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Autoclave Model # LS-2D (Rex all industries Co. Ltd., Taiwan)
Automatic micropipettes P10, P100, P200, and P1000 (Gilson Medical
Electrical S.A)
Balance: Satorius 1702 (Scientific Promotion Co.)
CX31Biological Microscope (Olympus)
ogpin 4 (Shandon)
-2 "C Freezer (Whirlpool)
-80 °c Freezer (Reveo)
Gene Puiser (Bio-RAD)
GenePix 4000B Microarrays Scanner (Amersham biosciences)
GS Gene Linker™: UV chamber (Bio-RAD Lahoratories)
Hybridization oven (Hybrid, USA)
ICycler 1Q Real-time Detection System (Bio-Rad)
Incubator 3) °C (Heragus)
Incubator 37 °C (Memmert)
Larminar flow: Dwyer Mark II Model # 25 (Dwyer instruments)
MegaBACE DNA Analysis Systems (Amersham Biosciences)
Microcentrifuge tubes 0.5 ml and 15 ml (Bio-RAD Laboratories)
Minicentrifuge (Costar)
Nipro disposable syringes (Nissho)
Orhital Shaker (Gallenkamp)
PCR thermal cycler: Gene Amp PCR System 2400 (Perkin Elmer)
PCR workstation Model # P-036 (Scientific Co)
pH meter Model # SA720 (Crion)
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Pipette tips 10, 20, 200, and 1000 pi (Bio-RAD Laboratories)

Poly-L-lysine coated slide (O.Kindler GmbH&/Co)

Power supply: Power PAC 3000 (Bio-RAD Laboratories)

Refrigerated microcentrifuge Kubota 1300 (Kubota)

Spectrophotometer: Spectronic 2000 (Bausch & Lomb)

Spectrophotometer DU 650 (Beckman, USA)

Sterile disposable plastic pipettes 1, 5 and 10 ml (Sterilin)

Sterring hot plate (Fisher Scientific)

Touch mixer Model # 232 (Fisher Scientific)

Trans-Blot® SD (Bio-RAD Lahoratories)

Vacuum blotter Model # 785 (Bio-RAD Laboratories)

Vacuum pump (Bio-RAD Lahoratories, USA)

Whatman® 3 MM Chromatography paper (Whatman International Ltd,
England)

White/uv transilluminator: UVP ImageStore 7500 (Mitsubishi
Electric Corporation, Japan)

96-well plate (Bio-RAD)

Software
Gene Cluster3 Programme

Chemicalsand reagents

Anti-Digoxigenin-AP Fab fragment (Roche, Germany)
Absolute ethanol, C.HsOH (BDH)

Acetic acid glacial, CHsCOOH (BDH)

Acetic anhydride (Sigma)

Acrylamide, csHsno (Merck)

Agarose (Sekem)

Bacto agar (Difco)

Bacto tryptone (Merck)

Bacto yeast extract (Scharlau)



BCIP (5-bromo-4-chloro-indolyl phosphate) (Roche, Germany)

Boric acid, BHs0s (Merck)

Bromophenol blue (BDH)

Chloroform, CHCIs (Merck)

100 mM dATP, dCTP, dGTP, and dTTP (Promega)

Diethyl pyrocarbonate (DEPC), CoHioOs (Sigma)

Dimethyl sulfoxide (DMSO), CoHASO (Amresco)

Ethidium bromide (Sigma)

Ethylene diamine tetraacetic acid (EDTA), disodium salt dihydrate
(Fluka)

Ficoll™ 400 (Amersham)

Foetal bovine serum (Gibco BRL)

Formaldehyde, CH2) (BDH)

Formamide deionized (Sigma)

GeneRuler™ |00bp DNA ladder

Glucose (Merck)

Glycerol, CsHs0 s (BDH)

Glycine NH.CH.COOH (Scharlau)

Hydraochloric acid, HCL (Merck)

1Q SYBR Green Supermix (Bio-Rad)

Lamda DNA/E coRE+/mdIll marker (Promega)

Levamisol (Sigma)

Lobster haemolymph medium (LHM) (Merck)

Isoamylalcohol, CsH:-0 (Merck)

Isopropanol, CsH7OH (Merck)

2- Mercaptoethanol, CHeOS (Fluka)

Ethatimate (Toyama, Japan)

3-~ (N-morpholino)propanesulfonic acid (MOPS),
HO3(cH 23 argn O (use)

Nitroblue tétrazolium (NBT) (Roche, Germany)

Nytrans® super charge nylon membrane (Schleicher&Schuell)

Phenol crystals, CeHsOH (Carlo Erba)
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Phenol, saturated (Merck)

RNA markers (Promega)

Sodium acetate, CFBCOONa (Merck)

Sodium chloride, NaCl (BDH)

Sodium citrate, NasCoHsOy (Carlo Erba)

Sodium dodecyl sulfate (Sigma Chemical Co., USA)
Sodium hydroxide, NaOH (Eka Nobel)
Tris-(hydroxy methyl)-aminomethane, NH.C(CHz o Hys (USB)
Triton X-100 (Merck)

Trizol reagent (Gibco BRL)

Tryptic soy broth (Difco)

Tveen™-20 (Flula)

Xylene cyanol FF, C25H27N200S2Na (Sigma)

Enzymes

Ampli7a<jr DNA polymerase (Perkin-Elmer Cetus, USA)
BamH| (Biolabs)

DNasel (Promega)

EcoRI (Biolabs)

Proteinase K (Sigma)

RNase A (Sigma)

RQL RNase-free DNase (Promega)

T3 RNA polymerase (Roche, Germany)

T7 RNA polymerase (Roche, Germany)

Xhol (Biolabs)

Bacterial strains

Escherichia coli Strain JM 109
E. coli Strain XL-1 Blue MRF’
E. coli strain SOLR

E. coli Strain DH10B
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Vibrio harveyi 1526

216 Virus
White spot syndrome virus
217 Kits

DIG RNA Labeling Kit (Roche, Germany)

DYEnamic ET Dye Terminator Cycle Sequencing Kit (Amersham
Biosciences)

LabelStar Array Kit (QIAGEN, Germany)

ImProm:-11 Reverse Transcription System Kit (Promega)

Gigapack® 11 Gold Cloning Kit (Stratagene)

Mini Quick Spin™ RNA column (Roche, Germany)

PCR cleanup kit (Millipore, USA)

QuickPrep® Micro mRNA Purification kit (Amersham Pharmacia
Biotech)

QIAgiuck™ Gel Extraction Kit (Qiagen, Germany)

QIAgiuck™ PCR purification Kit (Qiagen, Germany)

ZAP-cDNA® Synthesis Kit (Stratagene)

2.2 Samples

Broodstock (approximately 800 g of body weight) and sub-adult P. monodon
(approximately 3 month-old, 20 g of body weight) were purchased from the local
farms, and separated into 5 groups. The first group was the unchallenged or normal
broodstock shrimps. The rest of the shrimps were the sub-adult with the following
treatments. The second group was experimentally injected with 0.85% (w/v) NaCl,
the third group infected with v. harveyi 1526, the fourth group injected with LHM
medium, and the last group infected with white spot syndrome virus. All groups were
acclimatized inaguaria at the ambient temperature (28 £ 4 °C) and at the salinity of 15
ppt for at least . day before used in the experiments,
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2.3 Preparation of Vibrio harveyi challenged shrimps

The preparation of Vibrio harveyi challenged shrimps was performed
according to Supungul et al. (2002). A single colony of V. harveyi 1526 (kindly
provided by Charoenpokphand (CP) Group of Companies) was inoculated in tryptic
soy broth (TSB) supplemented with 2% (wiv) NaCl at 30 °C for 12-16 hours. The
overnight culture was diluted (1:100) in the same medium and grown at 30 °C for 2
hours. The culture was then diluted 1:100 with a sterile 0.85% (w/v) NaCl. The titer
of this dilution was monitored by a plate count method in tryptic soy agar (TSA)
supplemented with 2% (w/v) NaCl (modified from Austin, 1988). The 105 CFU
diluted culture was intramuscularly injected into the forth abdominal segment,
whereas the control group was injected with 100 pi of 0.85% (w/v) NaCl solution.

