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Abstract
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In crustacean, ovarian maturation process is controlled by an eyestalk neurohormone,
gonad-inhibiting hormone (GIH). GIH is presumed to inhibit the synthesis or release/uptake of
vitellogenin (Vg). Vg is a precursor of yolk protein or vitellin (Vt) that is a key protein in ovarian
maturation process. Accordingly, shrimp breeding usually employs unilaterally eyestalk-ablation
technique to reduce the amount of GIH and to induce ovarian maturation. Therefore, the
detailed studies on GIH are important to help improve the reproduction of economically
important species such as the black tiger shrimp Penaeus monodon. This project is aimed to
study biological function of GIH in inhibition of vitellogenin synthesis and to investigate the
exploitation of GIH antibody to inhibit GIH activity by in vitro bioassay. Finally, the relationship
of GIH on ovarian maturation stages of female P. monodon broodstock will be determined by
using anti-Pem-GIH antibody.

The recombinant protein of GIH of P. monodon (rPem-GIH) was successfully expressed
in yeast Pichia pastoris expression system under the control of an alcohol oxidase promoter.
The amount of total proteins secreted into the induction medium from the optimal expression
conditions of rPem-GIH was approximately 0.5-1 mg/l. The rPem-GIH was successfully purified
by one-step of reversed-phased chromatography with Sep-Pak cartridges (C;g). Biological
activity of rPem-GIH was determined in primary ovary cell culture derived from previtellogenic
P. monodon broodstock. The purified rPem-GIH significantly reduced vitellogenin mRNA level
about 39% when compared with the non-treated group, which is similar to the effect of partially
purified eyestalk extract. Our result demonstrated that rPem-GIH expressed in P. pastoris had

biological activity to inhibit vitellogenin synthesis in primary cell culture of ovary from P.
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monodon, and thus suggested that the rPem-GIH possesses gonad inhibiting activity as crude
eyestalk extract.

Additionally, the polyclonal antiserum against rPem-GIH (called anti-Pem-GIH antibody)
showed specificity to react with GIH from the partially purified eyestalk extract and did not cross
react with structurally-related proteins such as rPem-CHH1 and rPem-MIH1. The anti-Pem-GIH
antibody at dilution 1:500 was able to neutralize the activity of 28.75 nM rPem-GIH to about
31.2% by in vitro assay in primary cell culture of ovary, thus implying that anti-Pem-GIH
antibody may be used as an alternative approach for induction ovarian maturation in female
broodstock of P. monodon. Moreover, the anti-Pem-GIH antibody was used to study the
localization of GIH by the immunohistochemistry (IHC) technique in this study. The GIH signal
was observed only at the sinus gland (storage site) in the optic lobe of female broodstock of P.
monodon at various stages of ovarian development. Further determination of the level of GIH in
both the eyestalk and the hemolymph of P. monodon female broodstock at various stages of
ovarian development will help in understanding the relationship between GIH and ovarian
maturation. The knowledge from this study should lead to more thoroughly understanding of
reproduction mechanism in P. monodon that may be applied to induce ovarian maturation

without eyestalk ablation in the future.
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Qs { 1 =) > Qq// o v { d
Fa3l4% GIH aINHIN89IWINNITAaLaRALAARINIINSULINIIVIRINNVaIga3 % CHH TIT%
aaﬂuulumjmﬁmﬁ'u GIH 16954 [26-27] :nuuIAaaIna1? 393 ndudasdnwizasiun GIH
°11aaﬁaqaweﬁﬂamlﬁaaﬂuugﬂwau GIH 3nndae uazltuanduadniiiwizdaaasiun GIH lun1y
afunfianthfiuazanudunusuasaesluu GIH dansvamislivasuainusisluszozdngg
dl o q/dl Qldq, v ‘g’ v dl o 1 v =) d‘d‘ o 1
avzihauif ldiandudoyadasdunazildgnsdszandlduaudvedniinzdasaslan
GIH luminszgulitafinglaldnamoatinaiidasms laghidasaaiuanudnutluawan
') 3
1.3 Janilszavdzaslasonis
1. niazasluugnuan GIH 189 P. monodon Mildannnisuaadaanludad Pichia pastoris
2. ﬁﬂmwﬁwﬁmaoaaﬂwugﬂwau GIH lunsduganiruradaanvasduwnasellsan ma
1ad%u lwwaddgundsslivasds P. monodon
=< o & o a a
3. AnmanuaanInlunsdugimiausesaeiluugnuan GIH lasuaudvadisa
gaslun GIH luimaddgundssldvasis P. monodon
=3 % % 6 1 % % ' 1 6 v [ 1
4. @nseanuduRusTaIgaslan GIH danmnamnIvldveswinuiislugszozdn glay

wandvafdazasluw GIH



2. MW/mMInaaad
a S ~ [ . . . a £
2.4 mewnaalUsiinanuan GIH lwdad Pichia pastoris uazuanu3gnsaaslan
anwuaa GIH
o A Aok @ o A : ' e o
iwaaliagnuanfiisu cONA 284 GIH ananaidn Wendestluiainaiils

fniumiuaataanludad (pPICZOA) [25] laslwadnuldlysluiaas AOX1 (Alcohol Oxidase
1) Svezsnisnmisatinliinsusasesnvasldsin GIH - anldsluieas Aox1  laaae
methanol ¥nnsdadisiawlssl Dral uazshdngisaduad P. pastoris S1WUT KM71 62035
electroporation [28] LaIAALAaN P. pastoris ﬁ'ﬁwmﬁﬁm@]ﬂwamﬁm Zeocin ﬁm’]mﬁwﬂ’u 100
ug/ml WazYiMIATIIFaUNAFIARNHEN GIH Tudlunwesdad a2835 colony PCR lasands
lwsiwad 5A0X1  way FAOX1T  Aanasnnsiuduwanauiinilainaadnad azvinng
Lae90an A ILniesieas methanol e uTuTs 3 % (uszoziian 2 S niusaRu
ﬂ'smeiu?TumaaIﬂiﬁugnwﬁu GIH LLa:Lmnu%qﬂ%iﬁaa@Tu AEMIANANAWLUTAUAILFNT
wenlutflgudaneg AnNuLTuTH Iue 40-50% LLaszﬂU%qﬂﬁ%ﬁ“fswﬁﬂﬂﬁ Reverse-phase
chromatography 19835 Solid Phase Extraction (SPE) LLUL Reverse phase ﬁﬁ packing 1 Cis
(Sep-pak® C,g (SPE) classic; Waters, US) ﬁﬁﬂ%mm Acetonitrile @ﬁiLL@i 20-50 % (v/iv) + 0.1 %
(viv) TFA u,éh‘iLmﬂzﬁmwwu%qw‘ﬁim:ﬂ%mmmaﬂﬂsﬁugﬂwaw GIH @28 SDS-polyacrylamide
gel electrophoresis

U

(% 1o 6 o
2.2 ﬂ’]il@l%ﬂ&ﬁﬁiﬁﬂﬂ%’]ﬂﬁ’]%ﬂ'}%E]dLL&IW%ﬁqflﬂﬂa”lﬂ’l

Q
o . @ | v gw o Aa o W
NINTILLEN OptIC lobe mﬂﬂ’m(ﬂﬂla\‘]LL&J‘W%ﬁqQ\‘lQm@’m&lﬂﬁiwmuﬂiﬂmiuizm 0-1

=

wazsiitofefildianarialuasazans 0.9 M NaCl A% 50% (viv) Acetronitrile ann%ins9in
myazanefila sduusnmsanasananiiterfia finauish 13,000 pm wian 30 wift waziin
mm:mﬂﬁ"l,ﬁmﬁﬂﬁu%f,jw%ﬁ[@mhu column Sep-pak® C.s (SPE) (Waters, US) ffiuSanms
Acetonitrile 93ud 30-60 % (viv) + 0.1 % (viv) TFA MEW&INENIaanTazas Acetonitrile Tag
S5myszme azhasananlalazaneluanwns 2xL15 (2X Leibovitzs L-15 medium, 1% D-

