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1.1

t aquatic species in
nd and a gradually-
experienced effoif in tk € gtof prod " albgics, they become very
important export ( " , na ] Indo-Pacific coast. In

(Map, Penaeus vannamei,

Thai shrimp ,- ing st ed in TORIE "_ d really began to expand in
the mid 1980s. Since then l’"‘"" has | ithe world leader for exporting shrimp

§. 10 szv;)ral countries, €.g.

= j'th approximately

produces 4
Japan, USA-and-the-European-Union:
'I' early 85,000 million

300,000-400 FO')
L]
baht yearly for the country (Figure 1.1) (Source Office of Agricultural Economics in

AUy BNENSNYINS. -

seriously affected by many (?matlcally factors, for example the outbreak 0

3 wﬁmmm ARIINEIG Y

namely the Pacific white shrimp, Penaeus vannamei. Because it is a genetically



improved strain, P. vannamei contains several great advantages over the P. monodon

including the rapid growth rafe, Istbckin density tolerance, low salinities and

L S — Gf-specific 'thog@cks are used), and high

institute at o
native rather ¢ Ui i : \ 1 3 comgidered as essential for
Thailand. |

Although‘ th; monodon are progressively
studied at the molecular

gwstem should be intensively studied

A = ¥ .
considering its impostaf fighting i ses. Most of the studies are to

character& he factors mvolved m shrimp response-to-the mf eCHOR Oy the pathogens.

il 0.
The know#e d i[s ) fimp,irom the diseases but
i

1
tive breeding for healthy shrimp for the indu sty

also for the se 'in Thailand.

ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmnswmmmw
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(Source: Office of Department)

1.2

Ba,Srial Qi cases are e thic major.constraint for the

progress ‘ ‘*Pmi-inten: s and infen: o RrimD._ clliures. thro; 541 aut the World' The
: .l

been detrimental to

major dlseas tb . U
1
the 1ndustry m time to time in recent years. Viral disease ‘®fftbreaks are generally

severe. outbrea ften resu us st ess ctor such as

10ns result from extreme stre The most common bacterial infection in marlne

q IR TN




Five viral pathogens are considered the main hazards to the cultivated P.

monodon in Thailand. These i spoffsyndrome virus (WSSV), yellow head

virus (YHV), hepa tie. - O (5 . «infectious hypodermal and

hematopoietic nec >crosis Vs @owms (MBYV). Only the
WSSV and YW _.

1.2.1

ia in 1992-93, and
rapidly spread ¢ g shifingp farf g Cc " Asia and the Indo-Pacific. This
| I 7 A \ spot syndrome virus
ide host range. It can

(wssv). WsS¥ is dfvirdl pathofhy OF €k aceunh Vit o

infect both freshyffiter @hd mé {# imp, crab and crayfish

2t b
¥ ll'

(Chou et al., 1995; al 1 "_ ction has been observed in

several commercial penaeid _Speeies; el E_monodon, Marsupenaeus japonicus,

P. chinensﬁaP. ; : rerguiensis, () lirfkis, P. penicillatus

and P. s _ r ding baculoviral
ol L
hypodermal | ,

hae ; | ), rod shaped virus of
4 L]
M. japonicus a.kahashl 1996), systemic ectodermal and mesodermal baculovirus

ﬁwﬁﬁw%’wmﬂs“

In shrimp, the disease ?characterlzed by the resence of white spotU

3 Wﬂﬁﬁﬂj REIMIINE IR

shrimp swim slowly near the pond surface and eventually sink to the bottom and die.




The high mortality rate (100%) occurs within 3 to 10 days after the first signs of this

s i inieetion /%)CWSSV in crustacean hosts is
not clear. It is believed Hat-the-¢ @ important roles in virus
infection (ZhW | ThetEpe i smission of WSSV

indicates that cohabitation with or
ingestion of W ; Supamattaya et al
1998). WSSV ¢ monodon but significant
mortality wi oganandhan et al
2003)
s AN reduce damage from the
WSSV infection. Sey i Al diagh q‘ e be‘escribed such as PCR (Lu et
al., 1996), in situ ‘J;:""'é__ = 1998), inegative staining of tissues
(Inouye, 1994) ang ; f}:rmf (RPI.A) method (Okumura et
2005&- SV, the WSSV
subunit Vacmgg the 3, Have been studied. The
VP19 and VM fused to the maltose binding protein (MBP) " ide significant better

suryjval rate for e‘ed shrim E than the COM shrimp (Witteveldt et al., 2005).

e VI‘i‘WEI‘TIﬂ‘ﬁ

In Thailand, the ?low head dlsease is called ‘hua ’

q w:mm TOIUMIANIAY

(Chantanachookin et al., 1993; Flegel, 1997). Extensive characterization of yellow



head virus (YHV) genome (Cowley et al, 2000; Sittidilokratna et al., 2002;

Jitrapakdee et al., 2003) has ¢ ghagfthis virus can be classified into a new

genus Okavirus and " ‘ )fdovirales (Mayo, 2002). The
yellow head virus i a@hﬁmp P. monodon. This
syndrome occursgmsthe” ‘ 3 to 15 grams in size,

Several " P10 St iC=TH¢ entedi® detect YHV infection in
- "f 4" !

“J"

shrimp, for example antlbo v (Lu et al Madala et al., 2000; Sithigorngul et al.,

03,), in situ hybrldlzatlon (Tang

et al., —Tang—et—al;—2002;— S tional RT-PCR

ﬂ ; g e ﬂ 999; Cowley et al.,
| |
i ime RT-PCR (Dhar et al., 2002). {

e ANansneIns..

r1a1 flora and formerly corldered to be mostl opportunistic patho n

3 mmmmmma 188

The Vibrio spp., especially the luminous V. harveyi, has been implicated as the main

2000; Sithigorngul ¢

(Wongteeras

2000) and re



bacterial pathogens of shrimps (Baticados, 1990) V. harveyi is considered the most
“ f eme losses of cultured P. monodon in
ale ses up to 100% mortality of

Juvenlles sub-adults or

NaCl. The col | rveyz» 'f’ T glu \% w fl dim light. Other gross

itebd yi@d appendages, weakness,
%
. L !,-: 4‘* A% .
disoriented swimmingl lethai@ oy -aid 1oss petitci Bventually, it leads to death.
P et

PR

Antibiotics have been used in-several-atten @icontrol the bacteria but it might have

J 4 ,”E? ¥
led to the proble ""/"’ Sist fent and use of a probiotics, a

marine I&c rial—strain—Pseudonon: analleviate the <inféction for it can

produced a c¢ Ty #hp pathogen.
1.3 Immt

ion of
ﬂ\ —ﬁ:ﬂ ra gsteflj can be

ed into two parts, innate and afptlve immunity (K1m 2006).

QW’]’&“@ﬂ“ﬁ“ﬂJ NW]’JWFJ’]& d

Adaptive immunity is a newcomer in the evolutionary scene. It appeared

about 500 million years ago in vertebrates (Kim, 2006). The adaptive immune system



is composed of highly specialized, systemlc cells and processes that eliminate or

prevent pathogenic challen e

the adaptive or "sp

ptive immune response

provides the vegsé g’ gySter ity geognize and remember

specific pathoggul* (to gfne immunity), and to, Mo ftOnger attacks each time
LR \ !

efause the body's immune

Ate imunec “‘-"r b‘ ﬁrst g officfense against bacterial,
, i

The in

Toebhe et al he

fungal, and viral pat gens(Hoebe

Jt_.mn'

B8 to limit infection at an early
stage. This defense system 8= : ithe survival and perpetuation of all

multicelluljor . mann et al., 0 .Tz:)fertebrates possess

both adapfive jes have only the

innate imm a pathogen-laden

Ay
I}

environment w1thout an adaptive immune system. The recbgnition of pathogens

Ay F3toh Ik 3y [k T1MaTa 3

su as bacterial llpopolysacchan* (LPS), peptldoglycan and B-1, 3-glucan (F1

ARIANTIN HNIINEIRY

coagulation (Kim, 2006).




glense mechanism

Cylosms

mune preteins
UL moccules

['_ lmu chin

crade-hke protein
icrobial peptides

cinase inhinitors

1.4 The crl?tacean immune system

BLE e ﬁﬂﬂ‘lﬂiﬁiﬁ:ﬁ

1nfect10n the recogmtlon molecu]‘ may interact w1th activate the haemoc

involved in the synthes1s of the ’majorlty of humoral effectors 1gure .2). The direct

participation of blood cells are demonstrated in phagocytosis, encapsulation, cell-
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mediated cytotoxicity and clotting. The humoral factors comprise molecules that act

lls, although many of the factors are

sulation and nodule
pears to occur in all
organisms, and 4 affachmeniffothe fore illgestion and destruction.

3 foreign material, occurs
when a parasi oflarge _ 190€ . . N@dule formation, which

appears similar togfapsylic ation, o S ¥ SoumBler of invading bacteria is
LS

high. These structureg 1 '_ elanized in arthropods.

@e D : Systen eral fteins involved in

melanin pfoda I-adheston, encapsulation, and pf 0 j (Soderhall et al.,

1998; Sritun)ﬁjc . |
|
f i
InYitro studies have shown that phenoloxidase (PO) exists as an inactive

it iya rocess
ﬁvur e jprot pesficlivale I lm ‘ nﬂnﬂﬁslew

u 1t1es of lipopolysaccharides ?peptldoglycans from bacteria and B-1,3- glucans

IR IRBMINGIE

activating enzyme (factor) (ppA, PPAE, PPAF) (Figure 1.3). In crayfish, ppA is a
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trypsin-like proteinase present as an inactive form in the haemocyte granules. After

degranulation, the enzyme is ¥clc with proPO and becomes an active
form in the presence of: 3"' . obia ‘ "LiC ac '. pA will convert proPO to an
active form, phenoloXIdast P » 5o is a copper-containing
protein and a W far ' i i8S e al., 1998; Shiao et al.,
2001). It both g e v | . noplieno [Segdiphenols and oxidises

to melanin. PO is a

sticky protein oft Plothesst e sNo Fiparagitgs, which will lead to

|; pf the parasite in the
and intermediates in the
melanin formation .. inhibff=growth-o bial 'pakasites, such as the crayfish
plague fungus, Aphanom ¢ all et al, 1982). The production of
- ess of sclerotisation, wound

forming insoluble mae

heallng & iifniii\"iiﬁiiiiiiiii‘ﬁ;iiiﬁe;:;;; -------------------------- 04) TO preVent

. . .l’ ik, % .
excessive actryatior 1b, ' s are needed for its
iy |l
regulation. = :
! nolomdase activating Mn i PPA) is a zymogenic protein

ﬂ%ﬂ’é%%mﬁ ERYTHE

ase domain, with a sequence similar to other mvertebrate and vertebrate serme

q mmm NN

likely to be identical to those of the horseshoe crab big defensin and mammalian f3-
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defensins. The clip-domains in proppAs may function as antibacterial peptides (Wang

\'/

erawlo e

et al., 2001).

