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Abstract
Project Code: PDF/60/2540

Project Title: Molecular cloning and expression of a ¢cDNA encoding molt inhibiting
hormone-like peptide from Penaeus monodon

Investigators: Apinunt Udomkit
Institute of Molecular Biology and Genetics, Mahidol University

E-mail Address: staud@mahidol.ac.th

Project Period: 1° August 1997 — 31% July 2000

Objectives: 1. To clone and characterize cDNAs that encode molt-inhibiting hormone

related peptides (Pem-CMG peptides) from Penaeus monodon.

2. To express the Pem-CMG peptide from the cloned cDNA in Escherichia

coli.
Methodology:

cDNAs encoding Pem-CMG peptides were cioned from P. monodon's eyestalk RNA
using Rapid Amplification of cDNA Ends (RACE) strategy. The coding region for Pem-
CMG1 peptide was subcloned into pET3a expression vector, and expressed in Escherichia
coli. The expressed product was solubilized and was purified by reversed phase HPLC.
Results:

Three cDNAs coding for Pem-CMG1, Pem-CMG2 and Pem-CMG3 peptides were
cloned. The translated amino acid sequences in the mature peptide region of the three
Pem-CMG peptides were more than 93% identical. A coding sequence for the full-length
and the mature peptide region of Pem-CMG1 were expressed in E. coli. The amino acid
sequence at the N-terminal of expressed peptides were determined and confirmed that they
were expressed from Pem-CMG cDNA. The expressed products occurred as insoluble
inclusion body. This inclusion could be solubilized with more than 50% solubitlity in 6M
urea. The expressed Pem-CMG1 peptide was partially purified. After a single round of

reverse phase HPLC using JUPITER 5u C18 column (250 x 6.6 mm, Phenomenex), most

of the contaminated proteins were removed.

Discussion / Conclusion:

The cDNAs encoding peptide hormones in CHH/MIH/GIH family, so-called Pem-
CMG peptides, were successfully cloned from P. monodon. The translated amino acid
sequences from Pem-CMG1, Pem-CMG2 and Pem-CMG3 cDNA revealed that they were
highly similar and possessed all characteristics of other peptides in the same family

previously characterized in several crustacea. Since Pem-CMG1 peptide was expressed in



E. coli as insoluble inclusion body, appropriate solubilization and refolding methods would
be needed in order for the Pem-CMG1 peptide to be in biologically active conformation.
Single step purification of solubilized Pem-CMG1 peptide could get rid of most of the
contaminated proteins. However, further purification steps should be conducted so as to get
the Pem-CMG1 peptide with higher purity. The purified Pem-CMG1 protein could then be
used in biological activity assay in order to determined the function of this peptide.
Suggestions / Further Implication / Implementation:

The Pem-CMG1 peptide expressed in E. coli needs several downstream processes
for solubilization, refolding and purification before the assay for biological activity of the
peptide could be done. Using expression system in eukaryotes such as yeast may help the
expressed peptide to fold in the conformation that is appropriate for its function. The use of

secretion expression system would also help improve both the yield and the purity of the

expression product.
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3% PCR Mnlauld pCMG1 plasmid M1iidu cONA 189 Pem-CMG1 ummz‘ﬂu puUC18
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vector 'T’Il site VY Ndel W8 BamHI G'f\mﬁmluaﬂf"l 3 Mﬁ’dinmfuﬁul’l pET3a ﬁﬁ%u cDNA
insert Lﬂ'l"lij E. coli muvi'mf BL21(DE3)pLysS laeiT CaCl, transformation

2.3 N13UARIDDNVDI CMG Uaz CMG-mat 1w E. colf
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J: - L3 o al L
BamH| 1tuciTu CMG-mat cDNA gniRuimiklapds PCR aap Iwsiuad CMG-mat uaz