At 0, 6, 24, 48 hours post injection (hpi), haemolymph were collected from the
ventral sinus in the first abdominal segment using a needle on a 1-ml syringe. Each
syringe was pre-filled with 200 pi of 10% Sodium citrate as an anticoagulant. Then
shrimps were tested whether the infection was successful by culturing the suspensions
of hepatopancreas on TSA plates supplemented with 2% (w/v) NaCl and incubating at
30 °C overnight, Colonies of v. harveyi 1526 from infected shrimps were identified as
the strong luminescent spots in the dark

2.4 Preparation of white spot syndrome virus challenged
shrimp

The protocol used was modified from that of the CP laboratory. The initial
white spot syndrome virus stock (kindly provided by Charoenpokphand Group of
Companies) contained 8.8 x 106 copies. The viral stock was diluted 100-fold with
lobster haemolymp medium (LHM). One hundred microliters of the diluted virus
were intramuscularly injected into the forth abdominal segment, while the control
group was injected with 100 pi of LHM,

At 0, 6, 24, 48, 72 hpi, haemolymph was collected using the above procedure,
and shrimps were tested whether the viral infection was successful using polymerase
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chain reaction (PCR). The templates for the PCR reactions were the DNAs of the
virus extracted from the gills of the sacrificed shrimps.

2.5 Lymphoid organ collection and total RNA preparation

Lymphoid organs viere isolated separately from the intemal thorax of each
sacrificed shrmp, nomvel and V. harveyi injection & 6, 12, 24 and 48 hours, and
Immeciately frozen in liouid nitrogen (-176 °C) in orcer to preserve the intact tissLe.
Tre lymphoid organs were briefly homogenized in 1 ml of Tnzol reagent (Gibco
BRL). The lymphoid organ homogenate wes stored a room teperature for 5 minutes
to permit complete dissociation of nucleoprotein complexes. After thet, 200 pi of
chloroform were acced and vigorously shaken for 15 seconds. The resulting mixture
Was stored at OO EnTperalre for 2 - 5 minutes and centrifuged a 12,000g for 55
minutes at 4 °C. The colorless upper aoueots phese vies trarsferred to anew L5 i
microcentrifuge tube. Total RNA wes precipitated by the acdition of 500 pi of
Isopropanol. The mixture wes left & room | tTperatLre for 5 - 10 minutes and
centrifuged at 12,000q for 10 minutes & 4 °C. The supematant wes removed. The
RNA pellet was weshed with 500 pi of 75%ethanol. The RNA pellet was kept uncer
HYoethanol until used. When required, the samples were centnfuged a 12,0009 for
15 minutes & 4°C. The supemetant vies removed. The RNA pellet wes briefly air
cried for 5- 10 minutes. The total RNA wes dissolved with an appropriate amount of
dlietiyl pyrocarbonate (DEPC)-reated water.

The concentration of total RNA was cetermined by measuring the OD at 260
nm, andl estimatedl in pg/ml using the followang ecuiation:

[RNA] = Ol x cilution factor « 40

An OD unit a 260 nm corresponas to approximetely 40 py/ml of RNA (Sambrook et
., 1989)

2.6 Formaldehyde-agarose gel electrophoresis

A 1%(wlv) formaloehyce agarose gel wes prepared using |x MOPS huffer
(clluted froma 10x MOPS huffer to 0.2 mvi MOPS; 50 mVINaOAc, 10 mVIEDTA
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pH 7 final concentration). The gel slurry wes boiled till comyplete solubilization, and
allowed to cool to 60 °c. Formaldehyce (0.66 M final concentration) and ethicium
bromice (0.2 pg) Were adced, and the gel solution wes poured into a gel setting
charmioer. The comt wes then inserted,

Ten to twenty micrograns of total RNA in 35 pi of DECP-treated HQ, 5o
of formamick, L5 pi of 10x MOPS and 2 pi of formelcehyce were combined, mixed
well, and incubated & €6 °c for 15 minutes. Then, the mixture wes inmrediiately
placed on ice. One-forth volune of the gel-loadiing buffer (50% (viv) glycerol, 1mM
EDTA pH s, and 05% (wiv) bromprenol blue) wes acded to each sample. The
samples were loaced to the 1%6formelcehyce agarose gel. The standard RNA rrarker
Wias Usedl &s a size marker. Electrophoresis wes carmied ot in IXMOPS huffer & 50
volts, urtil the bromphenol blue dye migrated approximetely %6of the gel length. The
0el was weshed 45 times of water before it wes stained with ethicium bromice
solution (05 pg/ml) for 1 hour. The total RNA in the stained el wes visualized as
fluorescent bands using anuv transilluminator.

2.7 DNase treatment of the total RNA samples

Chromosomal DNA contaminated in the total RNA sanples wes removed by
treating 25 g of total RNA with 5 units of RQL RNase-frree DNase: (Promega) & 37
°c for 1 hour. Then, the reaction volume wes adjusted to 40 pi with DEPGreated
water, 250 pi of Trizol reagent wes aockd, and the mixture was vortexed for 5
seooncs. Two' hundred microliters of chloroform wes then acced and vigorously
vortexed for 15 seconds. The resulting mixture s stored & room tenperature for 25
minutes and centrifuged a 12,000 for 15 minutes a4 °c. The top layer wes added to
1 volume of isopropanol, and incubeted for 10 minutes & room tenperature. The
resulting mixture was centrifuged & 12,000g for 15 minutes at 4 °c. The supermetant
was removed. The RNA pellet wes washed with 500 pi of 7% (viv) ethanol. The
Supemetant wes removed. The RNA pellet wes briefly air diied for 5-10 minutes. The
DNase-treatedl total RNA was dlissolved with an appropriate amount of DEPGreated
wiater, The concentration of DNA-free total RNA was cetermined as described in
section 25.
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2.8 Preparation of MRNA

The mRNA was purified from the total RNA wsing a QuickPrep® Micro
mRNA Purification kit (Armersham Phanmecia Biotech). The oligo(dT)-cellulose wes
gerttly swirled, and 1 ml of the cellulose suspension wes inmedliately pipetted into a
15 ml microcentrifuge tuioe. This tuoe was centrifuged for 1 minute, and the ouffer
was removed. The solution containing 50 pi of the total RNA, 400 pi of the extraction
buffer containing quanicinium thiocyanate and AVeurol sarcosine and 70 i of
elution buffer (10 mM Tris-HCI, pH75, 1raVIEDTA) was adced onto the oligo(dT)-
cellulose. The tuloe wes inverted gently for 3 minutes to resuspend the oligo(dT)-
cellulose. The sample was certrifuged at the top speed for 1 minute. The supemetart
was removed. The sample was weshed five times with the high-salt buffer (10 mvi
Tris-HCL, pH 75, 1mM EDTA, 05 MNaCl) followed by three times with the low
salt buffer (10 mM TrisHO; pH 7.5, 1mM EDTA 01 M NaCl). After the last
Washing step, the resin wes resuspenced with 300 pi of the low salt buffer and
trarsferred to @ microspin colurm placed ina microcentrifuge tuke. The columm wies
added with 500 i of the lowrsalt buffer andl wes centrifuged a the full speed for 1
minute. Tre effiuent in the collection tuioe wes discarced. This step wes repeated
twice. After thet, the column wes placed inasterile 15 ml microcentrifuge tuice. Tiwo
hunared microlitres of pre-warmed (65 °C) elution buffer wes acced to the top of the
resin bed. The eluted mRNA wes coIIected by centrifugation & the full speed for 1
minute, The elutecl mRNA wes kept at -80 °C until used

