THaIATINT SUT-3-304-46-36-22

%'Rﬁimﬁﬁm%

NUMITeRTuauyIel

mswansnenduuuinsuangminaandariia

Production of Recombinant Transglutaminase from Nile Tilapia

1a5unugaryumsituetn

Y [P S 1
unIneamnalulaggyuni

£y oS iy i ] g 3V o 1 a ¥ o
Nﬂ&“ﬂﬂm‘l.l‘l-!ﬂ?'mi‘UNGI‘Iﬁ’JU'llEN‘H’JH‘Hﬂﬂ‘i#‘!ﬂ'l‘i’]ﬂﬂllﬂlﬂﬂ@f;{lﬂﬂ’l



FHAINTIMT SUT-3-304-46-36-22

oy R
ekl 5

SwuMsIteaifuanysol

= ) d =y )
MswananeNluUHAN IMangmiaaInlaiia
Production of Recombinant Transglutaminase from Nile Tilapia

Qhy s
ARz IAY
¥ 4
anlnsanms
T8 d = v I o
HYIBA1EA10158 A3, 37301 naia-msud
Mg unalulatdian
o ar =
daninmalulagmsmnuas

wn Ingraamalulaggsuns

#323338
WgEIdengiy AKg
wiwefuadad QUIUM
1a5unuganyumsitennuninondumalladgsun3 thudszann 2544 - 2546

= ol LT o) ¥ XY 1 = 3 =
wa1ITmdun SRy i’)‘lJ“!.lfN‘ﬁ'JYiu'lTﬂ‘NﬂTi’J‘ﬂU!.m&WUiEj!ﬂU’)



Aananssuilszmea

£ ar dyjd_' T = = oar = 4 3 qr o
nudvstidudunisesyalaseimsiseTsdu Faldsuyuganyunmsisenn

i Inundoma Iulatgsw Uszdthaudszana 2545-2547

2

e o 4 o o Ay Y o a A Y ; w
K %hﬁml“ﬁ1W:Eﬂaswllﬂau‘m'51wﬂmuamm’munu umﬁluﬁn’mﬁm

Tsvovounnl
=S N P Y n’di’ = A 3
Aurilar nlszdng Alinnueanzidelmidaganinemaiieldlunmaeans
Yo o o« ar o o a o o - g Y
Hatvvavounm srasaNd ngiin-mIud uaz qauendng Fungdatl 714
o =3 o o L 3 3 ar =) 9 @ we a_ o
Aulsnin unzthmsiau anvslansaivayumaaines doalfjiams lunsduiiuau

o 1 o oW & o o @ o )
VYU IU @.ﬂﬁ.ﬂ’iiuﬂfﬂ AR IAIUUR ﬁ?ﬁﬁUﬁ'ﬁlﬂﬁU'Nﬁﬂ LLﬁ&?}lengﬂigﬂ'] Yors55u

)

9 = oar o e L4 o = 5 @ o o LY [ «
uﬁfjl‘g‘ﬁ'}ﬂ')%ﬁ U] FA.A5.97IR(U UIITAND ﬁmiﬂﬂmuzuﬂumm%mmsmmmu%u

)

e

< s o = o = o A Ay yg
HIuuoveuna A.ATHUNNT Yain gdmasmisya lasenmsive [saui 1alian

o
pymIzHuazlsza g lnsanis

UNE8oUGTY A 1me
o+
WwauAfnA guium

o LY d o
HALAT.HITHT NHNA-ATITUF



UNHALD

@

-]

nuATEl IAANIgmaneugvesdunImangaiud luizdulaena Taoms lnay
Sunsmangmiiuannduiarila Gamennmemdrduiiang le Indasdunsmangmiu g
WUHEUIYUIR 2,493 WS 2594 ﬁuﬂfﬁIa‘lmﬁﬁuagﬁwmmmﬁm 3 UTR ‘Suﬁ’mﬁgmﬂa
sWaiivua 2,001 108 T0'Ing FanlasvadiunsaeiTild 696 §1 Mndduvaansaeziily
wud dnrnandousunsvangmifiuann dannwaanniigaiio  78% daudage
izaaudan Cys 272, His 332 uay Asp 355 Samipufunsmangimenn daauag Tay
UFAT UMY RIN T INAN e N sinalaiia uazdainuuaamoufudo Cys 272
15114ﬁnhLaqmmam'suaﬂqmﬁmamﬂﬂmﬁaﬁ%’ﬂmﬁﬁwmmﬁa 78.9 Al lan1adu wazlia pl
Y 631 MsfnEIMsuaassanyodaeuiiuuuins uenamiivaly £ .coli TaomaTnay
Snopnuuinamangaiiumdag pET 32 (2) wanaila uaziimsAnyIMIsuaRsROnUB