Glucose, 0.5% NaCl, 6.6 mg/ml Lactalbumin) ﬁlﬁ 15%(v/v) fetal bovine serum WLae 15% (v/v)

shrimp meat extract LLazﬁmﬂg'j‘fi’szu: 200 1U/ml penicillin, 200 g/ml streptomycin, 40 ug/ml
gentamicin sulphate tanageuwinuesgeiluw GH lusdgugivassilidely
2.3 nManadauniniivasgasluwgnuas GIH lwsadigunRnassola

mgumaumim%'wLeﬁaﬁﬂgwqﬁ"uaﬁﬂﬂ L'fﬁmnﬂﬂﬁwﬂ%'a"lﬂimﬂLLﬂW”%ﬁﬁaqaﬁﬁﬂﬁﬁ
mawamnitldluszor 12 ussdadwiteibeliionuendszinm 5 Safwas adsluams
2xL15 (2X Leibovitz’'s L-15 medium, 1% D-Glucose, 0.5% NaCl, 6.6 mg/ml Lactalbumin) ﬁlﬁ
mﬂﬁ%’s:u: 1,000 IU/ml penicillin, 1,000 Llg/ml streptomycin, 4 mg/ml gentamicin sulphate
$1uan 4 a31 uazdaduiitaiialua1mis 2xL15 (2X Leibovitz's L-15 medium, 1% D-Glucose,

4



0.5% NaCl, 6.6 mg/ml Lactalbumin) A¥p1UfTIzue 2,000 1U/mI penicilin, 2,000 Llg/ml
streptomycin, 8 mg/ml gentamicin sulphate 31%3% 2 A3 IMNWUIITNTULHBLEDAINENINIAA
drunsvinslidmaianiiga udLdna1mns 2xL15 (2X Leibovitz's L-15 medium, 1% D-Glucose,

0.5% NaCl, 6.6 mg/ml Lactalbumin) ﬁﬁ 15%(v/v) fetal bovine serum LLas 15% (v/v) shrimp meat

extract LLazﬁmﬂﬁ%a:u: 200 IU/ml penicillin, 200 Jlg/ml streptomycin, 40 pg/ml gentamicin
sulphate wazene cell suspension lluviafdurisusiindn 3nkudanau cell suspension LNa LW
6 dy d' ,&’ d‘ a v A ny va
iwasngaaananiiaLiouniunamnndiesduszozinandzun o 20-30 Wil uazfialiiinns
wonTuszniraiiatiavwalnaiduiia 5 wifl 3994 cell suspension aUTLAMIRUIUKUDDI
iad lfimanzan :nnInogldndasganssad uazga cell suspension U3anas 0.5 fiafiay aslu
nql/ 6 cql’ 6 a s ] n{ a A

DALALITATUING 24 Ny uaziipamasUuniivesitly Naunnd 26 svaaaidus uam

ot o a a A€ a 1 Q/I
Uszanm 3 34 Fevimadnldsdugnuan GIH - 03gnT ludSunmdrsg idunan 20 $alus
wWisuifisunussananniuannuainuifinadndnamamsaliluszes 0-1 1niuania
21518uia (RNA) anioaddauniissla dauansania Ribozol (AMRESCO, USA) uaza1iainizay
mRNA 2adlnaladfiudiss RT-PCR WisuifisunuiaadUgugiivasisliniedluamisni

% 7 [ &a ;l’ a A v 1
aIEnaNAIwaIzedns wazimasnidosluanisdnd  ieldnaudnsaslangnuan GIH
o & A Aa v A .
RNIRLUEINSHRAIaanvaIdu hinaladfulanse ld
a 6 > a a . .
2.4 NM17ILATILKIEAU MRNA 229 1naladhwn2835 Reverse-transcription

polymerase chain reaction (RT-PCR)

iWanazyimslianediszay mRNA 2ashinaladfin (Vo) annoaddguniissle 13u
nnanaasiduennisadlzundivly lasldqadiuansana Ribozol (AMRESCO, USA) U3unm
500 lulayfay doimaddyundivly 1 nau udrsnaauifasienauuuaedansana  Ribozol
(AMRESCO, USA) 21n%u33a9a312% cDNA 910 RNA U3unms 1 lulasnsu 714 oligo(dT)ye

(Iwswed PRT) USuna 500 wiluluard wasanswinluviliSaungunnd 70 asaaaidon

e 5 wf waztiansuwiugs 5 widt seldsseindsznevludis 1X ImProm-II™
buffer waz 3 Aadlua1s MgCl, uaz 500 lulasluans dATP, dCTP, dGTP, dTTP uas 200 units

284 ImProm-lI™ Reverse Transcriptase (Promega, USA) ludSunamdvaa 20 lulasdas uaa

=4

i luvhd Jasenfigunnd 25 ssensaifos luan 5 wifl uazamnnil 42 aseaaidon 1w
A 60 Wl ialWiAaUFASeMIsNeTZH cDNA %é’omnifu%“mq@ﬂﬁﬁ%m ﬁqm%gﬁ 70
29FLTaLTaa (WA 15 wf

9NTH% cDNA maavbLwaiaﬁﬁugﬂﬁmnﬁuﬂ%mzﬂ@sﬁ%‘ PCR daalwsiwes Vg-F
waz Vg-R %aluﬂﬁﬁ%mﬂi:ﬂaﬂﬂﬁw cDNA 151197 1 lulasdas uaz 1X (NH,),SO, buffer
wae 1.5 Iadluans MgCl, uae 200 lulasluais dATP, dCTP, dGTP, dTTP uaz 1 units U89 Taq

