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CHAPTER I
INTRODUCTION

From the wor re prod has been the species that

contributed the highest reported Valu*)f thapmisalth more than ten billions

US dollars (S - Stat ary Tables of Fishery
Statistics Capturgs ( ,' :/Mepafao .org/fi/stat/summary/a-

tiger shrimp far s areeaihCrse alo 5 : astal areas of the country.
Southern pro fices kon § - 5 ?’-‘,i_ ani yield the majority
of harvests, whe . *; PIOyinces, § :"-: asS@mut Sakhon and Samut
Songkhram yield thefhingfi ‘ 1 he ‘- 1mp cultivation in Thailand
has rapidly gene . ed Brge ﬂl Pro¢ / On w se ral advantages, including
appropriate farming ageas '&W ing .‘ typhoons or cyclone, small
variable of seawater during sease s, a } ' b1ls and terrain for pond construction.

Previously, the blac

cultured tl‘{rhi) 1; _ aeid )

don, is the main specie to be

0} Thailand was the

portant species in

world’s numb J e 02, !ﬂz
continuously <dde to infectious diseases, unfavorable ‘ ther, and high salt
concentration. Ur‘lm the black tiger shifigP production of Thailand fell down

ﬁuﬁﬁﬂﬂ"ﬂﬁ NENA.....

was ported and currently, it beWmes the main cultured species in Thalla

qRITANTEIE MIINYIAY

tolerance of low salinities, and high survival during larval rearing. However, there are

production decreased

also disadvantages of L. vanamei including its ability to act as carrier of various viral



pathogens such as baculovirus penaei (BP) and Taura Syndrome virus (TSV). These
viruses can be transmitted to the P. monodon, the native penaeid shrimp.

To overcome these probl

he native shrimp should be genetically
improved to gain resistan ) and rapid growth rate through the

effective genetic selecti ; ill provide captive broodstock
while genetic selectt i 3 q- i i h desired properties such as

L)

Year 2008
Quantity 14983
(tons) | ’

(Source: Ofﬁce of Aricul

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂ?
QW’]Mﬂ'ﬁﬂJﬂJ‘m?ﬂmﬂﬂ



Table 1.2 World acquaculture prod by principal species in 2006 (Source: FAO
Fishstat (2006)
Species
Espéca 2003 2004 2005 2006
Espacie
‘Warld total d - 37 08daTs T 45821 837 48 489 GTO 51 651 320

Total mondial
Total mundial

Crvssosireg gigas . o ) f 1059 42 TR - 4438 810 4 516 795 4 562 784

— b 388 44 b, TS, 2 CONGL 2724 253 3062 216 3072 386
. 4017 915 4 157 565 4 358 686
3 360 447 3538 702 3 6BS 054

3735553 3004 TOT 4010 281
§ 020 284 3202175 3377 4T

2 523 964 3046 338 3172 468
L 2 B16 855 2821617 2 DE5 640
Ruditapes phiipgs J ! : 1 f 2 B59 655 2 846 900 3085971

r i aF; E: ¢ 218 362 2618210 2 B20 876

2101 530 2 207 678 2 3B4 255
1807 120 1916 244 2 126 850

52 520 916 63 BGH 802 TO 37D B82 T8 TER 38T

Cial

Cyprinus camio

Hypophthaimichihys

Panagus vanmnamg 1361 200 1681 154 2133 381

4 652 638 5 938 521 7 774 098

1840 752 2 085 304 2067 188
185 558 '.'i i 2CTNR 1371 765 1478 141 1 536 257

Er 818 RETE 305 1575715 1 748 461 1 BBE T26
L 5B T25 1663 481 1861239 2230 34

Cavassius carassius | 1035 158 T ¥ /
I B34 11

Orpochromis mioficus

Fatinopecian yessoensis 1156 652 1136 158 1238 811 1361 620
1511839 1418 302 1677 870 1 BE3 061
Labeo rohifa 711852 1166 843 1206 223 1332 430

052 485 1 576 385 1371 536 1 562 TO5

Calia calla i et B 452 1285 344 1330633
127 354 1485 234 1323130

e 1241 188 1 307 684

Salma sal
“ 581 4 B43 832 G 565 857
B 391 713 846 Ere 010

87 023 507 491 56 836 576 580

e 1 730 4 ll 715 447 674 054 656 221

v 3215348 3035192 3631412 338280 3367608 3106518 3122888

Parabramis pekmsnm 449 282 541115 564 086 524 927 516 869 552 922 564 267

RN TN



1.2 Taxonomy of Penaeus monodon
Penaeid shrimp are classified into the largest phylum in the animal kingdom,

aly is characterized by the presence of pair

the Arthropoda. This group of anin

that covers the whole animal. The

000 inantly aquatic species, which
3 \ aeaShrimp, crayfish, lobster and

et
Common namm Jumbo

|
q&; tiger prawn, Leader
prawn, Pandaprayn (Australia), Jar-Pazun (Burma), Bang ear (Cambodia) Ghost

praye ( ) di ia), Ushi-
ebﬁp pa pdog iy gpo ( 1 1$s) Grass
shrlq(Talwan) Kung kula-dum (Thailand), Tim sa Vletnam)

F.A.O. Names: Giant tiger prawn, ‘Fevette giante tigreg@amaron tigre gigante. @ Jf

qmmnmum'mmaﬂ

p—



1.3 Shrimp diseases
Infectious diseases become serious problems in shrimp industry in many
infectious disease have become the most
igeases of P. monodon are mainly caused
/ (in estimated order of pase
economic impact forsllig J.,, e white-s virus (WSSV), yellow-head

virus (YHV), hepa_l_%(m@nc 1 grus (Hd onodon baculovirus (MBV).

However, with

countries. In Thailand, the out bre

serious problem since 1993,

by virus and bacterie

ndrome virus (TSV) and
infectious hy now become important
(Flegel, 2006).

mortalities both in e Aneds it p £TOW . nier et al., 2000). The

midly, disease causing mass

lg My parahaemolyticus, V.
Of afficrease in shrimp farming
and lack of prgffer k involvir locyMifarm management, and
. ' A4 Teeary) \ . . .
diseases. Moreover #hrigip aquaculitse iSiprese se@on wild animals which are
not completely acClimafi the artifici pditionsipf shrimp hatcheries and farms
utriflon are vastly different from

those in the natural habitat. JLhese-itenss aficial conditions lead to physiological

disturbance_sﬁldi " Wity

ciencies th 1 tzbe pathogens.

I
Virus 1h| ne o tured %ﬁ wild marine penaeid

shrimp. The shrim farming industry in Thailand encountered a severe problem from

virgLimfectiqus di 0L oyer cade, T t shrimp vitus, Bgculoyirus penaei
AUEAERIWEAD S
spécl“ that have been reported in P', monodon are white spot syndrome virus (WSSV)
and yellow-head virus (YHV) Wh‘l cause white spofg@gndrome (WSS) and -

QWIBNIANTINGINY

producing countries including Thailand.




1.4.1 White spot syndrome (WSS)
White spot syndrome (WSS) is a viral disease affecting most of the

commercially globally cultured shrimp species (Chou et al, 1995;

Wongteerasupaya et al., 1993 \Bightie el 1997; Lotz, 1997; Spann et al.,
1997). Original outbreaks™we PO i 1993 and they spread rapidly

thereafter to Japan, “Ehailand=Korca, ndla al and South America. The
disease is possibly spread. taml ted osing fecal matter or tissue,
cannibalism an ay be indirectly infected the

POR, syndrome baculovirus

(WSSV) because if$" ma#ph @m Acteristl 1 \ to insect baculovirus.
However, phyl i is ol f cotidd fedubasSnd protein kinase genes

revealed that WSSiV oegihot share.a eoir ancestor' with baculovirus (Van Hulten

et al., 2000; Van" Hul

_ Virus an enveloped DNA virus of
bacilliform to cylindri€al naafphélogy wit page'Size of 120 x 275 + 22 nm and
paiticle (Kasornchandra et al., 1995;
Wongteeras Raya g “1995). The vit: s doyble-stranded DNA of
about 292 #1305 kb-in length (Van Hulten et al., 2001; Yang ¢ 2001).

t e mBlsde red or pink body

has a tail-like projection_a

s |
surface and apm dages, 1005€%8 aictium de 1) its embedded in shell,

white spots 0.5-2. 0 mm in diameter on the exoskeleton and epldermls for which the

ease can
"E}y EI ﬁ argl ecto- and
St

rmal origin such as the gills, lymphoid organ, cuticular epithelium. And

virions are assembled and rephcatd in the nucleus. Fggnstance, under non-stfgssfu

q mmm QNANHIRY

gathering of affected shrimp around the edges of ponds throughout the day, and a
rapid reduction in food consumption, a very high mortality rate in the shrimp

population can be expected within a few hours to a few days of the onset of the signs.



Histopathological changes, including prominent intranuclear eosinophilic to
basophilic inclusions in the infected cells and cellular degeneration with

hypertrophied nuclei and chromati rgination in the cuticular epidermis, gill

epithelium, antennal gland., hép¥ i , nervouse tissue and connective

tissue and cellular necrOSERIRdNd tinal epithelial tissue can be

causing a correspondingly
devastating economic i S }. o ’_' hig wrulent and has a wide host range
(Lo et al.,, 199 ' i Wit spot syndrome virus
(WSSV) are the alledae 3 WO Shyi peaguaculture.

igtegtién®ca dctectod Dydscveral diagnostic methods

L’

such as PCR,, ighsi bgfdigation _-; ay, Ol sery atiogof tissues subjected to
\ \ 1

fixation or negatiy’ stg ﬂhd ;.',:,v 1n010 ;4\ "".11 10ds using monoclonal and

polyclonal antibgfics @ W, Vo i:"‘* \pone itkprotinsW@kumura et al., 2005).

{ = %
1.4.2 YellW head dlseﬂl

Yellowhead | :':,": ) infé@t and cause mass mortality in

shrimp farming operatlons Asian countries. In Thailand, the

disease was.{irst rep pccurs ja, the juvenile to sub-

adult stageko "‘“"""—"“‘""f‘:““-t'.—'?—::::rfi'::i*i;ﬁ';iﬁ._:;‘; AENer, 1996). YHV is

a pleomorphi £,LS of positive polarity
e ]

primarily localli d in the™cytop gecells (Cowyley et al., 1999). It has

been classified 1n the genus Okavirus, famlly Roniviridae, order Nidovirales (Walker

HUHINENINGANT

orsﬂ cephalothorax area and have a generally pale or bleached appearance

(Limsuwan, 1991). At the onsetﬁf YHD, food cogsmmption of shrimp isagf

A RIRSNI A HIINYIRY

mortality may reach as high as 100% of affected populations within 3-5 days from the
onsct of discase. In the black tiger shrimp, typical signs of YH discase include

characteristic yellowing of the hepatopancreas and gill. YHV may occur as latent,



asymptomatic infections in broodstock shrimp and may possibly transfer from these
shrimp to their offspring in larval rearing facilities (Chantanachookin et al., 1993).

YHV infection dia o 1 could be performed by using immuno-

histochemistry, the monoclog g ed with a surface glycoprotein and

the nucleocapsid proteingO% . 2009) A conventional RT-

PCR or in situ hybmdiza etectlon of YHV infection

[ hat¢ X ries in many countries such as
Australia, China, Indi , 1lai 7 ppinds, and Taiwan (Vandenberghe
et al., 1998). In Thalland ause of production loss in penaeid
shrimp farms(Nash “This/b Sepcau rtality up to nearly
100% of af ied populations: larvae. post-larvae, ju '. -adults and adults
(Lightner, W238). plefe claimed to be the

=

pr)
most causativq” ent asso orttality. Vij|Harveyi is a rod shape,

Gram-negative ba terium with 0.5-0.8 um width and 1.4-2.6 um in length. The

AUy

RCW) and oxygen which react accordlng to the fo llowmg reaction:

qIANT TUHNANLIAY

The disease caused by V. harveyi is widely known as luminous disease. The gross
signs of localized infection in the cuticle or sub-cuticle are called shell disease or

black or brown spot disease. These superficial infections can develop into systemic



infections under some circumstances. These systemic infections can cause mortality.
Other gross features of the infected shrimp are milky white body and appendages,
weakness, disoriented swimming, |

death.

7 and loss of appetite, eventually leading to

J/ linical signs and culture of the

suspensions of hepatepan -’z.,. blood on

Presumptive di

pplemented with 2% (w/v)

R —— a2 ;’

NaCl. After irw bation serni WV. harveyi show strong
. .
g ¥ = o

luminescence in dir

control of ba
subtilis BT23 whi Producing compounds with
inhibitory effects o of 12 heyveviyis gting alternative strategy to

control shri i [briopsineon hanya et al., 2002;

All living org@nismsdédliave. =de mifpune system for defending

themselves against idlinvasion o breigh substances. Immune system

can be evolutlonarlly cla #,. _;. oty . adaptive (acquired) and innate
L BYIN T,

(natural) 1m3n1t ad ingate immune systems,

whereas invertebrates-have-only mnate-immune-system-Fthe-adaptive immune system

functions b¥eprod Hleslknown as antibodies,

= | s

which can mem ize foreiZM MOISCUISSSARSF T [1rst expoguke. The innate immune

system involves a | rge number of generalized effector molecules

AUININING T

1nfe n at an early stage and relies on germline-encoded receptors recognizing

conserved molecular patterns thatﬁre present on thefmicroorganisms (Janeviyd

AIRSNIUHATINYIR 9
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1.7 Crustacean immune system
Crustacean immune system is innate immune system based on cellular and

humoral components of the circula ystem (Lee et al., 2002). The hard cuticle

covering all external surfaces first line of defense between them
fhe. ystem can respond rapidly if
microorganisms inva ems are carried out in the
hemolymph containing.¢ ocytes and plasma protein

recognize large group mon molecular patterns of

particular mic une response are also
involved in syn Cellular response, the
actions with direct hagocytosis, encapsulation
cell-mediated ¢ 2006). On the contrary,
humoral factors ac t of the cells even though
many of the fa the blood cells. These

factors include enz " ns 4nvolved i p o loxidase (proPO) system,

clotting proteins, inin droly > g8y proteinase inhibitors, and

c-animals st/ immune process is

1‘-,

recognition“a#a 6 are present on the

=
surface of invdlﬁ' g MICroOTZanis Troc S medlatﬁl by the hemocytes and

by plasmatlc prote . There is little knowledge about the molecular mechanisms that

g 1t - ve 1 proteins
id r ﬁ ' % E]ﬂ he a et recdgnition of
1nna“mmun1ty, so-called “pattern recognition molecules (PRMs)”, is shared among

groups of pathogens. Host organlslf have developed th@gesponse to these PRME By

qRIRSNIUAIATIN $I§8

bacteria, the glycolipids of mycobacteria, the lipoteichoic acids of Gram positive
bacteria, the mannans of yeasts, the p-1,3-glucan of fungi, and double-stranded RINA

of viruses (Hoffmann et al., 1999). Most current research has emphasized the possible
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roles of non-self recognition molecules in the vertebrate and the invertebrate immune

system.