CDR muam'lugﬂn 2 pasnuudssacnlawlsl Ndel uas BamHl newisshadeuse

o ol - L [ [
fiu pET3a Nonaaduiaulod Ndel uaz BamHI 1Turiu
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= N .
2.4 M998 inclusion protein

né’ammﬁumaﬁﬁgn induced ¢t IPTG (Tue 4 T2lusdreisAasunsluta
2.3 ud 39 resuspend traglwinnauuszvinlwimaguanlan French press 7 900 psi WAI9IN
Wn3afy inclusion protein Tagn1sUufi 10,000 rpm 1lutasn 10 WAl 'ﬁlqm‘nqﬁ 4°C 8
inclusion #aBviNaw 3 AT Lﬁuﬁqmﬂqﬁ -20°C dmiumiarndludueaudaty
3 nisesasseullsduiiuansaan

M Aesillsdu Pem-CMG1 'lugﬂﬁuamaanmn CMG U8z CMG-mat cDNA ¢3¢
3% SDS-acrylamide gel electrophoresis (SDS-PAGE) unz aTIFauUasunIaazdlunaane
N laen13%1 N-terminal amino acid sequencing
3.1 n19 transfer lWs@wluds PVDF membrane

Fiansiluséiudae SDS-PAGE lauidu thioglycotic acid 1w upper buffer T3
auituTuu 0.015% MaINNN1IYiN SDS-PAGE W gel W 10 mM 3-(cyclohexylamino)-
1-propanesulfonic acid W8z 10% methyl alcohol (iuiian 5 ufi mmfuTlJ'sﬁua:gnﬂ"mmu
1Uds PVDF membrane G'f‘wl.ﬂéao Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad)
TaslsnszualWflafianuednsdng 50 voit (Huae 100 wdt ﬁqmuqﬁ 4°C ud2daulusand
8guu membrane ¢ coomassie brilliant blue R250 ANUTUTH 0.25% 1w methy! alcohol
20% waz NInardan 7% udId190andy methyl alcohol 50% TNuuIidaunuvasllsindg

L% A o =] L] N . . .
@897 WM IIaTIEAlaani13vin N-terminal amino acid sequencing

4 nsuanuSgnills@n Pem-CMG1
ﬁ']ﬂ’ﬁﬂﬂﬂﬂdLl.UﬂU%Ejﬂ%Tﬂ‘iﬁ% Pem-CMG1 7iL&90an97n cDNA §nsufiused

mature peptide o U1 lums assay 1 biological activity 184 Pem-CMG1 LU Inddaly
Tmuu.‘i:mnnm'm:mu inclusion 1831U38u Pem-CMG1 ﬁuaﬂoaanmn CMG-mat cDNA @1t
fIREAIL 6 M urea URIUULLALENLANIZHINDDY supernatant muunu‘%qnﬁﬂueﬁ reverse-
phase HPLC lauld JUPITER 5u C18 column(250 x 6.6 mm, Phenomenex) Tuaaulums
Luni3ueIn MIANAMUTNTUYEY acetronitrle 14 0.1% trifluoroacetic acid (TFA) 910 0-
10% Tutaan 1 wf udnIfifauTuTu 10% 09 acetronitrile (Hwiaa 10 wAf 9nEud
Wusn 10% Ju 60% luen 30 ﬁmmuwiﬁwﬁuunaanuﬂﬂumﬁﬂmmsgﬂnﬁu
waafi 280 nm s TUsdUAALEN fraction 619 JuTaTz eI SDS-PAGE
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HANITNARDY
1. mslaan uazmisiazvarsuiiailolndyas Pem-CMG cDNA 3 B

2INN13¥N 3 RACE uar 5 RACE Tmmﬁu'ﬁagamnﬁwﬁunma:ﬂumﬁnﬁ (CEDCYN)
vavaailunlungy CHH/MIHGIH aldlumsssnuuuinfives sansnlaau cDNA 14 3
'nﬁﬂ'ﬁﬁs'i'lﬁuﬁaaﬁ‘[a%ﬁaé‘waﬁaﬁuaaﬂuulunfiuﬁ cU3ouiisulesldlusunsy Blastn) W
%991 Pem-CMG1, Pem-CMG2 uazPem-CMG3 enudau (laildusaing)
2. misilensidduniaesiluinsasiastandrduiaailaindnes Pem-CMG 13 3