Polymerase (Fermentas, USA) lutfunasninua 25 lulasdas udiinluujisonamngd



94 AIANTALTHA LWIAN 30 IuN LAz UnAA 50 AIANTALTR LWIA1 30 AW WAL
goannd 72 AgaLTaLgea 1WA 1 WIN 31 35 a1 laa5u1me cDNA U9 hinaladin as
N normalized lagld housekeeping gene lunidaiin Actin ( innsiAnUSuo4 cDNA 2849 Actin
delwaiuat Actin-F uaz Actin-R lanvhidfiTefigaunnd 94 aseuoaifoa luina 30 Jwd
WazgmnAil 50 IALTALTUR LDWIAN 30 U WAz MRl 72 AIANTRLTEA LDWIRT 1 W
Wudwan 21 300) wanmInaasdazuaadldwnadIouNous=al  expression Vasd% Vg ¢ia
Actin
U =Y =S 1 > QEJ (-]
2.5 Mm3lzuanavafnagaslan GIH Tun1sdudenisvinewvasaaslangnuas GIH Tu
3 a [ 1
aalgunizassoly
AawNazinLandvadda GIH lunagauausIvIInlwnITguLINIIinIwIasaaslan
anHEY  GIH luLsﬁaﬁﬂngﬁmaﬁaH AAINNINARAUNITIUNWVAILAUALAAGS GIH N
Iﬂiﬁugﬂwam GIH WWanazwtSanmuaduanduadnwaming lagnimaaasluwinaawiazlfing
a 1 { v [ & a U a w [ v g LA
Taauaalanduadda GIH ﬁmw‘lumzmUﬁmwa@l"l@mﬂimammayﬂau%mﬁmaaﬂmzawsJ
2.5.1 nmaanmsii’nmaauauanaﬁﬁnfﬂsﬁugnwam GIH
> 1 ai 1 a a dvdl o v a
ma@mmwnmm:amzmw‘[ﬂs@mgnmm GIH uazuanfvadnazyinliiond
uaﬁﬁuﬁuiﬂiﬁugﬂwaﬂﬁﬁﬁq@ I@Uﬂwiﬂiaugnwaw GIH luSunmwnaiunIngugInisugadaan
v lunaladiinlddngaande 2.3 fuuendvednideaalilinnuiduduedisg lunasanaaasf
amnnd 4 adeLraLya  Lilwaan 20 T2 lud ﬂuumiﬂsﬁugﬂwauﬁ%ﬁhLLauﬁuaﬁLLazlﬂiﬁu
anHau ligniudiouanduad Nauisa 13,000 rpm Ngmngil 4 asensaifoa (waa 10
W7 LRALA RSNl U0 uNIraIaIwe28 SDS-PAGE
2.52 nadaunazaskanauafae GIH lun1snszqunisuaasaanaaslinala
Munluszau mRNA luimaddgauniivassoly
ﬁﬂﬂiﬁugﬂwauﬁ'ﬂu,auﬁuaﬁlué’mwd’mﬁﬁmﬁuﬁﬁq@mﬂmﬂ% 2.5.1
m“’amﬂﬂmmﬂiﬂ‘sﬁuﬁﬂwau GIH MIunutanduuadaanty LL&Tmﬂﬂiﬁugﬂwau GIH N%RaIN
naslumaddgundvessalaiduina 20 Falus 1niwinisasaiaszdu mRNA vadlunala
Aa & a a a o ed & a e a a e
Sulwaadlgund Wisnifisuiumasnidoluamadnd  uazanmandlusdugnuaunlale
HAWNNTLNNULARALEA  wananHazrinmInagauitlanduadda GIH s1u1InauNUaaslun
GIH Tufuamfnaduainug (aIoudstuaauaaden 2.2) uazazlinadensduginmaaiinl
aladinlanialy I(ﬂm:ﬁnm‘l,ué'ﬂwmuﬁmﬁﬂﬂiﬁuaﬂwauﬁa 1WSeUEUTEaU mRNA 289
Aa {d‘ :? U n:id [ [ dl A > ' %% a a %
Timnaladnul b aasnia e ga1MIIN TN IRNAINIWANIRRARAINNLNN UL UA LA nu
320U mRNA vadlinaladiulueraaniasslwainisund waztoaaniasslua1wisndassnaain

Muen bl lanwmstunuLanduaduiInan



2.6 n¥1ANFNNWEVDITDI AN GIH AONIITWAMWIFI [ UVDINIMAUNKS Inszas
@9 9 Insuanhuafaagasian GIH
Anwndunsaasaadlun GIH mndaefinmiahsgeslun GIH ’Luﬁaqa’w‘hl,mw”ug‘&ﬁ
e INaI9 a9 laaldinafieduyluneiine Tapaziasunduitonn paraffin sections
2.6.1 1A323A20EWNWBNYIUNEEINYT
YmsinanwaasTasuastitelfiafidasnisez@nun (fixation and embedding)
Tagn1sauazutansazans fixative (Davison solution) tialiansazans fixative sunyndnlulu
waslaanesanda uay uititaidolussazany fixative Uszanm 48 talus LialwiAams fix
Lf'zal,f'iavl@‘fammuymi mﬂﬁ?mﬁaL;‘j"afﬂvmu"umumsm%ywﬁmﬁaLﬁa@i”'smﬂ%"aaé'@hu”m@mhu
ﬁwmmﬁ@i’ms] L% alcohol, xylene , paraffin &g idwiitaifiatiuan embed 1w paraffin 9
ganndliaaiiin 56 E]dﬂ’]L‘]jaL‘Ijila wa239¥iN3Aa paraffin- section #u1a3ad microtome 7
AR 5 lunTau mnuummima paraffin ‘ﬂ@@ﬂmuawa (deparaffinization) Wae
rehydration avihmssenlududaly
2.6.2 A uandlInlaginaiadaylunedIngd
ﬁnLffaLﬁaﬁﬁaamimwaaumﬂaaﬁumsﬁmwuvhjﬁﬁLW’lzmnﬂﬁﬁ’ﬁm
hydrophobic bonding 32%314 immunoglobulin ﬁuiﬂiauﬁ]’lm‘ﬁmﬁﬂ@ﬂl‘ﬁm% foetal Bovine
serum NNtuivnaauIndlaaueaneufivoanswizda GIH 9ldidu primary antibody uas
L@ secondary antibody (peroxidase-conjugated antibody) aﬂﬂ‘lfuﬁuaw substrate (H,0O,) e
chromagen (3, 3 diaminobenzidine tetrahydrochloride, DAB) LﬁalﬁLSuvLﬂjﬁﬁ’lﬂﬁﬁ%mlﬁlﬁ@ﬁ
ianaludunisfinssuiuesaedlun GIH uazuauduadnswzde GIH
3. HAN1INARDY

3.1 nmsnaalusdnanwan GIH Tudad Pichia pastoris

wanadaannan GIH Altandodu mature GIH cDNA WhALALADS pPICZOLA L‘ﬁ”]ﬁj
\iaavad8aa Pichia pastoris mmw“’mj KM71 @283 electroporation lasioantantu P. pastoris
suWug KM71 sansausasaanvadgaslaugnuay GIH - mald Tusluieas AOX1  (Alcohol
Oxidase 1) @28813 methanol LLamé"@aaﬂuuQﬂwaw GIH aaﬂﬁ]'mLsﬁaﬁi’ﬁa@‘i‘@jmmilﬁmﬁa
nnuwisiaiian . pastoris ﬁﬁwmaﬁwgﬂ ey GIH foendffue Zeocin 1nuusarims
A3I9FAL integration VBIWMFNAJNHEN GIH 14 genomic DNA 2841 mastaNtn% 62835 colony
PCR (gﬂﬁ' 1) uaz aMarauANNnEasratdauiianilainduas PCR product 'lerarniei
Direct sequencing anuwsIi mMsmiisainlidnisugaseanvesldsiiu i anlusluaas
AOX1 @78 methanol fin LT uTHLaZIIR619 9 i amanzfimanssanas WS mlysdiu
anNWaY GIH vlﬁﬁﬁq@ NNNINARALNILEAIBaNTAITETINUINHEY GIH 2837j9Nae (rPem-
GIH) lufiad P. pastoris lwgn11zd199 Wm"]mmsnNﬁ@laa‘ﬁmgﬂNawﬁ'ﬁﬂnm@ﬂszmm 9 kDa



lasdinsuaasaanlddngatiianszduedan methanol NANNTUTH 3% (viv) 1duian 2 Tu N
goandl 30 asewaLBua lapaansnniallsdunwaseanuendadioad laludiunm 0.5-1 mg

& ¥ v A dw dy dq' a A
mmsﬁammmumamlumwmamma 1869 (31]7] 2)

gﬂﬁ 1 nA&ay integration maowmaﬁmgnwau GIH Gl%genomic DNA 22988 P. pastoris Taeis Colony
PCR

Agarose gel electrophoresis L&a3d PCR product fsumzaelnsiuns 5A0X1 uaz 3AOX1 fidaIw
gz 750 faadlalng ‘ﬁlﬁwmaﬁmgﬂwau GIH 1Jlu template (+ve) 138U inUTUPCR product 71 7id]
laW1z genomic DNA wasfiad P. pastoris i template uaz PCR product iianuanidszanms 570 #aadle
lne Afiwanada pPICZAA 14 genomic DNA wasfiad P. pastoris 1w template : M WEAILDUALEULENINTIIN
100 bp ladder: 1-10 uga9 PCR product NfAnuenaszanas 750 Haaalalng ﬁﬁwmaﬁ@g}ﬂwau GIH lu

genomic DNA 2838 &¢ P. pastoris 1% template; -ve ugad PCR product 2891773817 14'16L6u DNA template