Carbohydrate reco 1s important because carbohydrates are
common constituents of migrolgig f‘_ icrobial carbohydrates have distinct
structures from those of oh : ! lls. Therefore, LPS or/and [-
1,3-glucan binding “pse A peptidoglycan recognition
protein (PGRP), several ki ) ind - ¢ been identified in a variety
of invertebrates' logi¢al.fur Isepsoposed following their binding

%eiteported as a multivalent

. grial agglutination ability,

increases phagog¥tic g : lborex G ) e N ings indicate that, in
decapods, LGBP_ af : \ o e ialgomponents for glucanase
activity, and shg sest W : .. s, as well as with the
| \ er, these LGBP and BGBP

lack glucanase activity mplyingkth he joteinsiMight have lost their glucanase

properties during evollitiomyBu: retained: an-Binding activity as an adaptive
process. The cloned cDNA !}, 5BP and RBefrom hemocytes and hepatopancreas
of the white shrimg aeus vanha ac preseuce of two putative

integrin-bis ;; S (Are—Gly ) and a pc dgnition motif for B-1,3
linkage of§ .n g itatief real-time RT-PCR

e
analysis revealﬁ that the TGB BSvtinnamei hemocytes increases a few

hours after Vibrio lgznolytzcus injection (Cheng et al., 2005), confirming that gene

nd infections;
1 Jﬂ E]zs S ittl the white
spo s (Roux et al., 2002). In some crustaceans, such as the crayﬁs the most

important mechanism that actlvat‘ the proPO systeggsgvolves the participafipyf

q mﬁﬂmmimmma J
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1.7.2 Cell-mediated defense reactions
Cellular defense reactions include such processes as phagocytosis and

encapsulation (Millar, 1994). Phago

includes foreign body a

f a common phenomenon in all organisms,

% and destruction. In crustaceans,
)ﬁ he surface of arterioles of the
aills (Iwana%ﬁ). In the freshwater crab,

—
Parachaeraps bw‘ 0 ab,%nwenas, phagocytes are the
main cells that partict imiha ion. of ¢ articles in the hemocoel.

negative bacteri 2 onas Spp. E. COl@\IcKay et al, 1970) In

hepatopancreas, andske

e particularly Gram-

\ ells surround the foreign

material, occur ; ( }‘i.' s ) be llu | by phagocytosis. This
heifh moMement and growth in the

hemocoel caV1ty hr gh his \lysesi i, has been demonstrated that
hemocytes, which pafticipa f. e - e h g pProcess, show acid or neutral
mucopolysaccharides and g . et al., 1983). Destruction of

encapsulated organis curs due to gen goncentration and the
action of h olases, or by the toxic action of quinones (Sodo tal_, 1984)

(W)

et | s
1.7.3 Hlﬂ ocyte ad

U
n igvertebrate immunity, cell adhesion is elssential for the cellular
im € LeSRONSes, 0 - of the crayfish,
Pﬁtﬂlg}cul ﬁ %ll- w pﬁwﬁogse called
peroﬂnectm (Lin et é., 2007). A site containing the motif, KGD, appears to be

adhesive by binding to a transmenfbrane receptor of themintegrin family on thefble

qWIRNNI HANHIRY

have evolved early and seems conserved; human myeloperoxidase supports cell

adhesion via the aMp2 integrin. There is evidence for peroxinectin-like proteins in

other arthropods. Effects by RGD peptides indicate that integrins mediate blood cell
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adhesion and cellular immunity in diverse invertebrate species (Johansson et al.,
1989). Other blood cell molecules proposed to be involved in cell adhesion in

invertebrates include the insect plas e-spreading peptide, as well as soluble and

- ilarity to vertebrate adhesive or
%ﬁg family member hemolin or

proteins found in insed bit cell adhesion and may

regulate or block cgﬂu_!al: 1 ‘ 7 @

transmembrane proteins

extracellular matrix

veral proteins involved

in melanin productj csiof, e lation, hagocytosis (Soderhall et

idase (PO) exists as an

- . '."h.
R % e
)) W ""\ 2

1*‘_ s
inactive precurs@ proghendloxida J,"* pd by a stepwise process
N
involving serine p'r asgs a mierdbmal '¢8ll wall components such as low
quantities of lipopolysa harldﬂ sept t Iy cans @ Dacteria, and B-1,3-glucans

from fungi through Pat 'T{"’: ion-] 7 )(PR®s) (Kurata et al., 2006). An

enzyme capable of actlvatl g theproPO i @mis_called prophenoloxidase activating

r)

present as pactive form in | the hemocyte granules. After deg lation, the enzyme

enzyme (fac DS sin-like proteinase

is released Seoget

e
microbial elio;h';irs. The ae to an active form,

Yin the presence of
phenoloxidase

(oha el synthes higg et 2001). It
ﬁzadro % g ﬁ iﬁgﬁj x 1$dlphenols

ones which can non-enzymatically polymerise to melanin. PO 1s a stlcky

O) (Aspan, 1991; Aspan, 1995). PO is a copper-contalnmg protein

proteln and can adhere to the SL‘ace of parasites |gaging to melanisation @t

9 W‘lﬁ”\?ﬂ il HININHARY

melanin formation can inhibit growth of microbial parasites such as crayfish plague
tungus, Aphanomyces astaci (Sodérhall et al., 1982). The production of forming

insoluble melanin deposits involving in the process of sclerotisation, wound healing,
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and encapsulation of foreign materials (Theopold et al., 2004). To prevent excessive
activation of the proPO cascade, it is needed to be regulated by proteinase inhibitors.

The prophen010x1das agtiyating enzyme (PPA) 1s a zymogenic protein

domain with a sequence

The N-terminal hal

Vertebrate serine proteinases.
maln a cationic proline-rich
ing pattern is likely to be
identical to those 0 _the al) big.d aStagnd mammalian B-defensins. The
" ' Wang et al., 2001).
Js¥sicm are localized in the
semigranular and gig . is 1s in accordance with a
study showing :
(Sritunyalucksana g#f al. 4204 Jo -!.-r' !
g@he Fignifich ‘Kf h A otAMPO activity (36.7%) in
shrimp and additiog#flly cé@ fi ﬁ nort: . of \‘«
latter of which correlagd wit ’-»:‘, crt ‘7. the \1
Ut r';f,-.-f‘-' ¢ PPAE fin

At Pgmoglodpn pueRQ \ tDresSedhonly in the hemocytes
Wy Ri Ai-mediated silencing of
P. monodon PR
yveyi infected shrimp, the
nber of viable bacteria in the
hemolymph. These ref ionSin the proPO system and is an

important component in the

gin (Charoensapsri et al., 2009).

1.758 he coagulation svstem/ the clottino svste - ,‘L:
iE oSpohse of crustaceans

o

caks In ﬁi‘ exoskeleton and the
991). It is a proteolytic

ctiv 1al ¢ ul system
u -(@% ﬁ(% Bﬂgeﬂ ﬁ‘taminase
G“(opacek et al., 1993; Yeh et al., 1998).
Clotting has been ‘)st studied in twggmon-insect arthropod ¢fcéi

q RTINS TIRSY

mediated cross linking of a specific plasma protein, whereas the process in horseshoe

preventing bot loss o b

dissemination o bacterla throughout the body (Martin et al.

crab is regulated by a proteolytic cascade activated by bacterial clicitors through

specific recognition proteins.
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In crayfish, clotting occurs through polymerization of a clotting protein
in plasma. The crayfish CP is a dimeric protein of which subunit has both free lysine

and glutamine. They are recognized ecome covalently linked to each other by a

;dall et al., 1999; Wang et al., 2001).
&and released to hemolymph.

eshwater crayfish (Kopacek

et al, 1993), P. ma obster Panulirus interruptus

(Kollman et al.,

help the fungi j sreut ’ & : %\ hosts. Proteinases also

hemolymph may defendifthe hg ‘-r‘;:.-ﬁ::"-- i 1l proteinases. For instance, the
silk worm (Bombyx #ori)} :i{"”j‘f‘- bito¥ is active against proteinases
from fungal pathogens (Eg ﬂ’ Bl 195 gweral of Manduca sexta serpin gene-1
., 1998). Proteinase

variants 1n ib t ba ¢

inhibitors '! ie cuticle or at the surface of it t also function in
protection agadhis nigrasshoppers has been
— | s .

shown to contdliﬂproteina . ; g Tange of gpecificity (Polanowski et
al,, 1996).

njury,a 10 1 dt t ion of the
bl % th 1 sfems eﬂl scades of
sern“)rotelnases to amplify an 1n1t1al signal (wounded tissue or the presence of

microbial polysaccharides), resultlﬁ in rapid and effiggent responses to the thiags

QIR HIINHIRS

For this reason, the proteinases in these systems are tightly regulated by proteinase

mbhibitors.
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Like blood clotting, phenoloxidase activation is normally regulated in

vivo as a local reaction with brief duration. Also comparable to blood clotting, the
regulation may be partly due to se teinase inhibitors in plasma (Kanost et al.,

1996). Pacifastin and, to M acroglobulin inhibit crayfish PPO
activation (Aspan et #A cular weight inhibitors from
insect hemolymph, &y

B. mori (Sugumaran et.al

ta Sarcophaga bullata, and
et al., 1994) and the 4 kDa

e proteinase linked to

prophenoloxidas 1 i ct-a 99%) ¥t V. sexta serpin-6 was

structure and functif ' haragiefized by c and expression in E. coli
expression sys . al. f"{{, he resullisidi ed that serpin-6 plays
important roles in } tioh Fimmu f. \ es‘itlithe hemolymph. It is likely
that each proteinase in : .... ated Byllone or more specific inhibitors

present in plasma or i

Moreover, nction of kazal-type proteinase

inhibitors ﬁls) les” the  reprod ' esh water prawn
Macrobrachiwm-rosenbergii-required-KPHto-mhibit-the-sperm gtlatinolytic activity

(Li et al., 00 A% 9n (Donpudsa et al.,
=
2009). M

HHIAVENI NI T

role“mnate immune system. In all kingdoms, from bacteria to human, a variety of

AMPs have been identified and c‘racterlzed Most gifighe AMPs are small

IRIRNNT AUHRIINHIRY

and diversity in amino acid sequences, structure, and range of activity. AMPs are

active against a large spectrum of microorganisms: bacterial and filamentous fungi. In

addition, some AMPs have antiviral or antiparasitic activities (Murakami et al., 1991;



17

Hancock et al., 2000; Tharntada et al., 2008) and may also exhibit an anti-tumor
property (Cruciani et al., 1991). Moreover, depending on their distribution,

antimicrobial peptide expression a

pathways, and these effectorsgiay
systemic reaction. Some. Cougtithiinel;
In generalm-_‘

. \ .
account for the preferepgiet”buding tol the p=charged membrane interface of

e r to be regulated by different tissue-specific

partlclpate in either a local or a

the secretory cells, others are

the amphipathic structure

microorganisms sWhichet® diffefs 1 \the ina zwitterionic surface of
normal mammaliaf® ccll§. J ey are ) tox . ] " robes and not to the
mammals. The feaggfes g ‘ tive toxicity on microbial
cells, short bagffrial Killifig ftimey T ctra, and no bacterial
resistance developgifent these peptides, there is
of the ta gets fort the peptide 'e lipid ¢ layer of the membrane .

w404
This is because thFe  pe 10@5'\ n-often increas rat

evidence that on

of leakage of the internal

aqueous contents Of lip@some sl rnﬁ‘ : g the m@chanism by which the peptide
breaks down the membrangdj E’f bility-t it is pOssible that the peptide induces
complete lysis of the orfga by rupt the membrane or that it perturbs the
membrane lipid bila 1llowing for lea gllular ponents as well as
t"t't‘."':‘:'-:' tial-of the rane-(Brooden: ).

In afeh . 0 and characterized,

=
mainly in inse‘ﬁﬁ especially*Pros fiCCrates (h eshoe crabs) (Iwanaga
et al,, 2005). In horseshoe crabs, these proteins are mainly synthesmed in the

yte, apd y he e highly
se e jo AP®" nia' dﬁ g&i tige baeteria, and
resp“l by degranulatlng the granules after stimulation by LPS. This antimicrobial
system in insect differs from those @F the crustaceans i pethat the fat body of the fiagéc

RN I U RITNETRS

Crustaceans as well as the shrimp, lacking the adaptive immunity, rely on only
the innate immunity. Therefore, the AMPs, exhibiting broad spectira of antimicrobial

activity, are important for them to fight the pathogenic invasion (Hancock et al.,
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2000). There are many reports on antimicrobial peptides in crustaceans. In 1997, a
small peptide named calliectin observed in the hemolymph of blue crab, Callinectes

sapidus was reported to be responsi for the majority of antimicrobial activity

(Khoo et al., 1999). Penaeidinsie i i ptides acting against Gram positive
bacteria and fungi, had be®ngcpprtcd L. vannamei (Destoumieux et

al., 1997). cDNA clones -- Enadidin i als@”isolated from the hemocytes

of L. vannamei, M %7” et=al., 20 ._monodon (Supungul et al.,

2004). Crustins, an antiga eiwereudentificd from 2 species of Penaeid
, BRlistins were observed in

_ Sildiom Carcinus maenas,
b q"".,__- wn antibacterial peptides,

naSehinhibitory proteins, the

whey acidic protei . iddbide odfrom th \ cyanm of L. vannamei, P.
stylirostris, andP. / peddntiviral u_ ity®has also been identified
(Destoumieux-Garz AL “, Patat- , # ;, ‘-A pe et al., 2004). Moreover,
histones and histohe d )8 . les of 1 am as been also reported as innate

immune effectors bect inhibi of Gram-positive bacteria (Patat et

al., 2004).
\ L
. de of ca. 7-14 kDa,

1.9 Crusti@ —
|
.0-8.7, gomtaining a whey acidic

=
with an 1soelei]?c poin
protein (WAP) domain at the carboxyl terminus (Smith et al 2008). This domain has

el e TR e

protqs originally dlscovered in the whey fraction of mammalian milk. All crustins

-

described to date possess a leadeltlgnal sequence atgthe N-terminus and thofipAP

qIRIRNNEMAN VINHIRS

alanine and glycine, although in some crustins it lies between glycine and glutamine,
alanine or threonine. It is unclear if the signal scqueiice is directing trans-imcinbiainc

transportation of the protein, as in insects and mammals, or if the mature protein is
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released from the haemocytes through regulated exocytosis, as seems to be the case
with the penaeidins (Destoumieux et al., 2000; Mun?oz et al., 2002). The WAP

domain, in contrast to the signal se 1s highly conserved between species and in

several crustins, especially \ partlc acid and lysine residues are
positioned as follows: \
< g

substitutes for.aspfrti hé rirkt cysfe N, Vo ci EST (AAS57715),
and serine repla i efthe=d@ublé ¥ W& /linectes sapidus EST
P domain is variable
®aierns with regard to the
presence or absenc ymairn __‘ c /AT ange ¢ of these are largely, but not

entirely, consg i ,'1 i ub-grot \l""-,_" atangements within the

\
)

decapoda. At least gircefmatn® ,, ipssappcar topexXistiand we propose that they

f pt lea

from non-decapod ta a 'T’:*”’:w cla n rédundant (Smith et al., 2008).

should be designated Tgpes 1ML ntil*future research, especially

Type I crustins have the r n that lies gen the signal sequence and the WAP
domain is ﬁrla ¢ length and Cysteifi fieic than.six of these residues.
Type Il ¢

on the other hand hot-onty-a-oye-rieluragion but also a long

gly-rich domz fio igia¥region (Figure 1.1).

|
A third group iﬂw domea 0 giprotems rom demods resembles crustins
but lack not on e gly-rich domain of the Type IT molecules but also the cys-rich

i ﬁ‘ YENS NG

Cardius maenas, and found to be active against only Gram-positive bacteria

(Schnapp et al., 1996; Relf et al. 699) Subsequentlyggenomic approaches, SHcl

IRIRININ NS

(see review by Smith et al. (2008)). Type I crustins are mainly found in crabs, lobsters

and crayfish. Whilst Type Il and [ crustins are mainly present in shriimps.
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P Eg Crab, lobster, crayfish and other
crusins in fhe Pleocyemata

C Eg Shrimp custins

Figure 1.1 Schemaii€ repp€seftati h., main organisation of the

three main cresfin type€ fighnfefapads.iighal Seqticncey ith et al., 2008).