BUA

vminaaisuasaauiiandlalnaves Pem-CMG1, Pem-CMG2 uaz Pem-CMG3
cONA TidudrauniaaziiludasiUsunsy six frame translation (BCM) G‘fouam‘l'i‘lugﬂﬁ 4
Wi dunInaziluiinensEu1InN Pem-CMG cDNA 19 3 TilauBauifinyiudey
nsaariiluvay CHH, MIH us: GIH mam%’amv‘ﬁ'wﬁﬂ‘é‘uqﬁﬁc&’ﬁumu‘l’i’ aaldsunsy
ClustalX NmJaamnﬂ’%‘umﬁuuuaﬂﬂugﬂﬁ 5

dreunieasfilures Pem-CMG1, Pem-CMG2 ua: Pem-CMG3 isznausisnsaasiily
7% 127 67 (Pem-CMG1) Uaz128 62 (Pem-CMG2 uaz 3) lapiidgreunimaziilu lysine-
arginine (KR) tilu putative processing site Aezuansmaanying somilu signal peptide
ez mature peptide ANBMAINEIRISONU TGN CHH nasRaFariaduisuanins

WauSsufisudrdunine:iluzad Pem-CMG1, Pem-CMG2 uaz Pem-CMG3 Wuin
graunseaziluludiuues signal peptide fanuuananrinatisfinlata lurueidrdunsa
a:0lu 74 d7luduvo9 mature peptide Tauasuadatuuinnin 93% (faulFeumAouny
greuninazilunas CHH, MIH uat GIH 1a9aimaduriiadus wuin Pem-CcMG wilnéva
3 'nﬁﬂﬁé'num:ﬁw'@maoaaﬂuulumiui{ 1duri fanueniueas mature peptide fisznou
aanninazdluimin 72-80 a2 Tddunsaazlilueying CEDCYN uazlsznaudionsaezdl
T4 cysteine 6 G‘hﬁagluﬁwmetﬁmﬁ’uﬁ'uaaﬂuuﬁulunsjui‘f uasdinnuadiaadinuag
frounsaaziiluszning 35-50%
3. NISUAEGIBENYaI Pem-CMG1 1w E. coli

LlaWE Pem-CMG1 ¢DNA vinsuddimaihandnsnmsusasaanlu £ coli wuinliséu
Pem-CMG1 fiugaiaanain CMG cDNA Duwiailszanm 14 kDa duldsaufiugataanain
CMG-mat cDNA Hivuradszunt 8-9 kDa TﬂuﬁTﬂsﬁuv‘T’aﬁaauamaanlugﬂmm inclusion 44
aany e ludusas insoluble fraction WaIINAY IR Tad AN é’auam’lugﬂ'ﬁ' BURS Eﬂﬁ 7
wananlusaufifauaaudainisuds W inclusion Sawulls@urfaiulusanurdan



Pem-CMG1

-tcagtgcagagggagagcctggaagttgetgacegtcgetoccgatetgoctctacactaaagat @ 65

66 : ATGGTTGCCGTTGGACCGATGCGGACAGCTGTCCTGGTGTCCCTGCTGTTGGCAATCCCGGCCTCT 131
M V A V ¢ P M R T A V L V S L L L A I P A S

132: GCCACCACCTTCGGAGACGGAAATGACATTCCAACGTTCCTCCGTTCTTCCCCAGAAGCCTCTCCT :197
A T T F G D G N DI P T F L R $ S P E A S5 P

198: GTGACTTCCCTTCACACCTCAGACAARCGCAGCCTATCCTTCAGGTCTTGCACGGGCGCCTACGAC 263
vT s L HET s bp [ s L s F RS CTGH ARTYD

264: CGCGAACTCCTTGTAAGGCTCGACCGCGTGTGCGAAGACTGCTACAACGTGTACCGCGACGTCGGA 329
R E L L V R L D R V C¢C E D C Y N V Y R D V G