31U 2 Mmsuanszasaaslangnuan GIH
SDS-PAGE uaaslis@iugnuan GIH inasaanuanisadiad P. pastoris USanm 1 Taidnvesomis
\AeLT0 LiaNIEduae methanol NANNLTNTY 2% e 2 7 Ngangil 30 ssaiTaides; M wRAIlUIAu

VNNITIUNVUIAG



a £
3.2 ﬂﬁiltﬂﬂﬂi@ﬂﬁﬁﬂﬁ&l%ﬁﬂﬂﬁﬂ GIH
a Ag ¥ v AI v v v
E‘T’]@J’]iﬂﬂ’]ﬂ’]iLLUﬂUiﬁ;ﬂﬁLﬁﬂ\‘]@]uLLazL‘W&Jﬂ’J’]NLT&J‘IJ%TBGI]J?@%QHN&N GIH aagn19
a v =} o Ai v v =) s
(ﬂﬂ(ﬂzﬂalﬂﬂi(ﬂ%@?UET’]?LLB&JI&JLHEJEJ%QLWG] NaNVLTNYWw 40-50 % maamsLLamImuwsﬁmW@l
Qq: Qq: o a Qs‘q/ Qs
uummmmﬂmﬂauiﬂsﬁu ﬁ]’]ﬂ%uﬁ?dﬂ’]ﬂ’]iuﬂﬂu‘iqﬂﬁ@’lEl%aﬂﬂ'li Reverse-phase
chromatography 1a83% Solid Phase Extraction (SPE) LLUL Reverse phase i packing L Cis
(Sep-pak® C (SPE) classic; Waters, US) NALUTI ™ Acetonitrile @19tL6l 20-50 % (viv) + 0.1 %
U o a a Qf a v

(viv) TFA Lmemmme:ﬁmﬁumqwmm:ﬂsmmmao‘[ﬂsﬁugnwaw GIH @28 SDS-

polyacrylamide gel electrophoresis (Eﬂﬁ' 3)

4 a £
E'ﬂ‘ﬁ 3 fl']iLl,Elﬂﬂiﬁqﬂﬁﬂadﬂaﬁ&l%aﬂﬂﬁ&l GIH

> a Ac ad . .
SDS-PAGE LLamIﬂiﬁugnwau GIH muwasnnmMusnuignd 1a8/3% Solid Phase Extraction (SPE) WUU Reverse
phase AN NNTNTH 20-50% acetonitrile + 0.1% TFA lasnunoiay 1 2 uaz 3 Lud1auwad fraction (1 column volume/fraction);
40-50% rGIH LLamIﬂsﬁugﬂwau GIH nmywnasanmanaznawldsaudioaswanladiondama ANuduTu 40-50 %; M Lad

lus@uanasgiufiawiacngg

v q' 3 a % 1

3.3 msvmaauwmﬂmaaaaﬂuu@nwau GIH ‘lumaaﬂgugumaaialm
wSoaradlauniivasivliusiao anterior lobe Uaz lateral lobe ANUAINUITINA6NNS
mInaw s luluszee 1-2 1oslua1ms 2X L15 (2X Leibovitz's L-15, 1% D glucose, 0.5% NaCl
and 6.66 mg/ml lactaloumin) NAN1ILANA2E 15%(v/v) fetal bovine serum, 15% (v/v) shrimp meat
extract 71L& antibiotic 200 1U penicillin, 200 pg/ml streptomycin w8z 40 ug/ml gentamicin
sulphate msmé’amnﬁma&i‘ﬂgmﬂﬁmaa%’avhiﬁmiﬁ@Lm:mw,wwzl,ﬁmLLazLﬁmhmu szanm 2-3
W (gﬂﬁ 4) %Tial,auiﬂiﬁu@ﬂwau GIH aNuTuds 10, 50 WAz100 WIlWNTH WAL LANETRNAMY
% o AaA o o ~ \ Y A A
mmaaLL;J'Wuqqaqmmmmswwmiﬂﬂmwz 1 WpuLyiidn 0.1, 0.5 Laz 2 AW NgWA
26 asetaaldua wian 20 Talue S9anausn RNA ﬁrml,sﬁaafﬂgm“ﬁ LALILATIZNITALNNT

uaasaanvaiduvg dru3% RT-PCR asuaaalugui 5



y 6 a %}
5UM 4 waddgundvassily
wasgupiivesitly nnwinusiinadninawawivlalusze: 12 Bodluemns 2X L15 szpziaan 3 T (Ma3zens 100-400

wi); imasdgunfvesivla daulwgidzdieman

a*

b*

3517 5 wansznuvasgaslangnuan GIH aanisuaasaanvaslinaladiu (Vo) Twrasilgagiivassoly

NIINLFAIANUFUNUTVEINTULENIBENVES Vg fia Actin (A1LaRB8ITZAL transcript 789 Vg @ia Actin = SEM) nnirasLguni
28359 WUn@ (n = 7-9) Lm:l,%ﬁﬂgmgﬁﬂnaq%’a"l,ﬂﬁl,ﬁumsaﬁ’@ﬁmmmaaLLaiw”uﬁffj”aqmﬁﬂﬁﬁmiw“@uuﬁ’a"l:ﬂmw: 1 suindn
0.1, 0.5 uaz 1 Mua1 (n = 9) wazdnlusdugnuay GIH Annugtu 10 wilunsy (5.75 nM), 50 wrlunsu (28.75 nM) waz 100
wilunsy (57.5 nM) wlunsu (n = 7, 9 uaz 7 awdaw); laod Actin 1w internal control; a* LEAIAINUANGIINIEAALTD
NA§OUAI8  Independent T-test # p<0.05; b* LLamm’mLmn@mmmﬁﬁi:%dwmju 7 Lﬁuuﬁ"‘unq’u 1 Henasaudy
Independent T-test ‘ﬁl p<0.05

NNNINARINLIN SzauMILEadaantasin vg lunguifiasanamuanvasudwugis
nae Wisniriudu 0.5 uaz 1 muan aaallaifisununguosdUundvesisliundnlaidu
nauaIuay uazlusdugnuay GIH NAnududu 10, 50 uaz100 wiluniu (suiriiy 5.75,
28.75 uaz 57.5 nM Mu&I6AL) MININAaIzAUNILAAdaanvaddn Vg lusadugundvesiil
wdpInuaIanaNAImen uazwudn ssanamwdsurindu 0.5 fuan waz lsdugnuas
GIH 7AUSunaw 100 wlunsu N3y (WRoUWNAL 57.5 nM) &131In8uaInISLaAsaanvaddn Vg

oA A A A ! v o o 9 a [
lddngadafisulunguanuidududr guasasaiaiiuen uaz lsdugnuay GIH  udulam
10



ANTUEAIEENVBIEK Vg maaﬂﬁiuﬁﬁiﬂsﬁugﬂwau GIH #USwnms 100 wilunsu WiguAunga
AILAN wudanuuandsagsfituidyniaiifilanasaueiy Independent T-test (p<0.05)
5NeE waNANIAWLIN AnTuERsaanadin Vg maamjmﬁﬁ‘[ﬂiﬁugﬂwau GIH 7U531m 50
waz 100 wlunsa nudanunandsegrofiodeynisfian p value <0.05  eatwlusdn
gnNEY GIH sansagudImsuaasaanvasiiu Vg lumadigunluassslals

3.4 mswmaaumwaﬁmeaoLtauauagﬁiamsaugnwau GIH

NAFBLAMUINIZVDILEUAUBAGE GIH nuldsdugnuay GIH wWisuiiunulysdu
ANHAN CHH  uaz MIH Falusaunsmosfanwasuazlassaunaonvaeslun  GIH lagit
Western blot 91nMINAREL WUituauivadss GIH sanInavldianzlysdugnuay GIH uaz
VLﬂaﬁuﬁsﬂﬂ”uﬁ'uIﬂiﬁugﬂwau CHH uaz MIH (gﬂﬁ' 6) FILFAII Loufivadde GIH Januswie