In the penaeid sk system are localized in the

semigranular and gra -mr--gg, agreement with a recent

pnly in the haemocytes

Quinones

Melanin

élu&lﬂ Mm M)
RIAINTUURIINIA Y
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1.4.3 The coagulation system/the clotting system

Hemolymph coa f~“ i 0 s sgfresponse of crustaceans that prevents

both loss of hemolymphs _v__' N realk )&)‘mn and the dissemination of
i the_bo @oteolyﬁc cascade and is

e mn system involves a

sglutaminase (TG)

(Kopacek et al )3: 2 3 "‘x_‘ NEP 1S @imeric protein, whose

other by T A y .' & S in the ; d released into the
hemolymph. J | | |

Transglit i TG) are Carc *--Rh,I| nZymes capable of forming
covalent bonds betw ¢-side chains g lysin@ and glutamine residues on
clotting protein molécules '

y- ﬂ" ; .
wound s1t3(Wa . In assumegd.a wide variety of

alcium ion to form a soft gel at the

funCthIlS S ";ﬁr\—ﬂ‘VA‘ DINC il le e R IA O el Ol e T bonses and pOSt_
l» F i)

translational 'j::: ; scjnann, 1994).
I J
1mp, TG is important for blood coagulatiof” and post-translation

ﬁﬁ"ﬁfﬁ?ﬂm ik bk

1ng injury (Aono et al., 1996 Huang et al. 2004) TG activity was greatest in

q Wﬂ AN TUNNTINGIAY

Recently, a shrimp second TG (STG II) was found from the tiger shrimp haemocyte
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cDNA. The STG II was characterized as a haemocyte TG that is involved in

animals, inclu La fungti i r the innate immunity
‘ e ’ ! - "-,_“E_ ‘

of that anim the AMPs & 1 898 than 150-200 amino

pwever, the anionic

peptides also exigl ‘ hakes them edsy o, synthesize without dedicated

cells or tissues angftheyffragidiy ct1on For many of these

peptides, therg idencel f the tarocts \

g is the lipid bilayer of

the membrane. Thiff is. hase pep 85{can off i ) ase the rate of leakage of

the internal aqueou i : ddit ¢ , most of the antimicrobial

peptides are cationic and th anionic phospholipids would provide a

ready explagation pecificit J neZVith regard to the

mechanls eability barrier, it

sm by rupturing the

1
is poss1b1e thatlthe per C orﬁ

membrane or erturblng the membrane lipid bilayer that allows the leakage of certain

AT NS TS

ﬁlﬂentous fungi. In addition, SO?e AMPs have ant1v1ra1 or antiparasitic act1V

ARIBINTRUMIININY
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There are a few reports on antimicrobial peptides in shrimp. Penaeidins

from the haemocyte . 7 ’ ., 2001) and P. monodon

(Supungul etw s the fntimictobial PepHeegicre identified from L.

vannamei and L s o1t fifis, weresdbserved in both shrimp
species. Like tl £ acterialy NG Swigaenas, crustins from

shrimp show noglom ) horsk oy Wbactegial peptides, but possess

ibi i'-ro &ms, the whey acidic

) namei, P. stylirostris
\ ‘I'n
and P. monodon Factivity ha -"'\‘a lentificd (Destoumieux-Garzon
\
) gt | ll- . o . .
et al., 2001; Patat et allf 2004=Zhang-et-al; Re \ ly, the histones and histone-
J _f’ff-!’:-r i .

P e

derived peptides of L. vannanieihave-be ported as an innate immune effectors

o thaéani‘ i atatz[gl., 2004).

Serinel'r oteina ptidase thﬂleaved peptide bond
4 L]

in protein (Neurath, 1985) in which one of the amino acid at the active site is serine

‘E“ e ithemticlei€ukar y d withoutsuclei (pr otes). revielis study,
serine proteinases were originally‘igestive enzymes. Wadays, serine prote'mw

QRIRATRUNIINEARY

e
processes, ood digestion, blood clotting, embryogenesis and immune

response (complement activation), has been well documented. Many of these
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processes are in essence proteolytic cascades, which, once ‘turned on’, lead very

f rgbponse. As a consequence, the normal

! fil ) /)ﬁese proteolytic cascades are
not well regulate e, mogty orga@e a set of proteinase

rapidly and irreversibly to a

alpha/beta hyd: | g / 1 “ 7 -‘ “"1 png to one of the four
protease families, @€n A1, ‘ b' ' i1t .\‘\,' (Othman et al.). The six
clans are clan A to ¢l lan F. Bspecia cla pntain§ @family that share a common
origin with chymotrypsm -= teypsing. @8c and he enzymes of blood clotting
system (Barrett et

are synthesized in inactive

fOrmS W& cauirc actuvation v cleays Vaoe OT a pentiaeno ng i Sar the N—termlnus

(Neurath, ﬂ) m'and lle16; the free
| |

protonated a Hl o group of Ile16 is important for the mechanis$ia# The amino-terminal

peptide with resglnthrou h 13 stays attacufo the rest of the protein through a

offi¥fal b -terinifal fhexapeptide,

WM does not remain attached (Neurath et al., 1976) whereas thrombin does not

RIBY mmm BIINYT§Y
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1.5.1 Chymotrypsin-like

1l three enzymes are
They share closely

similar structu, i e DL ] ctive serine residue is at

enzymes, like most

ly & ec p in thed AC cyatalyzc SBach of these digestive
."’”
serine proteases {3 ets ff re gions, a \"u jd&@hain, based upon the side

chains of the amino agid regiduess surroun e site @ficlcavage (Kurth et al., 1997;
Hung et al., 1998).
hymg i ssponsible f ide bonds, following a bulky

hydroph(% B EIT S T R
‘4

'ad reciduecinelude ahe k4l anine , tl‘yp t op han,
and tyrosine

ul_‘ .
in is responsible for

~wihict ¥ Trypt
] — ﬁ |
' bonds following a positively-charged amino *a€id residue. Instead of

cleaving pep
he_h ic acid

res es such as arginine and 1ys1n .pn the substrate peptlde to be cleaved. Elastase is

q Wﬂiﬁﬁ Iliﬁlﬂlﬁﬁﬂﬁﬂ‘lﬂ 1




18

connective tissues in meat). The pockets in "trypsin" and "chymotrypsin" can partially

dleg rendering it a mere depression.

Wy,

accommodate these smaller al 1
1.5.2 Subtilisin-li

Subtilisi cterium Bacillus subtilis.

in-liké Werine proteases have been

associated with many phys PIOC SUch as icrosporogenesis (Taylor et
T ,

al., 1997)3 hypersensiti % ﬂ!:’ 'W ional transduction (Yano et

al., Ei_iﬁmé2.—.;;;Z..._.._...._........-....._..‘..:ﬁ oot development

.l
(Neuteboom

j S 9 in lily (Taylor et
1
m idopsis AIR3 (Neuteboom et al., 1999) and tomto P69A (Tornero et

al., 1997), 4

al.; i996) t&tjﬁ)mtems in the cell waluthelr substrates. Although it has the

A HE BRI NE T3

rtlary structure are entirely dlfferent Subtilisin is evolutlonary unrelated to the

q W’I NHPYOR NI HMEL

convergent evolution, since the same mechanism evolved twice independently during
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evolution. The structure of subtilisin has been determined by X-ray crystallography. It

is a 275 residue globular prot
1.6 Mechanis

The pept of the serine hydroxyl

group on the scissile yme intermediate (Figure
1.4). The ca : igthe nucleophilic serine. The
serine-OH histidine accepts the

hydrogen fro I offthgf'scrine ar & r fon the double bond of

the carbonyl oxy. gV es he Oxyoeh A rahedral intermediate is

generated. T ini o f*?‘;:‘f; d th ‘\\ ~"'a,. in tle peptide bond is now
] / 3 r Fr '\‘ .!“l

broken. The cov: ' ( i€ ;g, _' 8 Bond “""\ to%a@ttack the hydrogen of the

histidine, breaking € cofiatetion. ;The that@previously moved from the
carbonyl oxygen double bes yve back mpthe negative oxygen to recreate the

bond, get ing yme in ofs‘ into the reaction.

tye carbonyl carbon.

Once again,w elec ve to' the oxygen making it

negative, as the b d between the oxygen of the water and the carbon is formed. This

AU ﬂﬂfﬂﬂﬂﬂﬂ < nlir

In a final reaction, the bont‘ormed in the first s&between the serine an

RIRIN AR IN mﬂ d

now electron-deficient carbonyl carbon re-forms the vg
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a result, the C-terminus of the peptide is now ejected. In trypsin, the catalytic triad is

composed of Serl95, H1s57 a

/ y diate
Figure 1_4& stailed mechanism for the chvmotrypsin-lil e SPteaction

(Source: httf://Wn
=

Al AN NEIng..

fac ors 1nV01V1ng in controlling th‘/anous proteinase 1ated biological proce

IR TNUHRIININE

q (Iwanaga ¢t al.,
extent of deleterious protease digestion in such processes, they potentially fight as
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part of the humoral defence of the innate immune system against the invading

cascades of serine Sitrases - i (wounded tissue or the
presence of efficient responses to
the threats to | Blood"8l@fiting and phenoloxidase
activation can ¢ : hO'S 1 as local and transient
reactions. i Jprote g’ ™\ " ystcmghare tightly regulated by

"

direc \ inst proteinases from
invading pathog ‘o ) i 1 subtihisin 11 L\\'\'h r, . pnSPI, from Bombyx mori
might function as a ' ibi __I' otcasel and protected the silkworm
pupae from infection by path / al. 200). Some microbial pathogens
and parasites use_th Y ’ﬁ:ml g protective proteinases. For
example, oomycete Phyto; qinfestans, a-cause-of-dikedsc in potato and
tomato, pro ‘ i

ol i X
) AUCEes "¢ (‘)ﬂer—defense the plant
|
defensive pr@l[ia[lases (Tian et al., 2004; Tian et al., 2005). | obligate intracellular

pargsite of hum! “)lasma gondii roducu serine protease inhibitor to protect

fr herdigestiye en e residen all inteStibe @VIogtds et al.,

2

AWIRNT TUIRTINEAY

activity on sperm gelatinolytic activity (Li et al., 2009). Another reproductive SPI was
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from the turkey male reproductive tract (Slowinska et al., 2008). For haematophagous

tructures, topological

092) and inhibition

families: K " S ‘* e Bi and bombyx (Pham

et al., 1996; Kadost, 9 Simong "J, 02b) ~ Vel ) e cribed in invertebrate

! ?’f !
haemolymph or algp in al% \Itho =_:"_ ® /primarfh sthugure, with the number of

¢

amino acids rangin i the structural properties of

these inhibitors differ 51g ndamentally different inhibiting

- ﬂfJ'_J
. o

mechanisms exist. M

- enzymelg s) according to a

common;ku strate-like standard mechanism. They are-att relat; mall (from 29 to

: .’ i %
190 amino acigs) P with a very characteristic
|
‘canonical’ ﬁﬁlljormation (Laskowski et al., 1988; Bode, 1992 |

(‘ HeMell known SPIs is the MI tﬁe SPIs which are grouped into

ﬂum HE W HHAR

azal inhibitors are usually multi-domain protelns containing more than one

qWIANNIU [NRTINED

resulting in a characteristic three-dimensional structure (Van de Locht et al., 1995).
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Each domain binds tightly and competitively via its reactive site loop to the active site

1., 2000). However, the
residue resided at the

he domain.

Athe Penaeus monodon

o i e cxpression dy A%y peNscrine proteinase inhibitor

& bacteridl /- grveyi 639, challenge.

° ‘ 0 CXP ‘ry: 0 gencin response to heat stress.

