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fummaigdulauazmsnalaludnands leun crustacean hyperglycemic hormone
(CHH) uaz molt-inhibiting hormone (MIH) laglévnsugasaanyes cDNA figdne CHH
guia ?Jaafi'aqmﬁﬁ {Pem-CHH1, Pem-CHH2 Waz Pem-CHH3) ludiad Pichia pastoris
Tolwinmdsasaasluniia9oin cDNA sensnuaniaas aﬁﬂﬁuﬁwnﬁsl,tunu%qw%
U361 Pem-CHH namusiiaseis reverse-phase HPLC %38 gel filtration WUIFe
Strunowsnlusiuitwiounanain Pem-CHH I¢f mnaaaumiihfinas Pem-GHH ¥
muohe TﬂUg}m'\aJmmm’l.umnﬁm:ﬁuﬁwmaﬂg{[ﬂzﬂu haemolymph wudﬂr‘]\‘lqm@%ﬁ
ledfumsase Pem-CHH1, 2 uaz 3 ﬁs:ﬁnﬂgiﬂmﬁuﬁu 3.5, 3.58 uar 3.05 Saaniw/
FRaT Muday wasaBvaumansalumsrmdaiiln CHH vasmeslunisauTia
Tugmwes MIH lévimilaaudu cDNA #ia$s Pem-MIH yinddunseasiluouing
T2UIW MIH maar’q\’aaawﬁ% WU Pem-MIH fanuedoafny MiH 289 Penaeus
japonicus 19 97% levimsuassaanvas Pem-MiH 1w P. pastoris LLa:Lmﬂu‘%qw“ﬁTﬂU‘L"ﬁ'
WANMILAEINY  Pem-CHH miﬁnmwﬁwﬁlufj’af}m@h WUd1 Pem-MIH  ganinufiy
FLHEINTERINNIR@NATIY (molt duration) Basrsatnsdiipdazy (an 11.8 1 du
16.3 TWNSANBIMIUAGIB8NT8Y CHH waz MIH Tudiud e guasfmadlasldinaiie
RT-PCR W1 CHH fintsuasdaaniuiiue #wila uazindan du MIH Insiaadasan
lufman uaz thoracic ganglia wanandlevinn1sas antibody lasmanszdueag Pem-
CHH1 'luwyj, WU anti-Pem-CHH1 antibody &137309UNY Pem-CHH Ievamusfia ue
1490y molt-inhibiting hormone G’fmﬂuaaﬂuﬂumjmﬁmﬁu \§io incubate FuaIETa
PINTIUEN  antibody mmmifufiﬂmmmmsnlumnﬁm:é’m@laamm CHH luansy

sinruan ladszana 45% uaziflada antibody Wi lludslonass woihdifiszdunglea
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Project Code : RSA/13/2544
Project Title : Expression and identification of growth-related peptides in the
CHH/MIH/GIH family of Penaeus monodon
Investigator : Mr.Apinunt Udomkit
Institute of Molecular Biology and Genetics
Mahidol University, Salaya Campus
Nakhon Pathom 73170
E-mail Address : staud@mabhidol.ac.th
Project Period : 1 December 2000 - 30 November 2003
This project is aimed at molecular as well as biclogical functional study
of the hormones that play roles in growth and gonad maturation in the black tiger
shrimp, Penaeus monodon. Three types of P. monodon's crustacean hyperglycemic
hormone (Pem-CHH1, Pem-CHH2 and Pem-CHH3) were expressed from their cDNA in

yeast expression system using Pichia pastoris as the host strain. The recombinant Pem- .

CHHs were secreted from P. pastoris cells by the use of Cl-facotr secretion signal of
Saccharomyces cerevisiae. The proteins were further purified either by reverse-phase
HPLC or by gel filtration. The purified recombinant Pem-CHH1, 2 and 3 were able to
elevate the glucose level in the haemolymph of P. monodon to 3.5, 3.58 and 3.05 mg/d|,
respectively. This demonsirated hyperglycemic function of all three Pem-CHHs in P.
monodon. A cDNA encoding another hormone, molt-inhibiting hormone (MiH), was
successfully cloned by th? use of RACE technique from the primer designed from the
conserved amino acids between MIH of two shrimp speices. The cloned ¢cDNA encoded
MIH peptide that was 97% identical to MIH of P. japonicus. The Pem-MIH was
expressed in P. pastoris and purified by the same strategy as Pem-CHH. The purified
Pem-MIH could extend the molt duration of P. monodon from 11.8 days to 16.3 days,
and thus demonstrated the property of molt-inhibiting hormone. RT-PCR with specific
primers showed that Pem-CHH expressed in the eyestalk, heart and gill whereas Pem-
MIH expressed in the eyestalk and thoracic ganglia. Moreover, polycional antibody was
raised against Pem-CHH1. This antibody recognized all types of Pem-CHHs but did not
cross-react with Pem-MIH. When incubated with anti-Pem-CHH1 antibody, the
hyperglycemic activity of the eyestalk exiract was depleted by 45% where as the the

shrimp injected with the antibody showed 15-20% reduction in the glucose level. These



studies clearly demonstrated molecular structure and biological functions of two
neuropeptide hormones that are involved in growth and gonad maturation of P.
monodon. The inhibitory effect of anti-Pem-CHH antiboedy on CHH activity in vivo
provides a promising implication to the modulation of growth and reproduction of

economically important species such as P. monodon in the future.

Keywords : black tiger shrimp, crustacean hyperglycemic hormone (CHH), molting,

yeast expression system
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ana1dn (Penaeus monodon) \udaiinasngfiflanuddysudunisag
hzvalng yadinmrsdseandslasyinihnoldlitudsanatialeadaeni Winiiu
S Taorandaswlagldmannismnesies ﬂWiLWWZLgﬂdiGQﬁﬁﬁﬁluﬁﬁ]i}'ﬁuﬁdﬁ
ANNABIM IHALIRUTIN T TIN TR wazfinssaliidwusreldlesnsfivawiadarim
! é‘cﬂﬁmwmUGhmnﬁ"mrjeasjﬁanﬂﬁﬂwﬁ’;mmu"ilﬁmumﬁﬂﬁﬁmiﬁﬂmLL&iﬁ'mf
ﬁ:aL"ﬂ"nmlmzuummﬁﬂﬂﬁﬁuﬂuﬁ’]mumn e biwiduidlusssumdiidiwiuas
GRS LLa:L’%mﬁﬂﬂiwmLmauua}ﬁuﬁﬁﬁﬂmmw %'aﬁmiﬁ'@ummﬂgmﬁaqm@iﬂﬁlﬂu
WollWugluiadiu u@iﬁﬁ’aﬁaamﬁymwmmma‘mmso'l,ﬁ’ﬁmi'm“lﬂ

msaafuwadnNadansiiamygla LWﬂ:f‘j’aLLazédﬁ%‘fsm‘hwaﬂﬂﬁ"ﬁLmﬁuu
(crustacean) THas99 Arduressuulszmmiidanh X-organ-sinus gland complex
agluvdinniuen andnzasluuiifionudmdydonizuiunmmiaivinemaionie
swtasailandudimawanwaslefiidaanit gonad-inhibiting hormone (GIH) 3o
vitellogenesis-inhibiting hormone (VIH) (De Kleijn et al., 1992) Sonunseaiuendaiin
mstaunaInia GiH LLa:ﬁﬂﬁmsm‘%mﬂaovl,'lj"L;erntTuElv’a‘é'n@iavl,a_l GIH dnaglungy
gassasluuinulunimadounrinin  soflundvndn 2 mﬁﬂﬁ%’ﬂa%ﬂumjuﬁﬁﬁuﬁ
aaﬂuwﬁmuqm:ﬁuﬁﬁma'lul,ﬁaﬂ (crustacean hyperglycemic hormone, GHH) WAz
goflundudansaanany  (moltinhibitng hormone, MIH) Tudunhaailaulungs
CHH/MIH/GIH (Keller, 1992 uaz Charmantier et al., 1997}

msAnwzailunlungy CHHMIHIGIH aluszdy DNA wssszeulus@in wun
aaﬂuunaﬁui‘fﬁhnaﬁoﬁlnﬁﬁmﬁumﬂ lasfianwasddyfe Usznoudisnsaazlln
Uszanm 7278 1 ussdniaezilu cysteine usulsznaudiwan 6 61 Sewudl
@‘i'nmu',atﬁmﬁ'uluaaﬂuuﬂmﬁﬂlunduﬁ (Chang, 1897)

aaﬂmuﬂamwﬁuﬂlunau CHHMIH/GIH fluanainasfilaseateftlndidoariuuda
flyand biological activity "L@mnmmuaamamu MIH %83 Homarus americanus ‘YI
AT dune MIH ugy CHH (Chang et al., 1990) 1Bwidinniu CHH 289
Carcinus maenus daviwinfilin MIH lédnn (Webster, 1991) athalsfimumsfiananss
avanuhesiluunilsiad biological activity Téunnnimitsagnoiu anadunauiain
msﬁ'aaﬂuu‘luna‘iui a‘ﬂmaa%’fmﬁ‘l,nﬁ’tﬁmﬁ'umnLm:mmﬂﬂu'%qn%faaﬂuuvlajvlﬁﬁ'
Tuaaniss Boane %aﬁﬂlﬂ“’lﬂsﬁuﬁLmnu'%qw%r"lﬁﬁmiﬂmﬁawuaaaaﬂuumﬂﬂiwﬁa
siia  dywwasminasauiiialingiy  biological activity MfaauveszaiTunlungy
CHH/MIH/GIH ‘%a’ﬂruagﬁuﬁ'ﬁfluﬂ'mmnn%qﬂﬁ nluilasansonenaasluwldifiog
mi‘smﬁmLLa:’i‘fuagﬁuﬂ%mmmaoaaﬂuuﬁnwnﬁqﬂﬂﬂ”ﬁnﬁua Atudtywlumsuan
aaﬂuu‘[ﬁﬁﬁu’amwu‘iqﬂ‘f; uazivTanmunnwadnivihanlsluninasey  biological



activity Rlusatnlalasntslaaudn cONA vaszailyufidaems uazadelusduantu
cDNA ¢and1? lanlt expression system fiwmnzay wu insadalusauluinadise
o o = v et a A oA = i o &
viaBadiiudu  FFRarmannndalusdundasmsldluBnugos:lusduildoniu
I o A w = P = o 5 o oA e .
Usfinfiaiaunan cDNA Wasnisriia vildnnsinldseufiaineain expression system
a. ) - . . . % { o & =
aana lltluntimagay  biological activity lemafiTalauN Ny wwizazlaiingg
dwdanvaslystuduifilassaiolndidueiu
. E & - .
Tiwmanil lédfinnsleauiu cONA - swziie vessaflunlungn CHH/MIHIGIH

v ° [V s a A ol '3 W~ € oA o
nndinand lasandudaysnnaduilandlalndayindves cONA lunduil Fazeilau
8319910 cDNA @4ns17 HauaARI8afIny CHH wazi3unTain Pem-CHH1, 2 ua: 3
(307 1) (Udomkit et al., 2000 UAz Udomkit et al., 2003) atnalsfimunisfiazniuin
gasluuiadnaann cDNA aanafimmiaiidu CHH 359n3aly azeasrinnsnasauning

(" . P . ~ s aw = )
yosgoilundandniFonau lasimyideidsifandsaidfiaznasan biological activity
289lU58% Pem -CHH vanuzile laplwiinnsuandaanaad Pem-CHH u expression
= _ & . . . A a o € @ as o LY
system U03fad Pichia pastoris Beallanumanzauiigunsalfiiwaadidthudmivnng
ugAIaaN1ad heterologous lsiulu3anmes (Cregg et al, 1993) wanvniilus@un
ugawoanlu P. pastoris Sasnunineglugiindisanuanisas (secreted protein) lae
8161t leader peptide a4 alpha-factor 97N Saccharomyces cerevisiae (Briand et al.,
-] L7 s g’ = :ll @ ¢I. o

1999 uaz Remaekers et al, 1999) vlknmauenuigntlsduidasniaifeildnasey

]
1 =

biological activity flaugEaININaL u.anﬁnnﬁn‘[ﬂiamﬁ%’uﬁifayomﬂﬂau. cDNA #
afwaaaﬂumﬁﬂ‘é‘ﬂun@u CHH/MIH/GIH Bnenn