2.9 Preparation of host bacteria XL 1 blue MRF’and
SOLR

A single colony of a particular becterial strain wes inoculated into 2 mi of LB
broth (1%Dhectotryptore, 1%NaCl and 0.5% bactoyeast extract) and incubated & 37
°C with shaking ovenight. Fifty microlitters of the starter were addd into 5 m of LB
broth containing 0.2% (wiv) meltose and 10 miv MiSG+4 and incubated a 37 °C for 4
hours. The culture wes then transferred into the microcentrifuge tubes and centrifuged
800g for 3 minutes & room tenperature. The supematant wes removed and tre
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becterial pellets were resuspended N 500 pi of 10 mM MRSCx. All bectenal
suspension could be kent at 4°C for 1ueek

2.10 Construction of the cDNA libraries

2.10.1  Construction of alymphoid organ cDNA library from
unchallenged shrimps

2.10.1.1  cDNA synthesis

Five micrograns of mRNA from the Iynphoid organs of
unchallenged shrinps were used to synthesize the cDNA wsing a ZAP-CDNA®
Synthesis Kit (Stratagene). The oligo(dT)-A7201 inker-primer wes used to prine & the
3end of the polyacenylated mRNA for the synthesis of the first-standed cDNA
WWhich was catalyzed by StrataSoript™ reverse transcriptase. The reaction mixture wes
incubated &t 42 °C for 1 hour. RNACDINA hybridl from the first step wes used to
synthesized the seconckstranced cDINA. The RNA strand wes nicked by Rnase H
Tren, the DNA polymerase | replaced RNA with DNA by the nick traslation
reaction & 16 °C for 25 hour. To blurt the cDNA termin, cloned Pfu DNA
polymerase was acikdl and the rection wes incubated at 72 °C for 30 minutes, The
cDNA prockct wes purified with phenol/chloroform and precipitated by addlrg
soclium acetate and absolute ethanol. After precipitating overnight & -20 °C, the
precipitated cDNA solution wies centrifuged &t 12,000g for 60 minutes & 4 °C. The
Supematant wes removed. The cDNA pellet wes weshed with 500 pi of 5% (wiv)
ethanol. The supematant was removed. The cDNA pellet wes brifly air dried for -

) minutes. The cDNA was dissolved with £coRI adaptor solution. After thet, T4
DNA Iigase Was acckd to ligate the EooRI adaptor to the termini of the blunt-enced
¢DNA & 8 °C for 14-16 hours 1hen the EcoRI-enced CDNA was phosphorylated by
T4 polynucleotice kinese at 37 °C for 30 minutes. Subsecently, the phosphorylated
¢DNA wias digested! with Xhol and then precipitated overnight a -20 °C. The cDNA
pellet wes then resuspenced with [x STE buffer (100 mM NaCl, 20 mM Tris-HO,
pH 75, 10 mM EDTA). The EcoRI-ATiol-enced cDNAS were size-ractioneted on
Sepharose CL-2B to remove the acapters and the low molecular weight cDNAs,
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Aliquots of fractions (about 200 pi per fraction) were collected. Eight microliters of
each fraction were analyzed by electrophoresis ona 5%opolyacrylamick gel. Fractiors,
having cDNAs with size between 200-2000 b were combined and extracted with 1
volume phenol:chloroform (1:1 viv). After vortexing, centrifuging and collecting the
Supemetant, the aqueous solution wes extracted again with equal volume of
chloroform then precipitated with 2 volume of pre-chilled absolute ethanol a
incubated at -20 °C ovenight. Then the cDNA solution wes centrifuged &t 4 °C for 60
minutes a 12,000 om The supermetart wes removed. The pellet wes washed with
prechilled 70% ethanol, and centrifuged for 2 minutes a 122000 mm Tre
supematart wes removed. The cDNA pellet wes cried & 37 °C for 10 minutes and
then resuspencied with 5 pi of sterile weter.

2.10.1.2  Cloning and packaging the LZAP

The EcoRl/Xhol-ended CDNA wes directionally ligated with
the  i-ZAP XR vector ams Using T4 DNA ligase at 12 °C for an ovemight. Then,
the mixture wes incubated & 65 C for 15 minutes to inactivate the ligase. Four
microliters of the cloning vector were assebled into the phage particles in vitro
using Gigapeck® 1l Gold Cloning Kit (Stratagene). The reaction wes incubeted &
room tenperature for 2 hours. Five hundred microliters of SM buffer (01 MNaCl,
08 raMMgSo4 7o, 0.06 TrisHC, pHT.5) and 20 pi of chloroform viere acced to
the reaction and mixed by pipetting. This reaction wes briefly spun to sedliment the
debns IarngEOI collected the supemetart. The phage packaging Supematant wes kept &t 4
Cunt

2.10.1.3  Titering of the phage library

For titering the phege fromthe nomel library, XL 1-Blue VRF
Was prepared as described in section 2.9, and dlluted t0 an o o e 0F 0.5 with sterile 10
mV MgS04 The phage supermetart wes serially diluted with the SM buffer. Each
phege dilution wes mixed with the prepared becteria and incubated at 37 °C for 15
minutes. The NZY top agar (05%NaCl, 029 MgS047HQ, 05% yeast extratt, 1%
NZ amine (casein hydrolysate), 0.7 agarose) wes adced ito each mixture, and
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Immeliately poured onto the NZY agar plates (05%NaCl, 0.2% MgS04 7HD, 05%
yeast extract, 1%NZ amine (casein hyclrolysate) and L% ager). The top agar wes
allowed to soliclfy & room tenperature for 10 minutes, and the plates were inubated
a 37 °C for 68 hours The nuter of placues wies counted, and the placue forming
units (pful) per milliliter for each concentration were calculated,

2.10.1.4  In vivo excision

Approximately 107 placue forming units (pfu) of the lamtda
phece (packaging phage stock), 108cfuml of XL 1-Blue MRF’ cell and 109pfuimi of
ExAssist helper phage were corrioined in a conical tLbe. The mixture wes incubated et
37 °C for 15 minutes to allow the attachent of the phege to the cells. Then, 20 mi of
LB broth (1% bectotryptore, 1%6NaCl and 03% bactoyeast extract) were adced The
reaction wes mcubatedvvlth shaking a 37 °C for 2.5-3 hours, The reaction wes then
heated a 65-70 Cfor20mnutesandspmdovmat 1000g for 10 minutes. The
Supematant was cecanted into a sterile conical tute. This stock contained the excised
pBIuescrl phagemid packaged s filamentous phage perticles. This stock was kept a
4 °C efore the excised phagemics wiere platec!