/pe serine proteinase inhibitors,

ﬂUEl’J‘VI&WIﬁWEl']ﬂ‘i
ﬂmmmmummmaﬂ



CHAPTER 11
/ | )/IETHODS
2.1 Materlal;;“ ‘ —:'

Autoggitic 1 cr' 1pett :

i r'-‘

dhiias
Elec a}f ﬁ.
i

Bala eSﬂl rius 1702(Scienti

Gel documentat; F'.‘.' "’F‘FF‘

Gene pulser (B 5_’,“': Z fw

et
I\'Ma 4080 incu

.' -
runswick Sci&iﬁc)
LABWABclave (SANYO)

AUt INe RINHING

Microcentrifuge tubes (ﬁ ml and 1.5 ml Blm Laboratories, USA

q W’] MAFUIRIINGAY

Minicentrifuge (Costar, USA)

Nipro disposable syringes (Nissho)
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Orbital shaker SO3 (Stuart Scientiﬁc, Great Britain)

maoec

ifctte tifs 10! 2 200, and 1000 il (I iR A DAL aboTatories, USA)

{ " ‘_r J v \ 5\ "
Power sup y er ';:_i:ﬁ_l ""',,il aboraf@rics, USA)

“ ‘;’nl' 4 \ k
Refrigeg ed ficfoce ':";@E 'p a 1300%K ubgia, Japan)
!-:_4:-‘ ; )

Refrigerat = microcentrifuge 1 B 22 Ri(Bettich Zentrifugen, Germany)
| f‘-—-‘-&r

P T o

Spectrophotome -*-‘*"“'f“t“ FBausch & Lomb)

Blot® SD (Bio-Rad)

AuEAEYNE NS

Vertical electrophores1s stem (Hoefer™ m1n1VE)

q W’] mmﬂmmw HIRY
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White/UV transilluminator: UVP ImageStore 7500 (Mitsubishi Electric

2.1.2

A A LFP. Al

Adgff0Osing
Agaros@(Selfm)
Alkaline ase-conjugal i antisfouse [gG (Jackson

.l

M § i
Bé io tryptone (Scharlau) !
¢

Bovine serum albumin uka)

R ﬂﬁﬁ?ﬂiﬂﬂﬂﬂﬂ’]ﬂ d

Chloroform, CHCl3; (Merck)
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Coomassie brilliant blue G- 250 (Fluka)

SSNEBLIPO, (Carlo Erba)

Ny N S
T) . 1»‘ \ !':__ '
Gene ! rﬂ\? D0Bp l‘;t:
"y '-"r,:‘b(ﬁ:'. "
Glycerol, GfH:O:BBH)———

-
4 |' "’-.irl
Ll e . L

Isoamylalcohol T —

P A 9 v ) ey :

1
1ns® super charge nylon membrane (Schlelch I Schuell)

ﬂ%&ﬁ iH7iTNeINg

RNA markers (Promega)

R AT INYIAY

Sodium citrate, NazC¢HsO7 (Carlo Erba)
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Sodium dodecyl sulfate (Sigma Chemical Co., USA)

2.1.3

Nucleofbin“#E xtract
/| 2
QIAprep spin lf."”.‘ ep ki

iT aq

BamHé(Blolabs)

ﬂummmmmnﬁ

Elastase, porcine pancr@ (Pacific Sc1ence)
RIREATUANIININY

Enterokinase

HindlIII (Biolabs)
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Ncol (Biolabs)

Notl (Biolabs)

2.1.5 Sub#frate lfj '

N-be ,_ l}l( ; AT ) '.'

N-succin

N-succinyl-Ala-ATa

| 2 _;I}'E‘.!
2.1.6 @-t '
S

Kana cm

ﬂuﬂﬂﬂﬂﬂﬁWHﬂﬂi

Bacillus megaterium ‘

RIAATUNNIINYIAY

Escherichia coli IM109

Escherichia coli XL-1 Blue MRF’
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Escherichia coli Rosetta(DE3)pLysS

Staphylococcus au

Vibrio ha

2.1.8

am.html)

lOpment Inc.)

SignalP/)

IC=1)

.//pmonodon.biotec.or.th/home.jsp)

2.2 Mmmgfn enaeus monodon EST, database

e M Elﬂ THEINT-

//pmonodon.biotec.or.th) were searched for the Kazal-type serine proteinase

inhibitors. The nucleotide se uenc

s of the contigs an&letons were analyzecu

g SRS

align the sequences from different contigs and EST clones (Chenna et al., 2003).

SignalP 3.0 Server (http://www.cbs.dtu.dk/services/SignalP/) was used to predict the
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signal cleavage sites (Nielsen et al., 1997) The Gentyx version 7.0 was used to

r weight. The EST clones containing

ﬁ) were re-sequenced to ensure

O—*——r

measuring the OD

(ng/ml) = ODazgp *

et al., 1989). -

2.3.2  Primer design >
S e Sy . )

PCR pr1 er pe ':_.- re “désig i on hucleotide sequences of the
template DNA using the: ;ff‘?-;mq' gtific & Educational Software).
Each pr1 i the pair should have abou 'EQ)were checked for
minimal

ot p ==
generally useys an internal confror: i I'

2.3.3 Plasr‘dm extraction using Q&pfep® miniprep kit

AUBINENINEING-

rep kit. A recombinant plasm1d was inoculated into 2 ml of Luria-Bertani (LB)

q IR IS Ny

supernatant was removed. Bacterial cells were resuspended in 250 pl Buffer Pl

@ cene, B-actin was

containing RNase A. The 250 pl Buffer P2 was added and mix thoroughly by
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inverting the tube 4-6 times to lyse the cells. The cell lysate was neutralized by

eed centrifugation for 10 min, the
supernatant containi a Pt QIAprep spin column by

pipetting. The co - i the flow-through was

discarded. ThW ted twli {11-0.5 _ PB and 0.75 ml Buffer

\
60 iflc to Bradford method

(Bradford, 1976) us ¥ bo “: @ a standard. This method is

base on the binding of Coona e G 250 dye to proteins converting the

. ﬂf)
red dye CQK to_b ple solu 'xedﬁsith 1 ml Bradford
working It """""" i bance at 5Y: ‘ .“j)as measured. The
Bradford wo

mg butt Bradfe | d stock solution (350
g Coomassie Blue G250, 100 ml 95% ethanol and 200 ml 85% Pphosphoric acid), 3 ml

] UEATENENENNS

Sub-adult P. monodon, app‘mmately 3 month-gigiel 5 g of body weight, viggd

awaﬁaﬂwmﬂwm &

temperature (28 + 4 °C) and at the salinity of 15 ppt for at least 1 day before used in

the experiments.
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24.1 Detection of possible V. harveyi and WSSV infection

with a pestle in 0.3 sy 55 wd 10% (w/v) SDS]. The

homogenate W in, thcubated=on. | in and centrifuged at

8,000g for 10 ma PTitn! fhe supetr Syilutedilg0-fold with water and

a gyrB specific primer
RB3: 5
AGCAATGC rcy __ : priplicongef 363 bp. The PCR

reaction consisted

Lé

2 ul dNTPs, 5 pl of each of

the primers (2 uM) ermentas), 2 pl of 10x PCR

buffer, 2 pl of 2.5 mM Vigi ——**‘"E distilléd water. The amplification

} 4 e ——
condition was 30 cye "":— 134 !‘W

paturation at 94 °C for 1 min,

annealin&t 63-°Cfor1-min, and extension at72-°C for 2-mm =fellotved by 1 cycle of

.l i
72 °C for er{in—Elmer Cycler

| aﬂ
111
(Thaithongn o et al , 2006). {
ir, FWSSV: 5

ﬂum ANBAINEAS

CAGCTAACCTTTATGA(? were used for PCR detection. The reaction was

IR INsAIMIINgIRNY

ul of 10x PCR buffer, 2.5 pl of 10 mM MgCl, and 17.3 pl of distilled water. The PCR

Mrlmer

)
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program was as follows: 90 °C for 2 min and 35 cycles of denaturation at 90 °C for 30

°C for 30 s, followed by 1 cycle of

s, annealing at 60 °C for 30 syandye: o atfj2
72 °C for 5 min. AmplifiCation‘was pe f

A Engine (MI Research). The

% agarose gel.

4. BW8ey agar (TSA) plate
supplemented ‘ af | o ‘, | Oy Cr 0 A single colony was
inoculated into ic ¢ A (TSB \ AN ith 2% (w/v) NaCl and
incubated at 30 : , I ng at ' [ at 30 °C. The overnight
. . 2% (w/v) NaCl. The

culture was gro C with 250 rpm shal tillth& A\, was 0.6 where the cell

density was 10° CF . The tifer of tl i @ moniterd by a plate count

method in tryptic soy agar (TSAS i Lwith 2% (w/v) NaCl.
.—ie 1. monodon wefe divide j twotdividual. The first
group, th% ont | oroup, was intramuscularly injected with | B0V of sterile 0.85%
7

ected with 100 pl of

(w/v) NaCl ;hj seCo i arly@
4 L]
10°,10% 10" d 10® CFU/ml V. harveyi. The mortality rates were observed for 24 h.

ﬂﬁfﬂ NENTNETNT

The shnmp were separ‘ed into 2 groups, tﬂnchallenged (normal)

1ntramuscu1arly 1nJect1ng 00 plof 107 C Uj 1 diluted cu ture into the 4™ abdominal

segment whereas the control was injected with 100 pl of 0.85% (w/v) NaCl solution.
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At 0, 6, 12, 24 and 48 h post injection, Haemolymph was collected and

shrimp were tested for the in yring the suspension of hepatopancreas on

TCBS (thiosulfate-ci sali ¥ agap) Di ) plates supplemented with

2.5
251
intestine, lymphoid,
and eyestalk wefe isdafs g ately i af, iddividial normal shrimp and
immediately froze ) '; '_ X ‘ {5 o - \, ytes were prepared from

Haemolymph. H moi ph -‘,g:.;s\i-a_‘. ftom the '\ al*Sinus of shrimp at 0, 6, 12,

24 and 48 h post-inj ct10 ’ f"r‘*“"' eedl@l fitted onto a 1.0 ml syringe

pre-loaded with 200 u, iff?‘;/ o]

was 1mrr@ 0 @ra‘[e Haemocytes

/ Jomogenized by a

| =
. The hﬁ)genate was stored at

sodium citrate]. Haemolymph

'
-

=t
pestle in 1 mﬂﬁ ice-co

room temperatu? for 5 min to permit co p ete dissociation of nucleoprotein

AL INENINIINT

°C. The colorless upper aqueo& phase was trangfegred to a fresh 15

BRI HRATRE IR Y

was left at room temperature for 5-10 min and centrifuged at 12,000g for 10 min at 4

°C. The supernatant was removed. The RNA pellet was washed with 500 ml of 75%
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ethanol. The RNA pellet was kept in 75% ethanol until use. When required, the

252 De i e quantity and.qralit . samples

NA wivas ®spectrophotometrically
gel electrophoresis,
! ined in ng/pl using the
following forg  RNE ], = “ 'F_,;- ] 2 . 40%br an OD at 260 nm
FRN/ e \"‘ ined by measuring the ratio
of Axeo280. The maximum a ‘1.‘ fp s, at 280 nm. The good quality RNA

sample showld ha . ; Tatic abov E
U\ | L)

k’ ‘he quality of the extracted aldehyde-agarose
7

gel electroplﬁr sis. 2 garosc gﬂl
i L
E

MOPS buffer 02 mM MOPS, 50 mM NaOAc, 10 mM A, pH 7.0). The gel

Au g3nensngng.

to the gel and poured into a ?l caster.

q RIAININNMINEEY

incubated at 70 °C for 10 min. The mixture was immediately placed on ice. One-forth

was prepared in 1%



37

volume of the gel-loading buffer [S0% (v/v) glycerol, 1 mM EDTA, pH 8.0, 0.5%

1.0% agarose gel g % » RNA marker was used.