WINRIUNTONAFBY biological activity vaszailuniiaiiold fufwiayamag
Lﬁaaﬁuﬁa:ﬁn‘lﬂgj%ﬂ”nwﬁwmﬁalum'sﬁwmqmmwmaar}’aqmﬁwLLﬁLﬂmsmﬂlmzLﬁrm
fasaly 15w myathi antibody dezailun GIH o Flunsnszdulvianeliunu
mssiaa Seesdidediae mmsn’l:ﬁ’miﬁmﬁa"l,ﬁwmyﬂ%':q warpgaaduumsiugeann

BITNTIE

1. WRavnmslaauin cDNA fafaoilun CHH, MIH W&z GIH ﬁrmrj’aqms‘h
LazFNTLERIaanTasts cDNA sananluilas Pichia pastoris

2. @nw1 biological activity wvaslusiufildannisuaasesnlude 1 Lﬁagdﬂ
lilsaufingalevnnifiesls

3. %4 antibody damailunsinaiuazAnwuayasnsle antibody Aan1siues

m‘sﬁfmumaaaaﬂmﬁfmﬁaﬁﬂﬂﬂs:qﬂﬂ"l“ﬁ’l,urj'wi a2l



. 20 - 40 . 60 *
Pem-CHH1 : MVAVGPMR--- - - TAVIEIS LLLAT PASATFEGDGNDE PTFIRFSPEASPVTSL- - - - - - - - - - HTSDKRSHISFRS : &0
Pem-CHH2 : MVAVRLVQ--- -~ SA%SLLVALPACVTTSENTNF.IPAE ABPGDS-LSED- - -~ - - - - - QSISKRSIWFNS : 59
Pem-CHH3 : MIAVRLVQ----- CAV“%;SLLVAFEFACVTTSENTNE:IF.?'-\S-:JéSPGDs—LTRE ---------- QSlSKRT;}i&:Fss ;59
Cam-CHH : -MYSKTIP--AMLALLTIAYLCALPHAHARSTQGYGRyDRELANLKTSPME PSRALAVENGTTHPLERRQIYDTS 72
Hoa-CHHa : MMACRTLC- - - - LVVVE QF\.SLGTSvGVGGRSVEGASRQQEK!ELQSSNSPSSTPLGFLSQDff—-HSVNKRQQ‘F‘DQA ;66
Pre-CHH ¢ MVSFRTMWSLVVVVVVEAASLGSS - GVHGRSVEGSSRUER] LiégSGSSrSSEPLSFLSQD”- QSYNKRQUFDOB : 69
Cam-MIH @ —=-=-————————- RANSHFSCQRTWLLS\VvVgif‘x}\i%NﬁFGVHR- R e AAAR%’;NDE ;41
Cag-MIH : —=m=m—m——e e E& LAHSKFSCORTRLLAVVLAAGNESSLOQ - - - - - - <<= oo ARAR{INDD : 41
Pej-MIH . : «-———m————mmm %YT'RLA—--- - -MRTWLA- IVI{VVGTELLEDT - - - - =~ == ~o- == o oo - ASASFIDNT : 34
Hoa-GIH & =-———m==——mmooome SHITRYGSGFSVORVWLL - LVIGVVIICGSVTQQ- - -~~~ - = oo - - ASAWFTNDE : 40
pem-CHil : BTEAY-BEC@LVEEDRE Hoveli~Eids i B T EvELYEED R crORNETIRAAMORIEK - - - . 128
Pem-CHHZ : M IRV SEVEL Y e R Wi -- - - 127
Pem-CHH3 : [T 6 Se- 127
Cam-CHH : ¢ 142
Hoa - --- : 134
Prc-Cl v [ --- 1 137
Cam-MIH LEEWRGTMEAGRD : 113
Cas-MIH AGRI ¢ 113
Pej MIH R iy . - L - 105
Hoa-GIH @ PR MGREDEY ERfinweEle~ SRy Dic e TMDLWEYY ATERHGEIDERRKWHS THRAGRK : 112

Eﬂﬁ 1 wWisuAsudrdunseazdluaesaailanlungs CHHMIHGIH amnaimmfoweitads g Msnwsuw
ﬁue‘hua@mma:ﬁhﬁmg%’nu‘luaaﬂqu'nﬁﬂ 1euri P. monedon CHH1 (Pem-CHH1; AAQ24525), P. monodon
CHHZ (Pem-CHH2; AAQ24526), P. monodon CHH3 (Pem-CHH3; AAQ24527), Carcinus maenas CHH {(Cam-CHH;
506630), Homarus americanus CHHa (Hoa-CHHWa; $52117), Procambarus clarki CHH (Prc-CHH; Q25683), C.
maenas MIiH (Cam-MiH; Q27225), Callinectes sapidus MiH (Cas-MIH; P88321), P. japonicus MIH (Pej-MIH; P55847)
wis H. americanus GiH (Hoa-GIH; CAABOG44)

An1INaandg

1. 1175 U cDNA figfsaafluw Pem-CHH PBITINAE Liﬂét“ﬂ&ﬁ Pichia pastoris
o a o iy a v v e w
A siRud1wIudn cDNA Astwzasluu Pem-CHH1-3 @ed% PCR lapld

. M o w a - ~
forward primer Aaanuupanaeunsaezilu 5 dusnAvUaiy N Uas mature hormone

]
~

A = Lo , o1 - g = |
$33l restriction site WpILEWLDY Xho | tNalTlun1ilaauliTw cDNA [ Faudaly frame #

v e B An -
nnaadnuy secretion signal Wdd Cl-factor Tu expression vector fltde pPICZOLA Lazd

-4

g 4 o

fauiiadlainddniu cleavage site Pandwlosl kex2 L'ﬁ'aﬁ@ﬁmmaa secretion signal
NUVAIINMITUEAIBAN §I% reverse primer DRNWLLAINAGUNTADZHN 5 fEAYNY
(374 stop codon) ﬁﬂmu C 78 mature hormone uazil restriction site vadulad Xba
| deuiaaalalnduaslnsuaAldlunnfiusiuin cDNA 289 Pem-CHH udazziia
a3 luaisnad 1)

S14 cDNA ﬁLﬁwﬁwmu"Lﬁ%:Qnﬁ@ﬁaﬂLSuVLmT Xho | Uz Xba | fowdaiands

o

AU pPICZOLA ﬁgﬂ@mmﬂ Saf | WAz Xba | LLa:mwmaﬁﬂ@ﬂwamﬁH (gﬂﬁ 2) L“]T’\Q‘“L‘]jaﬁ
284 P. pastoris 1971 electroporation (1.5 kV, 25 LLF, 200Q) waslapseras Al wanada
gﬂmaulﬂﬂuuaﬁmﬁuﬁmﬁa YEPD [2% (wiv) peptone, 2% (w/v) glucose, 1% {w/v)
yeast extract] ‘ﬁﬁ Zeocin AMULTULY 100 mg/ml P. pasforis ﬁimlummsé’mgmﬁa

AN AEMINANETaUEN genomic DNA @184T 104 Johnston, 1988 uazviinisiu



Primers Nucleotide sequences

Pem-CHH1 expression
CHH1-Ex 5 AGGGGTATCTCGACAAAAGAAGCCTATCCTTCAGGTC 3
CDR 5 CGGGATCCCTACTTGCCGAGCCTCTA 3

Pem-CHH2 expression

CHH2-Ex 5 ATGAATTCGTCGACAAAAGATCTATATGGTTCAATTC 3
CDR-2 5 GCTCTAGACTACTTGCCGAGCCTCTG 3

Pem-CHH3 expression
CHH3-Ex 5 ATGAATTCGTCGACAAAAGAACCATGTCGTTCAGTTC 3
CDR-2 5 GCTCTAGACTACTTGCCGAGCCTCTG 3'

Pem-MIH expression

MIH-F 5 CTTCGAATTCGTCGACAAAAGAAGTTTCATAGACGGCAC 3

MIH-R 5 GCGTTCTAGATCACTGACCGGCGTTCAGGATG 3
RT-PCR
reverse transcription

PRT 5 CCGGAATTCAAGC TTCTAGAGGATCCTTTTTIITTITITITITT 3
Primary PCR

CMG-F 5' CGGAATTCTCAGTG CAGAGGGAGAGCC 3’

CHHZ2-R 5'-GCGGATCCCTGCTTTATCGAAGACACTG-3'

PM1 5 CCGGAATTCAAGCTTCTAGAGGA TCC 3

4:{ o Q- o= e & n‘n: =t
A5 1 uaasatauRindle Induaslnsinodnlyd lun1snaaas walinaadiniy
’ .+~
UfAsn PCR dng uaasliluitnasasuasduminnsldgUnanimasas auana

A URASEY



FWIWTU cDNA 289 Pem-CHH Aiunsnidnlu genome Uad P. pastoris laums¥in PCR
[ s =
elwsnas SAOX uas 3 AOX qauaaalugii 3

a-factor signal
Pem.CHH

Xhol Salt [ »

5' AGGGGTATCTCTCGACARAAGATCTATATGGTTCAATTCS !
5’ AGGGGTATCTCTCGACAAAAGAACCATGTCEGTTCAGTTC3

A - = o w e w
EU‘H 2 Physical map 2adWRIHNAQNHAN OLCMG T cDNA YR mature Pem-CMG1 anuLIg pPICZCLA Tay
% P e . pel . o ot & o
ey 8 viensieny Cl-factor signal sequence vitnnlunmaals@in Pem-CMG1 sanwanimad lasdlusly-
o a 4w o a -
woinldlumsuaaseaniio lsluaad Aox1 feglusiuuas 5'A0X1 uazmanInAauien A. Pastoris transformants 6

- =
lasaanwsansalunisiainguuawisidl Zeocin

Pichia genome 3 e
l 5 ACX1
5'aoxt ColE| Zeocin < 5" aox]
3" I Jm—— - 5
Pem.CHH
3 AOX1

4 ] o .
gﬂﬂ 3 Integration 28J expression cassette aCHH sﬁ"lslu genome YaS P. pastoris UREMIARLRAN P. pasioris

transformants Afl cONA 184 Pern-CHH aglu genome #1853 PCR lapldinausd 5A0X uaz 340X



2. MIURAIDDNUAZNIINAIVBITaTIUU Pem-CHH 3NNLaa P. pastoris
\RuLTRA P. pastoris 71l cDNA 184 Pem-CHH uninaglu genome lua1mny

LgﬁaL"ga BMGY [1% (w/v) yeast extract, 2% (w/v) peptone, 0.67% (w/v) YNB, 4 Llg/mi
D-biotin, 100 mM potassium phosphate, pH 6.0 and 1% (viv) glycerol] 'ﬁ'qmﬁnﬁ 30°C
ANTENY ODggo = 5-6 udNIuusmoad snmasf ldunasduomisidonts BMMY [1%
(w/v) yeast extract, 2% (w/v) peptone, 0.67% (w/v)} YNB, 4 [lg/ml D-biotin, 100 mM
potassium phosphate] Tuv3anas 175 maammﬁé‘uu%m?uﬁu \&1 methanol a4lua111s
Boade IHSanuduTueIns 0-5% uatlAsalrass 30°C fotdwnm 1-7 T Seiluuen
RS AaNTINEMITALITD SaTeHlUsAufidaanisean Tricine SDS-PAGE (16.5%)
warhamnaaadadedilsiufivacaanuomnasd "lﬂahunwuynu‘s'fgﬂ%fluﬂv'umau
faly

. = =
3. m'iLLﬂnmqwﬁTﬂwu Pem-CHH
s oA a & e . a . e
cﬂnm:naﬂﬂmu'ﬂaglummimuwﬁama ammonium sulfate Uasiin fraction N3

H b =, J a L) ﬂ“ L5 asal
hils@uiidasnshlusnuignt lasvinsusnu3gns Pem-CHH1 ¢287% reverse-phase