To plate the excised pragemick, 200 pi of the freshly groan
LRy cells and 1 pi of the excised phage: Spemetant iere cormhined, and incLbeted
at 37 °C for 15 minutes, After that, 100 pi of the cell mxture were plated on LB-
ampicillin aggr plates (50 myiml) and incubated ovemight at 37

2.10.L5  Amplification of the cDNA library

The phege packaging supematant containing about 5 . 104 pfu
of bacteriophage and 600 i of XLI-Blue MRF cell & ODamof 05 were combined
ina conical tube, and incubated for 15 minutes at 37 °C. The NZY top aggr (65 m)
Was adced and spreaced evenly ortto a freshly poured 150Hmm NZY agar plate. The
plate wes incubeted at 3 °C for 68 hours, then overlaid with 810 ml of the SV
uffer and stored a 4 °C ovenight. The SM buffer wes collected into a sterile
polypropylene corttainer. The plate wes rinsed with 2 ml of the SMouffer and pooled
The pooled SM huffer wes adoed with chloroform to a final concertration of 5%6(uiv),
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mixed well, andl incubeted at room temperature for 15 minutes. The cell deonis wes
removed by centrifugation & 500g for 10 minutes & room tenperature. The
SUpermetant wes transferred into a sterile conical tue and chloroform wes added to a
firel concentration of 0.3% (v/v). Then, DSO were adled to a final concentration of
P(ulv), and the amyplified liorary wes kept &t -80

2.10.2  Construction of a lymphoid organ cDNA library from
the V. harveyi infected shrimps

Five micrograrrs of the pooled mRNA from Iymphoid orgen of V.
harveyi infected shmps & 6, 12 24 and 48 hours post injection were wsed to
construct @ V. harveyi Infected shrimp cDNA library using the same procecures &
cesoript in section 2.10.1

2.10.3  Plasmid DNA preparation

A recombinant plasmid wes inoculated into 2 M of LB brath
containing 50 myfml of ampicillin and cuituredl ovemight & 37 °C. The culture vies
centrifuged & 800g for 3 minutes. The supematant wes removed. The pellets viere
completely resuspenced in 100 pi- of solution 1 (25 mM Tris-HC, pH 8, 10 mM
EDTA, pH 8 50 mM glucose). For cell lysis and DNA cenaturation, 200 pi of a
freshly prepared solution 11 (0.2 N NaOH and 1%(w/v) SDS) were acoed and mixed
gertly. This wes followed by adding 150 pi of solution Il (3 M soclium acetate, pH
4.8), mixed gently, and placed on ice for 10 minutes. After centrifugation at 10,000
for 5 minutes, the supematant was transferred to a new microcentrifuge tuke. An
ecual volune of phenol:chloroformisoamyl alcohol (25:24:1) wes aoced, mixed and
spun & 10,000q for 10 minutes. The upper agueous phase was transferred to a new
microcentrifuge tuke. Plasmid DNA s precipitated by adoing 2 volurmes of absolute
ethanol. The rmixture wes kept at-80 °C for 15 minutes and certrifuged at 10,000g for
10 minutes. The pellet wes wested with cold T0%oethandl. The pellet vies air ced
and dissolved in 50 pi of TE buffer (10 mM Tris-HC, pH 8 lmleDTA, PH 8).
Three microlitres of 5 myml of RNase A were adoed and inouketel & 37 °C for 2
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minutes. After that, 32 JLof 209 polyethyleneglycol (MW 6,000, PEG 6,000) in 25
MNaCl were aded. The mixture was mixed gently by pipetting and placed on ice for
1 hour. The mixture wes centrifuged at 10,000q for 10 minutes at room temperature
and weshed with cold 70%ethanol. Te pellet was air-cried and resuspenced in 50 pi
TE buffer.

2104 Determination of the DNA insert sizes by colony PCR

After in vivo excision, A-pheges containing cDNAs from both libwaries
Were converted to the recombinant pBluescrpSK phagemid clones. The sizes of the
CDNA Inserts were cetermined by using colony POR. The pBluescript SK phagemid
was 3000 bp in length (Figure 2.1). This phagemid hes the multiple cloning sites
flanked by T3 and T7 RNA promoter and a choice of 6 cifferert primer-annealing
sites for DNA sequencing. Two of these sites are MI3 forwerd and MI3 reverse
primer-annealing sites. Therefore, the MI3 forward and reverse primers can ke used
o cetermine the insert sizes of cDNA. Colony PCR wes performed ina 5 i reaction
volume containing 125 mM of each dNTP (dATP, dCTP, dGTP and dTTP), IXPCR
buffer, 1.2 mM MyCla, 2 prrole of each primer and 1 unit of Tag DNA polymerase (5
unit/pl). A recombinant colony wes scraped by a micropinette t|p and mixed well in
the amplification reaction. The PCR profile Viere Ore cycle of % C cenaturing step
for 2 mnutes followed by 30 cycles of % °C for 30 seoonds, 50 C for 30 seconds
and 70 °C for 2 minutes, The reaction wes final extenced of a 72 °C for 5 minutes
The PCR procucts were electrophoretically analyzed in 1XTBE buffer a 100 volts. A
100 by DNA laoer wes Used as DNA markers. The cDNA ingerts whose Sizes over
200 lp were selected for DNA sequencing

2105  Agarose gel electrophoresis

Agarose el electropnoresis was cone according to Samorook ¢t 4.
(1989). Ore percent (wiv) of agarose gel wes prepared using |x TBE buffer (89 mM
Tns:HA, 89 mM boric acid, 25 mMEDTA, pH 8). The gel slurry wes heated unt
complete solubilization, and then the gel wes poured into & setting chamter. A conb
was inserted. After the gel wes soliciified, the comb wes carefully withdrawn and



5

Sufficient LXTBE buffer wes acced to cover the gel. Each sample was mixed with %
volume of the gel-loading dye (0.25% bromphendl blue, 0.25% xylene cyanol FF,
15% ficoll) andl loacked into the well. The UHindiU fragients or a 100 bp DNA
lackder were Used s stancard DNA markers. Electrophoresis was carmed ot in I
TBE buffer a 100 volts urtil the bromophenol blue dye marker migrated about 3 of
te gl length. After electrophoresis, the gl wes stained in a 25 pg/ml ethicium
bromice solution for 5 minutes andl destained in diistilled water for 15 minutes to

remove excess ethidium bromice. The DNA fragent wes visualized under a UV
trarsilluminator.

A) / cee V() ori
Tl I B // /
ompmlhnL/ A lacZ
=/ Kpn |
| ' pBluescript SK- MCSS |
e 241 —dac
i 3.0kb
N \ ‘P lac
pUC ori
B) Apo | Hinc Il
EcoO109 1 Accl
T7 Promoter s i'(pn | [lgm n X|ho| i‘,ol ]
r >
TTGTMAACGACGGCCAGLGAATTGTMTACGACTCACTATAGGGQGMTTGGGTACCGGGCCCCCCCTCGAGGTCGACGGT T
M13 -20 primer binding sile 17 primer binding site L2 KS primer binding site
Bsp106 | Not |
lo | Hind Il coRY  EcoRI Pstl ?H\B | ('lumH I Spel Xba | Eug I Blso( I |$o< ] IScn: |
.o .EEGATMGCTTGATATCGAATTCCTGCAGCCCGGGGQATCCACTAGTTCTAGAGCGGCCGCCACCGCGGTGGAGCTCCA. oa
KS primer binding site R SK primer binding site
T3 Promoter Ig-gol a-fragment
...GC GTTCCCTTTAGTGAGGGTTAATTTCGAGCTTGGCGTAATCATGGTCATAGCTGTTTCC
3 pamer binding sife “M13 Reverse prmer binding site

Figure 21 The circular map (A) and the multiple cloning sites (B) of the
pBluescript 11 SK (+-) vector.
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2106 DNA sequencing and data analysis

The ¢DNA clones were icentified by DNA sequencing. The DNA
sequencing was carried out Using DYEnamic ET Dye Terminator Cycle Sequencing
Kit (Amersham Biosciences) with the MI3 forvard primer and the MegaBACE DNA
Analysis Systens (Aersham Biosciences). Two microlitres (0.2 po) of plasmid
DNA and 2 pmol of MI3 forvard primer were adced into 4 pi of a sequencing
reagent premix (Suppliedl by the kat). After mixing with plasmid and primer, 15 pi of
distilled weter were aoced into the mixture to acjust the total volume of the reaction
o 10pi.