@80 GIH 7N

311 6 nagauANNIINITDILERALDAAD GIH
A : SDS-PAGE uanilusfiugnuan CHH MIH uazGIH U3nnms 500 wilunsy

B : na] X-ray muwnadnnnmaiianziain Western blot lasfilusfiugnuan CHH MIH uaz GIH U3anm 100 wnluniu uaz
Iﬂsﬁugnwau GIH USuna 500 wilunsy; waudvadndiwizde GIH Nauduty 1:10,000

M ugaaldsfiunnasguiinuwiadngg

3.5 NINAFDLAMNINNIZVAILARALDARDTDIINW GIH INFITANANIWAN
HN1INaFaUAINNINNIZVaILaRGLAAGa GIH nuaaslunk GIH MNEIFNATNUAT
naen 1a83% Western blot naunazinuanduadsaa GIH lunasauluwiudald luntinazaudble
1% optic lobe NNMUMAINANGa1YUTENNM 4 10a% 91U 10 MK 1INIFNAAITUABKA
1 a ;3‘. > U s = n:in:l v A Qs
22 NMINaFaU WudwauAuadda GIH aru1snavlataniznuldsduwnduwalnaifasny

lisGugnuaa GIH (3U7 7) Jsuaaadn waudvedsa GIH danwusuwizes sasluu GIH winiu
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3‘1]“?; 7 ﬂﬂﬁﬂﬂﬂ?'\ﬂ‘\i’]LWWzﬂadlLa%aﬂaéﬁia GIH
A : SDS-PAGE uaadlusfusnsanamuanfisurii 10 fuanionaidiaiy 4 laawu mym“’amnmﬂ,l,mnu‘%zgw%ﬂ[ﬂsﬁ’ﬁ‘ Solid
Phase Extraction (SPE) LU Reverse phase 1n2101939% 20-100% acetonitrile + 0.1% TFA lagnangias 1 uaz 2 1ud1auaas
fraction (1 column volume/fraction); Iﬂiﬁugﬂwﬁm GIH 5u o 2 lulasniu
B : Way X-ray MunadannmiaTeiens Western blot lasfilds@usnsanamuaiiiauiyii 10 fuaiinaidians 4 Wawu
mwa‘"&mnnm,l,mﬂu%qw%ﬂ[ﬂsﬁ%' Solid Phase Extraction (SPE) WU Reverse phase finnaldadu 20-100% acetonitrile + 0.1%
TFA lapwanuia 1 uaz 2 \ludauad fraction (1 column volumeffraction); lds@ugnnay GIH USana 100 wluniu; uaud
UadTii WA GIH At 1:10,000

M ugaldsfunnasguiinuwiadngg

3.6 ms‘nmaaumsﬁ'n*maaLLauauaﬁyﬁ'ﬂTﬂsaugﬂwau GIH

ﬂuiﬂiﬁugﬂwau GIH USunaudnd (50, 100, 200, 300, 400 LAz 500 w1lwnIN) NLLAUA
UaARANUTUTY 1:500 lu%aa@w@aaaﬁgmwgﬁ 4 asenaaidos s 20 Talus Uuuen
Iﬂsﬁugﬂwauﬁﬁ‘?ﬂﬁ'ﬂuauﬁuaé (B-Bound) LLa:MsﬁugﬂwauﬁvlajgﬂﬁTmﬁmmuﬁuaﬁv (U-
Unbound) wdAta e alysauniaedsiudie SDS-PAGE waz Western blot @”ﬂLLam‘Lugﬂ
7 8 WU wenAueAnANUTITY 1:500 sannauldsdugnuan Y3anm 50 -100 wlunu u
su Bound uazlimanynavianulysd@ugnuawulusiu Unbound wusisansnasranulysiu
anwawn GIH Tudu Unbound waslusdugnuan GIH fiUSanmuena g (200, 300, 400 Waz500 W1ln

n34)
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3N 8 ﬂmaam’i'nwaaLLauanaﬁﬁuTﬂsaugnnau GIH

A-B UxAINIILATIZHRA28 SDS-PAGE; C-D #Aay X-ray munasannmsianziens Western blot laslfiiaudvadsa GIH 71

MU UTH 1:10,000; M Lta@ﬂﬂsﬁummgmﬁ’uu’m@m6]; - LLamﬁaIﬂiﬁugnNau GIH AiUSumeng s]ﬁlei"lﬁi.iuﬁmmuaua?;@ia
GIH auwuT% 1:500; B= Bound fraction LLamﬁaIﬂsﬁu@ﬂwau GIH ﬁa"’uﬁ'ml,auﬁuaé; U = Unbound fraction w&adf9lds6in
gﬂwauﬁ"lsjgnﬁuﬁ'wuauﬁuaé

1: Pre-immune serum AN 0NT% 1:500; 2: waudnahee GIH ANUITUTY 1:500; 3-8: Iﬂiﬁu@lnwau GIH 31N E. coli U3u1a4 50,

100, 200, 300, 400 Uaz 500 WlunTu MwdaL; 4% lsdugnuay GIH U%ﬁ;‘ﬂﬁrﬁ]’m P. paastoris US3o4 100 w1 lun3y

3.7 nadouNavasuanavaiae GIH lwnisnszawnisudaasaanzaslinaladhu
Tusza mRNA Twizadigagiivassoly
Tuanduadds GIH AUty 1:500 Tnaseuanusansalunissuginsinuaas
gosluugnuay GH luadlgugivessila lasshasaiaaniue uazgasluugnuan GIH 1
AMULTNTUG ) ldvinmIsuagedumsiuuandivedse GIH fiaanuidutu 1:500 ‘ﬁ'qmﬂgﬁ 4
ssenafun una 20 $alus nsussihassuiludnnssuiusznitseaflan GIH uaz
weudiadse GIH mmaaumwmmmlumiﬁuﬂe\amiﬁwmwmaaﬂwuﬁﬂwaw GH lwiwas
Ugunfivasivly (isuny seslaugnuaa GIH Uaza13anaamuen :Inn1Inaaad (gﬂﬁ' 9)
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a*
a*

30 HANIENUVAILONALDARDTDIINW GIH 1%ms€i’nil'amiﬁ'lmumaoaaﬂuuﬁﬂwau GH
1 aAa 6 a % 1
aan1suansaanvaslaunaladim (vo) luaslgaupiivassaly

NINLFAINNUFUNUTVEINNTULENIBANEI Vg 68 Actin (A1LaR88ITZAL transcript 789 Vg @ia Actin = SEM) nniradLguni
w095919Und duasliduandvedsa GIH Ainududu 1:500 (n = 3) LLa:Lsnaﬁﬂguqﬁmaa%’avlﬂjﬁtﬁﬂﬂsﬁugnmu GIH i
Wt 50 uar 100 wilunsy Nduazlifuanduadde GIH Anududu 1:500 (n = 3) uaz CHERERITIR I RELEIIERELS 1y
qm@ﬁﬁﬁmsﬁmm%’ﬂﬂm:m: 1 Wfisuwindn 0.1, 0.5 uaz 1 fuan Adussliduondivedds GIH AnuEuTw 1:500 (n = 3);
Taudl Actin 1% interal control;  a* usaseNLANAIMEARIAUAUNGuTaFUgNgTve935T 1N Aluduenduedse GIH 7