HPLC Taald Phenomenex C18 column (Phenomenex, & Ll particle, 300°A pore size,
250 x 4.6 mm) uaz elute @18 linear gradient U8 0-10% acetonitrile 14 0.1% (V/v)
trifluoroacetic acid (TFA) (w181 1 Wil Uaz 10% acetonitrile tTua8110 wIfl eue2e
linear gradient U89 10-60% acetonitrile 1187 40 U AT 60% acetonitrile 1 TuIan
10 wifl lavld flow rate tudas 1 Daddasmf. 34 Pem-CHH2 waz Pem-CHH3 1
Qmmnu’%qﬂ'ﬁrﬁa 3% gel fitration lanld Superdex 75 PC 3.2/30 column uaz elute §2e
phosphate buffer saline (PBS) pH 7.4 thlus@uueas fraction anwszwane tricine
SDS-PAGE

4. mynagauniiivasgdilyu CHH

wianane ghmrinydszanm 20-25 nu) daeisastnuarana I nilnaa
18 Tala uigQa haemolymph aanyazduthans glucose drnUffiuvaadulsl
glucose oxidase giucose diagnostic kit (Sigma, USA) %ﬂﬂfuﬁdﬁﬂiﬂiﬁ%mnmﬂﬁLgm
{Haag P. pastoris Ra9 Pem-CHH 151nm 25 lulasnsu violusau Pem-CHH #iHn
mnwnu‘%qﬂ'ﬁl‘%mm 5 lulaniu v ldlufengaumanas dudslunguamvquazdads
PBS (100 lwlasias) uazngu positive control AadiumsEiaIINT UM (eyestalk

a o

extract) 1 ¢ 29NN MAINNBUIINA haemolymph mn<q 30 wifl 1Huam 1.5

1 q

72l LN IRsEaUinana glucose



5. 38379 antibody 68 Pem-CHH1 Laznagaua Ny ILazAudLmIz18d antibody
nmsuaadnonvaalUs@iu Pem-CHH1 11 E. colf annwanalia Pem-CMG-Ex2.1
(S. Chooluck, 2000) muldmsauguues lusluead 77 ﬁgnmﬁmﬂwﬁ"gu PTG law
Pem-CHH1 fimiusasaanluglues inclusion Fasaariinsazatglu 8 M urea uasuon
u‘%ﬁgﬂ“ﬁfﬁm gel filtration mnﬁu‘%aﬁﬂﬂﬁuﬁLwnu‘%qw'“ﬁf'lﬁiﬂ'l%’lumsaﬁa antibody 14
wi BALB/C lapvhmsdeny 3 @7 iald antibody udn Fathumeseuanulival
antibody Tm1303999uT158% Pem-CHH1 1anS% dot blot analysis wananilayn
western blot analysis Lﬁa@mmﬁﬂmﬁwaa antibody lunisasraduluséin Pem-CHH1-3

wazlusdudueg

6. NMINATOLAIVEUITOVDY antibody Tumssudanmsinmifivasaaslun CHH

Tuduusnlévinn s incubate fIFNANNMUAVBININAET  anti-Pem-CHH1
antibody (1:500 dilution) ﬁqmmgﬁ 4°C \Jhwam 2 alas riauﬁw"tﬂﬁm'[urj’aqmﬁwﬁﬁﬂ
Mua LLa:';”m:@TmfﬁmanQTﬂa'lu haemolymph nn 30 w#i lwm 15 2 lua
Lﬂ%‘ﬂmﬁUuﬁuﬁ:an@mﬁﬁﬂmmﬁ'ﬂmnﬁmmﬂaﬂﬁ incubate iU antibody

FINUH N INATBUANUFINTO YD antibody Tunssusamsvinausesseiluu
CHH lufonad lauda antibody (1:500 dilution) i lulufanmen uazyasEdines -
nalaglu haemolymph nn 30 WAl waan 1.5 #lue punuszauianaly

. » :Id 3
haemolymph #a9rj3lunga control filasiae PBS

7. milaaudu cONA fisi19 molt-inhibiting hormone lusnadn (Pem-MiH)

MMIRII cONA 283883luw MIH lapandeainaila Rapid Amplification of cDNA
Ends (RACE) lagl¥ degenerate primer ﬁaammumnﬁﬂﬁunma:muatﬁﬂﬁ“ﬁwulu
gaslun MIH "ﬂﬂdfi’d Penaeus faponicus W8 Metapenaeus ensis (Eﬂ'ﬁl 4) LAzZ®TI9N
Tnauiiidduialalndadoadstuaflon MIH anduwinsai1efn cDNA gl
swadniulyséin Pem-MIH Tﬂnmﬁ'ﬂﬁa;&amﬂﬁwﬁuﬁdﬂﬁia‘lﬂﬁmaﬁu 3' WaT 5' cDNA

8. nmmmaammumnﬁqwﬁ Pem-MIH

% cDNA fig319 Pem-MIH Qﬂﬁwfhgj P. pastoris LLa:LLﬁmaaﬂlugﬂﬁmﬁaan
wanmadeuiuaaulidinasasf 1 uas 2 LLa:ﬁwmiLmnu‘%qw%ﬁ'm%‘ﬁ' gel filtration
L’ﬁwﬁmﬁun'ml,mnu'%qﬂ%r Pem-CHH2 Laz Pem-CHH3

9, MINARDUNUIAVDI Pem-MIH 'lumiifuﬁaﬂwsaanﬂﬁwaaﬁaqméw
ﬁ’m'ﬁmaauiﬂylﬁ’t’g’aqmﬁqﬁﬁﬂmﬁfﬂmﬁy 12-13 njw Lmarj’m“mmam@:u &

8z 15 67 Lﬁaar}"a'l.uama:Lﬁmﬁmum:ﬁaﬁ’eaanmmﬂ%’aﬁ 1 waganaanauLduiaan



R PUSLIY ﬁﬂﬂﬁﬁ@\ﬁ’dl%ﬂﬁiumm‘uﬁm PBS LLa:ﬁ@\rﬁ:ﬂuﬂ@;u positive control AIHEIIANG
nnmuat 1 g audslungumasasiadin Tusfiu Pem-MiH U3 5 Tulasndy
%ﬁamﬂﬁfuﬁaﬁuﬁnnm'ﬁ'r}”ﬂmwia:né}:maﬂm’mluﬂ%’ma‘lﬂ

x * 60
Caa-MIH : ML ';-‘FJ:..:RYSSQFT thw"? LWSISVQRE T: LIGNRDL YKRV|Y : 60
Cam-MIH : MY NSRE‘SCQ;JD anW@érMLWSFGVHRﬁﬂ’ LIGNRDLYKKV]Y ;6D
CAp-MIH © s om e e o oo oo e e LIGNRDLYKE VIS ;25
Mee-MIH : ~[HvEMP----- mﬁk‘@%n‘ Al WVGALLLDTMSEI ' 53
Pej-MIH @ -EYELA- - - - -METLEA-T ,:__NVGTSLLFDThSﬁ 53
Caa-MIH : : 113
Cam-MIH : 113
Cap-MIH : ;78
Mee-MIH : 105
Pei-MIH : 105

gﬂﬁ 4  wfFsuRsudrduniaozilweas MIH ﬁ'zﬁ'nm“unauwﬁru@‘hmenma:ﬁiuﬁag%’nﬁsmiwn@wmgz
Cancer magister (Caa-MIH; 061389, Carcinus. maenas (Cam-MIH; Q27225) ur: Cancer pagurus (Cap-MIH;
CACO5346) NUNGWDBINI: Metapenasus ensis (Mee-MIH; 076534 Uaz P. japonicus (Pej-MIH; P55847) daunyaaz il
Luageduldifuirduniaesdluilflunisasnwuyiwiwssdmiumslnau cONA fias MIH Turanands

10. MILFAIDDNTAY Pem-CHH was Pem-MIH U Iuen4 F]mamj’aqméh

73519 cDNA 911 total RNA ARAALIINEIUeN 9uasranatein ldur eyestalk,
heart, gill, muscle W& thoracic ganglia dagLdu sl reverse transcriptase was¥ufizon
PCR 1aa77aW7 cDNA 189 Pem-CHH1-3 uaz Pem-MIH1-2 lasldinsiwoifsumizda
cDNA udaztiia aougasluasif 1

HANISNARDY
1. MIUEAID8NVDI Pem-CHH 1w Pichia pastoris
* { =l
MNNMIaRaImIEN s itmInzaNEmIu M Iuaaeanveaslli@ugnuay  Pem-

CHH1-3 'Lugﬂ“uaamwa”aaanuamﬂnafﬂﬂﬂmﬁ’a secretion signal 1%TU Ol-factor 183 S.

cerevisiae ﬁﬁaglu PPICZOLA Wud1 Pem-CHH1 finsuassasnludiuimgalasiing
ﬂuﬁaumniﬂiﬁuﬁuﬁaﬁﬁqﬂ diafinnwiloingie methanol e udutn 3% 1w
81 3 u (gﬂﬁ 5) FIBENN AN FUEA UM TURRI88N8S Pem-CHH2 WAz Pem-
cHHa3 1dun wilasiidae methanol 3% 1luan 2 Fu uazwiloatisay methanol 4%

Wwnan 2 3 enwdrey (hildusasug)



kDa M 1.2 3 4 5 6 M 1 234567829
66.2 =
Sgﬁ -7 450 — we
310 - 310 —
215 — - 215 — v
14'2 e 142 — %=
6:5 o ontl S il A g5 — it B A IR P iy ‘B

3171 5 Tricine SDS-PAGE 204l3dn Pem-CHH1 fiusasaanann P, pastoris Tuaniazeing 9

A Tusfiu Pem-CHH1 fugesaanann £ pastoris Iuama:ﬁgnmﬁmﬁwhmuﬁmaaﬁm'}mﬂuﬁu@m 9 1w
TTUZIRT 4 T
lane M : Broad range protein marker (Bic-RAD, USA)
lane 1-6 : 100 tulesAaTrecevnnioais £ pastaris transformants 73 OLCHHA agi‘l'lu genome Lﬁﬂt;\ﬂ

wilevidweuea 0, 0.5, 1, 2, 3 Laz 4% Mudey

8. lisiiu Pem-CHH1 ugmiasnain P, pastoris ‘l.uam';::ﬁgnmﬁmﬁwﬂ”’aﬂmmuaa'ﬁmnmﬁmﬁu 3% 1fuTzoziIan
F7 10
lane M : Broad range protein marker
lane 1 100 laTnsdessasominieade £, pastoris transformants 7iilawi: pPICZOLA at/lu genome
lane 2-9 : 100 'LEJIFW&‘@'S‘UBJEI’I‘W\TL?{UGL%Q F. pastoris transformants "?%ﬁ OLCHH1 agﬂu genome Lﬁagﬂ

RSB IHER 3% Rt 0, 1,2, 3, 4, 5, 6 uax 7 Tu eudey

mnmnu’%qwfﬁr&lao Pem-CHH1 @18 reverse-phase HPLC mmsmmnu‘%q'ﬂ“ﬁr
Pem-CHH1 o nlusaudniwilanale Tng Pem-CHH1 Un elute 3N Phenomenex
C18 column #iian 31 wifl (gﬂ‘?i 6) &% Pem-CHHZ2 uaz Pem-CHH3 A&I0ITOLLN
U%igﬂ%rvl,@ﬂﬂﬂﬁ% gel filtration (31J°?i 7) Iﬂﬁ‘v‘\s’:l:ﬁﬂﬂl.l,ﬁmﬁa;ﬂé 2:161Us6u Pem-CHH1, 2

uas 3 luiSunm 260, 270 uaz 450 lasnsu/aaT anudrdu

o I
2. NINaFaUnUINYa9 Pem-CHH
P = ' = o r -
LSJDW]T.“IJWI‘H: Pem-CHH1 ﬂﬂﬂﬂﬂ:LLUﬂUigﬂﬁ M’]Gli"Jﬁ]ﬁ’E]Uﬂ’]’lNﬁ’l&J’]‘iﬂ‘luﬂ’ﬁLWM

sauhatanaloalu haemolymph wuhsunnifiuszauihenanglaaly haemolymph

'
L]