=

Tushugaivgl 20° € Taomsnsgduliiinmanda TlsAudae 116 TsAungnadaoonuinin

< ° o - = = " as . .
wad g oS gwiuazessvasufnssuveueu lani Tagl§4dnms incorporation 104
fluorescence amine (monodansylcadaverine) N1 N, N’ dimethylcasein #a 13 ’Iﬂg]’jl"hj“v\mﬁ%ﬂﬁu
4 = R o = e o
vouou I wngmlmalunisuaasosnlu £ coli Toimsfinunlubod P pastoris Taoms

= = I's = ' = °
Inau Faeuduuunnnuangamiiiadg ppIcz0B  NH8  wandie uaziinisAnyIng

T
=1 =3

ueraoenued llsaungungil 200 ¢ TaomsnsgduliinmswiaTuUsfudae wnuea TasAuda
= ' o o -~ = = o [ v ]
nanoanuonmaagnihu i i gnsuazasnaeuivnssuveseu leinanailsing i Tl
= £ w 5 = 91 ] = 4 =y c;’.:
wufangsuvouen Tl duindeaiudh ldmmsonamenled nimngaidumanaluszuy
] . Yoo - o A 4 =
Asfar W E  colinez P pastoris TnvazdeslimisAnwiduaduiiolimusonin

=5 = ks = P 1
Saentiuiuinuangailnm Ty host Az aune i



Abstract

The cDNA encoding transglutaminase from Nile Tilapia (Oreochromis niloticus) liver was
cloned and sequence. The cDNA sequence consists of 2,493 or 2,594 nucleotides depend on the
37 UTR.  The ¢DNA encodes an open reading frame of 2,091 nucleotides coding for 696
amino acids. The amino acid sequence of Nile Tilapia liver TGase showed highest identity of 78%
with TGase from red sea bream. The catalytic triad of Nile Tilapia TGase consists of Cys 272,
His 332 and Asp 355 similar to the red sea bream TGase. The putative active site Cys 272 of the
enzyme was conserved between the two species. The calculated molecular weight of Nile Tilapia
TGase is 78.9 kDa with an isoelectric point of 6.31. Recombinant Nile Tilapia TGase was cloned
in to pET 32 (a) plasmid and expressed in E. coli at 20° C, induction with IPTG. The total protein
was extracted from cell pellet then purified with Ni-column. TGase activity was assayed by
incorporation of fluorescence amine (monodansylcadaverine) into N, N* dimethylcasein. The result
shows that TGase activity was not found in . coli so the expression system was changed to yeast
system. Recombinant TGase was cloned in to pPICZOB NH8 and cxpressed in P. pastoris at
20° C, induction with methanol. Toal protein in the medium was purified and enzyme activity was
assay. But the result show that TGase activity was not found, so recombinant TGase was not

produced in neither I coli nor P. pastoris system.
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GATCCAAGAAGGAGAGAGAAGTCTACGAGAAGGCGGGGLGTCGGEGTGACAG
5 K K E R E VvV Y E K A G R R V T D

ATGTCCCCAGTGAGAGCTCAGAACCAGGACGACTGCAGCTGTCCATCAAGC
v P 5 E 8§ 8 FE P G R L Q L 8 1 K H

ATGCCAAGCCTOTGTTTGGGACAGACTTTGATGTCGATTATTGAGGTGAAGA
A K P V F G T D F D V I I F V K N

ATGAAGGAGACCAGGATGCTCATGTTCAGCTGACCATGCTGGCTATGGCTG
E 66D OQDAHV QL T ML A M A V

TTACTTACAGCTCTCTTCATCGGGGGAACTGCCAGAGGCAGACCACCACTS
T ¥ s 8 L H R G N C Q R Q T T T V
TGATGGTGCCTGCTCACAAAGCTCAGCAGGAAGTGCTCCGTCTGOGUTACS
M vV P A H K A Q Q E V L R L R ¥ D

ATGACTATGCCCAGTGTGTCTCAGACGATCATCTGATCAGGGTGAAAGCAT
b Yy A g ¢ v 8 b D H L I R V K A F

TTGTAGAGGCTCCAGGCGAGAACGAGCCCCTCCTGACTGTGACTCACATCC
v K A P G E N E P L L T V T D I P

CACTCAGCAGACCTGAAGTCTTCATACAGGTTCCTGGGAGGGCTTTTGTTT
L 8 R P E V F I O V P G R A ¥ VvV C

GTGAACAAGTAARAAGCTTCCATCTCCTTCACCAATCCGTTACCAGTTCCACT

969
308

1020
326

1071
343

1122
360

1173
377

1224
394

1275
411

1326
428

1377
445

1428
462

1479
479

1530
4946

1581
513

1632
530
1683
547

1734
564

1785
581

1836
558

1887
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EQ V K A 5 1 8§ F T N P L P ¥V P L 615