The reaction wes anplified ina therel cycling using a ceraturation
step at 95 °c, 20 seconas, anannealing step at 45 °c, 30 second, andl an extension step
a 60 °c, 2 minutes for 30 cycles. After aplification, the reaction was acided 1 pi of
75 Mammonium acetate and 275 i of absolute ethanol to precipitate the anplified
DNA procuct. The reaction wes centrifuged a room tenperature for 15 minutes
12,000 rpm The supermatant wes removed and the pellet was wesned with 100 pi of
70% ethanol. After re-centrifugation for 10 minutes a 12,000 rpm the supematant
Was removed, and the pellet s air ried for 30 minutes. Sulbsequently, the pellet wes
dissolved in 10 pi of MegaBACE loadiing solution. Then, the sample was vigorously
vortexed for 10-20 seconals and briefty centrifuged to collect the sarple a the bottom
of the tue. The sample wes then loackd into the MegaBACE sequencing instrunent
acoording to the manufacturer instruction

Sequences of the cDINA clones were ediited andl compared with the
DNA seguence in the nucleotice seouence cataese of the GenBank (the National
Center for Biotechnology Informration; NCBI) using the BLASTX program (Altschul
e ah 1997). The significant probabilities and the numoers of metched
nucleotiok/proteins were consicered when the E-value wes less then 104 and a match
was more than 10 amino acid resicues for the BLASTX analysis.

After homology search, matched ESTS were categorized into 12 broad
functional categories: 1) gene expression, regulation and protein synthesis; 2)
Intemal/extemal structure and motility; 3) metabolisry; 4) defense and homeostasis; 5)
signaling and communication; 6) cell division/DNA synthesis, repair and replication;
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7) rbosomal protein and rRNA 8) mitochonanal protein; 9) transport; 10)
miscellaneous function; 11) unicentified (hypothetical)-similar to other cONA/DNA;
and 12) unknown based on significant sequence homology accordling to the criteria
proposed by the Genomic Researches for Increasing Culture Efficiency of the Black
Tiger Shrinp (Penagus monodon). EST nucleotice sequences were suiomitted to the
nucleoticle sequence clataese (CbEST) of the GenBank (Altschul et al., 1997)

2.11 Microarray analysis

2111  Preparation of cDNA microarray

The cCDNA microarmay slice, cortaining 1026 cDNA clones, wes
prepared from the cDNA clones of the Species of penaeid shrinps, 718 clones fromp.
monodon and 308 clones from Marsopenaeus japonicus, cloned and icentified by Dr.
Premreuthai Supunkul and Dr. Jirapom Rojtinnakom respectively. Each cDNA clone
was amplified by PCR amplification. The primers were the MI3 forverd primer, 5
GTGCTGCAAGGCGATTAAGTTGGS ad the M3 reverse primer 5-
TCOGCCTCGTATGTTGIGTGGAS, which annealed to the vector regions. The
PCR reaction wes performed in a 150 pi final volume containing 200 ng of the
plasmid, 0.12 raMlof each dNTP (dATP, dCTP, dGTP ad dTTP), 1XPCR huffer, 30
pmole of each reactlon primers and 25 unit of Tag DNA polyrrerase (Sunit/pl). The
PCR profile wes % °C for 2 mnutes followed by 35 cycles of % °C for 30 secondk,
58 °C for 30 seconds and 72 °C for Lminute. The reaction wes finlly extenced at 72
°C for 5 minutes. The PCR procuct wes purified by accing 100 pi of 20% PEG 600
vortexing and leaving on |ce for 1 hour. Then, the mixture was centnfuged for 20
minutes &t 13,500 rpm at 4 °C. The supematart liouic ies removed, and the pellet
Was Washed with E\! i of T5%ethanol. The wash was then centrifuged for 5 minutes
at 13500 rpmat 4 °C. The supemetart liouid ies removed, and the amplified pellet
Was air airiedl The pellet wes diissolved in 10-30 pi of distilled water such thet a final
concentration of DNA wes at least 500 pg/ml. The suiccess of anplification wes
cortfirmed by electrophoretically analyzing the PCR proclicts in XTBE buffer a 100
volts. A 100 b DNA laccer wes used as DNA size markers. The amplified PCR
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proclicts were then sert to the DNA Chip Research Inc. (Tokyo, Japan) for printing
ortto aslice in the process of meking the DNA microarray chips. There are duplicated
spot for each gene on the CDNA chigs.

2.11.2  Shrimp sample preparation

WSSV- ad V. harveyi-free  shrinps were  obtained  from
Charoenpokphand: Group, Nakionsrithamarat province and challenged with the
pathogens of interest & consecutively cescribed In section 22, 23 and 24
Heemolymph wes collected from the shrinys at 4 time points after WSSV-infection
(6, 24, 48 and 72 hyl) and a 3 time poirts after V. harveyi infection (6, 24, andl 48
hoi). In the latter case, most of the animal dlied after 48 hours. Haemolymph of
shrimps injected with erther 0.85%NaCl or lobster haemolyrmph medium (LHV) wes
als0 collected to use as controls.

2.11.3  Haemocyte collection and total RNA preparation

Heemolymph wes collected fromthe ventral sinus of the shriny using
a 24G*1 inch neeclle fitted onto @ 10 mi syringe pre-loaced with 200 pi of
anticoagulant (10% soclium citrate (w/v)). Heemolymph from indivicual shrinp vies
immeiately centrifuged at 800g for 10 minutes at 4 °c to separate haemocytes from
the plasima. The haemocyte pellet was resuspenced in 1l of TRIreagent (Volecular
biology) andl briefly homogenized. The homogenate wes stored at room tenperature
for 5 minutes to permit complete dlissociation of nucleoprotein complexes. After thet
200 pi of chloroform wes adced and vigorously vortexed for 15 seoonds. The
resuiting mixture wes stored at room tenperature for 2-5 minutes and centrifuged a
12.000 rom for 15 minutes at 4 °c. The colorless upper agueous phase wes transferred
toanew 15 ml microcentrifuge tuie. RNA wes precipitated by the acdition of 500 i
of isopropanol andl mixedl The mixture was left a room temperature for 5-10 minutes
and centrifuged at 12,000 rom for 10 minutes at 4 °c. The spermatart wes removed
The RNA pellet wes washed with 500 pi of 75% (viv) ethanol andl centrifuged &
12000 rpm for 15 minutes & 4 °c. The supematant was removed. The RNA pellet
wes briefly air oried for 510 minutes. The total RNA was dissolved with an
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appropriate amount of diethy pyrocarbonate (DEPC)-treated water, and then the total
RNA concentration was measured as described in section 2.5.