Despi the #€poj scveral _7 ! 8, only a few studies have
described their ghitimiffrc i Srtie : eported bactericidal or
bacteriostatic activitd to: 1&\ 1ainly .o ix‘ ‘ itiv bacteria (Relf et al.,
1999; Zhang et al.$ OQ'II ] - )

In the black _ do , lifferent isoforms of Type II
crustins have been identlﬁe by-homolog Ctning the sequences of non-redundant
EST librar?es (Supung - al., 2006). The two major

1soforms ".A d, crustinPml and cru xptessed as recombinant

(Amparyup e‘;ﬂ, 1nPﬂfisplays antimicrobial
L]
activity againstnly Gram-positive bacteria whilst crustin-l1ik€Pm inhibits the growth

of both Gram—pos‘\ﬂd Gram-negative back@ui, including Vibrio harveyi, a shrimp

ﬂummmwmn‘:
QW’]Mﬂ’a’ﬂJﬁJ‘W]'JVIFJ’]ﬂEJ
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1.10 Objective of the dissertation
In this study, a unique isoform of P. monodon crustin, crustinPm5, was

characterized. This crustin was idengifigdy from the gill-epipodite cDNA library while

the other isoforms were
transcription regulati stigated. The recombinant
crustinPm5 protein terized for its antimicrobial

activity.

ﬂ?JEJ’JVIEJVIﬁWEHﬂ?
RIAINTUURITINIA Y



CHAPTER 11
MATERIALS AND METHODS

Wy

ope (UK Branch) UK Co.)
and P1000 (Gilson Medical

2.1 Materials
2.1.1 Equip

Centrifugé Av t1 23014
f f“iﬁ
-20 °C Fre (I lr 301
' p
-80 °C Freczer (@hermoullé !,f
Gel documen yng ;]_ga:f.._ ;

GelMate2000 (Toyo

225 T
Gene.pulser(E =

Incubat

e

Incubator37 °C (M @
Mlcrop ate eader FLUOstar OPTIMA (BMG Labtec

AUUANENSREINT

“Reﬁgerated incubator shaker (New Brunswick Scientific)
Thermal cycler mastercycle‘gradlent (Eppendrgifiy,

9 RNIUNNAANYIAY

2.1.2 Chemicals and regeints
Absolute ethanol, C;HsOH (BDH)
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Acetic acid glacial, CH;COOH (BDH)
Acrylamide, C3HsNO (Merck)

=Wy

Bacto yeast extract. S %

Boric acid, BH3Qs

Agarose (Sekem)
Ampicillin (Biobasi

Bacto agar (Di

5-bromes#*Chloge®3-indelylfb 1‘-‘. vrai -gal (Fermentus)

Bromophea®T blugé
Calcium chlggfde,
Chloramphenig# (Biolasi
Chlorofor H 3 Niotol fé A W \
Coomassi€ bri n }ue R ;_,"'T 44N
L9 ‘!;
100 mM dA] w darit ..
Ethidium Bromi (Slg u,-:’f'”
Ethylene diarfine tef t“r *?f"_?»,‘-
Ficoll™ H... : —
.-s"“:.. ¥ : 2"

Formgldehyd e
Ge 1 ’. I 1UU OP INA Ladde
Gluces

=
Glycerqm, sHgOz (BB
Glycine, NH,CH,COOH (Scharlau)

AREFNENINGINT

“Isopropyl beta-D-thiogalactopyranoside, IPTG (Fermentas)
Methanol, CH;0H (Merck)‘

q RIALNTRUUNIANYIAY

0.22 pm millipore membrane filter (Millipore)

J d1 pdium salt dehydrate (Fluka)

Prestained protein molecular weight marker (Ferimentus)

Potassium chloride, KCI (Ajax)
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Potassium dihydrogen phosphate, KH,PO4 (Ajax)
Sodium chloride, NaCl (BDH)
Sodium citrate, Na;CsHs0O7 (€2

DNasel @fomgfa) § A
DNA
I

DyNazyme }
RQ1 RNaSe
T4 DNA ligaic (
Tag DNA 01 '. ase (&

o
(Prom _“:,

Jﬂnw:

Pfu polymera

2.1.4

—ﬂ
a coli stra -
Salmonella phzmurlum

ﬂ%}émamwmm

Aerococcus viridans

QW’]ﬁﬁﬂﬁﬂJﬂJW]'mmﬂﬂ

Staphylococcus aureus
Staphylococcus haemolyticus

Vibrio harveyi 639
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2.1.5 Kits

GenomeWalker™ Universal Kit (Clontech)
HiYield™ Gel/PCR Fragme (s
ImProm-II"™ Reverse, Tffaf ‘ k :

raction Kit (Real Genomics)

Qiaprep” Spin

2.1.6 Ve:‘tors(J
pGEM®™

2.2 Softwares
BlastX (http://vg#w.ng1.
ClustalX (Thompsq#f et g
GENETYX (SoffvarefPe '

PHYLIP (Felsensteifif 19 a

SECentral (Scient "u duca 'p Oftwa
SignalP (http://www. bs.d ,'t‘r'W‘
SMART (http://smart. embl idelb

Genetools ( GENE i
(N

2.3 SampleL .
Black tlg r shrimp g bod weight, purchased from

local market, were_used for heat and osmotic stress experiment and 3 to 5 g body

AUEAN gy Wy

24 cDNA sequence analysis

IR FniamIangngs

using SMART program. Related sequences were aligned using ClustalX program
(Thompson et al., 1997b). The potential cleavage site of the signal peptide was
predicted by SignalP software (http://cbs.dtu.dk/services/SignalP/). Aligned
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sequences were bootstrapped 1000 times using Segboot. Boostrapped neighbour-
joining trees were constructed using Neighbour and Consense. All phylogenetic

reconstruction programs are routing #n PPHYLIP (Felsenstein, 1993b). Trees were

appropriately 1llustrated (http://taxonomy.zoology.gla.ac.uk/
rod.html). /

ﬁ*““"

f Crus tlnPngﬁ-h%antitative RT-PCR
,_\\'\_
A

2.5 Tissue expresglog,_ana

topancreas, intestine,
lymphoid organ ik fwie D lated Mfow an individual normal
shrimp and immedi. F07¢ idaiding Hemocytes were prepared
from hemolym A egted fit DR inus of shrimp using a
27 G/1/2 inch neghlle fiteafl @ntolech sl s with 200 pl of

anticoagulant (10% (g mediately centrifuged

at 800 xg for 10 mj 7 csWromMthe plasma. The tissue and
hemocyte samples werghfbrie{lyfomoge | tle n 1 ml of ice-cold Trizol
reagent (Gibco BRL) and K "':{"':,‘ C for A SKtraction.

T "1
“Total RNA from- tis or hemocyvtes of b tiger shrimp were

extracted using. ., 1987). Tissues or

— (o
hemocyte samml s were hOMoger ot Trizol reggent. The homogenized

samples were incu ated at room temperature for 5 min to completely dissociate of

ANANENI NGNS

mmutes The samples were centrifuged at 12000 xg for 10 min at 4°C. T

mlxture was separated into a lo‘er red, phenol chd@goform phase and coflpgle

IRIRNNT MARITNHIRY

added to precipitate RNA. The samples were incubated for 10 min at room
temperature and centrifuged at 12000 xg for 15 minutes at 4°C. The RNA pellet was
washed with 1 ml of cold 75% ethanol and centrifuged at 12000 xg for 15 minutes at
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4°C. The ethanol solution was discarded and the RNA pellets were air-dried for 5-10
min. RNA samples were dissolved with DEPC-treated water and stored at -70°C.
The total RNA was fugthegtreated with 1 pl of RQ1 RNase-free DNase
|

, for, 30 oye the contaminated DNA. The total

RNA was extracted ag Wit iz ion above. The RNA pellet was
preserved in 75% ethang (=205 3 y U e RNA pellet was air-dried
- : - g

2.5.3 ¥ mi ‘ef/quanti i A samples

measured at gnalyzed: by formaldohydssagarose gel clectrophoresis,

respectively. T ion otal R . edetethined in ng/ul using the

An #bsorBant unit A ’h".. MEOTTeSpC s [@approximately 40 ng/ul of
; §hof RINA samples was examined by
measuring the ratio of Ajdyge—the= fim absorption of protein is at the

wavelength of 280 nig

above 1.7.@ r

ple should have an Asong0 ratio

\ L
lﬂj by formaldehyde-

agarose gel e]lﬁ rophore . A 1 (w/v) formaldehyde

agarose gel was pr?pared in 1x MOPS buffer (final concentration of 0.2 mM MOPS,

AUEINARTREaRS

conmtratlon) was added. Then, the melted formaldehyde -agarose gel was poured
into a chamber set and applied th&omb The RNA pgagker and RNA samplofjyie

ARIRINIU: AMIIRYIRY

final volume of 12 pl were heated at 70 °C for 10 min and the mixtures were
immediately chilled on ice. After that, three microliters of the 5x RNA loading dye
buffer containing 50% (v/v) glycerol, ImM EDTA, pH8.0, 0.25% (w/v) bromophenol
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blue, 0.25% (w/v) xylene cyanol FF and 0.025% (w/v) ethidium bromide was added
to each sample and loaded to formaldehyde-agarose gel. Electrophoresis was run in

1x MOPS buffer at 100 volts for 5 ing Sizes of RNA were visualized under a UV

1l
transilluminator by compar% ﬁ marker (Promega).

N\ 4
2.54 Fi@

: Asy_‘hesis-—;;
— ~—

g of total RNA and 0.5

(Promega). The re ’ and immediately placed on
ice for 5 min. f.5x reaction\bbiTer, 26,1l 0885 mM MgCl, 1 pl of
SR : for and 1 pl of ImProm-II

= A TR 1 . .
reverse trans e rgdctibriiniXthee Was gently mixed. The

% N
ﬁ"- 428G, for 60 min. Then, the

I"l, . .
efinindtc tokerse transcriptase actively.

reaction was incuPatedffat #5°C foFsS“miutes x\a

essigl by RT-PCR
§ used to examine tissue specific
A. Total RNA from shrimp
cribed above. The

expression and expressie .‘f:,
tissues wa@r

B-actin gent

up as describeﬁlo '

2

conditions were set

R conditions

2.58. _ | W
e 3REnanNe g

athi
optiﬂ concentration of MgCl,, Oi mM of each ANTP, 0.4 mM of each primer, or

COW

ARISY7 ¥

diluted template cDNA for B-actin using a Thermal éycler mastercycler gradient
(Eppendrof). The reactions were predenatured at 94°C for 2 min followed by optimal

cycles or 25 cycles for B-actin of denaturation at 94 °C for 30 sec, annealing at an
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optimal temperature or 52°C for B-actin for 30 sec and extension at 72°C for 1 min.
The final extension was at 72°C for 5 min. The PCR products were analyzed using a

TBE 2% agarose gel electrophoresis T CR parameters were optimized as follows:

1) The optimal MgCl, concentiation 0 mM MgCl, was examined using
the standard PCR copdi N gave the highest yield and
specificity was choses e
numbers: 20, 24, 3 -

1.2% agarose éﬂ-ﬁaﬂ

exponential r

arried out at different cycle
PCR products were run on
the PCR product in the
sen. 3) The optimal
amount of cDN S fmdagd PCR condition. The
concentration that est yiel ] as chosen. 4) The optimal
primer anneali ‘waswadjusted foyint : ¢ specificity of
\ esults was used.

ing '.'"\1 atlres and cycle numbers
for RT-PCR are 5| te-2.2-ThePPCR amiplifi€ation was carried out in a
of). The reactions were performed in

triplicate. The PCR p#duc ": &.ana yze btropfloresis on 1.2% agarose gel.

(89 mM T . AgpH8.0). The slurry of
—

=
agarose 1in 1>1i| BE buff® nicrowav || ven until completely

dissolved. The sol tion was allowed to cool at room temperature to 60°C before

ANATETERGAT

he PCR products were mixed with one-sixth volume of 6%

loadlng dye (0.25% bromophenolﬁue and 25% Ficollsim water) before loadidfg

qRIANNE HNIINERY

stained in a 2.5 pg/ml ethidium bromide (EtBr) solution for 1 min and destained to
remove excess EiBr by washing with distilled water for 15 min. The PCR product was

visualized under a UV transilluminator and photographed.
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. L ! | I |
Table 2.1 Primer sequengg.lising, fe 1 / fegies

Primer name ™ —m an

Primers foeRI-PCR

RT-crus1F 'Lﬁ.ﬁ"'

RT-cruslR

RT-crus5SF

RT-crus5R

RT-crus7F

RT-crus7R

Actin-F

Actin-R

GSP-crus5F AT JA;:EL,_,-'- | \
GSP-crusSR 3w CE tt;;’.‘l" A TAGGS

GSP2 5! GACGGAEGECA CAGIMCTAGATA 3'
GSP3 SYACQGGCCCCATL AAPACATAC 3'
GSP2-1 5 ACCTCGEEGETE CTGTATGTCTA 3'
GSP2-2 5' ACAA ffr‘?' ATACACCTCAT 3'

Full-crus5 N
ull-crus 7_________ e A ﬁ

Full-crusS Ry amteale@iadadl

I'ﬁ'b
0671pET19+HH A ATCAEACCAGTACATTGGATT
CGGCGTG 3

0671pETR . CTCGAGGATCCC“CGGCCGTTGTAGTAGG 3'

me WEIVI?WEI’]ﬂ?

ammnmum'mmaﬂ
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Table 2.2 PCR condition for RT-PCR

Annealing
Gene Primer name Cycle number
temperature (°C)
Acti
B-actin \\ HAy 25
- /7
crustinPm1 25
CIUStINPmMS g 40
crustin-like 25

",\ oal ~ and normalized relative to

that of B-actin : ng the cgmmergial ima; Sisksofty arcackage (GeneSnap and

GeneTools, SynGefie {i : -H's! tedlto statistical analysis for
. [} ' I'-. 4 .

comparison between  gioups SSignrficant eren \ kpression levels were treated

A i T ,
using One Way An *.:;:. iance ) following by a post t hoc test

(Duncan’s new multiple Ia nge erences were indicated at p< 0.05.