330: GTGGCAGCCGAATGCAGGAGTAACTGTTTCCACAACGAGGTGTTCCTCTACTGTGTGGACTACATG :3585
vV A A E C R S N C F H N E V FP L Y €C V D ¥ M

396: TTCCGGCCTCGTCAAAGGAACCAGTACCGEGCCGCCCTACAGAGGCTCGGCAAGTAGgEggttect 1461
F R P R Q R N @ ¥ R A A L Q R L G K =

462: cttcagccagacctcgecatgocgacteccaagacgaccagacteottattaggttgetttegtatee 527

528: tgatttaaaaggtaaaataagagcctgtacaacaagcctcctgtctaataaaaataagagaaatat :583

Pem-CMG2

t: 1
2: cagtgcagagggagagcctcgaagtcggtggtecttgttecttetgeteetgtegagtecagegaa @ 67
68: ATGGTTGCGGTCCGATTGGTGCAGTCAGCTGTTCTTGTGTCCTTGCTGGTGGCACTTCCGGLCTGT ¢
M v A vV R L V Q 5§ A VvV L VvV 858 L L VvV A L P A C
134: GTCACAACTTCTGARAACACGAATGARATACCGGCGTCCATTCTTTCCTCCCCTGGGGATTCCCTT :199
v T T 8 E N T N E I P A 5 I L 8 8 P G D 8 L
200: TCAGAAGACCARAGCATAAGCAAACGCTCTATATGGTTCAATTCTTGCACGGGCGTCTACGACCGC :265
s ED Q9 s 1 s [ s 1 w F N S C TGV Y D R
266: GAACTTCTTGTAAGGCTCGACCGCGIGTGCGAAGACTGCTACAACCTCTACCGCGACGTCGGAGTG : 331
E L L vV R L D R VY C E D C Y N L Y R D V G V
332: GCGGCCGAATGCAGGAGTAACTGTTTCCACAACGAGGTGTTCCTGTACTGCGTGGACTACATGTTC :397
A A E C R 58 N C FHNEV F L Y C VD Y M F
398: CGGLCTCGCCAGAGGAACCAGTACCGGGCCGCCCTCCAGAGGCTCGGCAAGTAGgeggttegtett 1463
R P R 0 R N Q@ ¥ R A A L Q R L G K =
464: cggtcaacccttcoctgeggggacgeotegocegtgagattttttetaggeotetecctteggttgettet 529
530: gtatcctaagttagaaacggataacatattgacgtcgaggtatttcatgtacagtgtcttcataaa :595
596: gcagaaatatat : 607

Pem-CMG3

Tec @ 2

3 : agtgcagggggagagcctcgaagteggtggteocttgttecegetgatetgttgegagtecagegaa @ 68

69: ATGATTGCGGTCCGACTGETGCAGTCAGCTGTTCTGGTGTCCCTGCTGGTGGCATTTCCGGCCTGT 134
M I A VvV R L VvV Qg 8§ A V L vV 8 L L VvV A F P A C

135: GTCACGACTTCTGAARACACGAATGAAATACTGGCGTCCATTCTTTCCTCCCCTGGGGATTCCCTT: 200
v T * 8 E N T N E I L A 8 I L S 8 P G D S L

201: ACACGAGAACAAAGCATAAGCAAACGCACCATGTCGTTCAGTTCTTGCACGGGTGTCTACGACCGC: 266
T R E 0 s 1 s ) T™“¥ s F 8 8 ¢ T G V Y D R

267: GAACTCCTTGTAAAGCTCGACCGCGTGTGCGAAGACTGCTACAACCTCTACCGCGACGTTGGAGTG: 332
E L L v K L b RV C E D C Y N L ¥ R D V G V

333: GCGGLCCGAATGTAGGAGTAACTGTTTCCACAACGAGGTGTTCCTGTACTGCGTGGACTACATGTTT: 398
A A E C R § N C F H N E V F L ¥ €C VvV D Y M F