°uaarjfaqmmmer‘T'mm"L@Tﬁﬁ:ﬁu 3.5 NafnTuneaTins wanshlus@u Pem-CHH1

5

nenuigniudfianumannlunsuheanglesly  haemolymph leiluszdy 325

JRRNTUAATRNT 'I,wum:ﬁmsaﬁ@mnﬁmmrj‘aqmeh 1 4 Lﬁm:@?’ummanﬁiﬂﬂﬁ
Uszanm 5-10 dadniunadias dwjsiidadraPBs "I,aji’mm,ﬁmaﬁ:ﬁummang‘[ﬂa’tu
haemolymph (3U%1 8) &ulisfiu Pem-CHHZ2 unz Pem-CHH3 masniANIzaLMIANg

nalaldluszay 3.58 uaz 3.05 TadnTuedias auday (jUN 9)
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31]# 6 mmunu‘%qﬂﬁ‘maafﬂi@u Pem-CMG1
A: elution profile wﬂﬁiﬂiﬁu‘?‘l elute 22NNAIN reverse-phase HPLC column andAILEad paak 'Uﬂatﬂﬁauﬁ
efute spnIlUMNAT 31

B: SDS-PAGE uaaslUsdin Pem-CMG1 Tudiumadng |

lane 1 : 3 lulasnfuueslysdulu cuture supernatant ﬁl‘ﬁtgﬂa P, pastoris ﬁf} CLCHH1 a%i'[u
genome

tane 2 3 lulasniuvoslUs@unssnnanaznawdls ammonium sulfate 30-50%
lane 3 : 10 lulasnFuvesldsdunssaninlWidudus o3t utrafitation
lane M : Broad range protein marker (Bio-Rad, USA)

lane 4-9 - [Usfufl elute 99N colurmn Tuwn#idl 3, 6, 16, 26, 31 uax 35 enuddiu

h 1 b 3 M i 2 3
116 — =
97 — e 116
66 — d 97 .
= 66 — s
4
5 25 et
3 = 31—
21 — W 21 —
14 — R 14 — Sasse
65 — b 6.5 — G w
A B

gﬂﬁ 7 SDS-PAGE uaadlUs@in Pem-CMG2 (A) uaz Pem-CMG3 (B) Twiaowang JUBINITHAGIDDNUALNNT
Ltunu“iqﬂg
lane M : Broad range protein marker {Bio-Rad, USA)
lane 1 3 lulrsnTowwoalusdulu culture supermatant AliiAag P. pastoris 7§ Pem-CHH2 w39 Pem-
CHH3 aglu genome

lane 2 : 3 Tulaandvpsalus@undsoinanaznaudie ammonium sulfate 30-50%



Glucese concentration mg/dl
Glucose concentration mg/dl

. . ‘ . ._ -2 A — T r
o0 o5 1.0 1.5 0.0 0.5 1.0 1.5
Hours after injection A Hours after injection B

gﬂﬁ 8 mﬂﬁu‘i:ﬁufwmanﬂna‘lu haemolymph ﬂaaﬁ’dqmﬂ"l

A. mnﬁm:ﬁuﬁmmng’[m‘lu haemolymph maarj&qmé”uﬁﬁwﬁmm WA INAeday PBS( M) &IEn@nituas
NR16T 1€ (@) uRs 25 Darnfuwaddifuan culture supernatant Alsisne . pastoris #5 ccHHA aglu genome
ﬁauuﬂnu‘izgn%( A (Lﬂumﬁ‘lﬁﬁﬁﬁnnﬁnmmnﬁmxﬁuﬁwmangﬂ,ﬂmm cuiture supernatant FLlE1Re P. pastoris
fithamz pPICZOLA otilu genome panua") ﬁwumﬁaﬁlﬁmamhuﬁia:nQ’:u =5

B. nw.ﬁm:é’uﬁwmangf[ﬂﬂu haemolyrph 'uaaﬁaqmﬁwﬁﬁﬂﬁmm waizIndasy PBS ( B ) A1Tanav e

. . P o o . W s s . !
naa 14 {®)uaz 5 fagnTuzoslUi@n Pem-CMG1 WRIINLENUIENT ( A )mmqu‘lﬁw@maalmmatnﬁ&! =6

0 <

"~  PBS
-+~ ES
= 10 - s Pem-CHH2
k=] | -¥—  Pem-CHH3
)
g s |
] A
.5 6 i |
© / R
£, - b .
2 4l I
4 1 = - B
g 2 g . )
@
o
o
O
=
Q

T T T T

0. 0.5 1.0 15
Hours after injection

31]17'; 9 nﬁtﬁm:ﬁ’mf'\manqi'nﬂ'lu haemolymph ¥297j4nane

mnﬁm:ﬁuﬁmmng‘[ﬂﬂlu haemaolymph maaﬁargmﬁwﬁé’mﬁmm WaIINAee7 PBS (@) ®13anaaniiuensiy
nawn 16 ( @ )usz 5 wlaaniuwaaldséiu Pem-CHH2 ( A ) usz Pem-CHH3 ( W )%5%1'ml.l.£m‘iﬁ§jﬂ'§ :'!‘umwja?i
ldnenaslusdazngy = 10

3. anuhilazaudwizead anti-Pem-CHH1 antibody
fmsvasauanulives antibody d8 Pem-CHH1 figfeainny 3 1 lums
752990 1U36u Pem-CHH1 AivSanas 5 —50 wilun¥u lagld dilution w89 antibody 1w



1:5,000, 1:10,000 uaz 1:20,000 WU antibody # dilution 1:20,000 §1U1INATIDIU
l156iu Pem-CHH1 idiuﬂ%uwnuiaaﬁqmﬁa 5 wilun3y dawEeIlay dot blot analysis bu
gﬂ‘?‘i 10 WaNaINHHANIIMAREIAIN western blot analysis Waa3lALAUI antibody fi9
AWNINIUAL Pem-CHH2 usz Pem-CHH3 1¢f uslaidufiy growth hormone wadaywd
(hGH) wanaNit anti-Pem-CHH1 antibody €9 ld&13TNTUNL sasluuduginssenai
28I INTIE (Pem-MIH) %mﬂu‘[ﬂiﬁulunzjmﬁmﬁu CHH (gﬂﬁ' 11 Uaz 12)

F——Pem-CHH1— p——+Fem-CHHt ——— = Pem-CHH? —
£ cotr 5ng 10ng 25ng 50ng E cot Sng 10ng 25ng 50ng £ cofi Sng 10ng 25ng 50 ng
‘ oL ) . & U aren s
1:5,000 . o @B . = %
1:10,000 - 5 - ‘,,‘ o 1ats emen ) . . Wi . - N
i i £ui¢ e
1.20,000

o4 o
31]11 10 MSNARIUAIINIIDDY anti -Pem-CHHA antibody ®Jla1 1:5,000, 1:10,000 usz 1:20,000 ugas dilution

. , o - A
2184 anti-Pem-CHH1 antibody fAlFlunimagaunalilasnisesaiulysdu Pem-CHH1 luyFuims 5, 10, 25 uas 50
wilunu Iaodl cell lysate 1a9E. Cofi 1{Iw negative control

— N — N ™M

IITZI T L T

L IT T < I II

N Q QY NQ QQ

O E g £ QEE%

Ma &g & MEE LS

kDa
97.4
66.2 —
450 %
31.0
215
142 —
657
A Lo B

zﬂ'ﬁ 11 Western blot analysis Taals anti-Pem-CHH1 antibody

TUsduanowmResda P, pastoris 75 pPICZOLA otlu genome (PPICZOLA) uaz awTBpain P, pastoris 714
cONA 7289 Pem-CHH1, Pem-CHHM2 iz Pem-CHH3 agﬂu genome (Pem-CHH1, Pem-CHHZ u&: Pem-CHH3
musdy) FuondienizualWiilos SDS-PAGE on transferred i nitrocellulose membrane LazaTIadUse anti-
Pem-CHH1 antibody T,mulﬁ-gmmwaau Enhanced Chemiluminescence (Amersham Pharmacia) A, faueas
Coomassie Blue B. #199UA70 antibody



=

hGH

pPICZaA

Pem-CHH1
“ Pem-MiH

=

hGH

pPICZaA

Pem-CHH1

Pem-MiH

kDa

97.4—
66.27

450
31.0
215~
142
6.5 ww

1 A B

e
12 Specificity 989 anti-Pem-CHH1 antibody
“t = & { ,
Tséiu growth hormone wasuupd (hGH) Wefiwanawsidente P, pastoris A8 pPICZOA pglu genome

& ox - . o

{(pPICZOLA) anwsiapavsa P. pastoris 75 cDNA 183 Pern-CHH1 uaz molt-inhibiting hormone LAITHNATAN agiu
genome (Pem-CHH1 usz Pem-MIH @nudwwiy) fwansonssusinihloy SDS-PAGE gn  transferred Tum
nitrocellulose membrane wAT®TIIILNIY anti-Pem-CHH1 antibody Iﬂﬂl’ﬁ‘g@mwaw Enhanced Chemiluminescence

(Amersham Pharmacia) A. {fausIe Coomassie Blue B. @¥1990U878 antibody

4. W81@9 anti-Pem-CHH1 antibody @ia n13v19711389 CHH luranandy

lusousn1dvinnis incubate ssari@aniuaIV0IfINA1ITL ant-Pem-CHH1
antibody (1:500 dilution) ﬁqquﬁ 4°C Wluwan 2 2l Lm:ﬁﬂﬂﬁ@luﬁaqm@‘hﬁﬁﬂ
et wuid ssaiaeIninuend incubate U antibody fawinisae fenuaantolu
nmﬁmzﬁuﬁwmang‘[aa’lu haemolymph afadllszanms 45 % HewSouiflauiums
aimanituenfila'lel incubate U antibody (glJ'ﬁ' 13)

mmfuﬁwmimapummmmmmaa antibody lwm3guasnT1Ivnauuasaailun
cHr lurfmandy lasda antibody (1:500 dilution) il luiananen LaziasEauiena
nalaalu haemolymph fam 0.5 Faluandsnisin (Woudy szusinenalu haemolymph
vasfslunguaunu fidadan PRS wu rj’aﬁﬁ@tﬁ’m antibody ﬁvzé’uﬁwmamﬂﬂﬂu
haemolymph aeadlagiafe 15-20 % Lfimﬁsmﬁ'm:ﬁuﬁwmamaor’j’a‘l,uﬂﬁjumuqu (gﬂﬁ
14)

5. milaaubu cDNA figdasaslandugniisanasu (Pem-MIH) 3InTanate
mifunlasnanmaiiuiiuiuds cdONA yadane 3 daalwsiwaifieanuuy
nndaunsee:liluouindiwuiawizlusesluu MIH vas P. japonicus uaz M. ensis

(PIRGVMGN) laamviianzidgsuiinedlolnauasdu 3 cDNA filaauld wuind 1



laauw  (MG7)  AfldrduiiindlaIndfiaansonoasvaldiiiudaunsaazfiluiiansy
willawiu MIH 289 P. japonicus 19 95% (3U7 15)

Glucose concantration {rmgfdly

1.0 15
Hours after injection

o
o
b
o

o = w ¥ o o o
UM 13 armaansansifaseduiatanglaals haemolymph 2avdrsaiaaninuatifonaidin incubate
U anti-Pem-CHHA antibody

P w2 @ o o = o o o e 3 a
mninszauhmanglaglu haemolymph wasfensidinaaiiuat wisnindeda PBS (M) mmiaaniiuany

o . o 5 w o el - . a o w

nen1p(e) FVIRNATINMIUEINNNATNY incubate MU anti-Pem-CHH antibody ( A ) URE BNIRNAIINNIUAINI
o o -~ . .

nateny incubate NU anti-hGH antibody ( ¥ }

— 1od]
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& 40T
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3

9 0T ’
0 T T T
0.0 0.5 1.0 15

Hours after injection A

gﬂﬁ 14 mmﬂé‘uw.n.ﬂaaszé’mf’rmanﬁfaa‘lu haemolymph 2nsfana1d MA9INIATL  anti-Pem-CHH1
antibody

nmﬂguuumam:ﬁuﬁwmanglﬂﬁlu haemolymph 183748181 & INEediy PBS ( M ) udz anti-Pem-CHHT
anlibody Arrandeans 1:500 ( @ ) m"uaw:éfwfwmngiﬂaﬁnmmaqwﬁamnﬁﬂ PBS umz antibedy usmailu
uJa'§z,%wﬂ.ﬁmﬁﬂuﬁus:é’mﬁmﬂn@lﬂﬁlu@ariau&@