t8 With RQT RNase-free DNase
g0 réfove the contaminating

chromosomal DNAF. RINA we ‘pvl 1cd bR p iébol/chloroform extraction

following by ethan . ; fation. Brief gactiQll was adjusted to 40 pl with

DEPC-treated water, added ' 1 of Triz aoent, vortexed for 10 s, added 200 pl

of chlorofa'g ang haken for ixtyre was kept at room

tem ——
pera o1
il g

the upper p Iﬁ wa

,,,,,,,,,,, s a4 °C. The RNA in

d washed with 70%

hj op anol@
4 L]
(v/v) ethanol’ he RNA pellet was briefly air-dried and disso

ﬁ.ﬁfﬁwwi’wmﬁ?m

5 4 First-strand cDNA sylflesm o /s

ImProm | Reverse :ranscr1pt1on System k1t romega) Total

with 0.5 pg of oligo(dT);s primer and appropriate DECP-treated water in a volume of

with an appropriate

was combined
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8 ul, annealed at 70 °C for 5 min and immediately placed on ice for 5 min. Then, 4 pl

of 5x reaction buffer, 2.6 ul of ml ; 1 of ANTP mix (10 mM each), 20

units of ribonuclease inhiD#QE ahdN Il rO 1" jerse transcriptase were added

°C fo —"f.f.f: \ fter o\“‘|H '.."~.  S&hin, 4 pl of 5x reaction
.l .l("f "'

buffer, 1 ul of Ribglfock dsé :? i. Uful

f ik
and 1 pl (200 U/pl .r RevettAdd eVer: '- anscrlptase were added and
g :

\h U , dNTP mix (10 mM each)

gently mixed. The reactior X € was ed at 42 °C for 60 min. The reaction

was terminated at 70:2€"

@ VA

Semi= l’se inhibitor
ey e
| —

leﬁ exr S ||

Semi- quaeltatlve RT-PCR was used to xamine tissue specific expression and

0% MENINEGINT-

subjected to cDNA synthesis as c‘scrlbed above. Thegfsgctin gene expressmn

AR HIHERTINEIA Y

2.6
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2.6.1 Determination of PCR conditions

94 °C for 3 ingfat firoptimal lempghatly by SAC IOMB-actin for 30 s and

extension at 7 J : n. Thguimallgkicnsio \ ~ ' for 5 min. The PCR

products were anghzeg & Ya=TBE-29%9" 4o: \\"'u -. ectrophoresis. The PCR
parameters were opti in zed as-f Bt ptimal WgCl, concentration between
0.5-3.0 mM MgClz was X _ hC stadard PCR conditions. The
was chosen. 2) The PCR

concentration that_ga

ampliﬁca&s) were carried out at different ¢ ycle numbers inch 0, 24,28, 32,36

W

and 40. A ej: . a o
‘ |

of cycles tha m plified the PCR product in the exponential rﬁ

platgau level wa‘ Hosen. 3) The Ojtlmal am(u of cDNA tem B}late were examined

He 3 NERI N

spmﬁcr[y was chosen. 4) The 0pt1ma1 primer annealing temperature was adjusted to

RIENIN I NATINyTRY

se gel. The number

and did not reach a
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The primer sequences, annealing temperatures and cycle numbers for RT-

PCR are shown in Table 3.23 ification was carried out in a DNA

Engine (MI Research).<Leireaétion grfomm 0. ytriplicate. The PCR products

i'BE buffer (89 mM
rry of agarose in 1x
TBE buffer was ‘ AVE 0% c gl o ipleteffadissolved. The solution

was allowed to cogf at #o ctatu ® f". o & pouring into a casting tray

with a well-fopfii nb 1 ‘was ‘sub 2edi idhchafiber containing enough

volume of 6x loading dye
(0.25% brornophenol blue ang ) yater) before loading into the well. A
DNA laddi(lO ) was u bA. markess. Electrophoresis

was carri f 00 The gc .\Jas stained in a 2.5
. l’ ;I

pg/ml eth1d1mbro , e—stT ed to remove excess
|
EtBr by was g with distilled water for 15 min. The PCR Product was visualized

ﬁﬁﬂwﬁ SNEINI..

us1ng the commercial 1m?e analysis software package (GeneSnap and

9 W“’l ANIUANIINYINY
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using One Way Analysis of Variance (ANOVA) following by a post t hoc test

9

(Duncan’s new multiple range i : ifferences were indicated at p< 0.05.

2.7 Expression

Three-moTH*ETEStS iger St "“Monodon, of about 15-20 g

ngtized in aquaria at an ambient
r J O ‘ -“,“‘%'-
temperature 0f abouf f1 3C/and alsalim pptefor a few days before the

"

weight, were obtaine

experiments .l pfwetefdivided, info), tho ) ®filko! and heat treated

groups. Each p cQ fisisied o1 3 s MLhe heat-treated group

LA i h
was immediately gt anif regtcd o A uali v it arm water of 33 + 1 °C.
i f rf { \ :
Then, the Hdcmol ! | vas €0 o\, shrin ventral sinus into an
DU ,f_;p* _ R’
| K i
anticoagulant solyfion ¢

were pelleted by cepfrifu 9“?7"}5}'}:?-‘_ R

10% /) gisodium citra "'u\ jhydate, pH 4.6. Haemocytes

pgent” (Molecular Research

“The equivalent amounts of total RNA

Prepara‘uth in eac n@ted with RNase-
&y 0y

'.J‘he concentration

Center), homogenized and #e

i
-

and integrity ﬁ total

electrophoresis. st strand cDNAs were synthes1zed from 1 pg of total RNA

EIMI ANHANINEOT

prlmers FSPIPm5, 5' TGGAA‘GGACGGCAAGA T 3' and RSPIPmS

RIRINIWU NW%Q%?JW&EI

using the gene specific primers designed according to the shrimp actin ¢cDNA

ropho’w@etry and agarose gel
L]

sequence (GenBank accession no. DW042525): actinF, 5!
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GCTTGCTGATCCACATCTGCT 3' and actinR, 5' ATCACCATCGGCAACGAGA

'DyNAzyme II DNA

Polymerase (Fig . ! lu &for SPIPmS or 3 ml of

extension at 7 giin. ThgufinalléXiensio \ a8 8t 7 for 5 min. The PCR
' 4 il . \'.‘ ‘II"-.
products were an S \ TBE=2% agat osc¥geclidlecttophoresis.
| ' \

\
WPm4 and 5

lones

ASxpress | the | reconpig edﬁ‘:aairs, FPmd: 5'

Ji RPm4:  5'

T
- i

ot
CCTTCTCG%E‘ATAT for &‘IPm4 FPm5: 5
AAGGCCATG AAAAGGAGGCAAATTC&ACT 3' an RP 5

nt e

AULININTNIINT.

proteins without signal peptides. ‘ pBlueScript SK pl@mids containing SPI g

AR HATINRHIRY

the 5' and 3' ends of the gene fragments were for cloning into the expression vector.

For convenience, the EST clones from the normalized haemocyte library, HC-N-NO1-
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4898-LF (GenBank accession no. GO269555) and HC-N-N01-2619-LF (GenBank

accession no. GO269556) co

and 5, respectively, & ‘ | /ﬁPIPm4 and 5 gene fragments
were PCR amplif&actiomolu@inmg 0.02 ng of plasmid

template, 0.4

lete open reading frames of SPI1Pm4

its of Pfu polymerase
(Promega). T min, followed by 30

cycles of 94 °C s Bnd 1 Mading final extension at 72

electrophor an Jhuific | usit ) II Kits (Macherey-
gadenine nucleotide for
ligation into the T&A clfnifg vogtor (RealBiote \u Sthition). The resulting T&A

clones were isolated @hd su fed e sequ@ncing to confirm the insert

¥ r
sequences of SPIPm4 and 5.=H
y. ﬂf)'_j

were prep'aﬁl from the T&A clones and e NconvoI digested pET-

28b(+) ¢ PIPm4 was not

ements containing the SPIPm4 and 5

expressed wﬂi - d :_"Vétive, pVR500, and
|

sion protein to the thioredoxin. The expresste

HANYNINYINT

“ The PCR product wa%purlﬁed from the a i ose gel by NucleoS

ARIRNIIU AT MNHIRY

gel slice. The weight of the gel slice was determined and transferred to a clean 1.5

expressed as clones were named
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microcentrifuge tube. For each 100 mg of agarose gel, 200 pul of NT buffer was added

10,000g for 1

column was bagkhio hcollCeliof whe fanc Waglwashed with 600 pl of

microcentrifuge be uv DNA
F F. J )
4 e N u"

mM Tris-Cl, pH 89 into t?e\c lun

increase the yield of ] '.‘--;-a-----—-'-v ion. T8 flow-through containing the

Wf clution buffer NE (5

€ )perature for 1 minute to

2.8.3 ’3ta, F
L Vity, such as Pfit

DNA pol PCR amplification.

0 urm
L]
Nevertheless, e PCR fragment can be modified using the A-tailing procedure for

ﬂ uﬂﬁw ﬂﬁ%‘wmw:

generated by a proofreading polylfrase 1 pul of 10 n%l"ns—HCl pH 8.8, 50

l _ '0 H
DyNAzyme Il l:!Alpolymerase innzymes and water. al he'reaction was incubated

at 70 °C for 30 min.
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2.8.4 Cloning of DNA fragment into the T&A vector

The DNA fragme ihtgfthe T&A cloning vector. The reaction

was composed of 1 p X A ghds i rbuffers, 2 ul of T&A cloning
vector (50 ng), pr nt 5&4 DNA ligase (3 Weiss
units/pl) and W : re mixed, briefly spun

#eing ble—white screening; the agar
plates contained 50 il Hin, - 00 RLG and 20 pl of 50 mg/ml X-
gal. The&r ;iT— ~tenidining 100 mg/ml
ampicillin et ) 5

e, ™ .
. A preparation. The

37
| |
recombinant'lll asmids were prepared using QIAprep® piprep kit (QIAGEN,

HANUNTNYINT--

erestrlctlon enzyme dlgestlon using EcoRI and BamHI Approximately 0.2 ug

RIS NINNRIIN Y

(Biolabs), 10 U of EcoRI (Biolabs) and 1 pg of BSA. The reaction was incubated at

Gerpmany).
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37 °C overnight. The digested plasmid was analyzed by 1.2% agarose gel

electrophoresis. The size of i Fmihed as compared with a 100 bp DNA
ladder (Fermentas).

DNA insert.

2.8.5 Pr n clones

pVR500 (Figure 2.1)
and pET-28b i f ' ' P! .." aespectively. The two
expression vect igt: . S 1'and Xho pgimately 0.2 pg plasmid
DNA was digeste _ 0 f' i . '- __q endonuclease buffer, 5

o Alof BSA. The reaction

was incubated at, ighi Lhe @itested pla DNA was analyzed with

1.0% agarose gel ele ’ esis. —Th izedyPlasmids were purified by

NucleoSpin® Extract II k1ts V I [AGEL). They were ligated with the
DNA fra@n‘[s . e SPIP; 2. fragmpents prepared from
the T&A .« ies. The expression ciones [ pSPiPmd-aid DSP1Pm5.