399: CGGCCTCGCCAAAGGAATCAGTACCGGGCCGCCCTGCAGAGGCTCGGCAAGTAGgegggtactate: 464

R P R ¢ R N OQ Y R A AL QU RTIULUGEK =*

465: cggccagctocttocgecacgggegetegotgtgagactttotgaatgaccagactotaggetotect: 530

531: cggttgcocctetgtatcctaagttagaagetgacaccatattgacgocecgaggtgtttcatgtgtaat: 596

587: gtcttcataaagcataaaaacaaa : 621

] e Y
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d [ L Y r.l o gt -
sUn 4 deviiandlalnduazdrauntanziilures Pem-CMG1, Pem-CMG2 ua: Pem-CMG3

- - - [V o A . A = o P
fauiadlalndndousismdnusianfadiuniiilu 5 uaz 3 UTR §reuniaa~luuaas

#18 one-letter code uazniaazfilufiszunaRduans putative processing site, KR,
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* 20 * 40 * 60
Pem-cMG  : ~-Bh smisi'r ' Y ORELLVRLDRVEED SYNYROVGVAAE SRSNSFHNEVFLY S Fau3 : 59
S R < = - 8 8 B e 1 LVRLORVEE DY NLYRDVGVARE R RSN EFHNEVFL Y AVD R L
Pem-CMG3 : --TM3 sE’rsw:u:uvnmm’-ansmmnvmunsﬂruwzmx!vnmp : 59
Pej-CHE : --AAFDPECUSR] -3 MG ST oD VEE P AYERRSNEFD -"'5'"151{- IPA : 59
Cam-CHR : --QIYDTECKE RS- vLIA FENDIRE BRCTxec) s SRS S ¥ 2 SACHT RQCMEDLIMM : 59
Hoa-CHHa : --QVFDQACKE Y- ¥, e, o8 SEDRYNLYRSIVACLS meb-l : 59

1S R OCTMDLIMI : 59

Hoa-CHHD : --QVFDQACKGR](-o B N KPP IVTT]
RQCLDLILY : 59

Orl-CHH2 : --QVFDQAC 'GE\.’R' B ASLDRVSED & YNLYRL S {VAJRS
Hoa-MIH : --E DQA 'GWR-HU”LDR eED e YNLYRI (3 STTO ALjROCLEOLLLS ¢ 59
Pav-MIH : --DTFDHECKEI}{-2LRFRIQENIICA NG EVFRE PKRZITECKT I KRNV ADLRHD : 59
Pej-MIH : SASFID CRIGSICNEIDTY LAZC A G T I FRILPGLD G 'R’* le I 3 62
Hoa-GIH : SAWFTNDECHIEMGNADRYEKVARCNECAYT FINNDEGVMCKKDCGITMOZIWCGYATERH : 62
% identity
Pam-CHMG : 74 100
Pam-(MG2 : 74 93
Pem-CMG3 ;74 93
Pej-CHH 1 74 51
Cam~-CHH : 1 76 44
Hoa-CHHa : : 74 47
Hoa-CHHb : : 74 43
Orl-CHH2 : ;74 44
Hoa-MIH 71 &4
Pev-MIH 2 12 44
Pej-MIH : 19 31
Hoa-GIH N i 4 31

31Jﬁ' 5 uWisufipudgdunsao:ilufinansauiann Pem-CMG1, Pem-CMG2 us: Pem-
CMG3 ﬁué’wﬁ'unwa:ﬁTumaoaaﬂuu'luna:u CHH/MIH/GIH 3 n®TTiariiadu niaasilu
cysteine 19 6 e'ﬁﬁwuluﬁmmmLﬁuaﬁuluaaﬂuuqn-nﬁm:mu@T’Juﬁtm URTAIUN IV
ninazilufiiniiourunan:iluves Pem-CMG athedan 2 sliaszunodpien

Pem : Penaeus monodon Pej : Penaeus japonicus
Pev : Penaeus vannamei Hoa : Homarus americanus