2.6 Deteriffation—ol—crustinPussy CEUSEL YT, - n-likePm mRNA
expression eve =
2.6.1 -shock treatme i |'

xperimental P. monodon imp (~20 g wet body mass) were

ﬂnﬁﬂ NUNSNEINT.

control group, nine shrlmp were maintained in the tank at 28+1 °C. Aﬂer heat

treatment, shrim i tissues were co ected Total RNA#WES extracted and cD

q e ATANIINYIA Y
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2.6.2 Salinity changes
P. monodon (about 20 g of body mass) were maintained in a 500-liter

tank with aeration at 25 ppt salinit

groups; the control group (25¢ppth \the prfu ared in low salinity (3 ppt) and in
high salinity (40 ppt). Epim YA &Jl\ected from three individual

shrimps per treatmentmg Fhe les rol group were collected at

r wo weeks. They were then separated into 3

and the high salinity groups

stin”’m1 and crustin-likePm
N Y

"‘\.11:'* pts was determined by RT-

PCR analysis .l l. ipt -\\" theltwo other P. monodon
: AN l Us i KEP P wete assayed by RT-PCR as
described before “(Amy ryupﬁ "_

primers of crustinP.

pungu

b

et al., 2008) using specific
The crustin gene transcripts

from control and heat-induged pmmalized against the expression of f3-

ZTIIINY,
actin. The ﬁtiv : >ssion” levels o ALl re also normalized
against thelCxpression of the control shrimp and tested using ohe-way analysis of
variance (Al r,,

=
(Duncan, 1955‘nusings S soft

ARYINININGINT

Genomic DNA was prepared from the pleopods of P. monodon using

enol-chloroform _extraction, Ti leopods were @®mogenized in_ 700 of
tr‘%iﬁﬁ(fot:@ﬁ Fkrﬁi& 0 }\4‘ E'ﬂf}{ 250 aEI
1% (w/v) SDS, and 100 ug/ml Proteinase K) and incubated overnight at 65°C. Then,

ng of RNase A were added into the lysate. Then, the samples were incubated for 30

¥ multiple range test

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
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transferred to a new 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 tubg e genomic DNA was precipitated with two

volumes of cold absolute ¢tha [ as centrifuged at 5,000 rpm for 1
min. The genomic DNA Wagswashed iwitl , air-dried, and then dissolved
in 50 pl of TE buffer<clOumM Fri DTA pHS.0).

by 0.6% agarose gel

electrophoresis.O gifhiceplitgl ¢ flcxpefimel (0.1 pg/ul) and 1 pl of
control genona#€ DN AF (0 7_ i % agarose gel in 1x
TBE buffer. The g€1 waf s d wit --. ) m Oro " isualized under the UV

light to estima € the fre o product. ‘\F

DNA larger than 80 kb ithlfimininiy _;1' SHigaring.
9\ ""

2.7.3Am icatibn and 01 .- pLgenomic €rustinPmS genes

¥, ,..-!
R (Table 2.1), designed from

D preparation should contain

The prighers ?_f_-_,.- ‘-_ d-cru
the cDNA sequences were usegd=i ation of the corresponding genomic

DNA sequences. The ge = N\

d_for the PCR amplification in 50

ol

e forward and reverse

ﬁa n, jﬂowed by 30 cycles of
°C for 45 sec, annealing at 58°C for 45 sec=€longation at 72°C for 3

min; and the ﬁna‘ sion at 72°C for 10fiih. The 5 pl of PCR products were

:ﬁﬂmﬂﬂm ﬁﬂfiflﬁiﬁf‘?:;

d PCR product was wrlﬁed using NucleoSp1n® Extract I

ARAANTTITHA INYTaY

ul reaction. ch), 1x Advantage

primers. The

denaturation a
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2.7.4 Agarose gel electrophoresis

The PCR products were electrophoretically analysed by agarose gel

which was prepared by melting the 2% (W/V) agarose gel in 1x TBE (89 mM
Tris-HCI, 8.9 mM boric acigsd% pH8 0) using the microwave oven.
After the gel solution we 0l do to a tray and applied the well

comb. Before loadi - to—the: —pr s were combined with 1/10
volumes of the 10x.loadi 25° spheiiglbiue,. 0.25% Xylene cyanol FF,

ethidium brom i© 1."-"" 1d ¥submerged in distilled

water for 10 min i ide RYproductsiyere visualized under the

agarogse gel
1cd from agarose gel by NucleoSpin®

Extract II Kits (MA debelow: The expected product

was excisegf

slice was dke ]

buffer containErJn chao ple

column and ce rlﬁJged at 12,000x g for 1 min to remove the Supernatant. The column

weight of the gel

g three volumes of NT

.|_'

w@ then loaded into the

ashed wit Sal of NT2 buffer an&!entrlfu ed as described above. Six

entr1 atlan was used for pletely removal 0 253 buffer

contalmng ethanol. The column w‘ placed into a cle .5 ml mlcrocentrlfu

q mmmm ummma (1

stored at -20°C until used.

was
hund
ad i1
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2.7.6 Cloning of DNA fragment into pGEM-T Easy

The DNA fragment was ligated into pGEM-T Easy vector (Figure 2.1).

The pGEM-T Easy vector was 3,0 in Jength and had unique restriction sites in

the multiple cloning region RNA promoters, therefore T7 and

SP6 primers can be nt clone. The reaction was

composed of 5 ul of : WELM®-T Easy Vector (50 ng),
—_ N

proper amount of e D NP ¢ (3 Weiss units/ul), and

deionized water to a (A0} ' THe-reactions were mixed by pipetting,

briefly spun a / fhig : - amount of insert in the

ligation reactio

ert = fors size % inserfvector Melar ratio

D size A"; &

f
ey
s.rl,p
2.7.7 Compgfent el?hr

The stagier of BAED)

colony cultured in 107 ml § '{{'{,,! . (1 ) bacto tryptone, 0.5% (w/v) bacto

ng of, i

yeast extract, and 1% (W= ) 2 at 37°C with shaking at 250 rpm

overnight. Ong pes ter was inc B jproth and incubated at

37°C with ¥ haking for 3-5 h ui eisthessellcrcached 0.5-0.7. Cells

were then chit d, O teftfgation at 5,000x g for
10 min at 4°CJ e supernatant was removed as much as pl‘.'le. The cell pellet was

washed twice tmr cold sterilized wat a d followed by cold sterilized 10%

AugINININGINT:

was Ulded into 40 pul aliquots and stored at -80°C untll used

ammnmum'mmaﬂ
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N l 1 =s3ar
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. gl |10 @
t s |'F §
Figure 2.1 pGEMF-T gfisy#egfor muli n@Site sequences (Promega)
2.7.8 Electroffan & "
TheMigat Bn reactio ; orm herichia coli XL-1 Blue.
The competent cells jere g : ' ixéd with 1 pl of ligation mixture
and then placed on ice for 1 == s transformed by electroporation in a
4 s
cold 0.2 cm cuvette s: 25 pF of the Gene pulser,

er apparatus (Bio-

200 Q of g
RAD). Aftdg i tQuptone, 0.5% (W/v)

bacto yeast exﬁ' t, 1 M .- , 10 mM MgSQ,, and
20 mM glucos®'was immediately added to the cuvette and kly resuspended cells.

The cell suspens‘nm transferred to a n&aftube and incubated at 37 °C with

%Hﬁﬂ 00 00 1

and 30 pg/ml of IPTG and then 1nc‘oated at 37°C for rnlght After 1ncubat

q RIBATINIING TS

2.7.9 Screening of transformant by colony PCR

White colonies were picked and screened for the inserts by colony

PCR. The amplification was carried out in a 20 ul reaction volume containing 1x PCR
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buffer, 200 uM of dNTP mix, 0.25 puM of T7 and SP6 primers, 2.5 units of
DyNAzyme™ II DNA polymerase. The single colony was diluted in 10 pl sterilized
as employed as the template in the PCR

as pere f for 3 min, 30 cycles at 94 °C for 30
seconds, 50 °C for ﬁnal extension at 72 °C for 5
min. The PCR produ ' ) yze(wy ag 2 ﬁtrophoresis.

=

water. One microliter of colony suspg

reaction. The PCR profile

Miniprep kits ibgd' 1 1g€n’s ha ok, Th = iniprep procedure is
based on alkaline d¥sis @1 b# e . ed Byha pption of DNA onto silica
membrane under high s i ""‘ i "1."' ‘., ks were harvested by
centrifugation ang , i 1 P1) "‘uk ining RNase A. Next, the 250
ul P2 buffer w 1 ay 0 11X e ‘\"‘;ﬁ pughly by inverting the tube
4—6 times for cell JWses ;': -_ Nésdncutralizgd II adding 350 pl N3 buffer.
After maximum spege fugation min, e supernatant containing the
plasmid was applied to cohfmn tin olumn was centrifuged for 30-60 s,

and then the flow-throug]

twice by eﬁﬁ\

Aprep spin column was washed

J f es

ectively, and then

centrifuged{ € & the QIAprep column
was placed in a=¢le asmid DNA was eluted by
adding 50 pl ﬂuffer (10 mM Tris-HCI, pHS.5) to the ced]ﬂi of each column. After
incubation at ro@ &perature for 1 mln eluted fraction was collected by

ﬁ‘ﬁﬁl“m&lﬂﬁwmﬂ‘i

2 7.11 Detection of the recamblnant plasmld

q ARSI UNIINGIAY

agarose gel electrophoresis. The size of DNA fragment was compared with standard
DNA ladder (100 bp and 1kb ladder marker). The recombinant plasmid was

sequenced by an automatic DNA sequencer at the Macrogen Inc.
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2.7.12 Genomic DNA library construction
Four genomic DNA libraries were constructed by digesting the

genomic DNA separately with fo

ed in 100-pl reaction with 80 units

7‘[ -end restriction enzymes (Figure 2.2). In

z’;?

vortexed at SIOW a,-‘to 1 .r;.-,: at 37°C overnight. Each

digestion reaction was ugning Sk omg:0% agarose gel electrophoresis

1 x restriction enzyme buffer.

The reactions were then

_ . Balbuglume (95 pl) of phenol
and vortexed at sl I6-10 Scay e ) oriefly spun at room
: “The upper aqueous phase
was transferred int ¢ Khelt . _, ."';ﬁ_' :h dded an equal volume (95
ul) of chlorofoy : 1t slow Spec " se he mixture was briefly
spun at room tem > 10 separate tl oussandMerganic phases. The upper
phase was transfefred i@fo a ng . Th per p \1 ‘was added two volumes (190
ul) of ice cold 95% efhana ;‘EI&F Dot NaOAc (pH4.5) and 20 pg
: eed for 5-10 sec and centrifuged at

of glycogen. The mlxture
14,000 rpm-for 1 ;

washed ',-uri wl-of-ice-cold-80% ethanolThe-supernatant.was decanted and the

or gcanted. and the pellet was

pellet was dic cpuffer (10 mM Tris, 0.1
= _

|
mM EDTA, 5) and” vorte specd for 5-1Q)sec. To determine the

approximate quantfty of DNA after purlﬁcatlon I ul of each reaction was run on

AUUINERINGART -~

w1th GenomieWalker™ adaptors. For each ligation reaction, the digest was

added to 1.9 ul of 25 uM Genom‘\’alker adaptor, 1.geml of 10> ligation buff@

qURIRNAT HAANIRY

added 72 pl of TE buffer (10 mM Tris, | mM EDTA, pH 7.5) and vortexed at slow
speed for 10-15 sec. The four libraries were named Dral, £EcoRV, Pvull and Stul

libraries.
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2.7.13 Determination of the 5' upstream sequences of crustinPmS gene

To “walk” along th pmic DNA, two PCR amplifications were

done for each library. The ses the outer adaptor primer (AP1)

-r' r (GSP1) designed from the

n, used as template for the
a
er (AP2) and a nested gene-

provided in the kit and,om

known sequences.

—

ested PCR using~t
M__ﬁﬁg‘

secondary or n
specific primer om the known sequence
at the 5' end

2.2).

isgenomic DNA (Figure

X PINGSP2-1 and GSP2-2 (Table

| eidiaf the known genomic

sequence. For primd apli ;_,, L 0" \ c brary was used in a 20 pl
reaction volum 1 DyNAzy DN A polymerase (Finnzyms), 1x
SP2 or GSP2-1. The initial
denaturation was cles at 94°C for 30 sec, and
72°C for 5 min and t min. The primary PCR product

was diluted 50 folds (1 pL inte=A9=HH Wi o The secondary PCR amplification

used 0.4 p@he diluted pfimary PCR | eactipn volume containing
1 unit DyNAzyme-H-DNA-polymerase (Finnzyms), <buffers(.2 mM of ANTP, 0.2

uM of APX -.: at 94°C for 2 min,
d 72°C for 5 min; 30

and €
g

followed by 5 cles at 94°€ 45 sec

cycles at 94°C or 5 sec, 65°C for 45 sec, and 72°C for 5 mln and final extension at

AN -

The primers Full-crus5F and Full- crus5R were designed to amplify the

l

whole crustinPm5 genomic DN‘ segments contaifiige both the regdlafo

QRSN IANAUTRS

genome walking technique.
The putative promoters, 5' cis-regulatory elements in the 5' upsticain

sequences and the putative start sites of the crustinPm5 gene were predicted by using
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the MATCH™/TRANFAC program (http://www.gene-regulation.com) (Biobase
GmbH) and the Neural Network Promoter Prediction (http:/www.fruitfly.org

/seq_tools/promoter.html) (Reese

)0 L), gespectively.
k. ‘ | I
2.8 Recombinant proteiileXxpressio })//
retion of the neelones

e
= S, gene specific primers

0671pETR were designed. The
’ gy
primers were amplifigat] Cheairagment encoding the mature

9

proteins without si séptided. A plaginid Mg CruStin”nS gene was used as
template. The includétl XHoI fAnd N g: sat the 13 of the gene fragments
respectively weg€ fogfclofiing inte thewsc _-: WThe crustinPm5 gene
fragments were PCRF amgli . 1__, caction : 30f 50 ul containing 0.02 ng
of plasmid tempiéite, Qff . \ acW@NTP and 3 units of Pfu

i \ \

0 S0 \
"\! b ' 8 carficd out at 94°C for 2 min,
\

I 94°Q ’ur‘.‘?E»‘i" C fo "\1’ se¢ and 72°C for 1 min, and

final extension at 72% fo ;}{{,}ﬁ,ﬁ;ﬁ_

polymerase (Pro

i
4

followed by 30 cycles
rodticts were analyzed using 1.2%
agarose gel electrophoref,‘is |- sing NucleoSpin® Extract II Kits
(Macherey-Nggel) B ThoT-Noll raigin he crugtinPmS was prepared
from the T&A«clones-and subcloned into-th pot-dieested-pET-19b expression
vector (Nove ; ; ecCrustS.