AMULTNTH 1:500 LiaviinInasaueds Independent T-test i p<0.05

v o =

WU NMILEAIaanadIbn Vg ”Luﬂﬁjwﬁﬁmsaﬂ”@ﬁmmmaaLLajw‘”uij anad sy

q

0.5 uaz 1 Mum aesullafisunungumasUgundvesisliUnanldidunguaiugu uaadawud

q

[ a

niuflzIEnamuauisuiids 0.5 Muan wnlanuuandrsadrslnodaynsaiaiila
NAROUGIY Independent T-test (p<0.05) LAIBLABLALNGNAILAY UAZHIWLI NUAIANATNL
aa a & a A X A A o . & a
andnsuendveddazailan GIH nusataaniay Vg inudwdaifisununguisasygund
°naa%’ovl,"ﬂﬁﬁmwwzmsaﬁmﬁ”mmma\‘]LL;J'W”uﬁ:fj'”aqm@ﬁ’ﬁﬁmmL“lTan'ﬁ’mme] we ldfiauuanedns
adIlnpAA YN IRRALNaNaRaUaIY Independent T-test (p>0.05)
WawSsuifisunisuaasaanvasdn vg lunduldsfugnusas GIH fianaidudud1gg
wud Tus@ugnuay GIH Aanaududu 50 wiluniy (pulyiiy 28.75 nM) Mansnaaszel
a & A eV V] eaa ~ ' L A o @
nsuaadaanvatdu vg lwaadugundvesialiladnge uazdanuuandratnadvpddgma
afidilanasausas Independent T-test (p<0.05) ilaifisuniunguaiugu uazlusdugnuay GIH
NANUTNTH 50 waz 100 WlNTUNTH (NBULWYINAL 28.75 WAz 57.5 nM @1a&16L) NAnsLan
a & A (% A & a o oA o
duaddezailau GIH mansnANzaUNMILEataanvasin vg lwaadUgundvesialy iisuny
' & P o LA A A . a WM A ' . P
nguaalgundvesitlindzeslangnuan GIH tinsatadn) wdlifanuuand1sadned

@ o o aAa 4 ¥ & v ) o o
uﬂmmymaanmﬁaw@aaumg Independent T-test (p>0.05) TGI%NQ LWLASINURIIRNAAN
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7 (% Qq: a dq,I Q 1 o = 1 v
AU AINULOUAVAAGE GIH RINNINIUALIITUWIZNUFETINY GIH SINaRRINITNEUEINS
rnuvasgesluugnuay GIH uaz gaslun GIH AnasanaINMuaItIna1dinugning
wan 3 lluszoen 1 lwaadUgundvesialyld
3.8 @nmradnudunnsvasaaslan GIH Aan1sWMrI59 [vasnouans lwszes

@9 9 lnsuawhuafaagasian GIH

° & o ' & A L v & v o A o v ' '

rnmfiudethadtalennuinuifinaduassnfinswamnsoliluszozdg lag

ﬁiill‘ﬁ’la‘i]'mﬂ’]ﬁﬂuga’ﬂvﬂLLG&W”@MH']E‘T’]UW”%'QST':]’G Lﬁaﬁnmmnm@‘hLLmi,waaaaﬂuu GIH 1%

U
Aa v A

optic lobe zasudWuEFINM& lasmidnwddpiiladuunszozens glumavamnisldveu
WusHana1dail

U

INA1IA

9 9

3.8.1 M3TuwnIzEZA 9 Twmsnamw s lazasuainis

v

Tumsfnmisoilazmisiunnszezeng glunisnamsaldvesuainuifinaid lag
MILLIANANBHIULANEUBN A1 GSI (Gonadosomatic index) Waz histology ananTauLle 5 seae
(qUil 10) ik

1. 3282 Immature (Stage 0; GSI = 0-1) S9 i danwaelauaziawadn wazwuindioas
oocyte TWIALAN WAzl nucleus TWIA WY
2. 3zuz Previtellogenic (Stage 1; GSI = 1-2) 31lidFv1IUanisranfiniauazd

YUNALAN WATWLINTLTaa oocyte uaLaNU =N 60 luATEH LABLDAR oocyte q

§ nucleus wwAlnaiLaz cytoplasm L'émmmm’mlmgi‘fu uazHaNAaFNIID

Hematoxylin

3. 3282 Endogenous vitellogenic (Stage 2; GSI = 2-3) T4 kififinRasaudifiniaday

deoauasfivmalngdu wsznolustlieznuioad oocyte  BUIAYTZNI 60-100

lunsoudasuunin lasiwas oocyte wsniazdl cytoplasm mmmmu’mlmy’%uﬂdﬂ

5282 Previtellogenic uazganfnfuainas eosin 1niu lagigiasdiu nuceus 1o

TaLAU

4. 928z Exogenous vitellogenic (Stage 3; GSI = 3-4) 59 ludFdsrdanuazivwialng
aw uazmoluislusswuimas oocyte vaLszanm 250 lunsandadinunndn lag

LIAR oocyte anftazd cytoplasm msnmmm@sl,myjmguﬂ’hsw: Endogenous

vitellogenic LIS UNWY droplet 284 lipid agjmsflu cytoplasm woNINHEINLI

nucleus AIWALANRI
5. 3zez Maturation (Stage 4; GSI = 4-12) S9lifigdenduismasranimuaziawa

Tngidu wazmolussldasnuirad oocyte swadszannt 340 luasaudadiuanniu

Tauiwas oocyte  inanHazdl cytoplasm 18U lnjduninszes Exogenous

vitellogenic W8ZISUWY cortical rod 0¢391 ) cytoplasm woNINIASINLN nucleus &

3 3 A [l 3 v
m%ﬁﬂLﬂﬂﬂdMﬁﬂI@ﬂL%%Lﬂ%fg(ﬂ mavlmmmmuaamuvl,@
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U

A % > 1 ] 1o 4 o
E'].I‘ﬂ 10 mswmmsﬂﬂuiwm’m ‘]‘IIQGLLN‘WHﬁq 0qmm

q

v

3.8.2 @nw1naIunIYasgaslan GIH 1w optic lobe maauaiﬁ'uﬁ:qaqmﬁﬁﬁﬁ
nInaw59laluszazans 9 lagmakadaylune1singn

NNNIANENGIBENIVBY optic lobe madLL&iw”uijr;Taqm@hﬁﬁmsﬂ'@um%’ﬂﬂm:m
Endogenous vitellogenic (gﬂﬁ' 11) aaTamduniinasaadlan GIH lu optic lobe laganee
mﬂﬁﬂﬁugiuwm%ﬁﬂmfu a1t Twalaanasuanivadds GIH fAnnududu 1: 500 wuin
RINIATIINUARIIveITasluw GIH lu optic lobe mam&iwvufrjaqm@‘hmww:u’%nm sinus
gland Faduunssazanaadlon GIH uadslimansalfinafiniiasiam dunisesaadlun GIH
Twu5tim Medulla terminalis (MT) Gsiduunssnadogaslun GIH 1¢ TasSoufisuusiim
\deniuveitaifianndredeililalaInalaauoauaudvadsa GIH (IHC, -ve) uas dradnafild
serum maamt:@hﬂﬁaumsmsm:@jﬂﬁa{’wLLauﬁuagda GIH (Preimmune) fieagutu 1:
500 s’fiaslf*ﬁl,ﬂuﬂf,g'm'mqu sananldnnaleanaauanduands GIH duianuiuwmzdagaslamn
GIH lu optic lobe

A B c D

U

INaNeN bwsrae

Q A}

311 11 uaaIn1IATIVMAURIIZEIFD 5L GIH T optic lobe 2aIuaiNkg

Endogenous vitellogenic Tﬂﬂiﬂwafﬂa%aaua%anaéda GIH

A mel,f':al,ﬁaﬂuaa optic lobe ﬁﬁau@i’mﬁ Hematoxylin LLae eosin; B-D meu,‘f'ral,ﬁamaa optic lobe ﬁmsmmﬁ%mm
vaszadluu GIH lay B usasitaifoandrageilileldnalaanaauoudvadss GIH (IHC, -ve); C ugasiitaifiaandiadneils
serum °uaaﬂs:ehuﬁaumiﬂﬁnsmﬁ:u‘l,ﬁﬁnLLauﬁuaé'T@ia GIH (Preimmune) Aianaus 1: 500 I@ﬂﬂ%ﬁmnéulﬁﬂuﬁumuqu
waz D usaaitaifiazas optic lobe filnalaauaauaudivadae GIH AauuTy 1: 500