2.11.4  Preparation of cDNA probe

The totl RNA from pathogen challenged and unchallenged p.
monodon & inclicated time points wes extractad as described above. At each tine
poirt, the total RNA from 10 indivicluals wes pooled. The first-stranded cDNA proce
laboeled with aminoallyl-dUTP wes generated from the total RNA sarple from each
time point and the oligo(dT) priners using a LabelStar Array Kit (QIAGEN). The
labeling reactions (Ix buffer RT, 05 mM dATP, 05 mM oGTP, 05 mM dCTP, 05
ni\/laminoallyl -JUTP, 20 units RNese inhibitor (40 unitsipl), 25 pi LaelStar reverse
transcriptase, 25 pg of the total RNA and 2 pM of the oligo(clT) primers) were
incubated at 37 °C for 2 hours and suibsecently stopped by ading 2 i of the LS stop
solution. The amincallyi-labelec cDNA probes were purified using a QlAguick PCR
Purification Kit (QIAGEN). The reactions were adckd with 260 i of PB buffer and
mixed by vortexing. Then, the amincallyl-labeled cDNA probe samples wiere applied
orto the MinElute spin columns and centrifuged & 13500 rom for 1 minute. The
flowsthrough fractions were discarced. The aminoallyl-labeled CDNA probes were
Washed with 750 i of PE buffer and centrifuged at 13500 rpm for Lminute, After
discarding the flow-through fractions, the aminoallyl-labeled cDNA probes were
eluted with 100 i of buffer EB, 1 minute incubetion and centrifugation & 13500 rom
for Lminute. The aminoallyl-labeled cDNA probes were precipitated by aoding 10 pi
of 3 M sodium acetate, pH 5.2, 05 pi of ethachinete and 250 pi alsolute ethandl,
The mixtures were incuboated & -20 “C for 20 minutes andl centrifuged at 13,500 rom
for 30 minutes. The amincallyl cDNA proles were washed with 500 pi of 5% (viv)
ethanol and centrifuged a 13,500 rom for 10 minutes. The supematart wes removed
The aminoallyl cDNA probes were air-tiried and sulosequently resuspended with 9 pi
of sodium hicarbonate buffer, pH 85-9. The aminoallyl cDNA probes were further
coupled with Cy3 (control shrinps injected with LHM or saline solution) and Cy5
(WSSV- or Vi harveyi-challenged shrins). The clye-labeled cDNA prodes were then
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purified using the QIAquick PCR Purification Kit. The purified cDNA probes were
kent protected from light

2.11.5  Microarray hybridization and scanning

The cDNA probes were dried in a Speecivac concentrator and dissolved
In3 i of nuclease-free water. The 9/3 and Q5 labeledl CDNAS & each time point
were combined and incubeted a % C for 2 minutes. Then the combined cDNA &
each time point wes immediately chilled on ice for 30 seconds. After thet, 15 g of
oligonucleotice (Ass0) were added into each comrbined ¢DNA proke. The cDNA
probes were incubated a 75 °C for 45 minutes and then adced with 75 pi of
microarray hybriclization buffer and 15 pi of 100%(viv) formamice. The protes wiere
mixed andl dropped ortto the microarray slice. A glass slip wes used to cover the
hybridiization reaction of the cDNA aray. Hybriclization wes carried out for 16 hours
at 42 °C in aceouately hurridl chater, The slicks were weshed at room termperature
for 20 minutes with 2x SSC and 0.1% SDS with shaking in a platform sheker and
0.2* SSC and 0.1% SDS wathout sheking, The slickes were then consecutively weshed
with 0.2* SSC and 0.1% SDS twice for 20 minutes & 5 °C, 0.2x SSC and 0196308
for 20 minutes & room teperature, 0.2XSSC for 5 minutes at room termerature, and
0.05XSSC for 5 minutes & room teperature. The slicks were diried by centrifugation
a 1,500 rpmand scanned immedliately using a GenePix 4000B Microarrays Scanner
(Amersham Biosciences). The scanned images were analyzed with the GenePix Pro
30 program (Axon Instrurert). The signal intensities of the Q5 and C3 were
measured and calculated from the intensity means of the cuplet spots. After
Subtracting the background fluorescence, differences i the Q5 ad O
Incorporation efficiencies were corrected by global normalization. The results were
expressed & the gene expression ratio, 1.¢., the ratio of the intensities of Cy5/Cy3
Genes with the spot (expression) ratios over 2.0 and under 05 were consicered s Lp
regulatedl genes and down-regulated genes, respectively.
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2.11.6  Microarray data mining

The processed cta were subjected to cluster analysis using the Gene
Custer 3 ceveloped ty Moheel FHsen a the Staford site
(nttp://rana.stanford.eou/software). Tree View softwere, also available a the Stanford
site, wes Used to generate visual representations of the classification. Herarchical
clustering classifies the samples acoording to their overall gene expression profiles,
and groups genes on the besis of correlation of their expression level pattem in dl

saples.

2.12 Quantitative real-time RT-PCR

The MRNA expression of some cifferentially expressed genes icentified by
microarray analysis, 1.¢., calmodulin (CaM), tubulin, and asialoglycoprotein receptor
(ASGPR), was confimmed by real-time RT-PCR. In addition, the expression of
calcinuerin, CDC like kinase 2 and protein prosphatase 1wiere also stuclied

2121 Total RNA isolation and DNase treatment

Tre tofdl RNA samples were extracted individually from the
haemocytes of V. harveyi- and saline-injected p. mondon t time 0, 6, 24, and 48 hol
& cescribed in section 23 and from the haemocytes of white Spot syndrome virus:
and LHVHnjected p. mondon a time 0, 6, 24, 48 and 72 hoi as cescribed in section
24. At each time point, the total RNA from 10 individuals wes pooled and
subseuently treated with RQL RNase-free DNase (Promega) to remove genomic
DNA contaminant & nentioned above. After prenol-chloroform extraction, DNA-
free total RNA from each time point wes subjected to first strand cDNA synthesis
reaction

2.12.2  First strand cDNA synthesis

The first strand cDNAS were gererated from 1 pg of DNA-free total
RNA saple and 05 py of oligo(Ti8) primer using the ImPromI™ Reverse
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Transcriptase System kit (Promegg). The reaction wias incubated & 70 °C for 5
minutes and inmmeciately placed on ice for 5 minutes. After thet, 4 pi of 5x reaction
ouffer, 38 pi of 5 mM MyCB, 1 pi of dNTP mix (10 mM each), 20 units of
ribonuclease inhibitor and Lpi of IPromHII™ reverse transoriptase viere aced and
gertly mixed. The total volume of reactions wes agjusted to 20 p| with DNase free
Weter. The reaction wes incubated & 25 Cfor5mnutesandat42 °C for 60 minutes
Then, the reaction wes incubated a 70 °C for 15 minutes to terminate the reverse
transcriptase activity, The CDNAS were stored at-20 “C until use

2123  Real-time RT-PCR

The SYBR Green | real-time RT-PCR assay wes carmied out Lsing the
ICycler iQ™ Real-Time Detection System (Bio-Rad). The amylifications wiere carried
out in 2 96-well plate ina20 i reaction volume containing 10 pi of 2x SYBR Green
Supermix (Bio-rad), the appropriate amounts of forward and reverse primers, 5 pi of
10X Clluted cDNA from each reverse transcription reaction &s terplate andl adijusted
the reaction volume with sterile water. The recuired final concentrations of primers
are shown in Table 2.1, The therral profile for SYBR Green real-time RT-PCR wes
% °C for 3 minutes followed by 40 cycles of dénaturation, annealing, and extension
& incicated in Table 2.1. Huoresoert dieta were collected a the end of extension step.
Ina %6-well plate, each sample was conducted in triplicate. Sterile-water wes used in
place of the DNA templates as the negative control. To cetermine the specificity of
the PCR arrpllflcatlon of each primer pair, after the amplification a melting cune
cycllng Wes cone imrmediately. The reactions wiere incubated a 95 °C for 1 minute,
and 50 °C for 1mnute and followed by 80 repeats of heating for 10 seconds starting
a5 ¢ with 05 °C incremert
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Table 21 Primer pairs and conitions for the real-time RT-PCR

Final primer  Denaturing  Annealing
concentration

Gene Primer (ftM) (Templsec)  (Templsec)
calmodulin (CaM) Forward; CAGTTCCTTGGTGGTGAT
Reverse: CGATTGGCTTGTGATACA 5 95/10 56/15

asialoglycoprotein receptor ~ Forward: GAACGAGAATGCTGACCTGA

(ASGPR) Reverse: AGTATTTGCGAGTATGGGAG 5 95/10 56/15
tubulin Forward: GAAAACACCGATGAAACTTACTG