Query: 1 GVMGNRDIYKKVVRVCEDCTNIFRLPGLDGMCRDRCFYNEWEF LI CLKAANREDEIGKFKY 60
GVMGNRD IYKKVVRVCEDCTNIFRLFGLDGMCR RCFYNEWFLICLKAANREDEI KF+V
Sbjct: 37 GVMGNRDIYKKVVRVCEDCTNIFRLEGLDGMCRNRCFYNEWFLICLKABRNREDEIEKFRV 96

Query: 61 WISILNAGQ &9
WISILNAGQ
Sbjct: 97 WISILNAGQ 105

= 2w o) - a 8 a8 o o ™ a
U 15 mamsuSonfivuadunseaziilufinessimanandduiaailalndvocdaan MG7 (Query) Audrdy

ninoiluuad MIH 109 P. japonicus (Sbjct)

Wi InAlaEudImI §u 3’ 289 cDNA w5y Pem-MIH ud lévinmsaanun
Iwswesndeuiinnalalnduosdn cONA fonsna 1alaan cDNA M9s% 5 289
Pem-MIH dginaila 5 RACE lagdu cONA filaawldiiaufl overlap fudumadiu 3
299 Pem-MIH uazlahddufindlalndvastu 5 use 3 wudaudanufelddaud
1aRlalnduas Pem-MIH wuidsznausiodin 5UTR anuen 81 dnedlalng &au
3UTR auen 68 Baadlalng wazdufidlu open reading frame aay) 315 fef
Tolng fisunronaamsldidudsuniaaziludiuan 105 67 (U7 16) Adanulndan
U MIH W83 P. japonicus 4 97% (U1 17)

nindeimsasnuurinswafiRernmaRuiudiwnns cONA  luguit -
NaRIRELY mature Pem-MiH peptide (draufiiadlalnavasinsues Lm@m‘l,ugﬂ'?‘i 16)

acagaeatceacgoogtotcagggt agaggtcect tegagtegogtetoottgggttcatteegl @ 63
264 goctacgatt atacactcAPCTATOGGU TEGCCGATGAACACATCCCTGGOGAT AGTCATTGTR & 1246
4 ¥ R L A M K T W L A I V¥ I v
MiH - F
127 GTAG’{'I‘GGGACMGCCTCI'TC'ITTGRC.HC&GCCTCGGGZ‘EGTTTC?\TH;ECX}GCMTTGT&B : 189
¥y vy ¢ * &8 L F F BT A &8 A 8 ¥ T D G T C R

-

190: GGUGTAALCCOCCAATCGTIGACKMITTACARGARGGTACTCCCTCTGTGTCAGCATTIGCARCCART @ 252
G ¥ M G N R D I Y K K V v R v C E D ¢ T W

2537 ATCTTCCGROTTCCAGGONT GEACGHEC RN GTGUAGAE AL CEHT GUI TCT ACAACGARATGGTIC @ 315
I F R L P ¢ L D & M ¢ R D & C F ¥ H E W F

316 CTGCATTTGTCTARACGCTICCCARCAGGGAGGRCCAGATCGAMAART TCAARGTTIGGRATCAGC : 3748
L1 ¢« L K A A R R E B E I G K ¥ X VvV wWw 1 8

MiH-R

-

F19: ATCCTGAACGCUGCTCAGTGRggt cyaatyogacagygacteet tecavtlgocaagyuweteget @ 441
1 1 N A G Q =

342 cocyocayyee agtavegacgacactl (a)n

gﬂﬁ 16 awuianaloinduaardunsnosiiingos Pem-MiH-like peptide

shinwsinusasiadlalndludm 5 uaz FUTR sdnwslwguaasiinilelndlusiuuns open  reading frame 7
noaanaldiile MiH-ike peptide mianandy drdunseaziilufinessimnandduiinilalndusasdodyydnmn
FFNeIRile Inamann * waes stop codon gnﬂnmmu‘%nmﬁlﬂummammu"lwsmaf MIH-F uaz MIH-R filfiu

M3 cONA Tug s mature aaluuuny Pem-MIH



56
56
56
56
56
S8
58
56
56
55
55
55
58

Pem-MIH
Fec-MIH
Pej-MIH
Mee -MIH
Pem-SPG-C1
Hoa-GIH
Nen-GIH
Cam-MIH
Cap-MIH
Heoa - CHHB
Mal -CHH
Pem-CMG
Prc-CHH

Pem-MIH
Fec-MIH
Pej-MIH
Mee-MIH
Pem-5PG-C1
Hoa-GIH
Nen-GIH
Cam-MTH
Cap-MIH
Hoa-CHHB
Mal-CHH
Pem-CMG
Prc-CHH

o

1111

au

o @ P o | a - aa oo
@l?ﬂﬂwiﬂﬂjﬂu%wuﬂquaﬂ‘jn‘s@]a:&l‘[%ﬂﬂwiﬂﬁlu MIH maﬂﬁﬂﬂ'ﬂ?@lﬂj{]ﬂ vLﬂLirl Fenneropenaeus chinensis

17 1ulSsufsudidunsaacilunos Pem-miH AU MIH 91NATHIB U BT R

(Fec-MiH: AALS5258), Penaeus japonicus (Pej-MIH, P55847), Mefapenaeus snesis (Mee-MIH, O76534), sinus gland
peptide of Penaeus monodon (Pem-SGP-C1: BABG9829), Cancer pagurus (Cap-MiH: CAC05346), and Carcinus
maenas {(Cam-MIH: Q27225), GIH of Hoamarus americanus (Hoa-GIH, CAAB06844) and Nephrops norvegicus (Nen-
GiH, AAKS58133), CHH of Homarus americanus (Hoa-CHHB Q25154), Macrobrachium lanchesteri {Mal-CHH,
AAC38310), Penasus monodon (Pem-CHMH1), Procambarus clarkii (Prc-CHH, Q25683).

6. mmamaaanua:msuunu’%qﬂ‘ﬁrmaa Pem-MIH

131 cDNA Aas19 Pem-MIH Vg Laeas pPICZOLA Lﬁaa%"mwmaﬁ@@nmaw
FMTUNITUENIBDI Pem-MIH Tu P. pastoris wRanmihwanalagnuaaing P. pastoris
W& WU ENERT M TwmIe eI methanol 3% Wwamn 3 3w IWssdunmsuamsaan
183 Pem-MIH peptide Aidfiga (3Uf 18)

muwnu‘%qw“ﬁﬂ‘iau MIH fildarnnisuaessanluiad wudtmsanasnausiy
ammonium sulfate HiAUTNTU 50-55% LLﬂZﬂﬂiLLUﬂU%ﬁ;ﬂ%ﬁ’JU%ﬁﬂﬂ’lﬂjad size
exclusion a1t Superdex 75 column ﬁ']mmumnu%q%q%ﬂﬂuu MiH & é’aggamlugﬂﬁ

19
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A B

gl_lﬁ 18 Tricine SDS-PAGE 2a3l1léiw Pem-MIH fiidasaanain P. pastoris Twan1izsne 9

A

Lui3fis Pem-MiH fiusagnanain P. pastoris 1uﬁn11:ﬁgnmﬁmmﬁwmmuaaﬁmmn‘J’u'LTwm 9 1usroziaa

3Tu

lane M : Broad range protein marker (Bio-RAD, USA)

lane 1 : 100 ‘1;J‘Eﬂ‘sﬁmmaw1mngmﬁj’a P. pastoris transformants ﬁaﬂltaww pPICZOLA agi'l.u genome

lane 2 : 100 1&1?\‘55@‘5%868‘!1‘-’1‘5@?&!\11%3 P. pasforis transformants ﬁﬂ OLCHH1 aguilu genome Lﬁagn
wilenhnweuas 3% s 3 T

lane 3-8 : 100 lulnsAasuasa 1 nieside P. pastoris transformants 7 cDNA 181 MIH otlu genome \ia
Qnmﬁmﬂwﬁ‘:mumuaa 0,2, 2.5, 3, 3.5 waz 4% auaeu

TUsfiu Pem-MIH fugadganain P, pastaris 1uﬂm1:ﬁgnmﬁmﬁ‘]é"wmmuaaﬁmmﬁwiu 3% (iwazaziaan

@19 9nu

lane M : Broad range protein marker

lane 1-8 : 100 lulasiaTvaq culture supernatant ﬁl‘ﬁ';'ém P. pastoris transformants ﬁﬁ cDNA 123 MIH a:ﬂjlu

genome Lﬁagnmﬁmﬂwﬁwmﬁmaa 3% w81 0, 1, 2, 3,4, 5, 6 482 7 Tu 9REeu

kCa
116 —

a6
45

31
2%

o
w
|

5119 mmunu‘%qﬂ‘ﬁﬂ‘sﬁu Pem-MIH

lane 1 : Broad range protein marker (Bio-RAD, USA)

o R fa . ‘ o
lane 2 Tsaulupwnnioata P, pastoris Aifl cDNA 283 Pem-MIiH ag‘lu genome NBUNTLINUIEND
o o P ar ' - £

lane 37 : [t'38iu Pem-MIH fiaglu fraction 71 11-15 (31111%) WAITINHTUNTUENLTIMTAID Superdex 75

column @ TNETaL



7. MInagouwinfivas Pem-MIH

msnasauwinfinaseailun Pem-MIH Tilenusansalumidudinisaanasiy
wioli swrsarldlasinreosnaTeninamsaanauasIR 1 uas 2 (molt duration)
mamj’oﬁ“[ﬁ%’uaaﬂw 428l molt duration fluwiiundela LﬁaLﬁauﬁ’uﬁalunéwﬁﬁ@ PBS
lagrioufiezvinmmasaumifiues Pem-MiH vlﬁﬁwm'iﬁﬂmmsaaﬂmﬂwamj’aqmﬁ'l
ninedndseunm 13-15 n3u) Mdesluioanaass wuinil molt duration Tapiadn 12
Fu niusenmIneaad IﬂzJLgﬂqﬁ’alﬁaanﬂﬁuﬁawﬁm% WEIINAIRONATILUA?
Wwaan 3 1w Jauderindu 3 ndu n&jmﬁn%azﬂunsﬂiumaaaiﬁ%’um‘:ﬁﬂﬂsﬁu Pem-
MIH ﬁLLunu%a:w‘?ﬂ@Tﬂ‘%mm 5 lulasnin (10 dungu) néjuﬁaaaaﬂ RITENAIINTINAT 1
fl (positive control) Lga:n@;uﬁmm 5@ PBS (negative control) wasantudeuiiniai
rj’almwia:najmanmmlm%eﬁa"l,ﬂ wuiwﬁalun@uﬁﬁ@ﬁw PBS #yzpsrnatsnineniy
RANATUMIEEIASS TuwnaTznm 12 u lumm:ﬁﬁ’alun@;uﬁﬁ@ﬁm crude protein
extract MATHAN LLa:na;wﬁﬁmﬁm TUs@% Pem-MIH 5282919521 I19AS8ANATILNG
gontady wamUszanm 17 uas 16 T audey (gﬂﬁ 20) é’qf?u?jmguvlﬁ'h

Tuséw Pem-MiH ¥iwiinfitdu molt-inhibiting hormone ‘Luzj"aqaws‘iﬁ

Zof . 163i20
181 ' !