Y

AUEANENINEINT
RINNIUANIINEAY
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Genomic DNA

R "Qu ’\\\\ m

ler ﬂ-rh-lr-ldl.'n:\rﬂ'mu r PCR products
ol er Aty Ln- laninag inbo reporien veclon

llbﬁlﬂﬁﬂﬂﬁﬂﬁ“ﬂ 411 v

db10501ences com)

QW’]Mﬂ’iﬂJﬁJW]'JVIFJ’]ﬂEJ
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2.8.2 A-tailing procedure for blunt-ended PCR fragments
Thermostable DNA polymerases with proofreading activity, Pfu DNA

polymerase, generate blunt-ended fi ts during PCR amplification. Nevertheless,

the PCR fragment can be modificd, ubi I f 2
T&A cloning vector "' /

iling procedure for cloning into the

was tailed with an adenine

1ed PCR fragment generated

by a proofreading po HS8.8, 50 mM (NH4)>SOy,
0.1% (v/v) Triton X ofdA TP, 5 unit of DyNAzyme II
DNA polymeras@(ri {ff waker! ubated at 70°C for 30
min -

e transformed into the
expression host; . L . “BL 5 L TOR)) "',i E ulture was prepared by
inoculating a sin )l : ) — * stre into a 2 ml LB medium
containing 100 pg/mlq amp' ’ “ahd i ting ap" overnight with shaking at
250 rpm. ) '

The starter, was - v g two cultures, namely uninduced
culture and g duced ippleme s.and ipeubated at 37°C with
shaking at ‘250-rpmruntit-the- ©OD600-reached -0 tetn sfon was induced by
the addition+#of 1de a 1 mM final

=

| —
concentration. m e two culture °C furt,@ with shaking for 0, 1,

2,3and 4 h, resp tively. The 2 ml cultures were aliquot at each time point and the

peﬁcﬁﬁ@mlﬁ ANgHT
ARIANIUNNING IR
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Al
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#-L,llj—--_le,JﬁJJh’._l_!Lla!Ll.ll‘u!l ERRT SN

£ RARCCGGTCTTGAGGEETTTTITTG
'il.

-

==

AR
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atound the multiple
cloning s1t? ovagen)

AUEINENingIng
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2.8.4 Purification of recombinant proteins
Cells were harvested at 3 h after IPTG induction by centrifugation at
10,000 xg for 10 min at 4°C. The ce

buffer, pH7.4 by pipetting yp, af \ i }uspensmn was disrupted by French

pellet was collected and resuspended in 1x PBS

was centrifuged at 12,000 x g

for 15 min at 4°C to-eelle '-' usmn bodies were wash one
time with 20 mM P_HQSEE +/. Mal ritonX-100 following with

times with distilledgatgl agh ahd ,_‘,a (FER( 204 MM .~ phate buffer, pH7.4, 8 M

urea and contaipifig 20fmMl imidazdle);! ively \Bbe d@natured protein solution
’W} 'ﬂ 1 L
was loaded into théf PD (9&0 n-at.

DW. “column -. pvashodfwith binding buffer to remove

\
ragllge. The flow through was

collected by a gravity f

unbound proteins. Affer f-'c.r : the-pre eluted with an elution buffer (20

mM phosphate buffer, p ﬂ' imidazole). The presence and

purity of the ur1f e PAGE., The imidazole was
removed byLdialysis-for at least 10-h-at 4°C-against 50-mM phdéphate buffer pH12

twice. t .l.

lll
2.8.5 Protein analysis

UEINOYTI WA §'°"f“:

A discontinuous system of SDS-PAGE was u
solutlons were prepared as show‘ in the Appendicg@gpAfter the glass platgs @

q W‘Iﬁ ATERTINYIRY

water was careful layered over the top of the separation gel solution to ensure that a
flat surface of gel be obtained. When the polymerization was comiplete, water was

poured off. The stacking gel solution was prepared, mixed thoroughly and poured on
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top of the separating gel. A comb was placed in position with excess gel solution
overflowing the front glass plate. After the stacking gel was polymerized, the comb

was removed and the wells wer r

d with distilled water to remove excess
unpolymerized acrylamide.
y resuspending the proteins in

1x sample buffer (12 #0.4% SDS, 2.88 mM 0.02%

bromophenol blue, !_:mg.rc e 4 ¢ then boiled for 10 min and
either held at room tem G e untiMaaded mnto the gel.

he prestained protein
nducted in 1% running
buffer (25 : 0 % (w/v) SDS) at a constant
current of 20 ached the bottom of the
separating gel.

l‘ &b 7-' staining solution (0.1%

W \
(w/v) Coomassie b R0 "' ! v ichaeid, 45% (v/v) methanol) at
room temperature with@entle skl T -1-’1“ immetSgd 1n destaining solution (10%
(v/v) acetic acid, 10% ( ;’::{'.:“?"; batéd at room temperature with

agitation for 1-3 h. Destam

N

easured| cording to Bradford

gcd regularly to assist the removal of

stain.

method (Brad ord 1976) using bovine serum albumin (Fluka) as the standard

R GUITE (el e e

color One hundread microliters of diluted sample solution was mixed with

Bradford working buffer and leﬂf)r 2 min before gg@gabsorbance at 595 nffi ¥

IR RTINS

phosphoric acid), 3 ml 95% ethanol, 6 ml 85% phosphoric acid and 85 ml distilled

water.
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2.8.6 Immunoblotting analysis
For immunoblotting analysis, separated proteins on SDS-PAGE were
electrotransferred to a nitrocellulose

Tris-HCI pH 9.2, 39 mM glye 1 using Trans-Blot® SD (Bio-Rad)

rane in a transfer buffer containing 48 mM

(Figure 2.4) at 100 mAs 1 ; : d filter papers were soaked in
transfer buffer before thevawere e &\S-Bbt® SD. The filter paper
.} ——

was placed on platf 1 ' Iter paper, respectively as

the model shown in Ei . e Imeml B, cked by immersion in 5%
skimmed mil o saline \PHh %, Colitain 1990 05% Tween20 (PBS-
Tween buffer) Jeghtpire DVErnig oi aking, washed in PBS-

Tween buffer, the gd v hel, u (GE Healthcare)
(1:3000 diluti e RS4TWecu Tl at 37 °C for an hour.
After washing i | “ . jbody was amplified by
incubation witp#alkaliie fhhospl e raDhit Whti-mouse IgG (1:5000
dilution, Jackson lmihu: % ) 1 \"'- jan hour and after washing
(as above) the bound afitibod ydwas*detee color¥@evelopment using NBT/BCIP
(Fermentas) as subst Ate dis *;:.{..r n“1C s-HEI, 100 mM NaCl and 50 mM

MgCL pH 9.5.

2.9 Charac crization of recombinant prote '

l

Al
-

2.9.1 MT‘T
e molecular mass of the purified recombunt crustinPmS5 protein
was analyzed bﬂ' MEtsix Assisted Laser Blgforption-lonization Time of Flight

FUBINNT
ARTAIHARIINYIAY

bacteria, Escherichia coli 363, Salmonella thyphimurium, Klebsiella pneumoniae,
Enterobacter cloacae, and Erwinia carotovora; Gram-positive bacteria, Aerococcus

viridans, Micrococcus luteus, Bacillus megaterium, Staphylococcus aureus.
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Moreover, marine pathogenic organisms for shrimps were also considered including

V. harveyi 639.

ar igde platform mounted on 4

Antimig bi 173 cs a rmif@ion of minimum inhibitory
concentration (MIC) Values .......... _.:‘ By liquid growth inhibition assays as

previously described Jes ,.' mieux. et 2 ilen microliters of each diluted

peptide, 0@

titration pl*s Y
bacteria dilute@ culture or-b{ﬁ nutrient medium (1%
bactotryptone,"#.5% NaCl, pH 7.5) was used for standard ®etterial strains cultures.
For marine bacter‘ nns they were grown f§hsfaline peptone water (1.5% peptone,

cCo g to the’ IStll eas§e Iat|6 value was

recorded as the range between the wghest concentratlo the peptide where bag t ial

q mm ATRISNIIN m 8

_-‘-I in a sterile micro

*\groy th phase culture of




CHAPTER III
RESULTS

Six types 1P rustinPm?2, crustinPm3-4,
crustinPm5, crusti 1 t1n-l*Pm)ms-ﬂa'd from Penaeus monodon
EST database 7
found in the he

cDNAs were mainly
\L/moegliich was identified from
gill-epipodite cD i 1\-_‘ :‘,,n full-length ¢cDNA of
crustinPm5 i r- g fia] O : in length encoding a
uence

using the signalP

% . . .
19 amifo acids, resulting in a
\ b

program rev:

150 residue ma id with 4 scalcul m w"a\l aryass of 15.8 kDa and a
predicted pl of 7.82. 4% ;r ';_ seque ‘-L"".,I crustinPm5 showed typical
characters of the i 2 . mith et .\lln B) that contain a long gly-
rich domain adjacent i thezSigna r_? 0 wed by a cys-rich region and a C-

terminus whey acidic protel_ , and exhibited 38% and 37% overall
sequence identity wi b '-'f al., 2008) and crustin-likePm
(Amparyu{A hent ysing the ClustalX

program (Tho .

and the Cys-m re a me conserved carboxyl
terminus containg eight cysteine residues which form a fc sor disulfide core (4DSC)
or a WAP doman‘“e 3.1B). However, tHWAP domain of each crustin isoform

AUHINLNINGNT =

constrcted using the boostrapped‘lelghbour-Jo1n1ng method to compare the

9 mmmmmw NEINY

crustins are grouped with other shrimp Typell crustin but can be separated into 4

different subgroups. The first subgroup consists of crustinPm1 and crustinPm?2. The
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second one consists of crustinPm3-4 and crustinPm6. The third and the last one

consist of crustinPm5 and crustin-likePm (crustinPm?7).

(A)

ATGCGAGTGGCGGGATATGREEHR | CETGGCTGTCACCGATCGCEACAS
; # v » v T D G Q
CTGRAACGGETCTCATCAGT

Y I G F — 0 it } % N & L T S
GGAGGGGETTTCECAGEhEEE A TTC@AGGCCAK@E@‘?@F TCCCAGGCCAGGGA
G 6 & ETE_E FaP G G%FPGQG
GGCCATTT

“M‘a"!n‘n BEALCTATCCAGGCCRA
G H F P _G=gl =

@.\N‘ 4 O
FH'EN'IPG,,U

GGEARGCTGCALINFT T G S G .‘ * ] ( "«.‘ ETECTGTGACCGEGEEC
¢ s [Tk | ‘*\H Crc]D R G
AACRACCAGGGEIFAGGHA NS \ A G CCCCGCTGTGCGG

N N Qi - W F IR R
caceTctecccelGAcs ee-1TOT ' %Ok O TG TGCGCCCACGACGGT
o v ClL.gFo gt FIF : ; A K] 2 2006
cacTcCTACHE CTChAgFAGE ; AR EA T30 TC SRl A CACGTGTGC
o LY . = G®E H V
DAGCCCGCTACHBCT % S T2l | \

K 2 Aj - .

(B)

crustinPmb A VAL 1#) CCLVDSINGT. T SCEGF PGEHF POQEG-HFPGQ
Crus-likePm MLK' SRR FLGGLGVPGGEVPGVGEGEGFLPG-
crustinPml / ML ===DPEEFPEGEERP-~-GG=-=-FPG~-
*_kkk ok Rk k%

crustinPms P0G £ NYF G- E: QYYCCDRGNNQGQGNYPG
Crus-likePm C LLPG e T\F'GF*":F';

Figure 3.1 (A) ?cleotlde and deduced a no acid sequences of crustinPmS5. An

U N EmﬁWEmﬂﬁ?iﬁ?

boxes (B) Multiple ahgnments of deduced amino acid sequences of

rustinPm1, 5 and crus-likePm w erformed usinghe Clustal X progra

LRI AR NEARE

An asterisk indicates amino acid identity, and (.) and (:) indicate amino acid

similarity.
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Figure 3. Phylogenetffec of WAP domain sequences. The number at the nodes corresponds to bootstrap proportions. Ly, Li topenaeus
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pelagicus; Cin, Carcinus maenas, Pt, Portunus trituberculatus; Pe, Paralithodes camtschaticus, Fb, Farfantepenaeus brasiliensis
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3.2 Organization of crustinPmS5 gene
3.2.1 Determination of introns and exons of crustinPmS5 gene
To determine introns and exons within the ORF of crustinPmS5 gene,
the genomic DNA was amplified using gene specific primers, GSP-crus5F and GSP-
crusSR (Table 2.1), designed from the

3'4jend of the crustinPm5 ORF. The 773
bp PCR fragment was acquire dh s¢ %i re 3.3). The genomic sequence
was then analyzed by cowjpai 0, the )j/:? . The result revealed that

75, 24éand 7 : 7 g o introns (148 and 116
NI \ﬁ

- amphﬁed from

Lane M: eRuler™ 1 kb DNA Ladders (Fermentas) J‘L

AUETHERTHEART
ARIANTAUNNIINYAY
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The genome walking technique was used to identify further into the
untranslated region of crustinPm5. Two gene specific primers, GSP2 and GSP3
(Table 2.1), designed from the first exon of the ORF region (Figure 3.7) were used to
amplify the four genomic libraries (Dral, EcoRV, Pvull and Stul libraries). Four PCR

fragments were obtained from the se . P R using GSP2 primer. As shown in
Figure 3.4, the PCR productsaL 40 850 bp were amplified from
60

loned and sequenced. The

from EcoRV library

bp) inserted between the

contained four exo ed by three introns
(606, 148 and 116 b with the canonical
GT/AG splicing i ach The 5-UTR was
located in the first e 2 :"H ad exon, whereas the
protein-coding regién ingidige sto i ; " s bhe remaining exons

(Figure 3.8). Interesti g-stre - urek dinticleotide (CT) repeats,
(CT);5 and (CT)a, amo " and £ “l i gion were found in the first
intron, but the degree ymerphism  o: bmpound microsatellite region
remains to be established. :

L)

3.2.2 F . —
ol

A= &

s rﬁ%‘l‘l sequence was
'{% crustinPm5 gene-

specific primers, GSP?I and GSP2-2 were d651g from the known gene sequences

~FUE Ananswens.

and se dary PCR products of crustlanS were analyzed by agarose gel

electrophoresis (Figure 3.5). The secondary PCR o rlistin/m5 genome walky
q Iﬁdt ak‘& Ei mlliiﬂ%ﬁlhel’g IR')t%!!\ 1‘*&
ue by amplification

and subseq ntly sequenced. The genomiC sequence was confi

e
determined to locélldze the promoter and regulatory elements.

of the upstream region and the whole genomic segments. Analysis of the obtained

genomic provided information of the regulatory sequences as shown in Figure 3.6.
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bp M 1 2 3 4 5 6 7 8

HEL
00
LT
700

60D

S0
400
300

200

100

Lane 1\&% Ruler™ 100 by la _'J

: N
Lane 2: Tlﬁrima Iy LTJ'

Lane 3: Thegprimary PCR product from Pvull library
Lane 4: The prR product from Stigilibrary

usANRE N

e 7: The secondary PCR pr(?uct from Pyull 11brary

q RTETUARTING1Q Y
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1000
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S00
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300
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o
o

Figure 3.5 Agarose gel e ; -of'the and Secondary PCR product of
the second genome walking .of €fQ ; ‘ _ : plified from the four genomic
libraries. The p '

\

Lane M:

ch
Lane 1: Thﬂiimary PCRpr ibrary 'Lll

Lane 2: The pr‘mar PCR product from EcgRV library

me 5: The secondary PCR product from Dral library
Lane 6: The secondary PCR pr uct from EcoRV libr

RN AUHRII N Y
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The gene organization of P. monodon crustinPm5 gene starting from
the putative pre-mRNA start sites was predicted using the Neural Network Promoter
Prediction (Reese, 2001). The upstream sequence analysis revealed a putative core
promoter region at about 39 base pairs upstream (—39 region) from the putative

transcriptional start site. The 5 ups nces were analyzed for the putative

cis-regulatory elements by usifigNfl na1y51s program searching the

sequences against the TRANSIAS ~da et al., 1998) with the cut-
offs for both core and 13 il pstentlal binding sites of
important transcripW ncindifigatwosNF-kB, one complete

3.8).