-

2.8.6 Rﬁmin ﬂl

The e ress10n plasmids, pSPIPm4 and pSPIPmS5, were transformed into

ﬁﬂ? NUNTWEINT.

medium containing 100 pg/ml of a‘plcﬂhn for SPIPm4 70 pg/ml of kanamym

rRIaN ﬂ‘iﬂiﬂiﬂ‘fﬂﬂﬁﬂﬁﬁl

shaking at 250 rp
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The starter was diluted 1:100 into two cultures, namely uninduced culture

The two cultu;ﬁ"‘ | | for 0, 1, 2,3 and 4 h,

respectively. ; | ‘ \ eac mehpoint and the pellets

collected by ceni i ion at 10 = ASC. Thdvecll pellets were stored

ﬂUEJ'JVIEWIﬁWEI'm‘i
RIAINTUURIINIA Y
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PET-32aj+) sequence landmarks Ava i)
T7 promater TE17H0 e e
T7 transcrigtion start 763 I

Tri*Tag coding sequence 366-602
His*Tag coding sequence 327-344

S+Tag coding sequence 240-293 m"ﬁ
Mudtiple cloning sites Moo i1z
Weo - Ko 1) I::;;]

His* Tag coding sequence !

T ierr::ina.lorg & u;ﬁ‘;ﬁsm

farf coding sequence REr llsas
pBR3ZZ origin ¥ba iz

B coding sequence SorA san
Il origin 5

Soh kasey
The maps for pET-32b(+) and pET- EE0 )
are the same as pET-32a(+)
the following excepl

S8HFbg plasmid: s
beyond Bamt 1 at 198, pET
590 1bp plasmid: add |hpda
beyond Ramt I at 198 g
which cuts at 200,

Apal 2os)

| | v tgasy
Bl li1s3sy
BSLE li1rm
By 1730
Apalnman
BssH lir1z=2y
Hpa ez

Figure 2.1 ET-32a(+) vector map (Novagen”, Germany). The p¥R500 was constructed by
deleting the His | T and S_Tag between Mscl and K| I sites. The only His Tag left was at the 30
side of the readlng used for the protein purifi as described below. The pET-32a(+) was

ﬁ’ﬂ”ﬂ‘?ﬂﬂﬂ‘iWH’T
ARIAN NIUURIINIAY
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| Xho litesy

PET.28a{+) sequence landmarks.

TT promater IT0-346

TT transcrigtion start 36D |

His*Tag coding sequence 2T0-Z87, :-E::'ERH"H'?:I“
T7=Tag coding sequence 207-23 Epuli02 keay Nn: :g:
Mulitple cloning sites : {\_.\’/4.4“ iz
{BamH - Xha D) 158 ¥ Xba li235)
His*Tag coding sequence m‘ , E‘_%!':;"I‘;ﬂ)
T7 terminator y = Sph kisse)
Iaci coding sequence !

pBR3222 origin 5 _ i

Ean codding sequence
f1 origin

The maps for pET-28bi+) and
are the same as pET-28a ) it

beyond Bantl [ at 198. pET-:
53RThy plasmid: subtract 25
beyond Baar [ st 198,

Wi 1123y
Bl Ii1137)

EsIE Hi13oa;
Apa lj1234)

fzog,¢p) P9

s5H 1534}
EcoR Vits73)
Hpa k1525

Psha lioss)

e
ARGRRG Chak

QW’]& ﬂ’iﬁMﬁJW]’m&l’]ﬂEJ
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2.9 Purification of recombinant proteins

: W uction by centrifugation at 8,000g
for 20 minutes at 4 ° )y ﬂesuspended in 1x PBS buffer,
pH 7.4 by pipetti n. T' cell Wy at least 4-5 rounds of

freeze/thaw a jetlod Wit 35 - DELIN SONOPULS,

Cells were harvest

Germany) 4- b 0 mih gaclyf timg. T dte wCreseentrifuged at 10,0008

for 30 min at 0 1t ofl ~ . The 'Supernata Wagleolccted and purified

" A ¥
g ‘,- Je fracti®h W@ loaded into the PD-10
. 1 , 4::‘
column at room temp ! ow { as collected by a gravity flow. The

column was washed with BIAGHRE o lowed by the wash buffer (20 mM

Phosphateﬁffer p aining 2( mof:unbound proteins.

After waslt utec phosphate bufter,

.l al, X
' —purity of the purified

pH 7.4 conj an‘('iﬁu
|
L]
protein was &Valuated by 18% SDS-PAGE. The imidazole removed by dialysis

AUgANENSNYInS ..

enﬂokmase The enterokinase re?tlon was carried out in a final volume of 5 ml

RIRNE MANIINYARE

was incubated at 23 °C for 16 h. After digestion, the rSPIPm4 was purified using
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nickel-NTA column. The protein preparation was kept track and analyzed using 18%

/2

i—-J

2.10.1 SOM _ap E te- pgyacr@phoresis (SDS-

. The gel solutions were

SDS-PAGE and western blot

2.10 Protein an

and spacers were
assembled, th entf o, Se Jtelmixed thoroughly and

pipette into the ing. ben, asimall an b o dlistilled water was careful

layered over thE separatic 4-;" i "'_“‘ e k ¢ that a flat surface of gel
‘ J ¥ | X - - ' J . %
be obtained. .‘ '_' h: afhcomple ”'\  water was poured off. The

stacking gel solutioff was ,’ prepare: X ¢hl¥l and poured on top of the
S-p "!i ) g excess gel solution overflowing

d .p -{j
h‘ ‘cjmb was removed
=

separatmg gel A comb
/ l/‘
c&s unpolymerized

the front @ 7'

acrylamide. m ‘

Prote?samples were prepared by 1 pendmg the proteins in 1x sample

ﬂmm@m NHANG.

either held at room temperature or ‘pt at 0 °C until loadgghinto the gel.

AR A4 It HUY INHIRY

loaded into the wells. Electrophoresis was conducted in 1x running buffer [25 mM
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Tris-HCIL, pH 8.3, 192 mM glycme 0. 1% (w/v) SDS] at a constant current of 20 mA

until the tracking dye (bromo rgfic d the bottom of the separating gel.

ﬁﬂining solution [0.1% (w/v)
10% WV) a@(v/v) methanol] at room

ing solution [10% (v/v)
acetic acid, 10% @6l dnd incub AL 1O SHpatature with agitation for
emoval of stain. The

gel was then placg e - two-sheet s of _ - r the glass plate before

2.10.2 Western Wfot gectl _J’;i is-tagged pr »
f .l'q‘" i :
1 ."H .ﬁ'" ¢ 1 g8l Slab was removed from the

‘l‘

glass plates. The men#bra : aked in a transfer buffer (25

mM Tris base, 150 mM i ] z >thanol) for 30 min before they were

consequen& laid er [Ker was placed on

platform, follewed jctlvely, as shown
A :

in Figure 2.3 m
ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmmwmmmw
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4 Safety lid
de assembly with latches

nnnnn

Ol for 90 min from cathode

towards anode. ng the "\‘ ac gel to the membrane, the

"'"'qfu

orientation of the g wad it ‘ransfer the membrane to an

appropriate container (pgf ﬁ-f: he m :
1% PBS| buli 4, 0.05°
( buffer | | @74, 0.05% (v/v)

T for an overnight

s incubated in blocking buffer

ot
with gentle iﬂ;king. The me

washing buffer ‘Bﬂween buffer [1x PBSWer (10 mM phosphate buffer, 150

AuBINENINLING

as 1ng buffer with 1% (w/v) non-fat dry milk, at

L}
ed 3 times @' 10 minutes each in

ambient temperature with f]enﬂe x1ng for membrane was Wash

AR ANA- AN A

antibody solution, 1:2500 dilutions in washing buffer with 1% (w/v) non-fat dry milk

with agitation for 1 h. The membrane was washed 3 times for 10 minutes cach in



54

washing buffer at room temperature. The bound antibody was detected by color

curately determined by
MALDI-TOR ke nd-Useddtb Whehcaleliatio™n inhibitory activity
and kinetic s . It I ctlial facility of the Proteomic

ui, Thailand).

#‘4:'

The proteina efinhibitery*activitie SP1P

.?’ft" Aok

2
pancreas, Sigma), o-ch riypsir 1 igma) and elastase (porcine

Aand rSPIPm5 towards serine

#¥eniformis,Sigma), trypsin (bovine

proteinase; subtilisin Caf
pancreasy r cience) were-assayed 1 hahn et al. (1987)
J’ris—HCl, pH 8.0;
|
|
-benzoyl-Phe-Val-Arg-p-nitroanilide as sul@te for subtilisin and
trypsin, 147.3 rrﬁnwcmyl Ala-Ala-Pro- Pu—nltroamhde for chymotrypsin and

Pl INBNINY AT~

ntratlons of proteinases and protemase inhibitors in a total volume of 100 ml.

RIRIN I TNy

of 2-fold diluted proteinase inhibitors were used; 3.88-0.01 mM for rSPIPm4 and
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2.98-0.01 mM for rSPIPm5. Not all concentrations of proteinase inhibitors were used

) /ﬂes‘[ amount of SPI preparation

used in the assay dded‘ote ed as a control to make

certain that th _ S acterial host used for

in the assays.

For each subs

icentrations of proteinase inhibitor

were carried out. Each set consisted-of fiy gentrations of substrate in the presence

of fixed j’am S T progéinase inhibitor. For

subtilisin i A |-Phe-Val-Arg-p-

W 6¢} e

nitroanilide S‘TF trate tilisin for rSP1Pm4 or 53.74
L

nM of subt111s1n for rSPIPm5 and fixed amount of 1nh1b1tor Four different

ﬂﬁ"ﬁl ANBNT. ﬂmsﬂﬁ?i

0 37, 0.74 and 1.48 mM (‘ N-succinyl- Ala—Al la-p-nitroanilide subs

dlfferen; concentratlonj rm il ‘Zj Oj 24J 14 and ]9j LﬂM were used.

The reactions were made a total volume of 100 ml in the presence of 50 mM Tris—
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HCI, pH 8.0. The reactions were initiated by the addition of proteinase, incubated at

30 °C for 15 min and arrestg@ With 50% acetic acid. Each reaction was
performed in triplicatg 3' p-nitreani measured at 405 nm using a

microplate reader G Labtech). 11ne was calculated using

il 5 we \ d based on the procedure

by Han et al. (2008) ) positifle bacteria, Bacillus subtilis,

Bacillus megaterium, Sta ai wand Gram negative bacteria, Vibrio
harveyi F i Wa @ in duplicate. An
overnightk ‘ ew in a shaking

of SPIPmS5 at 30 °C

incubator in {F prese 10
]

for B. megaterlu and V. harveyi 639 and 37 °C forB subtllls S. aureus and E. coli

ﬁﬁﬂQWﬁW‘SWEHTTTW
R ANNTNARIINYIAY



CHAPTER III

identified and nagfied SPI@I Y 9. NandEicute, 3.1). Some SPIs were
represented by morgifhangbu contig o] \-, §ektherc'were variations in the
cDNA sequencesfat tll cnds-of 3~ pslated "\ oiofs that were enough to be

clustered as differe cont fa 10t-she number of Kazal domain in these

SPIs varied from 2 to 7 and ] a reading frames of SP1Pm1, 2, 4,

o W‘
5 and 6 @ 77777777777 @ hepatopancreas,

was near ( : Jﬁssing at the N-

terminus. Thiﬁjof other

Figure 3. ?shows the amino acid sequ ces of the nine Kazal inhibitors from

fid HAMENTNYINT

approximately equal possibility we‘ identified in SPI P2,

A8 AFRURIINIIRY

libraries are shown to avoid the biased figures from the normalized libraries. It was

found that the contig members were mostly from the haemocyte libraries, particularly,
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the heat-treated haemocyte libraries. Other libraries were from hematopoietic tissue,

hepatopancreas, ovary and |

~@nly one singleton, the SPIPm9, was

identified from the organ suggesting that the

he most abundant SPI in

ﬂuﬂ?ﬂﬂﬂﬁwmﬂi
RIINTUUMIINYIAY
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Table 3.1 The nine Kazal-type serine proteinase inhibitors identified from the Penaeus monodon

EST database.