1 11.8+15 i
14 e

12

18

L

10 4

Moit duration (days)

PBs Eyostaik Pam-MIH

Experimental groups

E| ' a

3UN 20 wA”DS Pem-MIH @id molt duration 29 A RAIA"
a . . [ o [ v oala s ar o ar
WisuifiousznsdiasninentImana iy (molt duration) Badrienatd (u) lunduidaday PBS, sssfaaniuafs

N 1 ¢ (evestalk) was Tuhdiu Pem-miH Uiunm 5 Tulasniy error bar ugaslugiuas SEM

8. M3UFAIAANYDS CHH Lz MIH Tuaiudns qwaarj’mm@‘h

MY RT-PCR LAiaATI9WINSUaI80N183 CHH Uas MIH 99n&dmuend SRGELE
qm@"ﬂmﬂl"ﬁ‘lwﬁ‘wa%ﬁa‘mww:@ia cDNA ag9zasluuusazriie wuirdmsuanisanuas
Pem-CHH1 Tufuen wala uazwmdan lusnedi Pem-CHH2 uay Pem-CHH3 uaasaanlu



mMuauazinlayinuu (U7 21) #u Pem-MIH @13130@323W0 PCR product ldlu fiu

a1 ndwLika (abdominal muscle) Wae thoracic ganglia (Eﬂﬁ 22)

Pem-CHH1

Pem-CHH2

Pem-CHH3

Actin

gﬂﬁ 21 MTudGIaNTas Pem-CHH1-3 Tuduens ‘]iladfi‘dl]ﬂ"lﬁ‘l

JUuans RT-PCR product 310 RNA Aldan Muen (ES) widan (G) wala (H) néanita (M) w8z thoracic ganglia (TG}
vasfanady TaplFlwfund CMG-F uaz PM1 dm3umaiudiuan cDNA 183 Pem-CHH1 U8z Pem-CHH3 uazlws
1waf CMG-F uaz CHH2-R dwiumaifudmiu cONA 194 Pem-CHH2 lunisviififien PCR sauusn sniui
UfAGn PerR vevfianslanldlniiuaf A4 umizde Pem-CHH1 (LCMG usz CDR-2), Pem-CHH2 (CHH2-Ex was
CDR-2) uaz Pem-CHH3 (CHH3-Ex uaz CDR-2) gnwlwawaifisumizda actin \uwmswSoufioufanuuns RNA @
T#\Tiw template Tun13¥n RT-PCR

ES G H M TG

Pem-MiH

actin
»

El 1 ] -
Eﬂ‘n 22 M3uAAIDnYDY Pem-MIH Tudaneng ﬂmaaﬁaqmm
e B, . .y _ .
g’ﬂl,mm RT-PCR product 37n RNA Aldan fuen (ES) 1aan (G) wls (H) nanwLua (M) ez thoracic ganglia (TG)
o - - o . ' =g , A 4: =
paataneen laaldlniluaindumizsde PemMIH (MIH-F MIH-R) dwlwsaifduwizde actin illuntsidiouioy

VSumuas RNA fli0u template lumsdn RT-PCR

uniansob
TUsdufias1937n cDNA 184 crustacean hyperglycemic hormone (CHH) maar}"\a
naen @ansnuanseantdlufiad A pastoris uarsaNIDWAIBENUENLTANLEY A,

pastoris lolawls secretion signal 484 Ql-factor 9849 S. cerevisiae WAIDINEHIBNTIUAN

= nr L o =i o ‘:ll A & ' dl 2 <4 o
UIgna LLﬂ’JuWIﬂS@]%NWﬂ@Iﬁaﬁﬁu’]ﬂﬂﬁd’ﬂ'??'}’lﬂ’] LLﬂ:W‘]J’)"IIlJ?ngﬂﬁ'ﬁ"l&l%i}ﬁﬁﬁ?&ﬁ'ﬁﬂﬂ’]



wifile ulyséu Pem-CHH mmsmﬁm:ﬁuﬁwmaﬂgiﬂalu haemolymph 2847}
naie el wasliduszuupesmss el siuludadi dusruuiifionumanzanlums
uwsaspanadlusdinanianaien Taslusdudldannisusnsaaniinns folding ﬁgné’aa
Lm:aglugﬂﬁmmmﬂmﬁ’]ﬁ'lﬁ laglidaariunszuawms  unfolding waz  refolding
millaunsuaadaonvesliiduasis luszuuvas bacteria (Ohira et al., 1999)

saslun  COHH lupvsam@asl  amidaton fidaw C  Saflanuddyds
anusasolumsimiAeesaailun uil 2002 N{uwad Katayama TGGR] AR LT
Ts@iugnuay MIH va3fs P. japonicus 138 amidation fAivay ¢ Farwswisalums
LﬁNi:ﬁUﬂQIﬂﬁlu haemolymph 2833aaaaLlszam4 10 LﬁﬂLﬁﬂLﬁUUﬁ'ﬂIﬂiﬁugﬂmau
MIH 7if) amidation Aita1y C wannREILaain Tusd% MIH “?'iaﬁ’@m’mrja P. japonicus
Ysa 100 Rlelua ﬁﬂ’nummmlumsﬁm:ﬁnn@halu haemolymph 38373
t,ﬁmJm’ﬁﬁuTﬂsﬁu‘Lum‘mﬁ'@mﬂﬁ’mmﬂuaarj’o 19 'lumu%%’nﬁ‘lﬁﬁ'mﬁﬁ@ﬁaqm@h@hU
lUsfugnuan Pem-CHH tiunm 5 lulasniu (szanae 60 #Alalug) Fawwrind
anusnsalumstRusssuihanatszunos 30% vssmsanaaniue 1 fl Taaldsdu
ANHEY  Pem-CHH mmusialdnmsuaasaaniud sadsde s Auadastu
amidation 1MAaw A9HUNNIA Pem-CHH1-3 ﬁﬂ’l’]&lﬁ’lli’ﬁﬂluﬂﬁ‘itﬁNizﬁnﬂﬁlﬂﬁ(ﬁl’m’j’l
Isauluasanoantiuen  ssfuwaunanmsfi - Pem-CHH  Aafoludadlus
amidation fltlane C

Antibody fig3196i8 Pem-CHH1 fiamadumwizseia CHH 1iia9a1n antibody 'l
§1UIT0TU growth hormone maawuﬁ waz MIH 2asfsnadrld agrylsfianu antibody i
gl L Tousnanunan@iisznind Pem-CHH1, Pem-CHH2 Ua: Pem-CHH3 4
raifiasen antibody ﬁaquaglugﬂmaa polyclonal antibody Was Pem-CHH asusiia
Sdeunsaasiilufiadpadotuliunm 93% aattuiils incubate FIEnfIAMuaany
antibody fiazyinli antibody ®3103URY Pem-CHH lévhmusiia ussdualunisiud
msvimsafiaes CHH Tagsau

wonan Pem-CHH1, 2 uaz 3 ud1 dofinwnuissailuulungs cHH lurs
na1ddn 5 wile ldun pm-sgp1-5 (Davey et al, 2000) aaﬂuuluﬂsjmﬁa:ﬁmm
ARy Pem-CHH vmumiialfisy 55% wageldfimsnagauin anti-Pem-CHHA
antibody  swsnduiuseilanlunduves pm-sgp lewialy atalsfianuifioson
ga5lun Pem-CHH &z pm-sgp Sanuadnsadaiuliuinin antibody fifianusinae
fa Pem-CHH1 a1vazlaimunsnduzeilunlundy pm-sgp 16 wiadulalaud vinlwliding
famIvoIUes  pm-sgp  Mavnila mmmmmlumﬂﬁm:ﬁunQiﬂaﬁ'maﬁﬂ"lﬁ
‘mé’amnﬁmﬁaﬁwm'saﬁﬂmnﬁmmﬁ incubate N anti-Pem-CHH1 antibody aiaw 34
graflukauainmIrinauaasaasluu pm-sgp 'ﬁhign’iﬂﬂﬂ antibody



N135® antibody L'ﬂ’w‘lﬂ'l,ur‘n:'aqmﬁwmmmﬂ'uzimwﬁwmmaa CHH latAas 10-
20% ww a1afluwsr antibody fazlusuiusesluniiily target Tannidaaalylu
haemolymph itasanlunisnasasilld antibody #itSasns 1:500 wazlaldvinsdans
¢ antibody luﬂ‘%mmﬁmn’i‘jrw,ﬁagua'lumiﬁuﬂ"wﬁﬂﬁmaa CHH adalsianalaing
NaaaIlasaa antibody 'ﬁla‘?’]ﬂ@ia CHH 183 Nephrops norvegicus (Norway lobster) u
aadons 1:20 1Wnlulu lobster Wi antibody sansnfusaNIYues CHH 16
lagasysol (Giulianini et al., 2002) St TSugan s iuas CHH 398 uinbunm
184 antibody ﬁrj’a"\,rs’{%'u fvnld anti-Pem-CHH1 antibody ﬁmm;ﬁuﬁuggu%u LHU 1:20
Ranadiumitiugemtinfives CHH 'Lmj’aqmﬁﬂﬁﬁ%u

Tnsamaisviildvnmsleautu  cDNA ﬁa%’waaﬂuuﬂ’uEi‘lﬂ'\'iﬂﬂﬂﬂﬁﬂ‘l%fj’d
nd (Pem-MiH) lapzafluu MIH vssdanadifianuadondiy MIH 283 P,
faponicus, Fenneropenaeus chinensis Wt Melapenaeus ensis fiv 97, 95 umz 91%
ausey pofiflanuaieniaiy MIH lunguyasthives 45% (31J'ﬁ 17) uaad liiand
auguRniasseunsaasiluwss MH wasseuSiawinisvesiedise ldséugnman
Pem-MiH mm‘ma%’wlﬁagji'lugﬂ‘?‘iﬁél’oaanuammaﬁmaaﬁaﬂﬂlﬁtjmﬁmﬁu Pem-CHH
LLa:m'smaaumiﬁwﬁﬁﬁmaa‘[ﬂsﬁugnwané’anﬁn uaad i Audianumansalunng
HAIz82I81IEWININITRAaNATIY  (molt  duration) &Jaoﬁaqm@‘h"lﬁ é‘aﬁgu‘[ﬂsﬁuﬁﬂmaw'
Pem-MIH fig$997n P. pastoris ﬁaagﬂugﬂ‘ﬁﬁ folding ﬁgmﬁ'ama:ﬁwﬁwﬁ%ﬂ@U"L;J'@Taa
AT UAEU B IN I unfolding ez refolding

mawihfises MIH lumsBaszozas molt duration % sailan MIH 3zl
fudamIainIuazNIMaIad ecdysone (aaﬂuuﬁm:ﬁumiaanﬂﬁu) N Y-organ 19
Qmﬁwﬁlﬂumsmaamﬁwﬁmm Pem-MIH 31 molt duration Uszunas 12 % lums
NARAUANMUFINTO AN TEATEHIa 189 molt duration belRanyinsia Pem-MIH 117
"Lﬂlmj"msTamn“?ifj’aaanmmﬂ%mmﬂunm 3T f‘fmﬂm:n:ﬁﬁaagluﬁu intermolt fia
Uszanmwiufi 2-5 ué’ammaﬂmwwaarj’aﬁﬁ molt duration Uazanm 12 Tu laaifauain
To3azad molt interval 189719 Natantia (Tmﬁarj’aqm@ﬁ) (Drach, 1985) Tagluszasilifin
FranauninfiasiniTas ecdysone aananIn Y-organ Ui MIH Aidednlulusaeit
ar'ldozaamnas ecdysone ﬁ"r'lﬁ’rifaﬁiwmms:vﬁdwmmanmmmuﬁfu

msanEInTuaEsdaanaan CHH lapdd RT-PCR uuldvmsasieravdisui
1adlolnduas RT-PCR product file wud1 CHH fluassnaniy ruan wala uazmdan
sreuiinndalndmiiowiu Tronuiiinislaau cDNA fia¥19 CHH 910 pericardial organ
(PO} %aLﬂuﬂ@;msnaﬁih:mﬂu%nmﬁ’ﬂa lu C. maenas (Dircksen et al., 2001) s CHH
fixean PO "5.nﬁmmmmmlumnﬁmzﬁungiﬂa §71 CHH fugssnanlwwianiu