M bp

B 2004
o 1500

104y

th ﬁ Agﬂﬁ@%hﬁﬁ pﬁ  oduct_of u tmiz/f
q w*m AIUUNIINLIA Y

(B) Lane M: GeneRuler™ 1 kb DNA Ladders (Fermentas)

Lane 1: The PCR product of whole genomic segment of crustinPmS5 gene
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BT AETAGTAATTCCAGGTCATCC

HSE
EICTTCRAGTTGCCTACTACT

GTGTGTGTGTGTGCGTGTG

-108 (T - : BT CRALGA RSP ECC GTATATTATGATTT

GATA-1
-1020 LTGCTTTTAGTCTTATCAC
-9 [ TGACTATGRATTTAR

NF-kB
-900 TGTALANGACGGCAGGGGA
AAGGGCTGGTCRCGARRR

promoter

-780 ACCTTAGGTCAGTATATATG

ACGTTCAGCRAACCAGgtaataa
factgtccagtcecoctettgecatetgte
-540 tattttcath at i SgtaTL e cgatgcgcagacatttaagatctaaa

¥ st I
tctgfctctctctctotete

EpTittttetgtgtetg

Jtctctctgtctttet

ttctttctcactctct

tttctctctctctc

Ctctctctgtcttt

-240 c tctcgatatgaatagattcttata taaatattggataagatatcaaatatttttcg

A Y IN Yﬁﬂéﬂ -3
AR ANNINURIINIA Y
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Continue

-60 tcaagctgtgtatatcagtaatggagaaagtgtaactcactgccctttctttttattagT

—> start exon2

1 ATGCGAGTGGCGGGATATHRIAE CGTGGCGTCCGTGGCTGTGACCGATGGACAG
M E V & . Gjl I v A 5 V A VvV T D G @
atggggccggtttgcaatgatggctecgtata

exon3

CRAAGGAGGRALATTTCCC
G Q G G N F
TGCAGGTCACCCGA
Y W ¢ R S P
intron3
jtgagatcaagcgtgt
Q
a8t cagccaaaccgaatgata
'1 exond
iy TATCCGGGRAGCARLE
G N ¥ P G S5 K
CGCTTCGGTGTCGGCCGT
R F G V G R
MCARATGCTGCTTCGAC
! H . N D K C C F D
721 RGA ] AR TG TR CALCGGCCGGTAG
i ] '\ YMY N G R *

Figure 3.8 The nucleotld RS gene showing the 5' upstream

genomic seqyence interrupte 8. ['he %= upstream and exon
sequences atc.shown in upper case and shade v : pecitvely. While intron
sequences defif how n by (+1) in exonl
and, starting fﬂnﬂn the trar Ntion S site™(arked by Iaﬂ.arrow). The putative

binding sequence otifs for transcription factors and promoter are underlined and

ﬁﬁ?ﬁ WW%'WH mne
ARIANIUNNING IR



59

3.3 Tissue distribution of crustinPmS transcripts in healthy P. monodon shrimp

3.3.1 Tissue and total RNA preparation

, heart, haemocyte, hepatopancreas,
were collected for total RNA
Nase-free DNase to remove the

ere 1.5 to 1.8 indicating
A was analyzed using

g revealed a predominant

L _ 5 in the hemocytes,
hepatopancreas, p d gan 0 ‘*‘*"ﬁ odlt 3 pd antennal glands of P.
monodon, RT-PCR Was 1 g“' B . & Primers, RT-crus5F and RT-
crus5R, designed 3 the On-COH :fg’- / to a I

"'-

m@n-specific amplification of

other isoforms of crugfin. Befa=actin. gene cd afjthe internal reference control
for standardization between P , ,
are 534 bp and 317 bp for CistinPim gcspectively. From these tissues,

ihg tissues including

#tcmplates. The sizes of PCR products

and eyestalk only,

-

and at ver

hemocytes (Flﬂ |'
ﬂLlEJ'mEmﬁWEI’]ﬂﬁ

QW’]Mﬂ’iﬂJﬁJW]'JVIFJ’]ﬂEJ
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bp M L ES G HC HP H 1 EP AN

VRN "w

a8 \ §
Figure 3.9 Total R)AS j lﬁedm 5 QIW. monodon tun on a 1.2%
formaldehyde agarOse g
V.
Lane M: RNA marker™ ==
Lane L: TotalRd \ fro

Lane

Lane H: T(aﬂ A from heart

ﬂmm;msw UINT

Lane AN: Total RNA ﬁrom.htennal gland

ammmmumwmaﬂ

" Total RNA from hepatopancreas
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crustinPm5

[-actin . - .
Figure 3.10 ExprgfSiongT ¢ ' 454 gmp Penaeus monodon by
1 fial control gene.

RT-PCR analysis. THC Bfctih gope Was

3.4 Relative éxpresgfon eﬁ@ ns, @ \H Pni1 and crustin-likePm
mRNA after heat’ eatment ﬂj s

The presence offa pytative-hea f element (HSE) within the 5’
ed from heat-shocked shrimp cDNA

at inducible. Thus, the mRNA

@msues by RT-PCR

upstream region of the crustinPm
library, suggested that 4

transcript @

following qL )

performed by tEans °C:io 5°C above (33+1°C)
[|

for 2 h and théﬂj;ack to 28+1°C for 6 h for recovery. Tota I A was isolated from

the nine tissues ﬁ normal shrimp an at induced shrimp. RT-PCR was

ﬁ"u HANENINYINT. "

elect horesis. From Figure 31 an induction of crustinPm5 gene transcript

wmﬂﬁszﬂwﬁwmﬁ@

treatment. However, the effect of heat on the expression of crustinPm5 gene in
eyestalk, gill and antennal gland was inconclusive (Figure 3.11).

In addition, we further investigated whether heat also affects the expression of
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the other two isoforms of P. monodon crustin, crustinPm1 and crustin-likePm using

gene specific primers, RT-cruslF and RT-crusIR for crustinPm1 and RT-crus7F and

21). RT-PCR images were analyzed using
dgintensity. RT-PCR analysis showed

b

st £ ,)/I}/ stinPm5 and crustin-likePm

transcripts in the epipid.'@m;;_' heat-treate@ about 2.7, 2.4 and 1.3 fold,
E E y

respectively, as w tratcd i kietre 3.52. -\

T T AT R e
o0 - . % “‘—*H". =

RT-crus7R for crustin-likePm (Talle
Genetools (SYNGENE) to %

significant up-regulatjo

crustinPrs
F g e R TR RR %

By A e - TR EEE e ] ‘-'III

h crustinPms
ST T LT -\I
— L acim

e .
.*,l

llepatop rea

oy

VG
= .

Tuiestine

18 RN 17

qRIANNT NYINY

Figure. 3.11 Tissue distribution analysis of crustinPm5 by RT-PCR analysis.

Comparison of crustinm5 mRNA 1n normai (control) and heat-induced shrimp (three

individuals each). Beta-actin was used as an internal control gene.
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(A)

B control

251
O heat-stress

Relative Expression

—

34 ?\ Chustin-likel’m

of cruStinitgene geat-i fuced hrimp P. monodon. The

Figure 3.12 Expfessio
crustin transcripts frog u'rf"r-FTv*'T'-Fﬁ@f i b were normalized against the
expression of B-actin (n—3) (he-expressic stinPmS was examined in epipodite

whereas the  expressiofi” of ~Crustinin -likePm_ was examined in

hemocytesk fferences at p<0.05, a £ sterisk.
3.5 Relative ﬂﬁ}ressw ustlnﬁﬂ and crustin-likePm
mRNA after sa 1n1ty changes |

Observmg h“ustlanS transcrlpt he-c 1i0d1te it was interesting to

NLE} of )' nﬂ w Ss1@n. i hﬁusthmS
tran t as well as those of the other two crustin isoforms was then examined. The

shr1mp following salinity 1nducedﬁress from 25 ppt low salinity (3 ppt)

ARIRNNIUA nIINAIEY

hypoosmotic stressed shrimp (3 ppt). RT-PCR was performed using gene specific

primer for the three crustin genes with PCR condition in Table 2.2 and PCR products
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were run on 1.2% agaorse gel electorphoresis. RT-PCR images were analyzed using
Genetools (SYNGENE) to determine DNA band intensity. Shrimp showed a
(A)

[

Relative Expression

(B)

Relative Expression

1 b
=

1

| I

Da

inFrel crustinfms crustin-like m
F ure Ve eXpression e ipodite of
AUH NI NEINS
ypmsmotlc) for 6 h, 24 h and 2 weeks prior to assay. The crustin transcripts were
analyzed by RT-PCR and normah‘d against the expygsgion of B-actin (n=3). §igh

RN I AT INHIRY

sigiificant up-regulated expiession level of crustinfmS, crustindml and crustin-

likePm mRNAs by 3.1, 5.5 and 3.2 fold, respectively, at 6 h after transfer from 25 ppt
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to 40 ppt (hyperosmotic stress) and returned to normal after 24 h (Figure 3.13B)
whereas no significantly change was observed when transfer to 3 ppt (hypoosmotic

stress) (Figure 3.13A).

' Nihature crustinPm5

Sillepipodite library was

amplified using t iglersy deSig 1_, ‘ ¢ - that amplified the
encoded maturg i ‘ iP5, The /i DNA sequence encoded
for 6 xHis and Nofl#ite & ! cluded _ f 2 \the primers (Table 2.1). The
PCR product was runf@n 1.20bh42garo: ; elect orsis to isolate the specific

fragment of 491 bp# Thalj ‘f”’:’; CR and expression vector pET-19b
digested with Xhol and N Ok i

3.14A) ancLﬁce the

acgarose gel electrophoresis (Figure

1 mixture
? tec nique w. used for
screﬂng of the desired recombinant expressmn plasmid. The plasmid was extracted
from the positive colony and dlﬁted with Xhol apgdsdyotl (Figure 3.14B) Bgfo

ARIRARNINU. 3tRINERY

transformed into an expression-strain E. coli, E. coli BL21 (DE3). The colony PCR

technique indicated that the positive clones posses crustintmS fragment as expected

(Figure 3.14C).
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(A)

bp

GO0
SiHMIbp

] 491hp

A1 hp

Figure 3.14 Aga
digested with Xhol aih The

8 4o f c pPag® fragment and pET-19b
on a 1.2% agarose gel (A).

el

Agarose gel electrophoresi ‘.‘:-...--..-...,--» pEcSsion plasmid (rerustinPm5 plasmid)

digested with Xhol and Noi dfs-'?;;r 't ' creening of E£. coli BL21 (DE3)

containg tl—g ol 20y Q

al

|

)L rs.('ﬁermentas)
Lane 1: Purified crustinPm5 digested w1thM01 and Notl
ﬁ Purified pET-19b dwd with X%ol and Notl

AUBINHNINEINT..

Lane 2: pET- 19b lasmid digested with XAol and Notl

ol a@ﬂ*‘fiﬁwﬁﬁmwa ¢)

with pET-19b

Lane 2-4: PCR product of E. coli BL21 (DE3) clone transformed

with the recombinant plasmid (rcrustinPmS5 plasmid)
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3.6.3 Expression of recombinant clone
The transformant was cultured in LB medium containing 100 pg/ml

ampicillin, at 37°C for overnigh

starter was inoculated in LB medium

containing 100 pg/ml ampigill mber of cells. Then, the IPTG was

added for the over-ex rcrustinPm5 was expressed as
an inclusion fusion bout_17 KD#Zaswshe®n in Figure 3.15A. Since
rcrustinPmS5 contaW C lesse the inclusion bodies, it was
purified with the nic in. ‘ dengguring condition. The inclusion

ag 20 mM 1midazole
aickel-NTA column and

the column was ing hq " ified recombinant protein,
rcrustinPmS  prgftin, ghas —, C containing 100 mM
imidazole (elution Juffeff). Fheprote 7 Suirihle '“-.‘i ~~ action, inclusion fraction

; \‘ : 1 S@lfate-polyacrylamide gel
electrophoresis (SD§-PA : v \ i nt of rcrustinPm5 dimer
(about 34 kDa) could b 8¢ «. L for ine-Ti¢
e ider .f-f,‘s‘!'

- ELULL Y U g D .

and purified fragffon, Werefnaly

proteins. Western blot analysis

l
L]
%

Blv

was used to confirm ause the recombinant protein

contained 6xHis-tag, a mo e anti-His, was used as a primary

antibody. The bo alkaline phosphatase-

d by
conjugatedirabbit—anti-mouse oG —and detected—by—ecolotustric method using
NBT/BCIP asSubs ._ pwved two bands of 17
kDa and 34 k[ﬁ; The purified*pre dialyzed againsti 0 mM phosphate buffer

pHI12. The recomb ant protein was identified using MALDI-TOF mass spectrometry

g ﬁrﬁeﬁ‘ﬁ e \lnlir
9 ANNTUNRIINYINY
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(A)

Figure 3.15 The €xpregfion ag T fica pf the ¥8gonibinant crustinPm5 protein.
SDS-15% (w/v) PA '

(DE3) host cells contammJg i
- .ﬂ"’{ ':::'!_{‘

reSSed proteins in E. coli BL21
gluble fraction, inclusion fraction and
the purified_ rcrustis nal}f‘ of the expressed

rerustinPmé&pro

—
n
.

(A) Lane: |
Lane SF The soluble fraction of rcrustinPm5 expression

“ 1nclu310n fraction oMstlanS expression

AUHIRBAINEINT

Lane P: The purified rcﬁstlanS proteln

QW’]Mﬂ'ﬁﬂlﬂJ‘lﬂ’]’mmﬂﬂ
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Figure 3.16 MA #6n of the molecular weight

of the rcrustinPm5.

3.7 Antimicrobial activiffof ;‘_E' tﬁﬂ
The afigi

strains of ﬁ

growth inhibities a

against S. aurgy$ (MIC value of 0.78-1.56 uM) and had a‘ﬁw

haemolyticus (MI‘V e of 12.5-25 uM) a . luteus (MIC value of 25-50 uM).

futinaningang.
IR TN ING 1Y

éro ein against several

nd to be highly active

er activity against S.