SPI Contig or Frequency in

singleton ¢DNA libraries**
SPIPm1 HC-N-S 2
SP1Pm?2 HC-N-S 5
HC-V-S 1
HC-H-S 14
HPO-N-S 2
SP1Pm3 HPA-N-S 2
SP1Pm4 HC-N-S 1
HC-H-S 4
HPO-N-S 1
SP1Pm5 HC-N-S 1
HC-H-S 5
SP1Pm6 HC-N-S 1
HC-V-S 1
SP1Pm7 CT2507 and 4 HC-H-S 1

SG6085

SPIPm8  SG9720 N=S6120029 OV-N-S 1

* Excluding t]l rmalized clones u
- HC-N-S, H S and HC-H-S are standard (3 S) normal (2" N), standard infected (2™ V)
and standard heat-treated (2nd H) hemocyte (HC) cDNA hbrarles respectively. HPO-N-S, HPA-N-S
and OV-N-S are stjar ' S) normal (2™ N) hematop01 ue (HPO), hepatopancreas (HPA)

qUEEN NS
ammnsmuwnnmw
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SPIFml
MLLCKITLIHLLLOGEAVFHDAN
T DPVEASHGWT YHID
TF F-J".WS L"N KLY

MANKVALLTLS
BrKH--
gecL--gs
ENPTVASE
CTPLIGEE

MANKVEFL
eroHETH
CRORCEET

SPIPmS i i
MEYKTTLL IR VA 4 !
ARECEERSPLEVBY r-rr'rrl:z [T PN TEVHH PH
CPGVEFEVY - VG DGET Yl POV VOHDG AR TS PTREGY
SEPIFmE ! e o
MARFSLAFPCLLEVATMA S
EcarnBrl1 YAPVBGSDGN Aziz i ™ S OGEBPSONN
EeTV-GPENYDPVEGSHE o

e

SPIFPm7

: e e e o GHMGSTF’R
AT AY

ﬂ[‘l]_,s.,,— 51
eoTV ;‘_‘ VEE &
iw

“ EFVGLLSDTFP DFG?F’Z"F‘ E’"GSSQS?JbQELT"HuGYL."[“

QWﬂ ﬁ'ﬂrﬂﬁ ;iﬂ“mﬂ:;z f

residues. Diamonds indicate the potential signal peptide cleavage sites. Dotted lines indicate the

€

=

incomplete ends of the amino acid sequences.
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3.2 Detection of possible V. harveyi and WSSV infection

B ’/ ' ollected and used for DNA

—— as dﬂ&d 1(@(1lled water and used as

template for 7 " ey fand ‘ PCR technique. The

expected sizesst e d 2.5¢ cSults showed that the 363

i ling from the hatchery tank for

ected in shrimp gills

1 12 13 14

363bp

250bp

e

AUYINENINYINT

3 2 Ethidium bromide staining of the 250 and 363 bp PCR product amplified from the gill of
DNA isolated from V. harveyi and WSS“nfected individual shr1 n a 1.5%agarose gel. Lane

o W“’Tmmmwm FRGH

ane 1-5: sample 1-5 Lane 8-12: sample 1-5
Lane 6: positive control Lane 13: positive control

Lane 7: negative control Lane 14: negative control
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3.3 Tissue and total RNA preparation

Gill, epipodite, antenngl, 'gland, W ocyte, hepatopancreas, intestine,
lymphoid and eyestalk \‘\ %)ﬂl RNA isolation. Then, total
RNA was treated _jwitheR . [ mthe genomic DNA. The
Aneo/Asgo ratio{ _ .-.mme acceptable quality

of total RN ‘v g WA . 1.2% formaldehyde-

agarose gel e sigf BAch ‘f sale N » band of 18S rRNA

ﬁmm w«f:mn%sw &mmm

Lane M: RNA marker
Lane L: Total RNA from lym otal RNA from heart

At €
tal RNA ane EP: ipodi
Lane HC: Total RNA from haemocytes Lane AN: Total RNA from antennal gland

Lane HP: Total RNA from hepatopancreas
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3.4 Tissues distribution

Tissue specific exp

& zal-type SPIs were then examined
in various shrimp tissQ : % Kazal-type SPI mRNAs was
w._*_‘__ 4
found in all anglyzedetissues inclling ipodites antennal gland, heart,

haemocyte, h 1St | slan stalk. The SPIPm1, 2,
: .v ah

4, 6 and 9 VCIG : f tolbe { Mot abt stypes found in normal
shrimp haemogytts whi Cead SPIP ‘was theynig f ! R ilepipodite, gill as well

as the haemocytg

’ o
patrs¥'s to aIP , 7 %an ia plifical ‘a cDNA

s obtained from individual shrlmps - actin serves as an internal control.

Lane 1: Intestine ayes

AR mmm SJWI%MJ'] Y

Lane 4: Haemocytes Lane 9: Lymphoid
Lane 5: Gill

libr
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3.5 Semi-quantification of Kazal-type serine proteinase inhibitor

Pml, 2, 4,5, 6,7 and 9 were

"geng sp ifi€ prig etc'\desighed tolamplify the SPI genes

based on their cRINA §

(Scientific & duc n ..'.

j
highly conserved om s, one Prim

st the SECentral program

& ‘\1\' “"'-._ f Kazal-type SPIs contain

\ \
prward ".,\ reverse primers for each type

of Kazal SPI was 16 126 ,:- m-the 3'« anslated region (3’ or 5'-UTR) to

specifically amplify eachayp one was designed from the ORF

sequence@i s , @6, 7 and 9) were
selectedf& A J

-

ot
35.2 DMmination of the optima

Detelfl n of the optimal co atlons for each primer pair was

AUHINENINHANT

re"on The PCR products were analyzed by agarose gel electrophoresis and the

QRARNASIIRATIEARY

were showed to give the hlghest yield at 0.5, 1.5 and 2.0 mM, respectively, whereas

(¢

the remaining genes gave the highest yieids at 1.0 mM MgCl, (SPiPm1, 2, 4 and 7).
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3.5.3 Determination of cycling parameter

The appropriate numbers of

relatively of . Reh -«ﬁ?{’ B—a6tin were 25 cycles

whereas SPIPml 6 afid Tffvere 30hExel
i N ;J \ I'(:iﬁ i
cycles, respectivelff H e\ﬁr;‘n 1R

. .
thus, required the ampliticatiof-0f=40-¢
/ o J"“‘r,

R

they were 32 and 28

Pm5 might be rare and,

3.54 The optimal amoui
J..- ﬂf:f

'ie 2 DNA temp d for RLCR reaction. The
detection .’i. ified product should | : P Te not the plateau
. .l’ . X

and specificity was

amphﬁcatlon ase o ﬁd
chosen. One of undiluted cDNA template for SPIPm2 or™3 pl for SPIPm5 were

il G t e e other
mai elicsfeav he: t 1 - 1luﬁ ﬂ lafé cDNA

ml, 4, 6, 7 and B-actin).

The opt1ma1 primer annealing temperature was adjusted to mcrease t e

amplification specificity of each primer pair. The annealing temperatures were
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2

calculated for all primers. The annealing temperature of 55°C was chosen for SP1Pm9

Table 3.2.

Table 3.2 in P. monodon.
Target temperature| PCR | "G5
©0) v (bp)
SPIPm1 30 215
SPIPm2 32 192
SPIPm4 i AN 1\ % 25 311
. : e
LHSGAACGGACGGCAAGA AT X nl Jﬁ
SPIPm5 (undiluted) | 29 60 40 326
RPmS GTfTGACAGTCTTGAGTCC ““I : “le
F e AAT T AAG: 5T E¢ S AIG, |
: 1y Wy 233
Rpropgroghdo i g
' \
GCCGGACGTACCGTAAT
TCCGCATACTTCCTCC AETA diluted)
3 ) ' W,
actinF | GCTTGCTGATCCACATCTGCT 3
B-actin (10 fold 1.0 52 25 317
actinR | ATCACCATCGGCAACGAGA diluted)
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3.6 Expression analysis of Kazal—type serine proteinase inhibitor

W), rarveyi infected shrimp.
harveys. per shrimp. The

luminescence s usgll tqfcog! e The /. harveyi could be

detected at 12 h#fpost#inje ig\' _.ff

detected in nofmal m fu .-‘ (-

The total A brepareg ‘.‘.’u’,"n-_ emocyteShwere used for the first-strand

\

mpk No luminescence was

cDNA synthesis. T, - seveh. Kazal-type ecifi®] primer pairs were used to

amplify the cDNA tem ates ments of 215, 192, 311, 326, 233,

146 and Lm; 2,4, 5 @:imp B-actin was

# g;tive control. The

e |FT
ampliﬁcationModucts 0 ntrol geﬂﬁ—actin) were run on

the same 2% aga?se el. The ratio of band intensity of the target gene and the control

AusInsNINgNT -

The temporal mRNA exp‘ssmn patterns of thegKazal-type genes afteflyf

RIRIA TN RN

were shown in Table 3.3. No significant difference (p<0.05) in mRNA expression
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level of SPIPm1, 2, 6, 7 and 9 were observed after challenging shrimps with V.

harveyi.

there were two to_ three SpecHie i ilar sizes. For unknown

ﬂumwﬂmwmm
RIINTUUMIINYIAY
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2. 5PIPml Al 1 2 3 i = Al [ 7 8 g9 10
e —— B-actin
N — - e i B G S— —
11 12 SN TE J K Fiey 17 15 19
A . . _
— . ‘ IR —
b. SPIPm2 ) e ne——E
— I — — B-actin
—— g A o -
Mﬂ:flﬁ\m\\.& 5
S e B T -
L ] L F o
¢. SPLPm M"ﬁ’.“ﬂ\‘*‘\‘
E— — A . - B-actin
_"-f-ll‘—-gtt&-.,--v
A £ & [N '\\‘ll\“
o e O T e A — —
— .l‘»‘ -k
d. SPIPmb Ml
- B-actin
¢ SPIPmT
B-actin

- B-actin

0 Wﬂf@” m maztm"mﬂ M

Lane 6-10: samples were challenged with V. harveyi 639 at 0, 6, 12, 24 and 48 h (group I)
Lane 11-15: samples were challenged with V. harveyi 639 at 0, 6, 12, 24 and 48 h (group II)
Lane 16-20: samples were challenged with V. harveyi 639 at 0, 6, 12, 24 and 48 h (group )
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A
.ﬁs
.Ez
=1
B
3
2o
C
i 3
B
E 2
=1
3
4
]
Figure 3.6 Relat1 s1on levels of SPIs at dlffe t gime intervals after injected with V. harveyi
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Table 3.3  The summary of relative expression of the seven Kazal-type genes in V. harveyi 639-

infected shrimp.

SPIPm1

1. Anova test of SP1P;

71

F Sig.

