10

wananidasuanfeiameafuaesieis 2 nqu sihldads total RNA uazRiapiunig
wanaanaas mRNA aasiiudlulseiuluiulagdd Real-Time PCR Tagldlnfinafanmizann
cDNA fig§elfiannda 8.4 GaRnaandae fluorescent dye 11 PCR product Mf3tasnziiiunng

wiEe Ui internal standard (18S rRNA)

NANITYNARDILAZINITOL

1. mavhbiglaldentuudgnanwatasnuesnauiios
asanallaenduduldsfuiinunnngs (80-95%) aealsiiuianualudludufaesis lu
nsAnsunasllsfus ey lsedulunaaniresfawsiaalnaniasii Native PAGE wudn
al 9 ezl' o | dlaz o e oy t:!l = 9
NAaNENFA N AnsUsnguauTdsiiuiifanuuudanafAadananataway usipadidy
NNEAEe 1wy wau HC  Tugfi 1 weed 2) Gedledauuuuuaullsfiuiuaasiannn
P. vannamei (Figueroa-Soto et al., 1997) LL@zﬂJmfj\‘lqmﬁ’l (Ellerton and Anderson, 1981) 1)9%
Aunuididlunnudinlgenfiv seiulunimdonnldatunsofaanuunuldsfud i leanfiule

1 1 ¥ ]
annenalalaaniudlullsfunduetfuaatidefuariaui R uainnisiaadlasausy

al

|
=

aandiall (Rainer and Brouwer, 1993) Gm@Jmﬂﬁmmié’ﬁmwmmﬁu 340 W Tuumg (A340)
Iumu?;é?ﬂ?:ﬁmmﬂwm@mﬁLm?miﬁmﬂﬁ‘tuamﬂmmfj\'aLLGﬁﬁ”wﬁqamaﬁqﬁammwnum’?%% Vi
arsaraneiiudau o manafuaInUuge (u@@mﬁ 1) lautemzneutunaan (‘w@@mﬁ 14) WAz
SetharsarangusdazuaenldniBuiodysiuiazdnai A340 aesaetinlel wudngrsazane

waenn 13 HFuallsRunazdn A340 unnga dsddransazatevaani 13 Hunnudinloantiu
UANNINANIATANNAD AR y Geaenndasfuivasansazaauannil 13 RaLGud 109
ratief wazadneiunanisuendlulsenfiuainnataniaacds kuruma (P, japonicus) #al
FadansnaussiasinuaTulreugnuaneludiuiumana (Adachi ef al., 2001)
o a £ ao . o -
\HanseagauANLEgnaresdinlasninluansavatavase® 13 dsnguunueniisfin
pdneiunanaunrasiauaten  usaoasdnsesunuldsmuaui ldldunuTlshudTuloeniukied
fananead @UR 1 woedl 3) wasslfifudnnmsindansaussiadnndnllsfiuduiawaanls
] dll [} z:i d‘b ¥ o o oo t aaf
U9dou Wetnanrazateuaen?l 13 Nldainnisinsansiaussnes iduenselaneds prepara-
tive PAGE wudwmmmwﬂm?mlﬁ”ﬂmﬂgiﬂsﬁmﬁmmmﬁmLﬁ@é@m‘tﬂi?}mmﬂmqﬁ 04
Awtsreasinlaeniin (gﬂw 1 409ft 4) 1F9n199i preparative PAGE @nsnsauendiule

enfiulduigns TaadiFuadlefiu 13.9 fafnfu uazRafly 25 % vaanaaunlisfiuFus

a P A a el vy o o ¥ o =
LLUULLNUI‘H?@U"U@Q ﬂiﬂleﬁﬂquuU?@WﬁWLLﬂﬂ L@@qﬂW@W@NWﬂJ@ﬁQQLLGﬁUQE ﬂ@’\ﬂﬂULLUULLNUIﬂ?ﬁu



1"

gaedlulaenfiuiuenldanafamdewsiianu Galsinglilsfuiesunuimessly Native PAGE
anfitu dluleniuainfiaang (Figueroa-Soto ef al., 1997) uazranny (Scylia olivacea) (Chen et

al., 2007)

Fig. 1 Native PAGE of hemocyanin at various steps of purification.
The gel was stained with a silver staining kit. Lane 1, molecular weight
markers; lane 2, plasma; lane 3, fraction 13 from ultracentrifugation,
lane 4, purified hemocyanin (HC) from preparative PAGE.