Cam : Carcinus maenas Orl : Orconectes limosus
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1 2 3 4 5 6 M 1 2
kKDa | kDa ‘
66 = — :

] 66 4 —
45 - — == = |
31 — 45 — !
215 4 --- T - i~ 317 ﬂm
. Y ﬁ\? M, -. b & P s ) 21 .5 4 s :
14.5 - — . e 12_2 — ,..#
it im—— - w2 o 5
A. B

31]1"'1 6 16.5% tricine-SDS-PAGE uaaslusauiiuanioansn CMG cDNA 189 Pem-CMG1

A.

lane M = Dalton standard protein marker

lane 1 = Total lysate of BL21(DE3)pLysS (non-induced)

lane 2 = Total lysate of BL21(DE3)pLysS carrying pET3a (non-induced)
lane 3 = Total lysate of BL21(DE3)pLysS carrying pET3a that contains

CMG cDNA of Pem-CMG1 (non-induced)
lane 4-6 = Total lysate of BL21(DE3)pLysS carrying pET3a that contains
CMG cDNA of Pem-CMG1 (induced for 3, 4 and 5 hours,

respectively)
lane M = Broad range standard protein marker
lane 1 = Soluble fraction of BL21(DE3)pLysS carrying pET3a that

contains CMG cDNA of Pem-CMG1 {4 hour-induction)
lane 2 = Insoluble fraction (inclusion) of BL21(DE3)pLysS carrying
pET3a that contains CMG cDNA of Pem-CMG1 (4 hour-

induction)
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kDa

45
31

14.5
6.5

gﬂﬁl 7 16.5% tricine-SDS-PAGE waeilUTaufiuasdaanain CMG-mat cDNA 283 Pem-

CMGH1

lane M

lane 1

lane 2

lane 3

lane 4

lane 5

Broad range standard protein marker

Total lysate of BL21(DE3)pLysS carrying pET3a (non-induced)
Total lysate of BL21(DE3)pLysS carrying pET3a that contains
CMG-mat cDNA of Pem-CMG1 (nen-induced)

Total lysate of BL21(DE3)plysS carrying pET3a that contains
CMG-mat cDNA of Pem-CMG1 (4 hour--induced)

Soluble fraction of BL21(DE3)pLysS carrying pET3a that
contains CMG-mat cDNA of Pem-CMG1 (4 hour--induced)
Insoluble fraction (inclusion) of BL21(DE3)pLysS carrying
pET3a that contains CMG-mat cDNA of Pem-CMG1 (4 hour—

induced)
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myinsiadunsaazilunstans N vaslsdufiuansaanain CMG cDNA WU
figreupainsaaziiluiidiusanisdats N iflu MVAVG waz misdessdaisunsaaziln
nstane N vaslsfufiuansaansin CMG-mat cDNA wuinfidgaurasniaasdluiiaausn
s N SLSFR (lilduaang) Gyaseny srdunseaziilufinaamiaandiauiiing
lalnduays CMG Laz CMG-mat cDNA 184 Pem-CMG1 anu&19u
4. nsusnuIans 209 Pem-CMG1 peptide
4.1 NAFAUNIIREANVYDI Pem-CMG1 peptide
ansazatnlUsiu Pem-CMG1 fluaadaanain CMG-mat cDNA %uaglugﬂmas
inclusion lagna®auaNEIN1snluIsazatBvad inclusion MAE1TaTAY urea HANITY
TUA19 ﬁ]ﬁu(i‘l‘:\‘il.wi 2. 4, ud 6 M WU inclusion protein ®Y1T0AZA0IANINNTT 50% lua1s
aeapRdaudutuens urea 1w 6 M ﬁmam'luzﬂﬁ 8
4.2 LL,Hnu?aqmg Pem-CMG1 peptide laa33 reverse phase HPLC
W1 Pem-CMG i peptide fiazatulu 6M urea mmmu%igﬂ'f;ﬁ’m JUPITER 5u C18
HPLC column (250 x 6.6 mm. Phenomenex) lagfisizasi@navasaniizildlumsuan
Tusduenufinaaludtnisnasasvardaia wuinil elution profile é’auam'luzﬂﬁ 9
v lusauiioonunle peak # 1 was 2 W3OV SDS-PAGE wuin luUsduiisl

