N
PenmonPENS ATTTTICCAT IGTGETATGTATGTGCATGCAGTITIGT 596
PenmonPEN3 | —-TTTIEE A TGTATGSTGCATACAGTCGT 544
w WEREREHN O WRETE WW
PenmonPENS TETCARCTTGICTITIC 629
PenmonPEN3 BETTGTTIGRCTITITIC 604
LR TEH WA EREN
PenmonPENS AEMCTATCTGIAATTATGGATCTGTGTGTGGCTGG’I TACCTCTCAGRTT &89
PenmonPEN3 GTTGTAG-'.l‘TATTTGTAGGTATGGGTCTGTGTGTGGTTGGTG'ITTGCATATTTCCCAAAGG 664
w * tt* LR 8] FEHAE FERAAENAFAEERE A AR AETERN AL RN W kw W
Penmao: 5 749
Penmo. 3 724
EHRW W
PenmonPg
PenmonPEN3

TR Bk o b WA s P B s

‘enmonPENB. Nucleotide sequence conservation across alignments is shown as (*).

The highlight indicated the specific primers as used to construct the PenmonPEN5
dsRNA.
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