Tisnpiinpnuanten agrelsfion CHH s nvimtmifiiendaany  osmoregulation



k0t {Charmantier-Daures et al.,, 1994 and Serrano, et ai., 2003) "ﬁ{l CHH ﬁmﬁ”waarm
wiananaiiu candidate Nad@mMILUWINTIGINEn N13RarNIILI CHH Aigf e numes
‘é"uuaﬂmnﬁwumﬁwfﬁﬁmugus:@?un@]:ﬂEm"iavl.aj =0aIvn1slaak cONA U89 CHH
VINUREININET LLa:ﬁﬂmqmamﬁmﬁﬁwﬁﬂﬁmaﬂﬁié’mﬁuamaanmﬂ cDNA
WA

dmiunTanmnsuaadaansan MIH lat3% RT-PCR 1 wudn MIH A
uan9panin thoracic ganglia Fdduiiiadlalnainilauny MIH 3 uan &% product
AMennduiienudaey  fwdlalndliaseny MIH Saiezidunsiuswinuuy
Ligwwzlunmsiufisen PCR nisusaseanwas MIH lu thoracic ganglia w9
lu C. magister anriau (Umphrey et al., 1998) atislsfiauddaanisniuin MIH
§519970 thoracic ganglia Wigafasnumssenanunioll  Auzdasvinsfinmisaly
uanawnﬁnwsﬁnmmsmuQummamaamjaa CHH uaz MIH 3NNuUnaIensg Lﬁagm
gasluufisannudasunss ﬁmsmuqmmmamaansmﬁ‘uazha“l:s ﬁlzlﬁ'ﬁagaﬁtﬂu
ﬂszinmﬁarjwﬁaﬁw%nmiﬁ’mumaoaaﬂuu‘[umﬁuﬁ

CHH usz MIH ifluseiluufiddydennadgiivla wenanitdalinsaud
CHH TumumAsdasiumneliveseiaadousnds (Khayat et al, 1998) dasin
mMsfnwgasiun CHH uaz MIH 'Lm‘faqmﬁﬁﬂﬁ'ﬁagaﬁﬁﬂsﬂmﬁf il nmusdnwoe
mamaﬂuummmuﬁ’aqmﬁw aoflauiildainmaugasasnuas cDNA Aad9 CHH ua:

PR 3 o & o o 5 .
MIH Twnwdsufarurmin iy lgqnwminfinazna lnnisvine aaaaﬂuulumguu
Wa i latimIrinen LLa:Liﬂuumma'lum511’1"Lﬂﬁwmm'nw1u§mﬁaqmcﬁﬂu

w & w o & o 2 . o e oA
tszine deyadasdulumsdudinmstuees CHH lagld antibody nauwidsil a1a
ﬁ'l"l;ﬂg&msﬁwuﬁ%mimuQumm'%:yLﬁu‘[cﬂ yufamyneldvesfaRonaununiss

[l E=d A L [ . é 1 d“ bl
nsvlilasdaariumueawidusiy Seeslilelsnidegasmnysumawiziioadoly

gURNR ’
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The CHH/MIH/GIH peptide family of black tiger prawn
(Paneaus monodon) is important in shrimp reproduction
and growth enhancement. In this study, the ¢cDNA that
encodes the complete peptide that is related to the CHH/
MIH/GIH family {(so-called, Pem-CMG) in the eyestalk of
P monodon was success{ully expressed in a methylotrophic
yeast Pichia pastoris under the control of an alcohol
oxidase promoter. In order to obtain the secreted Pem-
CMG, a secretion signal of either the Saccharomyces
cerevisiae O-factor or Pem-CMG was employed. The
results demonstrated that oPem-CMG, either with

(12EACMG) or without (0WCMGY) the Glu-Ala repeats, was

seereted into the medium, while Pem-CMG with its own
secretion signal failed to be secreted. JThe total protein
amornt that was secreted from the transformant that
contained either C2EACMG or ¢CMG was approximately
60 mg/l and 150 mg/, respectively. The N-terminus of the
Pem-CMG peptide of both 02EACMG and aCMG was
gorrectly processed. This produced the mature Pem-CMG
peptide.

Keywords: Glu-Ala repeats, a-Mating factor, Penaeus
monodon, Pichia pastoris

Introduction

In recent years, novel peptides of the crusiacean
hyperglycemic hormone (CHH). molt-inhibiting hormone
(MIH), and gonad-inhibiting hormone (GIH) or CHHE/MIH/
GIH family were demanstrated to play important roles in
controlling some physiological processes in several species in

*Ta whomn correspondence should be addressed.
Tel: 66-2-4419003; Fax: 66-2-4419906
E-matl: lily@biotec.or.th

crustacean, such as growth regulation and reproduction. These
peptides were produced in a minute amount in the X-organ
sinus gland (XOSG) complex that is Jocated in the optic
ganglia in the eyestalk of crustacean (De Kleijn and Van Herp,
1995; Charmantiner ef al., 1997). Thus, it would be labor-
intensive 10 obtain sufficient peptides for purification.
Recombinant technology was, therefore, employed to provide
the hormone in a larger quantity for further investigation. In
our previous study, cDNA from the eyestalk of the black tiger
prawn or Penaeus monodon that related to the CHH/MIH/
GIH family (so-called Pem-CM@G) was cloned (Udomkit et
al, 2000) and expressed in E.coli. However, the proten
product from this system was aggregated in an insoluble form.
In order to avoid the problem that is associated with
solubilization and renaturation that are needed to produce
biologically active Pem-CMG, the Pem-CMG was instead
expressed 1n an eukaryotic expression system.

The eukaryotic protein expression system is likely to be in
its native form since the system provides the necessary
processes, such as secretion and  post-lranslational
modifications (Geilissen, 2000). Pichia pastoris is one of the
cukaryotic expression hosts that is capable of secretion of
heterologous products using the a-mating factor (¢-MF), the
secretion signal from Saccharomyces cerevisiae. This signal is
subsequently cleaved by an endogenous KEX2 protease. To
facilitate the removal of the a-MF signal, the Glu-Ala repeats
should be added immediately downstream of the Lys-Arg
cleavage site (Clare e al., 1991, Wagner et al., 1992; Cregg er
al., 1993; Van Nostrand er a!., 1994; Raemaekers er al., 1999).
However, various studies demonstrated that the Glu-Ala
repeats were not efficiently rernoved, which resulted in an
extra amino acid residue extension in some of the
recombinant protein (Vedvick er al., 1991; Bniand et al., 1999,
Goda et al., 2000). It was also suggesled by several studies
that the heterologous signal sequence can be successfully used
to direct the secretion of its own protein in B pastoris
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(Tschopp er al, 1987 Ferman et «f., 1997; Morel and
Massculie, 1997). 1t is, therefore, of interest 1o see if the
secretion of the Pem-CMG peptide can be achieved using its
own secretion signal or the signal of aMF, and also to
determine if the Glu-Ala repeats are necessary for the
cleavage of the o-MF secretion signal.

This study, therefore. involves the construction and
expression of plasmids that contain either o0ZEACMG,
aCMG or Pem-CMG with its own signal in P pastoris. SDS-
PAGE and N-terminal peptide sequencing analyzed secreted
proteins that are produced from each transformant type.

Materials and Methods

Construction of P. pastoris expression vectors containing Pem-
CMG cDNA The Pem-CMG ¢DNA with a different type of
signal sequence was amplified using primers (Table 1). The
template was from the recombinant plasmid clone Pem-CMG
EX2.1 (Chooluck, 1999).

Plasmid poaCMG {(o-MF + Pem-CM(G) was constructed by
¢loning the PCR fragment of mature Pem-CMG that was directly
fused to the o-MF signal without Glu-Ala into the pPICZaA
expression vector between the Xhol and Xbal sites.

The PCR product that harbors the mature Pem-CMG that is
fused 1o the o-MF secretion signal with the double Glu-Ala repeats
was cloned into the pPICZaA expression vector between the Xhol
and Xbal sites. This produced po2EACMG (o-MF + 2EA + Pem-
CMG)

Plasmid pBCMG (Pem-CMG, including the native secretion
signal) was constructed by ligating the PCR fragment of the entire
Pem-CMG coding sequence with the pPICZB expression vector
between the EcoRl and Xbal sites.

Automated DNA sequencing The nucleotide sequences were
determined using an automated DNA sequencer (ABI PRISM™)
that is based on the fluorescent-labeled terminator method (ABI
PRISM™ BigDye Terminator Cycle Sequencing Kit, Smith er o/,
1986).

The PCR reaction was performed in a total volume of 20 ul
using 4 pl of terminator premix (A-, T, €- and G- dye terminator,
dATP. dCTP. dITP. dTTP, Tris-HC], pH 9.0, MgCl,, Amplitag DNA
polymerase}. 300 ng of the plasmid template, and 10 pmol of the
3"A0X1 and 3" AOX| primers. The amplification was carried out in

Table 1. Primers used in this study.

an automated thermal cycler GeneAmp PCR system model 2400
(Perkin Elmer Cetus, USA) with the following conditions:
denaturing temperature at 96°C for 10 s, annealing temperature at
50°C for 5 s, and exlension temperature at 60°C 4 min for 25 cycles.
The dye-labeled PCR product was analyzed on the ABI PRISM
Model 377 DNA sequencer. All of the constructs were sequenced
twice in both directions.

Transformation of P pastoris  Yeast transformation was rendered
using the electroporation method, as described in the manual
(version F) of the Pichia expression kit (Invitrogen). The plasmids
(paCMG, po2EACMG, pBCMG) were linearized with Prrel and
used for the transformation of the P pastoris strain KM7[ with the
following condition: 1.5 kV, 25 uF and 200 £ After addition with
I M sorbitol, the cells were incubated at 30°C without shaking for
I h, then YEPD (1% (w/v) yeast extract, 2% (w/v) peptone, 2% (w/
v) glucose) was added, and the incubation was continued with
shaking at 30°C for 2 h. An amount of 200 ul of yeast cells was
spread on a YEPD plate that contained 100 pg/ml Zeocin™, and
incubated for 2-3 days until colonies formed. The transformants
were screened for integration by PCR amplification using 5'A0X]1
and 3'AOX| primers.

Expression and optimization of Pem-CMG A single colony
{(showing the highest expression level from each construct) was
grown in YEPD and incubated at 30°C with shaking at 250 rpm for
48 h. The cell culture was transferred into 100 ml of a fresh BMGY
medium [1% (w/fv} yeasl extract, 2% (w/v) peptone; 0.67% (w/v}
YNB, 4 pg/ml D-biotin, 100 mM potassium phosphate, pH 6.0, and
1% (viv) glycerol}. It was grown in the same condition until the
0Dy, reached 5-6. The inoculum was then concentrated 5 times by
transferring the cell pellet into 20 ml of a BMMY medium [1% (w/
v) yeast extract, 29% (w/v) peptone, 0.67% (w/v) YNB, 4 pg/ml D-
biotin, 100 mM potassium phosphate, pH 6.0 and various
concentrations {0, 0.5, 1, 2, 3 and 4% (v/v}) of methanol]. One ml
aliquot of the expression culture was collected at 0, 1, 2, 3, 4. 5, 6,
and 7 days for a further analysis of the Pem-CMG expression.

SDS PAGE analysis The samples were mixed with a 5x loading-
sample buffer (62.5 mM Tris-HCl pH 6.8, 10% (w/v) SDS, 20% (v/
v) glycerol, 10% (v/v) 2-mercaptoethanol, and 0.1% (wiv}
Bromphenol Blue) and heated in boiling water for 10 min before
loading onto  Tricine-SDS/PAGE  (16.5%). The bands were
visualized by staining with Coomassie Brilliant Blue R-250.

Expected PCR fragment

5'primer

3’ primer

1. Mature Pem-CMG  fused directly to  5"ATGAATTCGTCGACAAAAGAAG
CCTATCCTTCAGGTC 3

the signal of o MF without Glu-Ala

2. Pem-CMG  fused to the o-MF
secrelion signal with the doubie Glu-Ala
repeats 3

3. The entire coding sequence of Pem-
CMG  including the native secretion
signal

S'GACTGGTTCAATTGACAAGC 3

5 GCTCTAGACTACTTGCCGAGCCTC
TG 3

5’ATGAATTCGTCGACAAAAGAGAG
GCTGAAGCTAGCCTATCCTTCAGGTC

Same as |

Same as 1.
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Dot blot analysis Both the secreted and intracellular tractions
were analyzed by a dot-blotting assay. The secreted product was
concentrated by TCA precipitation (Bollag et af.. 1996): whereas,
the cell from the intracellular fraction of (1.2 QD¢ was mixed with
fthe 5x loading sample buffer without Bromphenol blue. The protein
samples were applied to a nitrocellulose membrane. Immuno-
detection was carried out by using a mouse anti-CMG antibody
(provided by Dr. Paisan Sitigomgul, Srinakharinwirot University,
Thailand) at a ditution of 1 : 5,000, and an anti-mouse [gG that was
conjugated with a horseradish peroxidase-link whole antibody from
a donkey. The signal was detected wusing Enhanced
Chemiluminescence {ECL.) reagents (Amersham).