Reverse: GAGAGGAGCAAAACCAGGCAT 5 95/10 58/15
EF-lalpha Forward: GGTGCTGGACAAGCTGAAGGC

Reverse: CGTTCCGGTGATCATGTTCTTGATG 5 95/10 55/15
Calcineurin Forward: CTGACTACGGCTTCCAAATG

Reverse: CCATCTTCATCCTTGTCGGC 5 95/10 55/15
CDC like-kinase 2 Forward; TGTGTTATGCTGTCAAGTTC

Reverse: CCAGGTGTTCTCGGTTATC 5 95/10 53/15
Protein phosphatase 1 Forward: CGCCAGATTATTAGAAGTTCG

Reverse: CAGTTTGATGTTATACCGCC 5 95/10 55/15

2124  Data analysis of real-time RT-PCR

Fuorescence signal wes analyzed by the data analysis software of the
ICycler iIQ™ Real-Time Detection System (Bio-Rad) using the PCR hase line
Subtracted curve fit method. For each saple, the cycle number a which the
fluorescence crosses the artitrary line is calledl a threshold. The threshold should be in
the line part of the reaction and higher than the background signal to ensure thet the
reactions cross the line oLe to the anplification rather then noise. This crossing point
(P, Is also known as the thresholdl cycle or Ct value. The obtained Ct values were
used to calculate a relative expression ratio (R).

The relative quartification analyses the amount of a target transoript
relatively to an intemal standard 1.e., elongation factor 1-alpna gene (EF 1) in the
sae sample. Moreover, the Ct values of V. harveyi-Injected sample &t each tie
point were normalized with the saline-injected samples, and the Ct values of white
spot synarome virus-injected samples were also normalized with the LHIVHNjected
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saples & each time poirt. A metherratical model described by Pfaffl (2001) wes
used to determine the relative expression ratio accordiing to the ecuetion:

Relative expression ratio = (ﬂagH)Klarget( m}ﬂ@

{E )~Ct.g{tcOntri"sampie)

agtis the real-time PCR efficiency of the target gene trancnpt; £6fis the real-time
PCR efficiency of reference gene trancript; AGtacet is the CP ceviation of the control
(salire- or LHVHnjecte) minus the sanple (V. harveyi- or white spot syndrome
virus-injected) of the target gene transoript; and ACef is the CP deviation of the
control (saline- or LHVHnjected) minus the sample (V. harveyi- or white spot
syndrome virus-injecteq) of the reference gene transcript

2.125  Determination of the PCR efficiency

The different PCR efficiencies can be ootained for the target and the
reference genes because they have cifferent sequences and amplicon lengths. In orcer
to compare the results from each run of the real-time RT-PCR, the PCR efficiencies
are incorporated into the calculation of the refative expression ratio as shown above,
Therefore, it Is necessary to cetermine the PCR efficiency of each gene, aplified
with a specific pair of priners. This wes done by constructing a standerd curve. The
standiard cDNA wes prepared from the total RNA of the haemocytes from nomal p.
monodon LSIng the same procegure as described above. This cDNA was Used for
creating all stancard curves of both target and reference genes. The standard cDNA
was clluted five steps from 5 or 10 to 5 or 106 The amplification was performed in
triplicate. For each run, water was sed in place of template as a negative control. At
the end of each run, the amplification plots were autometically analyzed by the ystem
The standard curves were obtained. A calibration curve of the Ct values against the
Input terplate quartities in log scale wes constructed for either reference (EF-la) or
each target gene. In each plat, a lirear graph should give an excellent correlation
coefficient (more than 0.9%0). The PCR efficiency was equal to lo'14qe These
efficiencies were taken into acoount in relative quantification.
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2.13 Gene expression analysis using in situ hybridization

2131  Haemocyte preparation

The shriny haenmolymph wes collected from the ventral sinus, located
a the base of the first abdominal segment, using a27GxI inch neeclle fitted onto a 1.0
ml syringe containing 500 pi of the MAS articoagulant (Modiified Alsever Solution:
21 mVI socium citrate, 336 M NaCl, 115 mM glucose, 9 mMI EDTA, pH 7). The
heemolymph was imrmediatel centrifuged at 800 at 4 °C for 10 minutes to separate
the haemocytes from plasime. The supematant wes removed, and the haemocytes were
resspenced in- freshly  prepared icecold  MAS  containing 4% (W)
paraformmalehyce. The resuspenced haermocytes viere incubated on ice for 10 minutes
for the fixation. After centrifugation as above, the haemocytes were weshed twice
with MAS to eliminate the plasrma proteins. The haemocytes were resuspenced in
MAS. The total numter of haemocytes wes cetermined using a haemocytometer. By
using a cyto-centrifuge, 2x105 haemocytes were centrifuged onto a poly-L-1ysine-
coated slice at 1,000g for 5 minutes. The haemocytes were dried at room teperature
for afew minutes. The slick s stored at-20 °C until use

2132 Riboprobe preparation

The pBluescriptSK plasmid, containing a calmodulin (Calv) cDNA,
Wias linearnzed by restriction enzyme dligestion. The plasmic wes dligested with Bamwi
for the initro synthesis of the artisense prote for i situ hybricization, and Xhol for
the sense proe. One hundired microliters of the linearized plasmid wes diluted to 400
i with sterile water. An equal volume of prenol:chloroformisoamylaloohol (25:24:1)
Was acioedl and mixedl by vortexing. The mixture wes centrifuged a 12,000 romfor 10
minutes at 4 °C. The agueous phase wes tranferred to a new tube. An equal volume
of chloroform wes added, mixed, and centrifuged as above. The linearized plasmid
Wias precipitated by aoding 50 p of 3 M sodium acetate and 250 pi of cold asolute
ethanol, andl inculoated &t -80 "C for at least 1 hour. The mixture wes centrifuged &
12000 rom for 20 mintes at 4 °C, air-ciied the pellet, andl suspended with 20 pi
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DEPG-treated water. The linearized plasmid wes quantified wsing agarose (gl
electrophoresis.

Dioxigenin - (DIG)-abeled probes were prepared by in- itro
transcription using T7 polymerase for Calvkantisense prote and T3 polymerase for
CaMisense proke. The reaction is composed of 1 pg of the punified, linearized
plasmid DNA, 2 pi of 10x DIG RNA labeling mix (10 mMeach ATP, CTP, ad GIP,
65 mMMUTP, 35 mMDIGUTP, pH75), 2 pi of 10 transcription buffer (400 mM
TrisHO, pH s, 60 mM MyCh, 100 mM dithicthreitol (DTT), ad 20 m
spermicing), 40 units of T7 or T3 RNA polymerase. The DEPC-reated water wes
acced to meke a total reaction volume of 20 pi. The components were mixed and
briefly centrifuged. The reaction was incubated a 37 °c for 2 hours. Tiwo wnits of
RNase-free DNasel were aockd to the tuioe and incubeted at 37 °c for 2 hours. The
reaction wes acced with 1t of 05 MEDTA, pHs, to stop the polymerase reaction.

The labeled RNA trarsoript wes purified using the RNA mini Quick
Spin colurm (Roche). The column wes preared by resuspending the Sepnacex
rratrix in the column by mixing. The top cap wes removed, and then the bottom tip
Wias srepped off. The excess buffer was removed by centrifugation & 3,000 romfor 1
minute. The colurm was placed in & clean, stenle 15 m microcentrifuge tube and
then slowly and carefully applied the saple o the center of the colurm bed The
column was centrifuged at 3,000 rom for 4 minutes a room terperature. The eluete
Was stored at -20 °c until use. Each labeled RNA run-off transoript wes quantified

Using the agarose gel electrophoresis,

2.13.3  Prehybridization treatment

The cytospin haemocyte slides were incubated in 02 M TrisHO, pH
14, twice for 5 minutes each and in 01 Mglycine in 0.2 M Tris-HCI, pH 74, for 10
minutes. The cells were rinsed with PBS for 5 minutes.