(MT &a11371n Medulla terminalis; MI ¢ia1137n Medulla interna; ME :ad137n Medulla externa Waz SG #au13an

Sinus gland)
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NN MTINTaTINd R TasaasTuw GIH 1 optic lobe maaLLajw”uﬁjﬁa
qm@hﬁﬁmsw”@uuﬁ'qvlﬂmzﬂ:@ms] 1a8359196% NUINEUNTnATIANLE LRI VRITDS UL
GIH 1% optic lobe maaLL&iw”uffjaqm@iwmm:u?nm sinus gland mam&iw"’ufrjaqm@hﬁﬁms
W39 12 luszee Immature stage, previtellogenic stage, endogenouse vitellogenic stage,

exogenouse vitellogenic stage UFAIAITUN 12 UdaNN1IANBIAIBE optic lobe VBIUNWUTT

H&E staining IHC detection Negative control

O O

O O

O O

U

InaIe lwazes

Q A}

311 12 uamsn1saTIIMEUMIsBBsaasTuw GIH T optic lobe UBIUAINE
a9 9 TnelsTwalaanaauondvence GIH

A-D LLaﬂde:aija“uad optic lobe maau&iw”uﬁfrjaqm@‘hiw: Immature stage, previtellogenic stage, endogenouse
vitellogenic stage, exogenouse vitellogenic stage ausau

H&E staining LLamLi‘iaLﬁa“ﬂad optic lobe ‘ﬁlﬂauﬁ’mﬁ Hematoxylin LLa¢ eosin, IHC detection LLamLfImﬁamaa optic
lobe Alwalnauaauenivanda GIH inwTuaw 1: 500, Negative control uaastiiatfiaandmasneilllalalnalaanaauana
Uadee GIH (IHC, -ve)
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o ] Qs a | Ado 4 ' ' A s o &
nadudarIzazraIMINAIIlY NS wnanndu (n = 3-5) wudt lisanIniFananusuRLS
po3uSunmzeilun GIH (lasgananuduzasdinaaniiaannisid jisen Tudunind
MIWNUVBIT05IU% GIH UazwanAuadNIwIzda GIH) NUTZBZANS JUaINMITWAILIII 1 b6t

A a X a a . A ]
anathasnninaiaiaaninasrany Usunmaailuw GIH law1zusians sinus gland GoLdwumnas

o N - o 4
RLAN Weg laNNTNaTIIN dunisuadaaslan GIH 1uuSiaos Medulla terminalis (MT) @1l

UnaIN&INITaslun GIH e

a ‘4
4. ayUuauazunIanso
=1 a v nql'do/ 6 a A = % A = v o =3 a
ndnsdpiiidandszasdnanda Anwnthnvesldsdugnuas GIH Tufinandr Finda
ldsdugnuanvataaslun GIH va9fana16 (Pem-GIH) luiiad P. pastoris (Pichia expression
system) thasnniduszuufivainzanlunisniageslaugnuanaad eukaryotes laolusdugnuay
ni a 2 = % s c'l (% 1 A ) v ci £ d'l =1 1 v nql'
maﬂm:wmsmuwuwgﬂmaLm:aglugﬂﬂmmmmﬁmﬂl@ L Ha99INNITAN BN D WRTINT
WU rPem-GIH W& lda1n E. coli azagluaniwdiliazasluiin (Inclusion bodies) lud3anm
12 §88n30 MNLaatItunasdluamITauaTe 1 803 [25] w31 rPem-GIH fiN&a ldann E.
. A A ! ) o A An o & ) o @ o a o
coli azfdTunmunnin udlassaialdsdunldnulignedas dasriinisazatolusfiudan
fIEAUA1I9 UazWudl rPem-GIH  tiuazdilassasaninigndasuazlaigneas ilwainals
=2 o A o \ v a . g a =2 v A
nsfnsninfveszeilungnuanaina1y deznaunuinonunauiii Snsdnsininnvaes
lihsGugnuanvasaaslunlungu CHH famiy vasfanaidn andad P. pastoris 1Eunn laswui
gaslun CHH [29] uaz gaslau MIH [30] 2a4rfana1dfinaa laandad P. pastoris iua1u1In¥
o A o ¥ v & % o @ a ~ &
wihfilumimuguizauhaauazduginsaanasu ldmudray Mnda rPem-GIH ludiad P.
) = A X | AN va A v
pastoris lumifinsidnht wudrzaslaugnuanilddamadszanm 9 kDa lasiimiuaasaanlad
ngaLiianIzdueiy methanol NANULTNTY 3% (vAv) twiaan 2 1% Nganad 30 aseivaldes
a = dl o = 6 a Aa A Lo 6 v Y ni 2{
TagauntnnaaldsdunratoanuandyaLsas bo bblSu1m 0.5-1 AANTN INLTARLINLIUNLAL
luamsiiease 1 8a3 118990 rPem-GIH Nnda ldaniad P. pastoris HUSumdasuazinig
Ul ouuadlUsawanannIoas 8EINWIBIIN JILANANNUTUTHUDI1UIA® rPem-GIH  az¥in
a nfgl' U 2 a U a s d' £Z £Z
nsusnuigniidasdu donsanaznenldsudisasuenlufioudaiva nanududu 40-50
q.q: o a AG' 4 v =) Qg 4 o
% nuuisimauenuIgnvesldsdu rPem-GIH Halild rPem-GIH u3anT iNavzsinly
v { 1 =Y quq: v > Q =Y 1 a =
dnmwinfidald amnnsfnsusnugninuldandunannis anfivou mumnmqm‘[@mmn
AuUIAVa41U5AU (Size exclusion chromatography) lagsinlus@ucinunaanst Superdex 75
wudn 13w rPem-GIH  stuld@aannuldsdundluanandvwmalng uazisdsnanaivinlile
a cid A =S U t-ﬂl %3 a n‘ £ >3
lds@undaanuidesann 39ldasslfounldnisusnuigns dronannis lon  exchange
chromatography w”maéi’wﬁﬁﬁuﬂi:qmn (MonoS column) LLazﬂizﬁ)iall( Resource Q column)
WU baianaInuen A% rPem-GIH anlU3awananLoasde la 29168091 TRaNN1T Reverse

Phase chromatography H 14AaaNi Cip Teannsh ladnauwinaunsaldnannisasnarale
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a i~ oA A o Ao ' A a a
nsusnuigniaeslaugnuanved CHH [29] usdiftasanumeNinniyide wuduatasuonuignd
v o YV a ~ a ng L=
(HPLC) vsdnldaansninuld fsvldifadynilunisuonuigndionannis Reverse
§ = Qs‘ { U Qs >

Phase  chromatography  uazldauisawiiaiasusnuIgninaiunsaldldny aadui Cy

(Phenomenex Jupiter C,g column; Phenomenex, 5 y particle, 300°A pore size, 250 x 4.6 mm.)
dl a Ag 1 . ¥ qu/ va @ KR

fsusnusnuIgnizeslangnuanlungu CHH  famiy naunwled assunisnmedi9ds
et { Aa a5 A . i 1

Usuidounisusnuignd laold3T Solid Phase Extraction (SPE) WUU Reverse phase 7
. 4 o o A o '

packing L Cis TI9AILDWARNNT Reverse Phase chromatography AMNMIANEIATY WU

mmmLwﬂu'%ﬁgﬂﬁﬂiﬁugﬂNawaaaaﬂwu GIH fiaNuENTY 30-50% acetonitrile + 0.1% TFA

A o

{ A = 1 g a =) 4
(3UN 3) 3973 ﬂanﬁuaﬂmm:mmmLmﬂmqﬂﬂﬂﬁu rPem-GIH 31nluUsAuduarnioas