2. ngAnmAmaNLRasEly ldelulagns
2.1 nmamunaalatanavasiialaeniulaedfiaaiaimadu

mﬂmimmaiumqmm%hlmmﬁuu‘%@w%ﬂﬁmﬂwﬂ@ﬁmﬁ Superose 12 HR 10/30
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ﬂywﬁﬂiumqm‘fum K, toslsfunnnsgin amnsaAuniaaluianasesd il
1BguBlE 215 kDa senanaalugli 2

ﬁmmmlﬁ'mr‘Tum@TumQmm%iuimﬂﬁﬁuu?zgw%(lugﬂlﬂu,ﬂmmmw (native form)

fiounn  Tadeauluajinseeuilunsluanatasmatenveddinloniiuly  SDS-PAGE
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Fig. 2 Standard graph for M, determination analyzed by Superose 12 column.

2.2 uaabuanauazduaumicetaeuasdlalgeniiuly SDS-PAGE

A o e a a < ) O] = ey ° ]
dothElulsanduiFgrsresiousionliffieeeisiaanisin - SDS-PAGE  Liewneg
Tuanauazdnumbedanresdlulanfubans denguovlusfiy 2 uoy detidndlulaenty
Wigvaderneudoemitagen 2 awm  wavaannissaalianavesdinlaaniuisgnalae
= o = =Y (T 1 1 = v a
whgnieuduldsfiumnasgu 8 9ia wudirArunmianaluianasesniadesaedinlooiiv
13qald 79,400 uax 75,000 Fadu (gUR 3 unafi 4) GeflenlndiReaiuraunisedesaeddinly

a 14 IS di' zﬂl 1% ] ¢ Ve - el . o 9
endulufantindy o flszneudoomisedes 2 2w uiy eddiciu Blulaeiuaes



13

P. japonicus Huaaluiana 77,000 ez 67,000 fasiy (Adachi et al., 2001) aasfaanaiiuag
Tuiana 82,000 uag 76,000 fiasi (Figueroa-Soto et al., 1997) a4 P. setiferus finanluians
82,000 waz 77,000 ARAY (Brouwer et al, 1978) luanziaasiauns (P. leniusculus) Hus

Taana 75,000 way 66,000 Aaf (Lee et al., 2004)
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Fig. 3 SDS-PAGE of hemocyanin at various steps of purification. The
protein bands were visualized by staining with Coomassie Blue. Lane 1,
molecular weight markers; lane 2, plasma; lane 3, fraction 13 from
ultracentrifugation, lane 4, purified hemocyanin from preparative PAGE.
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Fig. 4 Ouchterlony double immunodiffusion of anti-hemocyanin antibody.

Well A, pre-immune serum; well B-E, serum at week 2, 4, 5 and 6 post-injection,
respectively; well F, ammonium sulphate precipitated serum; well G, purified
antibody from DEAE-Sephacel column.
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Fig. 5 SDS-PAGE (A) and Western blot (B) of hemocyanin. The gel was stained
by Coomassie Blue. Lane 1 and 5, molecular weight markers; lane 2 and 6,
plasma; lane 3 and 7, fraction 13 from ultracentrifugation, lane 4 and 8, purified

hemocyanin.