70

Table 3.1 Concentration range 1an5 against various strains of

fle

Klebsiella pneumoniag >100

Salmo@

Erwinia cci ovora

Vibrio harvey#ﬁ.? 9 >100
_ =N

h tested at
wh
growth inhibition.

QW’]Mﬂ'ﬁﬂlﬂJ‘lﬂ’]’mmﬂﬂ

e lowest concentration that causes 100%

1gh gnicroorganisms are growing and



CHAPTER IV
DISCUSSION

the shrimp produga I it with &% LI CSPONC ing increase in scientific
knowledge of shri i in\this ffeld, * Sfimp immunology is a key
element in es i 3 Ol Shrimp aquaculture.

Ps) @mponents of the innate
immune syst ‘ g , . | * :-.'M \ teri proteins containing a
four-disulphide | dic protein | AP, domain, and are found
. \%'"g\ stins have been reported in

rgas-Albores et al., 2004),

Litopenaeus van limei Bartl .i!'.._— 02)

Litopenaeus setiferus, -c-,.éq, t-ot-al., 2( Reacu monodon (Supungul et al.,
2004), Marsupenaeus japo , 15 (R .s 'al., 2004), Fenneropenaeus chinensis

(Zhang et al., 2007 Pq 'f?: 7, al, 2004), Homarus gammarus

(Hauton e@ ;

leniusculus“

cDNA sequen—i'.' rev ofoﬁ
abundantly expfessed in hemocytes and two isoforms*have previously been

characterized (Alﬁw et al, 2008; Supufigll et al, 2008). In their study, the

E. € 1oR’ system. J ifant"¥Protéin ited anfimicro lactivity

againSt Gram-positive bacteria bw crustin-like Pm also displayed act1v1ty

AWTANA IS #IINYINY

because of its difference in tissue-specific expression and variation in WAP domain.

and Pacifastacus
¢j analysis of crustin

several of which are

Unlike the other two isoforms (crustinPml and crustin-likePm), crustinPm5 was

identified from the gill-epipodite of heat-induced shrimp and not hemocytes. The
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predicted amino acid sequence of crustinPm5 revealed that it has characteristics of the
Type II crustins, as described by Smith et al. (2008). Specifically, crustinPm5 is

predicted to contain a signal peptidega fy—rlch region, a Cys-rich region and a WAP

s been described in proteins with

!I -
)‘/’f)ﬂﬁmrotemase and antimicrobial
-

far no proteinase inhibitory

categorized ! TRLER “dniibatetial and antiproteinase

activities (Ampa

similarity (~57% t suggesting that they
might possess diffi
Tissue i is ‘rey e 1€ H,' feristic of crustinPmS5 in

that, whilst most crysti SN cl. be constit 1y e \”-. ed in hemocytes (Smith et
al., 2008), no detectab cS | oL & 1N Oftran cript was observed in this
tissue. Rather constiffiti :-', tr 7 exprassion was only found in the
e most tissues after heat shock. The
ccordance with the
presence a- likely heat-shock el (HSE) in the 5" 1 : am region of the
crustinPm5 'soh 1é. _

— |
Most cml tins reported=se peerrtound mai l in the hemocytes but

with transcript ex ession levels that were also observed in the intestine, gills and

from the
sp o‘ﬁ nd ﬁjﬁrab Uca
pugq)r Bosc. (Decapoda Ocypodldae) have been found to be expressed in

regenerating epithelial tissue m‘ the olfactory orgam, and regenerating @ligib

RIRN IR REIRY

crustinPm5 in the epipodite is quite distinct. Moreover, it was found that the

expression of crustin/mS as well as the other two crustin isoforims transcripts in
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shrimp epipodite was up-regulated in the epipodite of P. monodon upon hyperosmotic
stress (transfer from 25 ppt to 40 ppt).

Epipodites of crustaceans a

in osmoLcgle n (Flik et al., 2000; Cieluch et al.,
2004). The synthesis of .crBstulRum$, in thi &nductmn upon salinity stress

own to play an important role in ionic

‘AMPs in the crustin family.
— p

n the crab, C. maenas, was

affected by temperatus ing ["mijght be mmvolved in processes to

maintain ho i i g anjary a‘er crivarenmental stresses, such

technique was 38 G ences from a known

genomic crustinPmS5 gene

\

was also perfog 0 16 o i ,;f-. : Stlies™lin the genome walking

technique, the four' f : C Of shri 3 - [A were constructed and used
. 3 A

for the nested PCR singthe: ger ific priners. Genomic DNA sequence

analysis revealed th ; jodeMby four exons interrupted by
three introns, in contrast to cruSHEFlKeP eihiat contains only two exons and one
intron (A paryup g 2008, The dat ated that the two isoforms
of P. mon rustins are encoded by d ones-and-the 4s3form diversity is not
derived from.4 iite Mldofnoted that introns 2
and 3 of the crriir inPm5 ge

|
e coding f quence of exons 3 and

4, whereas the co ng sequence of the crustin-likePm gene 1s contained within one

nd.thys f mterrupteddntron(s) on
thﬁ gse en 'ﬂ 1 oﬁ\ﬁ;ﬁne gxpression.
Pre\ﬂlsly, the carcinin gene has been reported to compose of three exons and four

introns (Brockton et al., 2007).

q Wﬂlﬁtﬁrﬂtﬁfﬂ HRIINHIRY

By sequence searching against the TRANSFAC regulatory sequence database, the 5’
upsticaimn sequence of crustinmS was marked with a variety of putative cis-

regulatory elements. The cis-regulatory elements, known to be involved in immune
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response and/or regulate the expression of antimicrobial peptides including nuclear
factor (NF)-kappaB, GATA and heat-shock element (HSE), were particularly

interesting as they were identified 1 t e ppstream regions of the P. monodon crustin

)/// ter region of any heat-shock

r related stress stimulation,

genes. _
HSEs are .4;
protein regulated gem

activated heat-shock 1 i - g to the rapid initiation of

: g pathway and defense
system (Anderso 4 sed tesinduce " timicrobial peptide in
mammals, amphibi (E dgstrom, e et al., 2001; Tsutsumi-Ishii
; ¢ ) . Yaui F-xB was previously
identified in the U rUStin: ﬁ """.&_1 anti-lipopolysaccharide
] | isly reported that their
transcription level ' _ ': by-V.~h@'veyi el a\“. e (Amparyup et al., 2008;
. 4 stin '-.k ¢S5 gene has a potential to be a
LPS inducible gene. |

GATA factor bindi }; ¢ d to be involved in the interactions

with NF-«kB-franscziptiol tor in fat b SXpic i(fp insects (Senger et

al., 2006).% ATA site is re orthe-activity-of panaeidin 2 promoter of

Litopenaeui wekputative GATA sites
gﬂ |i‘

were also founm the ALFge ‘ ||

Both potenral GATA factor and NF-xB binding sites, but not a HSE, were

ifigd et 1. ) rdance to
th SE gﬁ cru 1 ﬁ ene (1.3
as observed as compared to those of crustinPm5 (2.4) and crustinPm1 (2.7)

The h1ghest up-regulation of crustld’ml transcript by ligat induction suggests tliagit

q mg\‘lﬂfﬁ MARIINHIR EJ

The crustinPm5 was over-produced using the E. coli expression system. This
systeinn was chosen because it is easy to manipulate and provides a high protein

production in a few days. Although E. coli lacks posttranslational modification such
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as glycosylation or digestion of signal peptide, this experiment expressed just mature
peptide without signal peptide and the crustinPm5 contains no a putative
glycosylation site. The recombinangpgotein of crustinPm1 and crustin-likePm were

successfully expressed usi regsion system and exhibited the

antimicrobial activity (AuparyMp & l. faul ct al., 2008).
The rcrustin® : > Fy T-19b expression vector.

region, DNA sequence cn€0dinSAor 6 X His, mectly added after start codon of

gene specific p afiCr (0 decreh e eXcess cid flles between His-tag and
the rcrustinPm5. Jifc repfistifiAmg pret@in Wal RaSthe inclusion form so it
was purified undeggfeng g’ ‘gonditior lusion-body protein may

of ng

contain a mixtug fide chains themselves are

usually complete agl ingfict nmct . ",1 S from inclusion bodies can

offer certain ady#htaggs, silfice t ,:, r _ ' callily™ pparated from other cell

u',r
components (Marst N 6)271 ¥ 150 at in‘a%elatively pure state.

Antimicrobial afSays aga :ﬁ‘v ; strains§of Dacteria revealed that the
recombinant crustinPm5 d ‘T‘E’r‘;@‘!’:’ ht dCectable activity against some
Gram-positive bacteria. Th [inding is in ssaccordance with the previous reports

‘_,.p-? i) '

that most crystins, cinin /0 Relf ct al., 1999), the crustin-
likeFcl pr@ - of F. chinensis (Zhang ak-200-erustingnll from P. monodon

(Supungul Sealy? Mg# (Imjongjirak et al.,
=

d not Gram-negative

2009), exhibitli” ctericidal™ae Gra -pos1t1ve_1
bacteria. The curr t clear exception is that of the crustm—hker product which also
ed.activ tiye al. owever,
thﬁu ﬁﬁaw ﬁ wspe eﬂz gﬁ;dﬂ %H amongst
dif; vt strains of the same broad species, and effectiveness for killing or preventing

the growth of the bacteria, whlcl‘may be due to sggmence variation in thofl#A

ARIANNIM IRTINHIRY

, 1996), are synthesized and stored in the granular hemocytes and released by
exocytosis upoin miciobial invasion. Surprisingly, crustinfm5 transcripts were found

to be mainly expressed in the epipodite of P. monodon whilst the expression in
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hemocytes, as well as other tissues, was only found to be induced after heat induction.
Generally, antimicrobial molecules are widely distributed in cells of the immune

system such as leukocytes/hemocy; d in the tissues that encounter bacterial

A direct antimjczobial agtion i ion of AMPs. However, there
are some reports thatsheyged™t! e 3 ive L0 Ps. The expression of two

Type I crustins in re 04; Durica et al., 20006) is

suggestive of a possib Cyusti eCoOvgsy, from trauma or response to
physiological efence factors. For the

reason that this against a few Gram-

immune responsesgdr tigh atage ar Arolate W 8tresses following bacterial

pathogen infecion. oy AGk SVideney that several cationic

antimicrobial peptid@s h c d the immunity and having an

r

impact on infectins and inflanmation et al#2006), whilst any role in viral

immunity remains unéfear.#, .:", - ‘Q&

J‘|I"

a"/i.—'

ﬂﬂﬂ?ﬂ&lﬂﬁﬂﬂ’]ﬂi
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CHAPTER V
CONCLUSIONS

NA library of heat-induced

shrimp. The full-lergéh _ 1 &iaed open reading frame of

510 bp in length enc peptide ofw containing a 19 amino
acid signal peptide and H,_zj-"'" Stotei ,
The g \’ ¢ons separated by three

introns. The putagi¥c ppdmgtef as=identt 99, Dagewpairs upstream. Several
putative cis-regulatQt clé

(

% and complete heat-shock

regulatory elemg quences of crustinPm5

gene. \
The crushP tr s.crlpt v et Sxpre ed in the epipodite and
.' ".Ifﬁ Ii .I'!._ . .
eyestalk. The tran t1 | 16 / 'l. piegulated in lymphoid organ,
hemocytes, hepatopangfeas andieep DO pf -'\' freated shrimp. In addition,

crustinPm1 and crus#n-lil ,ii":‘ ANSCT P Is were increased in epipodite of

heat-treated shrimp. Moreo -“--“"“::" hesthree crustin isoforms were induced

Jﬂi“'

.—-""L'

upon hyperosmotic.s 7

AT ?._.__:;___._..______.______ﬂ btluced in the E. coli
system. Tht v , o molecular mass of
16605.038 DaH| he recomboy

aureus, S. haemolyticus and M. luteus, representatives of Gram-positive bacteria but

d‘ﬁﬂﬁﬁ%ﬂ%’ﬁmm
ARIANIUNNING IR

1mlcr0b effect against the S.
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1. Preparation for SDS-PAGE electrophoresis
Stock reagents
30 % Acrylamide, 0.8% bis-ac
Acrylamide 29.2 g
N,N’-methyle

ide, 100 ml

Adjust volu
1.5M Tﬁs-HE;! Ew
Tris (hydroxym. ~athit

water.
2.0 M Tris-HCLg
Tris (hyd#ox

100 ml with distilled

olithe to 100 ml with distilled

Adjust pH
water. '
/ | ;_fE-
0.5M Trls-H I'.I' 1 "TF':
Tris (hydrxym yl)-amine e icind
Adjust pH t0#6.8 withélé {"E" 'i ; S me to 100 ml with distilled
water. 7T :
. ’,.z;, W

1.0 M Txis-H
Adjustdpl OO0 ml with distilled
water. ﬁr

Solution B (SDS PAGE)

?%ﬁwiwanns

“Dlstl led water 21 ml
Solution C (SDS PAGE)

AR AATRINNIINaY

Distilled water 46 ml 118
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SDS-PAGE
15 % Seperating gel

30 % Acrylamideml solution 1

Solution B 2.5 ml \ ’/
Distilled Wa& //

10% (NH4)
O

TEMED 10
5.0 % Stacklng ‘ge '

1 M Tris-HG J 1630
50% Glyce rolS ml
10% SDS 2.0l

2- MercaptoethanoL >-mi- ;
o L _‘::'y-

1 %.Bromop

e. The mixture was

e
heated 5 min. im oiling w

Electrophore s buffer, 1 litre

| ﬁ%&lﬁmwmm

Gycme 440 ¢g
SDS 1.0g

R AT ANEIRE
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ll-epipodite cOMA librasy of the tiger shrmmp,
frame (ORF) of 510 bp encoding a 16% aming
d 8% and 37E overall sequence identity with
B Crusdin saloems previcasby reported. The eruestanPhS
dhilsd the URSETESM SEUENGE CONEAIRS A puEEarive

Keywords i ¥ KL ., 1 il b o plite heat-shock reubatory element (HSE ) and five
Pnavas mnnsi i . P il e S wene primraaly abasrved in the epipodios and
Crustin sAut e el T T pealed (M the ranseript levels of crestinPms, crostinPmi
Astimicrobisl pepride " L) p pag breatment amed hyperosmotic salinty shress. The
SITeN FEEpOnE iy IO M vt sl G ra - positive bacteria in virre, bus did noo

=Dl i 1 These results, together with the manscripl cxpression

A al & '. cing e crustin Famnily particularly cnustin®mS el might

gl iion o IR aceTial action
© 200% Ebsevier Inc. All rights reserved

1. Introduction enice and the WAP domain (Smith er al, 3008 ). Type | crustins are

_ i juned in crabs, lobsters and crayfish, whilst Type I and [

Crustine are cysteine- l'lfh i ar guiindy present in shrimps, Despite the reports of several

whey acidic a fewi gpmdics have described their antimécrolial

Isalated frgm mog it bactenoudal or bacterstatic activity

Foumd 1o b et goe bacteria (Rell er al, 1999; Thang
1996: Relf o labig idic ki i--"‘-"———-""‘-"-—"-—""ﬁf

expressed I* i monodan, different isoforms of Type
homologs of nu homology screening the sequences of
shrinps, crabs, c -'§|.||'||||W|:I et al, 2004; Tossanakajon et al.
(00810, All ki ! s 50 found, crustimPr 1 and crustin-fikePm,
terminus and a 'y domain at the carboner 2 1 Int proteins in Escherichio coff and characer-
domain generally of 50 aming acid residues 1.\'|Hl ll;qhi ed for their antimicro rties {Amparyup et al, 20080; Supungul
cysteine residues al defined positions, They form four itracellular etal., 2008}, CrusinPm | displays antimicrobial activity against only Gram
disulfide bonds creati tightly packed structure [Gribtter et al, ﬂ:hﬂﬂ(‘l‘lﬂw}um crustin-likePm inhibits the growth of both Gram-