2uNalTzuNe 8-9 kDa aanunlu peak i 2 lagiildsausuiedutusanuifoadniay (UN

10) LAAILALH witnuonuIantludue auflauisorindalusauduinduwdeousanunle
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kDa

21.5
1456 —

ga.lﬁ 8 16.5% tricine-SDS-PAGE WgaINTasatavadllsfuiiuaasaanann CMG-mat cDNA
74a3 Pem-CMG1

lane M = Dalton standard protein marker

lane 1 = {nsoluble fraction of BL21(DE3)pLysS carrying pET3a that contains
CMG-mat cDNA of Pem-CMG1 after solubilization in 2M urea

lane 2 = Solubte fraction of BL21(DE3)pLysS carrying pET3a that contains
CMG-mat cDNA of Pem-CMG1 after solubilization in 2M urea

lane 3 = Insoluble fraction of BL21(DE3)pLysS carrying pET3a that contains
CMG-mat cDNA of Pem-CMG1 after solubilization in 4M urea

lane 4 = Soluble fraction of BL21(DE3)pLysS carrying pET3a that contains
CMG-mat cDNA of Pem-CMG1 after solubilization in 4M urea

lane 5 = [nsoluble fraction of BL21(DE3)pLysS carrying pET3a that contains
CMG-mat cDNA of Pem-CMG1 after solubilization in 6M urea

lane 6 = Soluble fraction of BL21(DE3)pLysS carrying pET3a that contains

CMG-mat cDNA of Pem-CMG1 after solubilization in 6M urea
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Eﬂﬁ 9 Elution profile 984 soluble fraction IMTNNITRZRTY Iinclusion AURAIDDNITN CMG-mat
cDNA 189 Pem-CMG1 @28 6M urea WRINMILINUIANDIAIY JUPITER 5u C18 HPLC

column (250 x 6.6 mm, Phenomenex) lauldan1izAuaasmoazidse N lwiTnimeaasnite

4 tmuuauuamnm‘luvxuaUvnﬁ LLﬂuGTJLtﬁﬂdﬁﬁﬂ’liﬂﬂﬂauuadﬁ 280 nm
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M 1 2 3
kDa

R
215 - -
145 — —eme

3UN 10 16.5% tricine-SDS-PAGE u,amuamsu,unn'%qn“ﬁmaﬂﬂsﬁuﬁuamaanmn CMG-

mat cDNA 189 Pem-CMG1 @18 JUPITER 5u C18 HPLC column (250 x 6.6 mm,

Phenomenex)
lane M = Dalton standard protein marker
lane 1 = Protein content of peak 1 after HPLC purification
lane 2 = Protein content of peak 2 after HPLC purification
lane 3

= Insoluble fraction (inclusion) of BL21{DE3)pLysS carrying pET3a that
contains CMG-mat cDNA of Pem-CMG1 before HPLC purification
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uniarsal

Muispidunislaauiu cONA ﬁaﬁmaﬂuu’lunsju CHH/MIH/GIH 3N uanvas
fInaen ua:gmmamaanﬂm%u cDNA danealu E coli Sawuinmiltlnnwesfiaen
uuummhwaaéwﬁunma:muaﬁnﬁmaoaaﬂuuiumg‘uﬁmnﬁaﬁ-"ﬁﬁmﬁaﬁu‘] w3l
lFRUIIUIUYEY  cDNA ﬁﬂsﬁaémi’un‘ma:'[m‘w'ﬂﬁwmﬁaﬁ'uuaﬂuulunsiud‘lﬁtﬂuna
fuesannaiin Rapid Amplification of cDNA Ends (RACE) lufilmansnlasuiu cONA &
9 3 ¥iia SunToin Pem-CMG1, Pem-CMG2 Lz Pem-CMG3 T4 cDNA usazsiiaifiuIve
v Indddrdunseeziluiindonfatuunnit 93%