N-terminal peptide sequencing N-terminal sequencing was
performed using protein bands that were blotted onto a
sequiblott™PVDF membrane (BIO-RAD) after separation by
tricine-SDS/PAGE. The protein bands of interest were excised from
the membrane and further analyzed using an ABI 492 (Applied
Biosystems) automated protein sequencer.

1

]

i o
'Results and Discussion
|

Construction of the P pastoris expression vector
containing Pem-CMG  To determine if the Pem-CMG can
be expressed and secreted by either the o-factor (with or
without Glu-Ala) or its own native signal, three different
constructs (pCMG, poZEACMG, and pBCMG) were
constructed. The PCR fragment of «CMG or cZEACMG was
inserted between the Xhol and Xbal sites at the downstream of
the methanol inducible alcochol oxidase (AOX1) promoter of
pPICZatA (Fig. 1). This produced potCMG or pe2EACMG.
For pBCMG, the entire coding sequence of Pem-CMG cDNA
(including the native secretion signal and mature Pem-CMG}),
was inserted between the EcoRI and Xbc'zl sites of pPICZB
(Fig. 1). The nucleotide sequences of the inserted fragments
were analyzed in both directions. The result revealed that no
mutation was detected in the sequences of the oCMG,
o2EACMG and BCMG fragments, For oCMG and
02EACMG. the fragments were also inserted in-frame with
the ce-factor signal sequence of 5. cerevisiue.

All three of the constructs were linearized with Pmel,
which ts a unique restriction site within the 5° AOX1 region.
The P pastoris wransformants were then screened for
Zeocin-resistance wsing a rich medium (YEPD) that
contained 100 pg/ml Zeocin™. Twenty transformants of each
construct were chosen for further expression.

Pem-CMG was successfully expressed and secreted by the
a-factor secretion signal of S. cerevisine The P pastoris
transformants that produced the highest level of secreted Pem-
CMG were chosen for further optimization. Two factors
{methanol concentration and period of induction) that affect
the production yield were investigated. The resulis (Figs, 2 A
and B) suggested that the optimal condition for the expression
of the CMG transformant was induced with 3% methanol

A pOLCMG

5AOKT Qu-tactor signay || PEMG 340X
Prmel Xkol Xbal Pmel
(B) POL2ZEACMG

$.40X1 L actor mgnal }_ n | PemCMG YAOXI

* !

Fmel Xhot Xbal Pmel
1y pBCMG

5"A0XF Native | PewrCMG 140X

sigmal

Pmel EcoRI Xbal Pmel

Fig, 1. Construction of the Pichia expression vector for secreted
Pem-CMG. The linearized plasmids are consisted of the 5 AOX/
promotor, Pem-CMG ¢DNA and the 3'AOX/ sequence. (a) The
cDNA encoding mature Pem-CMG peptide was cloned into the
pPICZoA expression vector at Xhol and Xbal sites in-frame with
the o-factor secretion signal without the spacer peptide Glu-Ala
repeats. (b) The mature Pem-CMG cDNA was cloned inw
pPICZA expression vector at Xhol and Xbal sites in-frame with
the o-factor secretion signal with the spacer peptide Glu-Ala
repeats. (¢) The entire coding sequence of Pem-CMG cDNA that
consists of its own native secretion signal and the mature of
Pem-CMG cDNA was cloned into the pPICZB expression vector
between EcoRI and Xbal sites.

for 3 days. For the a2EACMG transformant, the results (Fig.
3A and B) showed that the optimal condition for CMG
production was to induce with 4% methanol for 3 days. The
secreted level of CMG from the oCMG transformant was
approximately 130 mg/l, while that of the o2EACMG
transformants was approximately 60 mg/ (Table 2). N-
terminal peptide sequences of recombinant Pem-CMG that
was secreted from either aCMG or o2EACMG were
analyzed. The result revealed that the first five amino acid
residues of the secreted Pem-CMG from both constructs were
Ser-Lys-Ser-Phy-Arg, which was identical to that of the
mature Pem-CMG. This indicated that the MFa-1 secretion
signal was completely cleaved by the KEX2 protease at the
Lys-Arg sites, and that the Glu-Ala repeats of the a2ZEACMG
construct were also completely removed by the Stel3
aminopeptidase.

Processing of the o-factor prepro-sequence in S. cerevisice
involved several distinct proteolytic cleavage steps. These are
achieved by different enzymes. Further processing of the pro-
sequence then involved the action of an endopeptidase that 15
encoded by the KEX2 gene, which cleaves C-terminally to a
specific Lys-Arg sequence. A dipeptidy] aminopeptidase that
is encoded by the STE/} gene removes N-terminal Glu-Ala
repeats in the Golgi apparatus (Brake, 1981, Raemackers er
al, 1999; Cereghinno and Cregg, 2000). Although the
presence of the Glu-Ala repeats enhances the activity of the
Kex2 protease, subsequent processing of these repeats by the
Stel3 aminopeptidasc s inefficient m many cases (Brake,
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Fig. 2. Tricine-SDS analysis of the optimal expression condition from the aCMG P pastoris transformant. (A) Determination of the
optimal concentration of methanol. £ pastoris clone aCMG was induced in BM supplementing with 0, 0.5, I, 2, 3 and 4 % (v/v} of
methanol. A total volume of 100 pl of culture supematant was cotlected at 4 days after induction, precipitated with TCA, and then
loaded into each lane (Lanes 1-6), respectively. Lane M represents SDS-PAGE molecular weight standards, broad range protein marker
(Bio-Rad, USA). (B) Determrunation of the optimal period of induction. aCMG was grown in BMGY and was induced in BM
containing 3% (v/v) of methanal to induce the expression. A totat volume of 100 ul of culture supematant was collected at 0, 1, 2, 3.
4,5, 6 and 7 days, precipitated with TCA, and then loaded into each lane (Lanes 2-9), respectively. Lane 1 represents 100 p) of cuiture
supernatant of P pasioris tansformant containing pPICZuA vector precipitated with TCA.
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Fig. 3. Tricine-SDS analysis of the optimal expression condition from the c2EACMG P pastoris wansformant. (A) Determination of
the optimal concentration of methanol, P pastoris clone a2EACMG was grown in BMGY and was then induced in BM supplemented
with 0, 0.5, 1, 2, 3 and 4% (v/v} of methanol. A total volume of 100 jul of culre supematant was collected at 3 days after induction,
precipitated with TCA, and then loaded into each lane (Lancs 2-7). respectively. Lane M represents SDS-PAGE molecular weight
standards, broad range protein marker (Bio-Rad, USA). Lane 1 represents 10l of culture supematant of oaCMG P pastoris
transformant collected after induction with 3% {v/v) of methanol for 3 days. (B) Determinatior of the optimal period of induction. £
pasioris clone c2EACMG was grown in BMGY and was then induced in BM containing 4% (v/v) of methanol. A total volume of
[00 ul of culture supematant was collected at 0, I, 2, 3. 4, 5. 6 and 7 days, and was precipitated with TCA. and then loaded inte each
lane (Lanes 3-10), respectively. Lane 2 represents 100 ul of culture supematant of P pastoris transformant containing pPICZoA vector
precipitated with TCA.

protease (Cereghinno and Cregg. 2000). The complete
processing of the «-factor prepro-sequence, either with
(2EACMG) or without (lCMG) Glu-Ala repeats. indicated
that the cleavage between the ¢-factor signal sequence and
Pem-CMG al the KEX2 site did not necessanily require the

i981; Brand et al, 1999; Raemaekers er af., 1999). The
efficiency of both the Kex2 and Stel3 proteins can be
influenced by the close proximity of the proline residues. In
addition, the tertiary structure that is formed by a foreign
protein may protect the cleavage site from its respective
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Table 2. Optimal condition for expression and yield of secreted CMG from £ pastoris transformants containing either aCMG,

2EACMG or BCMG

Optimal period % (v/v) of Total protein
Constructs Expressed product of induction methanol used secretion
(days) for induction (mg/M
aCMG Secretion 3 3 150
02EACMG Secretion 4 4 60
BCMG Intraceliular 4 3 -
(A) -ve 1 2 3
) 5 6 7 8
9 10 11 13
14 15 16 17 18

Fig. 4. Immuno-dot blotting analysis of the £ pastoris recombinant clones containing BCMG. Twenty BCMG P pastoris transformants
were grown in BMGY and were then induced in BM comaining 3% {v/v) of methancl for 4 days. (A) dot blot analysis of 50 pl of
culture supernatant of clones no.1-20, and -ve represents 10 ul of the culture supemnatant of P pastoris transformant containing pPICZB
vector. {B) dot blot analysis of the intracellular fraction of 0.2 unit ODyy from each transformant (no. 1-20, respectively), [ represents
the intracellular fraction of 0.2 unit ODyy of &CMG £ pastoris transformant and —ve represents the intracellular fraction of 0.2 unit
0Dy, of P pastoris transformant containing pPICZB vector. +ve in A and B represents 10yl of the culture supernatant of P pastoris

transformant containing lCMG collected at 4 days after induction.

-

Glu-Ala repeats, In addition, the amount of the total secreted
protein  from the aCMG P pas!on's' transformant  was
approximately twice as high as that from o2EACMG. This
still needs to be investigated in order 1o see if the difference in
the CMG expression level between the two types of
transformants is due to the difference in the level of the total
protein expression, or if the difference is in the efficiency to
seerete the product into the culiure medium.

Pem-CMG cannot be secreted by its own signal peptide in
P pastoris  Both the secreted and intracetiular fractions from
all twenty clones of BCMG were determined by a dot-blotting
analysis with an anti-CMG antibody. The results (Fig. 4A and
B) showed that for some clones the intracelfular fraction
produced a positive signal; whereas, no signal was detected
from the culture supernatant from amy of the other clones.
This indicates that Pem-CMG was successfully expressed
from the BCMG transformants, but it failed to be secreted into
the culture medium by its own native signal. This may be
because the prepro-sequence of Pem-CMG was not
recognized and processed in the yeast secretory pathway,
unlike the afactor secretion signal from 5. cerevisiae.
Although the Pem-CMG vyield from the £ pastoris

expression system may not be higher than that from the E coli
systemn (Chooluck, 1999), the product is in the soluble form
and is presented as the major protein in the secreted fraction.
which facilitates further protein purification, This Pem-CMG
that is produced from the P pastoris system is biologically
active and has demonstrated hyperglycemic activity n
Penaeus monodon (Treerattrakoot, 2001).
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Abstract: Crustacean hyperglycemic hormone {CHH), molt-inhibiting hormone (MIH}, and gonad-inhibiting
hormone {GIH) are members of a major peptide family produced from the X-organ sinus gland complex in the
eyestalk of crustaceans. This peptide family plays important roles in controlling several physiologic processes
such as regulation of growth and repreduction. In this study the complementary DNA encoding a peptide
related to the CHH/MIH/GIH family (so-called Pern-CMG) of the black tiger prawn Penaeus monodon was
successfully expressed in the yeast Pichia pastoris under the control of the AGX! promoter. The recombinant
Pem-CMG was secreted into the culture medium using the a-factor signal sequence; of Saccharomyees cerevisiae
witlrout the Glu-Ala-Glu-Ala spacer peptide. The amino terminus of the recombinant Pem-CMG was correctly
processed as evidenced by amino-terminal peptide sequencing. The recombinant Pem-CMG was purified by
reverse-phase high-performance liquid cl;romotography and used in a biological assay for CHH activity. The
final yield of the recombinant Pem-CMG after purification was 260 ug/L of the culture medium. Both crude
and purified recombinant Pem-CMG produced from P. pastoris showed the ability to elevate the glucose level
in the hemolvmph of evestalk-ablated P. monodon, which demonstrates that Pem-CMG peptide functions as

hyperglycemic hormone in P. mronodon.

Key words: 2-mating factor, arthropod, black tiger prawn, crustacean hyperglycemic hormone (CHHY), Pichiia

pastoris, yeast expression systen.

INTRODUCTION

The X-organ sinus gland {XOSG) complex, located in the

optic ganglia in the eyestalk, is the major neuroendocrine
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produced in the XOSG complex is composed of crustacean
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