'“3"';- desaribed on | 1§|Fﬂl“ﬂl‘h“'f core (405C). and Gram-negative bacteria, including Vibrio harveyd, a shrimgp
Jyll h
ﬂ,% I

la undgue Bofonm
; gl“ epipodine dDMA
lstinPms ks mainly

Jar | in the hemocytes

e ! : 1) oy heat shock and

lyperoamobic sabinity stresses '.I'I1r pemic stmcture and transcnplion

rresponding author, Tel: +86 2 288 5403 fax- +66.2 113 regulation of crustinPmS were irvestigatiecl, The neo r||||h|n.1n|: crustinmS
E-masil addnegs: anchabes kichla acth (A Tastanakajon olein was w and Further characterzed

TUNRINIAY
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2. Materials and methods i 50 pl. reaction containing one unit Advantage 2 Polymerase Mix
(Clonetech), 1 Mdvantage 2 bulfer, 200 mM each dNTT, 0.2 mM each

2.1, Anirmals and semple preparation primer with an initial denaturation step at 94 °C for 2 min, Followed byt

30 cycles at B4 “C lor 300 s, 55 °C for 30 & and 72 °C for 3 min. The expected
fragment was cloned into the pCEM-T easy vector and sequenced,
o_determine 5 upsiream sequence, the B GenomeWalker™

i

Juvenile B monoden shrimp of about 20 g wet
o local farms aned were used fior tissue 5

and a salinity of 15 ppt Madl for one week
Shrimyp tissves (eyestalk, antennal gam
organ, hepatopancreas, intesting .mﬂ

Trozen in liguid nitrogen, Hemooy™

after isolation by centrifugationa
pellet was resuspended im
| Maolecular Research Center, USA

gl ction, Brielly, genomic DNA was separately digested with

R cyes, EcoRV, Dral, Pvall and Sl for the constrsction
| libearies. The genomic fragments from each pool
adapl:ut provided in the kit Primary PCR was
grimer and the gene specific primer, GSM [Tabie 1)
DMA libraries as templates. The amplifications
{0 pil. reaction containing one wnit .Muam.w:' 2

The samples wene homis " L K ) an a1 I p. The P('F‘. was finally pc-l)'rrm'i zed at 67 °C
RMA was extracted a i Wiy 1T tested POR was then performed upon the
then incubated with RNase - jne ! K smplates using the A2 primer and the nested
contaminating gemomic 4 lone sl L. 18 g abile 1), The cycling conditions wene as
cDMA using oligoe | ’ : pf 84 *C for 25 5, 72 *C for 3 min, 20 cyches
scriplase System kit TRromega, USSR acoogfing 30 Ly 1 i L =, T incl the final polymerization step was at
progocnl, The synthesized cONgIFAs sogift aglF 3 ; T R PCR procucts wene cloned into the pGEM-T

f L itly sequenced. The whobe fragment of

by PCR using CMF and CME primers

vy onedd and sequenced in both directons.

Genomic DNA was prepa grand transcription start site of crustinPm5 wane

phenol-chloroform based mst ! ' qetwork promoter prediction (hitp:/ /e

e al, 1998), The DA " 1 | | i faF A, erhrml) (Resse, 2000 L Transcriprion facor

B by Transcription Element Seanch Softwane
W bil.upennedu/tess) (Schug, 2003),

2.3, Genomic DNA isofarigy

24, Characterization of genontie’

CTEHAPS gene expression and |'_||Jr1lf|rrlr|'m|

[ : \ ;
The sequence of the crustinfnS gellwas ob f & PR e cONARE noe of crustinPm5 (accession no. FI3E0049) was

stralegy using gevamic DNA as a p the gt g i t mondon EST database (hetpe)' / prmonodonbiobec.or
primers (Table 1), designed from tF non-rofilidabngi i e DA DRF coMsponding 1o the mature protein was amplified and
{EST) NIJI\.IIIJI11|1|I|"||I [ream the st fostoge oo SRk R svasting Tl il the £ colf expression vecton, pET1Sh, The PCR amplehcation
Approximately 20 ng of template DNA was used (o7 [TieSeRes s et & performed using the crusF primer which intreduced an Neol sive and

’f" " ':, ‘j‘ gr at the aming terminus, and the crusH primer, which

| site (Table 1), as described previously (Supungul

':qt:n Pk v gurified PiReproduct was restiction digested and
e ¢ O Var i it " 3 v

E ] ool and Xhol sites. The recemlbsnan
[— y o et i el 112 straim BLZ1(DE3) and the

W0 g for 15 min and resuspended in

,., by induwction with 1 mM IPTG. Cells
B5; 137 mM Madl, 2.7 mM KCL 10 mdM

FulllF

Fulll® jline cell suspenaion was disrupied by French

B s [ Jorgeinsg L 1995 ). The cell lysate was centrifuged at

G5F1 H 12,000 & for 15 min at 4 "0 lect the inclusion bodies which were then
Wy il . dreer £ q . "

e CACGEACGOCACGCCCACTACTACATA i L solubilized in denaturing =®on (20 mM phosphate buffer, pH 74, 8 M

study urea, IS M MNaCl and 20 mM imidazol]. and the recombinant crustinPms

GMF J.‘r[ﬂ.\:_.l.T.\{(El’c‘cn The cufrent 'm‘:l probein was purified iy Ni-NTA agarose winder dematur-
) i ion containing 100 mM

L 0 mi phosphate
i L o v} PAGE gel and
O 5 ahyred prodein was
ETormSF ¥ 1]

ETorush COAGCATTTGTCGTTTGAGE FiROn4c

LS CTGCTOLGAG TCAAGL TATG COTRO0G0 5

bl il gaing 26, Western blor analysis

FlonolikeF  GOGLOTGCTTAATGCTCTACTRACATGTT EFBSAELE ﬁ.‘ﬂ- u
E:r.;muhkpl Tmcmmcwmu ETGS455E Western b is was used o confirm the & jon of
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transfermed onto a ndtrocellulose membrane in a semidry elecorophoretic extracted from hemocyte, hepatopancreas, lympheid organ, gills,
transfer cell (Trans-biot S0, Bio-Rad ) a1 10V for 30 min. The membrane intestine, heart, epipadite, eyestalk and antennal gland using the TRI
wils probed with mouse anti-His antibodies [GE Healthcare ) followed by REAGENT™ [MRC) according to the manufacturer's instructions, Semi-
the alkalme=phosphatase conqugated rabhil anti=mounse J T guantitative FCR was performed (o determine the level of crustinPmS
binant protein was visualized x5 a purple band wi using the gene specific primers, RTorusSF and RTorusSE, which
detectinn using NET/BCIP, The molecular wei signed using the SECentral computer program (Scientific &
wits determined by mass spectrometnic analys nal Seftware, Durham. NC, USA] (Table 1), Beta-actin was
s internal reference control for cDNA levels and was
» gene specific primers, actinF and actink {Table 1)

27, Antimicrobinl octivity assay

The spectrum of antimicrobs ntaining 10 mM Tris-HCL pH 8.8, 50 mM
by sereening against the Gramsp gl Triven X-100, 2.5 mM MaCly, 0.2 mM of each
Bacills megaberium, Microo - r pecific primers and 1.5 unit of DyMazymeTM 11
and Stophyvlpoocrus oureus; and e Qe Dagteria; Enigrobar- ks s yme, Finnland ), The reaction was predena-
lier duuuu' Enl.'rlmr CTT ; 3 Py 9, Kbt N L ing by 30 cycles urdr.'nal:urin:.: al 94 'C

;.rl:lmlh ||:||'||.1:||lu:l|l Assany "E’.L:“ -r"‘ ) . . H L I ghification product was analyzed by ||"'|l:r||.|1||:l1|
pepide were added toodh AT g og ] X Al 3 R rose pel and visualized by UV mransillu
Cultures were growwn . Theg ; ] b ¢ Mk i de visualization.

measurement of the optical

conceniration { MIC) '\.-atu' Vig il = bk ! 1 A " ; n, crusfinPm ] and crusitn-ikePrm mRENA
conrcentration of the poge 1
the lowwvest concentratio L }
{Casteels et al, 1993). . A - U i “l priodion shrimgp (=20 g wet body mass) were
f one week before heat treatment. Nine
e pank at 33 4 1 °C for 2 hand allowed 1o
A 24 - thie eantrol group, nine shrimp wens
The expression level of cougfims L otk g B 281 CCOAfter heat treatment, shrimp
rissues was determined by Sell-ou 4 y AN ; . poERRIEA | EMA was exrracted, cDMNA was synthesized

2.8, Tisswe exprossion angie of o

L TGPV EGOGLNVDS LEGLI SGGGFPGG ~HFFEl -
ig=======DEGHADTR= - FLGG LGVPGOGVPGVREGFLEG=
----- - ----—mﬁrpﬁncnp—am— FFG= 1o
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and the expression level of crustinPm3 transcripes was determined by crustin-likePm (Ampanyup et al, 20085, respectively. Sequence align
KT-FCR analysis as described above. Transeript levels of the two other ment using the ChestalX program [Thompson et al, 1997) mevealed a
P monodon crustin homobogs. crustinPmi and crustin-likePm, were relatively large variation in the Ghy-rich and the Cys-rich regions at the
assayed by HT-POR as described before [F|.|1'||1.|.r'|,ll.|p el aming termmanus and a more conserved  carboooyl Termimus oontasming
Supungul e al., 2008 using specific primers of crgstig : bt cysteine residues which form a four disulfide core (4DSC) or a whey
amlmll.nn I1I:M'm|;H11'r1|l.I|Epj [I.1I:Ir 1. Thee crusgii ~eny i3 glflic peotein (WA domain (Fle 18] However, the WA domain of each

expression of [-actin, Thr relative expr

shrimp were also normalized agai TTAGATATAARMGAATOTOOCTATTTT T ICTTOaT TETATCTTCA

..'1r|l;| IU""-' 'IL_IHHJ [Ut'WL‘ij L"Ell b a1 . - T hLY TMIWIWMI:::LTMM“:EMAT“

(Duncan, 1955) using SPSS % ‘ o0 PN . T T T AR PP AR TG TR TACT
- GATA-1

; c 5 i TGTTATGG TG TG TG TACGCAC T CTCT TR TG TOTGTGTOCG TS TG

expression fevels following gl i GUTGTAGCOTGEARGANG TTTGCOTATATTATGATTT

CATR=1
T AT ARG TR TATTOATCCTTT TAGTC T TATEAD

B T T AR GAC TRCGTAT TR TTGAC TATGRATTTAN

Er-En WF-kn

then separated into 37 AL TTAAMIAMLLA TETCEAATPPTICTAAALCACCOCREGEEN.

reared in low salinity (3 ppL
were excised and colieet

TETATTATTGT TATCOARGGLU TGO TUMOGRRMA,

treatment group, The Sogige ¥ : : ! % ; ¥ i TGN R TTT T A:mmmm

at zero time point whEreas the, : i} T | 1 B (#1)  exond
g | { R ARG TACRCATACRLA OO TN CALOTAL T

high salinity groups were r I - ERATA

Amtroni
extracted from tl.:II_DDdII.ﬂ AEARCLEEARAC T EEMLECECTEL LACEALETALE
synthesis. The express

likel'm was examin
RTcrus, RTcrus5 and RTcrusli
transcripts were normalizeds
relative expression levelsig
also normualeed against
point The differences in exp
analysis of variance (AMNOVA)
Duncan’s new multiple range i

SRR EGEEEEPLGATGEGCAGRCATERAAGARETARA
Tmaia it S Sl g S Tt S S 2 o R e 1 T
prafctotoigtrttioigtgtototgttibecigtgtoty
LEetgigletetigletiteiglgtetetetgleiiLet
LCLCIELELEICLELCECTLELTECEELECTLLELCRCECTEL
QATTCTTATANTARALAL DOTATARGATATSARATALILTLE]

LED cergri AT ACCAATAT LTS AIAASEC QAL T T AN AT AR AT AT

211 Sequence analyss |

. ToL L ELJLLQUIACCIAT LR LAQAANC LIt aACTICAATLLERLTL LA

Based on the consensus sdentytation | I P q:tqn LatcagtasabgoagasaglgtascicactgocctticbiitiattagT
[4DSC) by the PROSITE and SMART d.1r.1 g e T — -

hesdelbergde; ), the cloned sequence wis analyze W R ¥ A8 Y LYYV AVYASYAVTODIEGD

similarity by BLASTX [Adischul e al, 19583 o hal A TTOGGS TS Lot aL COPCECTMLOPPICORGE LEgOaa AT OGTEODTaLE

o r intzond
gatssacasggtpacaasgatiiatopacigrcaacecii tocicbic
.

prechcted by the Sigmall® 30 program |
SignalP/ ). Multiplg z
predictd ensstinfms 1 “‘"'"‘"““ G
known P ok

CIVFGEIHE ) and «

PO
& & F P & G W F P

et al., 1967, G NN
d " o
—, W (F ¥ w
3. Results . * f“:'_: 4
I ; EGTCANGT L gagatsasgegLat
3.1, cDNA of crustinPm 3! SEQUENCE @nHlysis E N Q¥ L
A8] agtaETEgErLL -tuL 1:1:|::ec:qr-t::-.uutu:uumulﬂu
Analysis of the express uence tags from cDNA libraries 1 atggeciactligaat LEglecegeetiie e LeagBRAACTATOOOGERACEAAN
prepared from various :isnﬁﬂm lack tiger prawm, P munm‘m -
{ Tass 5, il [ g
T
cl
ide
Thasliull-

readi (ORF) U["m bp m ]L‘I‘I;‘Ih rncodmg i pnl:'ip':p“dt of 169 AT aml thse Tour exons ierrupberd by ibeee inbona, The 5°- |L|n'l||-1_ (e .msl o
AMmenn {Fig. TA), Sequence anahys using e spgnall progiram SEUENOES ATE SHOWN IN UPPer case, shaded UPEET ce 0 loweT Case IeTers, pespecTsely
revealed the presence of a signal pepride with 19 amino a L resulting The moclentide sequ murebered sty from dhe iranacripion star g - jin eon
in a 150 residue matune protein with a calculated maole '&lﬂ i eeding HW’“‘-"“ mumbers ina ¥ de negative
i i

AW —

r mass of 1 (marked by an A
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coding region including the st dhon s contained In the remaining

ns {Fig. 2. Intenestingly hes of pure dir tide
repeats, (CT)ys and (CT)ep amongst a CT and (GT):(CT), rich
region were Tound i the st intros

. LETIOMIC SO0
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