Between groups 3.251 0.059
Within groups

Total

or alpha = 0.05

1
12
0
24 ’ . | \ \ " 1.130
6.4 v 3 A T : 1.793
q J \ ¢ iy ! e 1.886
Sig. . A L ] 0.080
Means for groups in hom sisubscts are dlSp £ ,’
a. Uses Harmonic Meag ample ze =88000.
SP1Pm2
I. Anova test of SPIPm2%xpre¢ } ion.in. ﬁf 1 P. mgnodon
Sum of sq es ran e Mean square F Sig.
Between groups 2.51 083" -'.—/W: 626 1.884 0.19
Within groups e -
Tota 1 : "

I1. Duncan‘fest ol DI D oxnacion i I haruai: challoncod D sanada '

o

y ﬂ.‘ Stibset for alpha = 0.05

;lzus: Y5 ”j ik

Between groups 0.009
Within groups

Total




‘ Mean§iforigro 1 ‘ﬁ ogeneolls subsets are
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I1. Duncan test of SP1Pm6 exprssion in V. harveyi challenged P. monodon

Subset for alpha = .05
2 1
0.742

1.855
1.000
Means for groups in hom
a. Uses Harmonic MCV ‘
SPIPm7
I. Anova test of S
F Sig.
Between groups 1.380 0.309

Within groups
Total g

A ™ Subset for alpha = .05

1
24 0.993
12 1.667
6 2.025
0 2.635
48 4.482
Sig. 0.072
Means for groups in homogeneous subse are displayed
a. Uses Harmonic Mean Sample Size = 3,000
] e
‘_,/ e :y ¥ 4
SP1Pm9 k)
I. Anova teL of
e .
| qu an square F Sig.
Between groups| | | . . 1.024 0.441
Within groups 1.319 0.132

Total ‘ 1.858

: test of SF Y n' g

& | 3

a. Use§ HatmoRlic Mcam SathplefSize 31000, L] | L
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3.7 Expression of SPIPmS in response to heat stress using semi-

SPIPm2, 4 aniil;f?e
one might want t0 hy 126" th

i UHANYNINYINS...

uals were divided into 2 groups, the control (lanes 1-3) and heat-treated (lanes 4-6) groups. The

total RNA samples from individuals in ‘h subgroup were poo cDNA synthesis for th

ARARINIWANTIN H18Y
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3.8 Recombinant expression of rSPI1Pm4 and 5

3.8.1 Construction @ id pSPIPm4 and 5

& ﬂ and 5, were interesting for

they were identi - 7eat—t1‘gted haemoes libraries. The SPIPm4
F’_,.E——‘ : \ -

and 5 cDNA clones, H@NM014898-] 3 (05 -2619-LF contained the

open readin : Fag ,. ; oep des of 128 and 132

Two two-

amino acids, g ivg sil opt o' 210 MO dMillo acid residues and
mature protein; 7 and 10 acid 6s spe tively (Figure 3.8). To

explore the activiffcs @i vo.' ST lenes were used as PCR

| \
" = /R W'
gefic products contained the Nagl afid X7ol restriction sites,
II:. .- L

templates forsthe angplifi if:’fi"‘“; oc =.‘ SBCR Primers were designed

such that the PQ

respectively, at their} "‘f:@.ﬂ_’;é -{-__ odWts were analyzed using 1.2%

agarose gel electrophores dand purified using NucleoSpin®

Extract I@s s A :ﬁ‘v\jre tailed with an

adenine &IC egr (Real Biotech

rmed iﬂan E. coli XL1-Blue

using CaCl, meﬂ?d The transformants were selected using blue-white screening. The

Al m NINEINT

not shown).

N ANATURTINEIA Y

sequencing to confirm the insert sequences of SPIPm4 and 5. The Ncol-Xhol

=t
Corporation).” he reco

fragments containing the SPIPm4 and 5 were prepared from the T&A clones and



75

subcloned into the Ncol-Xhol digested pET-28b(+) expression vector (Novagen). The

pSPIPm4 and 5

S

| |
Fim 3.8 The open reading frames of ?’1Pm4 (a) and 5 (b). The underlined amino acid sequences

ignal_peptidgs. The shaded and boxed amin ids_are _P1 ids, The shaded nucl :
q Ws:qu c Wi p anngal; i ﬁa‘mp icati( ‘ eﬂ
q fragments the'Gongtrudtion p S clo -
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&

Figure 3.9 The amp ed fg@gments of SP1Pm4 P1! @) and the screening of the recombinant

plasmid by digesting with@col an ol ( '.:.:"_. _agarose 'gel electrophoresis. For (a), laneM:
GeneRuler” 100 bp Dl* add _‘&-—.——' SRCR B@duct of SP1Pm4; lane2: negative
control for SPIPm4; lane3: the PEl pre : afic4: negative control for SPIPmS. For (b),
laneM: GeneRuler™ 1 kb DNA Pm4, lane2: pSP1PmS5.

3.8.2 Oﬁé‘ -expr

The S IPm4 and 5 were over- expressed in an E. coli system using

Bl i) nﬂ?ﬁﬂ AME] e

Rosetta(DE3)pLysS A single co]‘ly was cultured 1n medium containing w

chloramphemcol at 3 until the ODggo reached 0. Isopropyl— -D-thioga act0s1de

(IPTG) was added to the final concentration of 1 mM to induce the expression. The
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cells were harvested at 0, 1, 2, 3 and 4 h for SPIPm4 and SPIPm5 after IPTG

induction and then analyzed

The results sk it t} if ¢ >J igp- was continuously increased
after 3 h of IPTG i A6). @ therefore, employed for

ﬂumwﬂmwmm
RIINTUUMIINYIAY
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—>»rSP1Pm4

S d

—»rSP1Pm5

L

= ,J_)
weXpressed in E. coli

Figure 3.1 'S b
Rosetta(DE3)p T at var anes T} : , 5,7 and 9 are the lysate
of cells carryin PIPm4 from uninduced cells at 0, 1, 2, 3 and 4 h, res ’ ely. Lanes 2, 4, 6, 8 and

10 are the lysate of‘lls arrying pSPIPm4 from induc IlIs at 0, 1, 2, 3 and 4 h, respectively. For
m3a(b)ala 3 e of c ALEYIRSEDS 4 indu IIs at 0,
indued t 32004 W g S e prest ein mMarker (Fermentas).

" al

AR TN NN Y
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3.9 Purification of recombinant protein

fusion protei

thioredoxin and##SPLPg# wefe/Apy aTNDhe PB4 was purificd with

The rSP ,‘ : 'i-;“, ofua ly '“‘, soluble protein and inclusion
bodies. The soluble, Lni o ificd Wlith nickel-NTA column and

analyzed for its identity and 3 Y -PAGE (Figure 3.11b).

ﬂUEJ’J‘VIElVﬁWU']ﬂﬁ
QW’]Mﬂ?NNW’]’mmﬂﬁl
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a. SPIPm4 1 b. SPIPmS

Figure 3.11 RecombinanfPexpression of tSPIPm he cellfcultures were grown for 3 h after
IPTG induction and ha:rvested. or SPIPm4 (a), the fusion protein was
purified through nickel-NTA.cal
purified againgvith ni mn (lan ell lysate. (lane 1) was purified

through a niek ) pfi;(fage 2). The rSPIs were

kept track 0&1

ﬂUEl’J‘VI&WIﬁWEl']ﬂ‘i
ﬂmmmmummmaﬂ

pn with enterokinase, the SPIPm4 was
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3.10 Molecular mass determination of recombinant SPI by using

| . | " WHII/JV |
SRSP 1 Pmd z&temined using MALDI-TOP

an(g3.43, : ) ely (Figure 3.12). The

mass spectrometerstes 1

——
calculated ﬁgures;grr- , 575 kDa, respectively.
444 Tt was possible

that the rSPLR# N , startia i goycd“aggbad been shown for
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b. SP1Pm5

Figure 3.12 The MALDI-TOR ::1!_*, },’:} ;.;,’: SPIPm4 and (b) SP1PmS5.

_..'..-.
3.11 SeriMproteinase inhibitory assay

The 1nh1lf‘oﬂv1ty of recombinant seu proteinase inhibitor towards serine

AUBINERINEING -

protemase The residual serme proteinase activity was determined by addition

RIBRATY bk ik (IER)

405 nm. Therefore, inhibition of serine proteinase hydrolysis of chromogenic

substrate can be measured by following the change in absorbance 405 nm. The
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purified recombinant proteins from nickel-NTA agarose column were tested for serine

jnt_inhibitors were assayed for their

inhibitory activities aga TIPS /&tase and subtilisin A (Figure

3.13). The mole ratios Up to-50-6f inhibi ¢ were used. For a strong

inhibitor, the W ily seén at themolc Tatosdss than 10, The SPIPm4

and 5 strongly@Mibi uBtilsig. ‘ ondMagnhibited elastase. The
SPIPm4 hardly jgffibit if) dnd el 258, RS PIE it inhibit trypsin and

chymotrypsin. Thé* inhibiti Jagainst { d and 5 as well as that

120

= 1
& Trypsn
& Subliger
i Elnstine

WN'TEI Mole ratio [TJ/[E]

e 4 INYNINYINT...

ted at various ratios with chymotrypsin (@), trypsin (H), subtilisin (@) and elastase (A) in the

reactions containing chromogenic substra‘ The reduction in protﬁ activity was determmed

RN UAIINEIAY
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3.12 Kinetic studies

3.12.1 Determinationg

; "3
their kinetics.@mghﬁn thE'ﬁm subtilisin by the serine
—

proteinase inhi itor, tk inthi ', gad 10M$ fermed by varying the substrate
‘ FBheson®™ f different inhibitor

suring its inhibitory
effect on enz olsifl o N- / o hitroanilide substrate at
30°C for 15 mi ( ibed i - : 1 ate saturation curve of
subtilisin inhi 1 §P1Pmd"and 5 weke platfedl oS ShowMin Figure 3.14a and b.
"', ‘a saturation curves were

(A inhibition was essentially

ation was applied to determine the

RN TN INEAY

The inhibition constant was determined from the re-plot of the apparent Ky,app

values against the inhibitor concentration [I] at which they were obtained Figure 3.16a
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and b. By extrapolating the plot to where the Kw,app €qualed zero, the value of K; was

obtained. The Vmaxs, Kvs an ‘ ' igted and summarized in Figure 3.15d.
The inhibition const - nanemolar while the Kys were in

the range of milli

stase of SPIPm5 was
studied for its Jaificti ¢ ,‘ 3 2 Al a-p-nitroanilide. The

substrate satura e, shown in Figure3.14c.

The Linewecaver-B ;’_ Again the inhibition was
of competitivedpe. #he iih n' cons détermiipedRigure 3.16c. The Vi,

Ky and K; were '_>' u Ak in Fi re®. ['Sdl The inhibition constants

(Ki) was in the rang P n omolar v hile crelifllthe range of millimolar. The

ﬂUEJ’J‘VIElVﬁWU']ﬂﬁ
QW’]Mﬂ?NNW’]’mmﬂﬁl



86

1.6 a. SP1Psi-substilisin

Figure 3.14 Substr.‘ ation curve of subtilisin a tase with and without SPI. The substrate

A UHIN EIW'?” WM
QW’] ANNINURIINEA Y
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12 45 -
o, BPIPmd-sublilisin » b. BPIPmS-subtilisin et
v 10 1R v
35 4
5P concentration L] 30 4
& 000 nM 25 4

W 3038 nM
& DO.TS nM
® 12150 nM

" Subtilisin Elastase
5P1 concaniration

T
# 0.00nM S5PIPm4 | SPIPmS | SPIPmS
= 12407 0M !