16
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Fig. 6 Standard hemocyanin for ELISA.
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5.3 memFunadElnlaenduludluindeasnaugiiaeTngds ELISA

annsdainaaatulasinluginadndaesfuadonln® 6 faads Taedaans
AlduEaadnsndon 1:200 arnviutinlifiiassiadaeia ELISA fatineay 2 41 wudnBuo
Flulaenfulualnaudiaeae + ArRanaAuIRgIW N 111.07 + 3.58 Hadniuseiiaddns
098l ANT 0. s aluElauiTdeas + ANRANAIANAR9F % L 129.65 + 4.63
faansusefiadansesdluand duiuiiuodluloefiufinndoeds ELISA LRI RERRE
T 85.67% vealusinlud g Teaenadesiusmoanuingdn 80-05% saqlismuludludud
gandaimaeudualylaentiu ea¥idu ludeenn (Cariolou and Flytzanis, 1993) uazlufs

P. japonicus (Chen and Cheng, 1993)

6. N198919 Full-length cDNA wagAnsdNAnasduziabaeniiy

QINNNFAANULL forward WA reverse primer AINANAUNTABZH INA UL ANILEBUAZANN
daya conserved sequence m@@u?ﬂﬁleﬁmﬁmmﬁﬂﬁLﬁmmﬁmu Genbank 1614 H280 F1 waz
H1180 R1 d1uduiilis forward wae reverse primer Jun1slAats cDNA gaafuElylsefiuaud 1
(HC1) wazld H660 F2 way H1780 R2 il forward WaY reverse primer Tun1staau cDNA 9949
Bualu e TuEuT 2 (HC2) Feanansolrawldiu HO1 waz HC2 TiRawnm 923 way 1,118 bp
AuANFD antidldTaas cDNA Tutlane 5 wax 3' 16 5 e 3' RACE udasilda¥ieiualy
laenTuas s (gﬂﬁ 7) wudnilawnm 2,128 bp Alsvneudas 1 signal peptide fitinsnaviily
20 misg §wils 5 untranslated region (UTR, 30 bp) finil 3 UTR (112 bp) uawd 1 open
reading frame (ORF) £19 1,983 bp &4 encode anentllinsfisinsaasily 661 wiae

annisutlas  full-length ORF cDNA aes8udlaloaniinlliily deduced amino acid
sequence WuAE N lgrnTiuresfaugiiaaiisumnisduiu cu™ (Cu™ binding site) 2 AU
Tnefinlifannseesiilu histidine 6 vwiae Suilunmnenrsesdluloou Uil ) uazduos
luana 73,100 dafu aeflaunalnddeeiumbedesdlulooiuuiqniniinmeiiag SDS-
PAGE fuElnlsenuaesfeuriendnefuaesfeiu sty Builulaeniuanefs (ul-length)
mmﬁwwﬁiﬂ@mm CDNA library 76Bemanniy 819 2,095 bp Haunn 73,500 fasw (Sellos
et al, 1997) fnnslaaubiudluleentiuvannis £, japonicus 16 2 81 Aa PjHoL uay PjHoY
sznausaensaerily 678 war 664 wiae Anaaluans 75,000 waz 73,000 AaAUAIMANAL
wariAuuidedutu cu” (Lei et al., 2007) waNaNs Annn? BLAST andufinnalelndaesty
FlulaenduresfugianBouieutuses e ing wudadudlulaentiuresfuadofianm
WHeY (identity) ﬁmmrﬁwwmﬂ%m (90%) Wiauiuaeais P. japonicus 83% WAY 74% UAY

4041} F. chinensis 75% (119797 1)



HC280F HC1180R
Py g g ey h
Internaltragiient

HC1780R

| Stear s SRS s SRR S O R

' Signal ;
I~5!TIR ]vyepﬁde
~ g

Conserved Histidine |

Fig. 7 Cloning strategy and structure of the full-length cDNA of HC gene. Internal cDNAs
(HC1 and HC2) were cloned by using hepatopancreas RNA and two pairs of primers,
H280 F1 and H1180 R1 for HC1 and H660 F2 and H1780 R2 for HC2. The 5 and 3'
RACE approach was used to clone the 5" and 3' ends of the cDNA. The full-length HC

sequence was reconstructed from the overlapping of these sequences.

5.
101
181
201
251
301
351
401
451
501
551
601
651

Fig.