The slides were incubated in 4% paraformaloehyce in phosphate buffer
containing 5 mM MyCE for 15 minutes to fix the haemocytes and rinsed with PBS for
5 minutes. The cells were incubated in 0.1 Mtriethanolaming, pH s containing 0.25%
acetic anhydrice for 10 minutes. The cells were then dehyarated in 0% 70% and
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100%qrackd ethanol for 5 minutes each. The cells were cried at room tamperature for
at least 2 hours,

2.134  Riboprobe hybridization

The DIG-abeledl riboprabe (40-100 ng per slice) wes mixed with 2
SSC containing 50% formamice and 10%ckextran sulfate, 10* Dennart’s solution, 05
myml tRNA fromE. coli, 100 mM dithiothreitol, and 05 mg/ml salmon sperm DNA
The mixture was cenatured at % °C for 10 minutes and immegiately placed on ice for
5 minutes. The riboprobe s dropped onto the slices. The hybricization solution wes
covered by a glass slip in order for the solution to spread over the cells. The slicks
Were incubated overnight a 55 °C inan ackouately huid chamber with Ix SSC ad
3% formamice. The cells were weshed twice for 15 minutes with 2x SSC with
shaking in a platform sheker. The cells were treated with 20 py/ml RNase A in 2x
SSC at 37 °C for 30 minutes, and then consecutively rinsed for 10 minutes & room
termperature with [x SSC supplemented with 0.07% 2-mercaptoethanol twice, 05X
SSC supplermented with 0.0/% 2-mercaptoethancl, and 0.1 SSC supplementedl with
007% 2-mercaptoethanol. The slices were then rinsed twice with 0.Ix SSC
supplerrented with 0,079/ 2-mercaptoethanol for 30 minutes at 5 °C. The last wesh
solution with the slickes wes finally left onice for 1 hour,

2.135  Riboprobe detection

The slicks were weshed in 0.1 SSC for 5 minutes and rinsed twice in
TBS (01 M TrisHCL, 09% NaCl, pH 7.4) containing 0.05% Tniton X-100 for 5
minutes. The slickes were pre-incubated in blocking buffer (TBS supplemented with
1% normal sheep serum and 0.05% Triton X-100) for 20 minutes. Fve hundired
microliters of antibody solution (1/1000 ciluted alkaline: phosphatase-conjugated
sheep anti-DIG artibocly in blocking buffer) were acied ortto each slice and incuboated
Overnight at room teperature in @ humidl chamber. After incubation, the slickes vere
Washed 3 times in TBS for 10 minutes each and 2 times inouffer B (01 M TrisHQ,
pH 9.5, 50 mM MyCB, and 09%NaCl) for 5 minutes each. Five hundred microliters
of cletection solution (375 pg/ml NBT (nitroblue tétrazolium in cirmethy formamice),
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183 pg/ml of BCIP, 1 mM levamisole in buffer B) were overlaid onto the slices and
Inculbated! in the cark at room taperature. The reaction should be monitored until the
optimel developrment was obtained. For CalV cletection, the optimel developrment vies
observed within 2 hours. The slices were then weshed by TBS for 10 minutes to stop
the reaction, and rinsed briefly with cistillecl weter. The slices were mounted with a
mixture of TBSglycerol (1:9) and stored at 4 °c.

2.136  Control

Senge riboprobe and RNese-treatment antisense rboprobe were Used &
negative controls. For RNese-treatment antisense riboproce, 10 py/ml of RNase A
Was acckd orto the slide and incubeted at 37 °c for 30 minutes. The slice wes then
Washed 3 times with TBS for 5 minutes each hefore proceedling to the hybricization

Step.

2.14 Immunohistochemistry

2.14.1  Tissue preparation

The tissue from the juvenile shrinps Wes prepared by dissecting the
animel to get the cepharathorax. The dlissected tissue wes immedliately fixed in a
freshly prepared RNA friendly fixative solution (220 ml 37% formalcehyce, 315 m
absolute ethanol, 115 ml glacial acetic acid, 350 mi water) for 24 hours & 4 °c. Use
an adequate supply of fixative; a minimum of approximately 10 volume should be
used for each specimen, e, a tisse of 10 m would require 100 mi of fixative,
Followaryg the fixation, the specimens viere transfered to S0%6ethanol, where it can
be stored incefinitely. The cuticle is lit before transferming to 50% ethanol, paying
perticular attention not to Lt degply info the uncerlying tisste. A hlstory of the
Specimen s recorckd by assigning the nuer of specimen and the collection time
post-infection. The tissues were cenyarated by treating a room tenperature 3 times in
%oethanal for 20 minutes, 3times in oethanol for 20 minutes, 3 times in 100%
ethanol for 20 minutes, and 3 times in 70%ethanol overnight. The denyarratedl fixed
tissues were emboedded in the paraplast by incubating 3 tines inxylene for 20 minutes
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a room termperature, in xylene for a minimum of 12 hours & room terperature, ina
solution of xylenefparaplast (v/v) for 12 hours a 60 °c, and 3 times in paraplast for 1
hour a 60 °c. The pargolast blocks were prepared for sections. The 6 pm sections
iere prepared, mounted on the poly-L-lysine coated slices, and stored at -20 °c urtil
U,

2.14.2  Immunodetection

To Cetect the protein of interest, the six pmhick paraffin sections
viere eliminated of paraffin and hydrated by consecutively bathing twice in xylene for
15 minutes, twice in %%ethanol for 5 minutes, twice in 70%ethanol for 5 minutes,
twice in % ethanol for 5 minutes. Then, the slices were equilibrated for 1 hour &
room tenperature in PBS (137 mMINaCl, 2.7 mVIKCL 43 mMINaHPy 4 7Hpo, and
14 M KHPOy, pH 7.4). The slices were then incuibated for 10 minutes in a new
PBS solution, andl pre-inculoated with PBS containing 1%6nomal rait serum (NRS),
1%BSA, and 0.1% Triton X-100 (PBIYNRYBSATriton X-100) for 1 hour a room
teperature. Fve hundred microliters of the purified mouse anti-CaM polyclonal
artibocy (1 pyml in PBSNRSBSA/Triton X-100) were overlaid onto the shrinp
tissue and incubated overnight at 37 °c. After incubetion, the slides were weshed 3
times for 5 minutes with TBS. The seconcary antibody, alkaline: prosphatase-
conjugatedl raoit anti-mouse 19G (cliluted 1:500 in PBYNRYBSATriton X-100) wes
acced andl inculbated for 2 hours at room tenperature. After weshing 2 times for 5
minutes each with TBS, they were equilibrated in 01 M Tris-HC, 100 mMINaCl, X0
mM MgCh, pH 95 for 10 minutes. Immunocktection wes performed by incubeting
the slicks in the cark box a room teperature with 500 pi of detection solution (375
pyml ofNBT, 188 py/ml of BCIP, and 1 mM of levamisole in 01 M Tris-HO, pH
9.5, 50 mM MyCh, and 09%NaCl). The slices were weshed by TBS for 10 minutes
to stop the reaction andl rinsed briefly with diistilled water. The slices were mounted
with a mixture of TBS:glycerol (1:9) andl stored a 4 °c. The slicks were examined

using alight microsoope (Olympus).
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