& 24804 M 1.56 I 1.1 189
e R 018 | 024 0.51
14.95 419 50.64

-8 -4

Figure 3.15 Lineweaver-Burg plots=ef=the-inhik eactions between SPIs and proteinases. The

inhibitory activity of SPIPm4 a nd-3.wete kinetice gainst subtilisin (a and b, respectively).

The SPIP as als S g ass at various substrate

concentratiQfis. idfed in the plots. The

calculated lt

ﬂUEJ'JVIEWIﬁWEI'm‘i

AN IUANINGA
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Figure 3.16 The p]‘ of subtilisin (a and b IPm4and5)and elastase (¢ for SPIPm5)

ﬁﬁﬂﬁﬂﬂﬂﬁﬂﬂﬂni
AT AMINYAE
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3.13 Bacterial growth inhibition

It had been a thoughfghall f sybtilisin inhibitor might have negative
effect on bacterial grey

serine proteinase —— T frog ‘gs rw Kazal inhibitor from P.

monodon, SP *The growth inhibition
activity of the8 wéié fosted. B ting _u:‘ ed culture of bacteria
with consider: L - igentrations of b " e SPIPm2, 20 mM
SPIPm4 or 10 m ; [ares ‘ | . ‘ actcria up to 16 h, it was

found that both SPfs dd b ba driostal \ T hdherowth of Gram-positive

bacteria: B. sub#tli v egatlve bacteria: V. harveyi

ﬂUEl’J‘VI&WIﬁWEl']ﬂ‘i
ﬂmmmmummmaﬂ
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10 uM SPLPmS
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:::::::

[
’T.m“.m, <

AuEINENINGINg
ATl Inde

20



CHAPTER 1V

se and the clustering of

the EST data type serine proteinase

inhibitors in were at least 9 types

of Kazal SPIsa¥ost of thg p"‘ mi C PIs.wicre derived from the

haemocyte librggi€s igdicgting hat—the haemo §%he main site of SPI

"

biosynthesis: Slnc the blo (%11‘ 1 'f‘ " site "of immune defense

that K rff
J ‘.‘l v .l(" &

system in shrig#, the Qt e host defense innate

immune response g¥as aiso uv'-‘ =i";- y fig With a recent finding that an

“il

SPI from F. chinensi, llcs in response to white spot

syndrome virus (WSSV) inf .
2]

B jein 3 “and” nucl mpfon we found no

1ndlcat10nt Cany relationships due o alternate splicing of the (RNA among these

O he common ancestor
|l
gy both in the amino

inhibitors. N hi

for they werﬂzy much similar with certain degree of hom

i in dnhibitors with
- pﬁﬁﬁﬁﬂ 4 o2 A

Varlab le.

q RIAIN TN N

shrimp (Jarasrassamee et al., 2005; Somprasong et al., 2006). Amino acid sequence
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comparison indicated that the four-domain Kazal inhibitor from Litopenaeus

vannamei was a four-domain .0 u
(Jimenez-Vega et al., 2005 ¥ \ /

variant of the five-domain SPIPm2

1ne bacterium found both

al., 1990) and a co ‘ofganis: : STIC €O tenfs of marine animals
(Reichelt et a O824 I If'.ﬁ ®@ghized as a primary pathogen

of many co Rrci Ifurgd myerfebrate SPOCics,y olias (hek ack tiger shrimp. V.

culture (LaVilla- bgoffer #.F1 ‘ A fookiy Sl 1993). Studying the

susceptibility- f shri p w:“

used as a generald d1c or of a v 1 af‘_
] ]

al dose, LDs, figures are
81). In this study, Vibrio
infection was perfo . ed r‘:"_'.‘-':-'f ..| CFU of V. harveyi 639 at
the second abdominal seg g 7 > 10110 Ponp ateep et al., 2009).

oy

‘.
g’ls mRNAs were

e distribution of

i
-

highly expreiﬁ}i in the

intestine, hepato?ncreas eyestalk, epipodite, antennal gland and lymphoid of normal

AUHANENINGING -

of serine proteinase inhibitors (Kal‘st 1999). The receluldles also reported tha

RAANNTUHATINGY of

Soonthornchai et al., 2009; Wang et al., 2009a; b).

ress10ns@uld be found in the
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Interestingly, only the SPIPm7 were expressed in all tissues tested but highly

particularly in epipodite and gill u ated that the SPIs in these tissues might

originate from the haemoc yies, “Si ' / d gill are, respectively, involved
in ion-homeostasis a espiration, they ar / tly to the environment and

threatened b}’y e !Oe—Ore gverel‘u ' y. The Kazal SPIs are,

It woul Meresting 9 : vhe " seven Kazal-type
SPIs were iny, = ,_ MoBenic infection. In the
present study, theg€mp ‘_ : Sssig : g As in the haemocyte of
: 7 i\ ."".._" T CR analysis. A time-

}

dependent patte Jor Kif o :; =,'.5' as ob L the haemocytes after V.

harveyi 639 challeng® el 0ff SPIPm1 (Figure 3.6a) was

significantly increased at%6% I pormal level at 12 hpi. For the

remainin@ ; Tand, ﬁ“ﬁences in mRNA

- -
expressiok ; 'J)rmal saline. The

. ot
expression pﬁles of t

domain from L. \?mamez (Jimenez-Vega et al. 2005)

AusrInenineany:

P1 residues Ile and Phe in SPIPm‘ and Leu and Thr 1 IPmS A recently i 1s0

AR I AN ANHIRY

in the second domain, Thr in SPIPm5 and Ala in SPI from F. chinensis (Kong et al.,

milar w:ﬂlthat of a four-Kazal-

2009).
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Being identified from the heat-treated haemocyte cDNA libraries, we had

tested whether it was also true that of such SPIs were increased upon heat

amino acid having b lfoph obic si foMexample Tyr, Phe and Leu,

inhibit chymotrypsin (qu : {,f:# ' "‘ 80 ssible too that the Kazal domain

in certah@ c t@ke that observed

in particukr e ¢Jlus, SPIPm2 from

frh.
e .rt'
P. monodon the 0 anssoﬁ
i L

et al., 2008; Li et‘v] , 2009).

AutInEmInganT:

domains might contribute to the ‘rong inhibition of ﬁtlhsm This was pos

QW%ﬁﬂﬂﬁﬂJ‘HﬂW%ﬂﬁﬂﬁl

P1 Ala and Glu in SPIPm2 (Donpudsa et al., 2008), Thr in GmSPI 2 from Galleria

al., 1994; Donpudsa

mellonella L. (Nirmala et al., 2001), Leu in greglin from the desert locust
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Schistocerca gregaria (Brillard-Bourdet et al., 2006), Asp in EPI1 from the oomycete

P. infestans (Tian et al., 2004)

inhibitors. For the S 0 s
of subtilisin and € C was, 3 Servey @chde that the Thr was

responsible for subtil nhibiu and ela inhibition. The clue was from

Cenchritis muricatus (

the study of a four-dgs bligate intracellular parasite of

#g, Arg, Leu and Leu

was able to inhiit tryfSingch¥motryps reatit, clastasSydnd neutrophil elastase.
Nevertheless, thegictualf i b?& ;gfj" ics O ithe \Razaldomains remained to be

elucidated. / &\ i |

\‘ . . o g . h‘ . g e, e
Most Kazal inhibitors a ‘,i: ent inhibitors w "\ theflinhibition constants, K;s,

agtivities of SPIPm4 against

in the range of nas ..":.{.i:.( y

subtilisin and SPIPm5 agajfisi Wy_ e led us to study their kinetics. As

anticipated, ‘ghe pstants @hsin were 14.95
1 e s

and 4.19 'viJhibition constants

and 32:@M against elastase of

SP1Pm?2 (Sompr?)n et al., 2006). In SPIPm2 there are 3 Kazal domains responsible

PLidgs ANBNINAINT

of SPIPm4 and 5 were comparal‘ to those 1nd1V1du zal domains of SP

RARINFN URAINHIRY

that of a single responsible domain in SP1Pm?2.

) —
were higher cm ipared



96

Since the SPIPm4 and 5 potently inhibited subtilisin, it was thought that they

might possess bacteriostatic actiyi st some bacteria, particularly B. subtilis,

like the SPIPm2 (Donp nd, however, that they did not

ﬁGram—negative. Thus, the
@s did not always hold

inhibit the growth

ﬂumwﬂmwmm
RIINTUUMIINYIAY



CHAPTER V

SJIONS

A

al ty‘ SPISWI -9, identified from the

tic tissue, ovary and

1. There are ni

c¢DNA lib
lymphoid. 4 Id N nodon.biotech.or.th/).
2. The semi- itati ‘ ’i azal: "." es (SPIPm1, SP1Pm?2,

SP1Pm4, SP ; ". ‘Serem 'I n9) after /. harveyi challenge

showed fhat th ] : sign-of SPIPr _ increased for 1.92 fold at

6 hpi and | he SRI oCfigs: SP1Pm2, 6, 7 and 9
showed hardlyghy d £ ;.-' RNA ¢ "“"'a 1
j ‘ S \ 1
3. RT-PCR study 0‘  PLPmS gene t hat iglvas up-regulated in response

to heat treatment suggest g the involvi of SPIs in stress responses.

4. The rpﬁcul 1] edﬁging MALDI-TOF

mass ‘ﬂémm““—-"—m----.-ﬂ- q aotax ]

J

5. The SP@! cxt gain I' btilisin and weakly
) .i 'Ii
inhibited" yrnotrypsm but not trypsin and elastase. ‘

(USRI

7. ghe inhibition was a competltlﬁ type with 1nh1b1t10n constants (Ki) of 14.95 nM

ARTANTLIN AN TEY
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8. They had no bacteriostatic effect against Gram-positive bacteria: Bacillus subtilis,

ﬂummmwmm
RIINTUUMIINYIAY
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SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

1. Preparation for poly o ctrophores1s
® 30% (w/v) acr. l

acry

gme to 100 ml with

water.

o 05N

V),

£:]

¥
| n
djist pH to 6.8 with 1 M HCI and adjust Voluméjﬂ‘loo ml with distilled

water.

ﬂwa-sa ﬂﬂﬂﬁﬂtﬂﬂ‘i

Tris (hydroxymethyl)- amlnornethen 12.1

q mmn*smwﬁwm '
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2. SDS-PAGE

¢ 18% Separating gel

H,O
30% (w/v)

>
AugInenNgng

Distilled water
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3. Electrophoresis buffer, 1 litre

just pH with acid or base

el
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The recombinant SPPm iy s i g nidlid elastase; appropriate concenrations of
thioredaxin fusion probein fusion H protein®se inhibitars in a total volume of 100 ul
nickel-NTA column, The thionedoxin v L - tion af subtilisin mrypsin, s-chymotrypsin and #las-
digestion with enterokinase. The entercdd A e o b (L0 for rSP1Pmd and 0L03T for fSP1PmS, D002, U0 and
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S0m Mall, 2 mi CaCly, 0001 ug qss g 388-0.0 M for r5PIFm4 and Z58-0001 uM
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bated a0 orr 16 fi FENLTaNE, 3 FeMTion Con-
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was nol e i ; sang ] e reader (BMG Labitech )
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armis, Sagma ), trypsin (bovine pancreas, Seagmal, @ pu.in i, X325, 46.50 and 93 fear PSPAPmS, were used. For elastase

QW’]& NINURIINYIAY



129
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. * Fig. 4b]l. Western blog
LYY of the 5P for they were

PINCTESS, W 1 Ll His-tag (data not shown )
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