3
fad e g9dvadnetsndaiaiuazasiall u,é"sﬂ'aﬁ:mmfiaLﬁﬂuﬁ'umﬂ%m%"aaLmﬂu?qwﬁg
(HPLC)

uaﬂmmful,l,fi"mm:;d“'ﬁﬁ'uvl@‘fﬁﬁmim%'ym”msi’m miaﬁ'@mﬂﬁmmLLa:ﬁm?qﬂﬁ%amuMQ
13T dununy ﬂ’m,l,ﬂﬂu'%qw%‘[ﬂsﬁu@ﬂwawaoaaﬂwu GIH Lﬁaﬁﬂmmﬁ'@mlﬁﬂumjumqu
(Positive control) lunmsamageuwindlunssuginmsairelinaladin (vg) lwaadigundves
%’dvl,maafj’aqm@hmjw”uf MMNTUADUNINAFOLI TLASINTIIRNADINTHAN I@Ul%fjdqm@i’]mq
4 LRaw (gﬂﬁ' 7) wmﬁ%@ﬁ'\mﬁnmmmLmﬂu’%qwﬁmmmmaaaaﬂwu GIH 11 optic lobe 284
MUA uaziingaswlAfuSumaoslun GIH qoi‘fmﬁaLﬁﬂ‘uﬁ'*ué’@ﬁmmaﬂﬂiﬁuﬂz\‘mmmao
optic lobe @3ana319z I ENWULINATINITANTIINLT NN GIH INFuadsd1euduaon
Alignlgimudregnitos uwazaauisnamasanldaisinadia Immunodetection g Western
blot analysis annsiwssldvinmsasaNa28E199N miaﬁ'@mﬂﬁ’mmLLajw”uﬁ:f‘jaqmeﬁﬁﬁizmmi
w3l seei 1 Lﬁalﬁﬂumjumqu (Positive control) lwnnsasiagaunsinflunseuss
mafishnaladiiu (Vo) lwssddgugdvesitlivasfinadusinugdaly

ijaﬁﬂmiwmaUﬂﬁﬁﬁmaﬂﬂiﬁuﬁﬂwﬁmaaaaﬂuu GIH u?q‘nﬁglumiﬂ'uEﬁﬂﬁiﬁ%’]a"lmma
1a3fiu (vg) lwradugundvesilivasdanaduainug (gﬂﬁ' 5) wuinlus@ugnuas rPem-GIH
fiUSunoe 28.75 nM uaz 57.5 nM §a130aAITAUMILEAIaaNaITu Vg Twaadigundvesioli
ldszanm 23.71% uaz 38.6% audey WeisununguimadUgugdvesioliunadlsidungu
ALY Watnamsanundildilsoufisuiunsanuwmsansnewnii lunsdnsnanisdu
NILEAIDDNVBID Vg Iuﬁ‘avlﬂimaorja M. japonicus mﬂaa‘ﬂuu@ﬂwau GIH 284 H. americanus
[20] Tevinmsuaaseanuedlysan Hoa-VIH luwuuefise E. coli  uazshldseuiingalallvin
1fin3e1 amidation Ala1adn C terminal waalusdu inaliilassasanadaruzaslau CHH
family type | feansududa biological activity WLI1 Y@UNTUEAIaaNVIEK Vg INTUTIN
%’ﬂ‘*ﬂ'ﬁ'LgﬂaluaﬁﬂWiﬁﬁIﬂiﬁugﬂwau GIH USunms 40 nM uaz 400 nM aaadtilolfisuiuszauniy
uaadIaanUadIdn Vg mn%uﬁhu%'ﬂﬂﬁt??mlummiﬂﬂaﬁvlsjﬁiﬂsﬁugﬂNau GIH Uszantw 20.9%
waz 49.1% enusey azdiulddn wWedidudmiseuasszaunsugasaanvasiin Vg Alndiaasin
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g v =Y a Qf 1 a A€
wk azlfUSanalusdugnua rHoa-VIH u3gnt idusedirinvaslysdugnuan Pem-GIH u3gn
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Expression of recombinant Gonad-inhibiting hormone (rGIH) of Penaeus monodon
in Pichia pastoris and its function in primary ovary cell culture

Supattra Treerattrakool’*, Chanikarn Boonchuoy*, Sakol Panyim*® and Apinunt Udomkit®.

“Institute of Molecular Biosciences, Mahidol University, Salaya Campus, Nakhon Phathom 73170, Thailand,
®Department of Biochemistry, Faculty of Science, Mahidol University, Rama VI Rd, Bangkok 10400, Thailand.

Gonad-inhibiting hormone (GIH), a neuropeptide from eyestalk ganglia, regulated ovarian
development in female crustacean by inhibiting the vitellogenin synthesis. The cDNA cloning of
GIH of Penaeus monodon and its biological function by RNA interference technique have been
previously reported. In this study, the recombinant protein of GIH of P. monodon (tPem-GIH) was
successfully expressed in yeast Pichia pastoris expression system under the control of an alcohol
oxidase promoter. The rPem-GIH was purified by reversed-phased chromatography with Sep-Pak
cartridges (Cs). Biological activity of rPem-GIH was determined in primary ovary cell culture
derived from previtellogenic P. monodon broodstock. Similar to the purified eyestalk extract, the
purified rPem-GIH was able to reduce vitellogenin mRNA level in primary ovary cell culture. Our
result demonstrated that rPem-GIH expressed in P. pastoris had biological activity to inhibit
vitellogenin synthesis in the ovary from P. monodon.

Keywords: Black tiger shrimp, GIH, primary ovary cell culture.
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Expression profile of gonad-inhibiting hormone (GIH)
and vitellogenin (Vg), during ovarian maturation of
female giant tiger shrimp, Penaeus monodon.

Sitichai Urtgam, Supattra Treerattrakool, Sakol Panyim and Apinunt Udomkit

Institute of Molecular Biosciences, Mahidol University, Nakhon Pathom 73170, Thailand

Gonad-inhibiting hormone (GIH) is an important eyestalk hormone that is known to
regulate vitellogenesis process in crustracean. Vitellogenesis is an essential step in ovarian
maturation by which vitellogenin (Vg) is synthesized and modified into vitellin or yolk protein and
accumulated in developing oocyte. This study is aimed to determine the involvement of Gonad-
inhibiting hormone (GIH) and vitellogenin (Vg) in ovarian maturation in the black tiger shrimp P.
monodon. The eyestalk’s ganglia, ovary and hepatopancreas were collected from shrimp at
different ovarian developmental stages. RNA was extracted from each sample and used for first
strand cDNA synthesis. Real-time quantitative PCR was used to determine the expression level of
GIH mRNA in the eyestalk and Vg mRNA in ovary and hepatopancreas. The determination of
GIH expression by real-time PCR showed that GIH mRNA was expressed at low levels in
previtellogenic stage and gradually increased until exogenous-vitellogenic stage before decreasing
at maturation stage of the ovary. Vg mRNA expressed at higher level in the ovary than in the
hepatopancreas. However, Vg expression in both tissues showed similar pattern with an increase
from endogenous-vitellogenic stage through maturation stage. In order to understand the
relationship between GIH and Vg in ovarian maturation, GIH protein in the eyetalk and
hemolymph as well as Vg in the ovary and hemolymph will be determined by ELISA technique at
each stage of ovarian maturation. The information obtained from this study would be useful for
future reproductive manipulation of P. monodon broodstock.

Keywords: GIH, vitellogenin, P. monodon, ovarian maturation, eyestalk
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