MRVLVVLGLI
FDPAGGSYSD
VLIHSSDWAT
EITPHLFTNS
GLNTHHVTWH
YLDPVGELHW
MVIVESRIRD
YYGALHNTAH
NIFKEHKDSL
DAEGIPDVDI
GIEFTFDEGR
FAKTAAGGDG
VPDLHLNTKY
KVFNHGEHIH

AAAAFQVVSA
GGAAVOQRLLK
FVGNAAFFRQ
EVIEAAYRAK
MEEFPFWWDDE
YKPIVDGFAP
ATAHGYIIDS
IVLGRQGDPH
PPYTKADLEF
STYVPRLNHK
WNAIELDKEW
LSEFASATGL
NHYGANGVYP
S

DVOQKQOKDVLY
GLNDGRLLEQ
KINEGEEVYA
QKQTPGKFES
YGHHLDRKGE
HTTYKYGGQF
HGKQIDISNE
GKFDLPPGVL
SGVSISEVNV
EFTFKIDIEN
VSLAGGKNSI
PNRFLLPKGN
DKRPHGYPLD

LLHRIYGDIQ
KHWESLEFNTR
LYVAVIHSPL
TFTGTKKNPE
NEFFWVHHQLT
PARPDNVKEE
KGIDILGDVI
EHFETATRDP
VGELETYFED
GGSPRLATVR
ERKSTESSVT
DKGLEFDLVV
RRVPDERVFE

DADLLATANS
HRNEALLLFED
TEDVVLPPLY
ORVAYFGEDI
VRFDAERLSN
DVDDVARIRD
ESSLYSPNVQ
SFFRLHKYMD
FEYNLINAVD
IFAWPHKDNN
VPDVPSIDTL
AVTDGDADAA
ELPNFKHIQV

8 The deduced amino acid sequence of hemocyanin. The putative

analpepﬂdeisbom.Sb(NSUdmereﬂduesthataeinvowedintwo(hf+

binding sites are bold and underlined.



Table 1. The percentage ratios of the overall nucleotide identity among the nucleotide sequences
of HC of four shrimp species.

F. merguiensis | F. chinensis P. japonicus L P. japonicus Y P. vannamei
F. merguiensis 100 75 74 83 90
F. chinensis 100 82 75 75
P. japonicus L 100 75 74
P. japonicus Y 100 84
P. vannamei 100

a A a & '
7. mawdnsaanuastudlyldanduluiiagiacig o

anmsAnEnisuaneentesduiiloenduluiledesig 7 geaffuaiioadaeds RT-PCR
IneAmseinanan PCR dial¥lnswefanmizansduiilulaenfiu wudn cDNA probe flauna
1,118 bp wazld p-actin 11y internal standard WuAM2UEAIRENTEY HC MRNA tawizlusiu Ty
WUNNsUdAsEBNTed HC mRNA luiiaiilean 1 léfun n&naiide wla &1& nsvinng wradE il

waz lymphoid aasfeuaiioe (317 9) whwReaiuguaulaeluaesdeuns (Lee et al, 2004) uay

¥
[ ]

20419 P. japonicus (Lei et al.,, 2007) Nuansaanluiumuiy tangulae tuesfeuwndaagn

AUATIZTLUFL (Spindler et al., 1992)

Fig. 9 RT-PCR analysis of the expression of HC mRNA in different tissues. Total RNA was
extracted from various tissues. RT-PCR products were amplified by using the primers that
were specific to the HC gene and B-actin. The RT-PCR of (-actin transcript was a control to
demonstrate that the same amount of RNA template was used in each sample.
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Fig. 10 Expression of HC mRNA in hepatopancreas at different time
intervals in response to V. harveyi challenge. Time-course expression of
HC in the hepatopancreas fragment after incubating with V. harveyi, was
revealed by electrophoresis (A) and determined by semi-quantitative RT-
PCR (B) using p-actin as an internal control.
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Fig. 11 Expression of HC mRNA in hepatopancreas and HC levels in hemolymph
at different time intervals in response to V. harveyi challenge. (A) Time-course
expression of HC mRNA in the hepatopancreas of shrimp injected by V. harveyi,
was analyzed by real-time PCR using 188 rRNA as a standard. (B) Hemocyanin
level in the hemolymph of the same shrimp was determined by ELISA.