WouwSoufsudduniao:iluvey Pem-CMG1, Pem-CMG2 usz Pem-CMG3 i
faunine:ilulugudoys wuihindnsmuriievesfinadfianundiuafatiu CHH,
MIH W8t GIH vesnfmadorfinau Uszunm 30-50% lagfianundonfetu CHH luszdud
g1 MIH us: GIH (31]1‘4 5) uaziifoviadunafafivsny C 189 Pem-CMG vaausiia
Usznauduniseazilu Glycine uar Lysine (GK) Failudrunssiifia amidation uszwuldln
CHH nniia (19, 31) udlidnpnuimulu MIH wTe GIH anundoadimalaneeitse
19UBNIPem-CMG 13 3 'm‘m'uaeﬁaqmmma:ﬁwﬁwﬁtﬂu CHH M lIRe TR IDUIU
Taonshensdwifvesaeiluulavasedneds snlusdiufusassansin cDNA 1839 Pem-
CMG mimutia

WONIINROITIBITWA aaﬂuuﬁ‘uunu’sqn‘{mmnn”'mm-uam"s'mminma'uﬁﬂ
IR Ieunnimitasene 1in sedlun CHH-A 289 Homarus americanus Yimind
ﬁanwmuqm:ﬁ'wf’lmalutﬁaﬂ WEZAIUANNIINONATIL (32) Twvmsiiaosluw CHH-B a9
H. americanus uanmna:ﬁ'mﬁﬁﬁmuqm:ﬁuﬁﬂmalutﬁaﬂuﬁ'zﬁakﬁm'ﬁaaﬁ'umsm:vfu'l.ﬁ
fliwigdaduninfivessailan GIH Bnédae (24) atelsfaumsfinuinassluuiiuen
u?qnfmnﬁmmwm%’mnr‘ﬁuﬁmﬁnﬁiﬁmnniwﬁaazi'mf’u oUW TIZ A UABUNTLEN
u‘%qn‘{ﬂ'a‘hiﬁwa ﬂﬁlﬁﬂn11ﬂutﬂaumamaﬂnuﬁﬁwﬁ'}ﬁﬂuﬂ:ammdfﬂmqﬁﬁma:qm
mlimaeiindioiu (31) dnwAsfiaznmihfives Pem-CMG1 ulindfiafiaunen
CMG-mat cDNA 3viimsuaadonnued Pem-CMG1 wWhlInd W E coli uazwinenuuun
u‘iqnﬂﬂsﬁuﬁuamaan Wwad Wl lunmarsunirfvesluseniusell nimessuwiad
va9lys@ufiuaniaanan cONA Tasass fdadfaasyi limumihAfluiadives Pem-CMGH1
i fidiuseslaule uszensnvminfvesgeslunldunnimitiesnaniela

pPET3a expression system ﬁl’ﬁ‘lum: UERIDONUEY Pem-CMG1 1w E.coli 'lfu'l’ﬁ’[ﬂﬂu
wasues T7 %ammmﬁﬂmmamean'lc’ﬂm_l’smmgd (33) athalsfienunInlysauuans
panluiunagaililinsdudiiwiu inclusion "ﬁaﬁauﬁa:ﬂﬂﬂlﬁnmqmauu“ﬁda'lﬂ Qs
FasrinuIuABUBH 9BNITU MIRzAD uas n'mmnu?qn‘i? %ommhtﬂuﬁaol'ﬁan'n:ﬁ;uun
Tumsazans tuldasazany urea w3s guanidine-HCI fiensaslyl unfold Tﬂsﬁulﬁ'ag'lugﬂﬁ
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Tmunzendamsvaminf e wazesdaarinns refold lw'Tﬂ'sﬁunﬁ'umag;'luguﬁmm:auda
1

J5310971UNUEAIBENTEY MIH 3TN P. japonicus W E. coli latlF pET system (1w
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