DNA: TGAAAGGAGGTGTGTTCACTCTGGAGGGTGCAGGCCTACTCTCTTCCACTA 1938
K 6 G v F T L E G A G L L 8 8 T K 632

DNA: AGATCCATGTTAGTGGGGACATTTCTCCAGGACAGACGGTGTCCATTGTGG 1989
I # v 5 ¢ D I 8 P G Q T V 8§ I V V 649

bNA: TGTCCTTCTCACCCATGAGGACTGGGGTGAGGAAGCTGCTGGTGGACTTTG 2040
5 F S P M R T G V R K L L VvV D F D #£66

DNA: ACTCTGACCGACTGAAAGATGTAAAGCCGAGTCACCACTGTGGETCGTCCGCA 209)
s b R L X D V X 6 ¥v T T Vv V ¥V R K 683

DNA: AGAAGTACAGAAATATCTTCCCTGRAAATTACTGAATGTTATTAAGTAACCT 2142
K ¥y R N I F P E I T E C Y * 686

DNA: TTAAATAATCTGAGACAATGTGACGTGTCCTGCTGAGCGGATGAGCRATCGA 2193
DNA: GCAATCAGCATCTATGTACAATARAACATGTTCCACATACATCAGCCTETG 2244
DNA: AATGTCCACAAATACATCATCGATARAGCATTAGTTITGARAGCCACTATGTGCT 2295
DNA: CAGGTATGAACATTTCTGACTTTGCATTATTATATTTTGCATTTTGTTTCG 2246
DNA: GTTTCACTGCGTTAGCCTCTCATTTCTTACCTTTGACTTTTGTTGTTTGGT 2397

DNA: TTTTCTGCTGAATTTTGGCGCCTGGCCGACAGTTTAGAGGTGARAACGGTT 2448

DNA: TCTAATTAAAGAAATTCTGTTTTTGTTTCTARRADARRALAALAADRALAN 2493
e 4

W300n IARLUNTls

DNA: .... similar to previous.... TTTTTTGTGTTTGTTTTTCA 2512

DNA: CTGTTTGTAATCACAAAGTTCAAATGAATGCACTTTTATAATATTITGTGTT 2563

DNA: TTAGCCAATATATAAAARACATATACAGAAAAAAAAAARAAAAARAR 2594

3 o o M o o o = = ~ o as
Ui 2 vemsdrrviingle Induasdidunseosii Tuvemsuangaiiuainannnd wy
= = < i = ' a1 a o
ihndlelng Tasmuimasuuansds daudusalin3e (catalytic traid) ¥oan311-

e é
angaNInIe F3lsznoudin Cys 272, His 332 uag Asp 355 ( A)
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Tilapia MANHEGLISDVDLRSRENNSARHTRET DOKRLTVRRGOPFSITLOCHNGSLRPRRRLDLVL 60
red MASYRGLIVOVHGRSHENNLAHRTREIDRERLIVRRGOPFSITLQCSDSLEPKEHLELVL 60
KN gk kk ok a Kk ok kd ko kokokkky ckk kXK ARG RN R AT AR R ko ko okkk gy ko
Tilapia HLGKRDEVEIRVORERGRGDEAWFRQOGADDEMLLTLHSPADATIGRYSLAVLLMEPDGR 120
red HLGERDEVVIEKVOREHGARDEKWWFNQOGAQDEILLTLHS PANAYVIGHYRLAVLVMSPDGH 120
FHR K KR EK Kk Fkk s kw kkhwhh ok kh ok hd kkk ok ko k ok kR ok ok h ok ok ok kk hk
Tilapia ILEKKDEMSFHLLYNPWCHDDVVYLPDETOQLQEY IMNEDFI IYMGTWEY ITKSTHWNYGQF 180
red IVERADEISFHMLFNPWCHDDMY YLPBESKLOEYVMNEDEVIYMCTWDY IRSIPWNYGOY 180
LA R L RS EE AN CENE LS LT RS LS NERE Y EEEEEELNEE NS ok ok kx
Tilapia FOYYMDICPEVLNESNDALRNSQMDIEQREDPVYVSRI T AAMVNSNDDRGVLTGRWTERPY 240
red EDYVMDICFEVLOPS PAALKNSEMDIEHRSDPVYVGRTITAMVNSNGDRGVLTGRWEEPY 240
R N B Fhoaookr o kEda ok KkkEE ok Fockkwdokk dkakkEakr Fak
Tilapia SOGVAPYOWTGSVEPILRQWSKAGVRAVEYGQCWVFAAVACTVLERCLGI PTRLITNESSAH 300
red TDGVARYRWTGEVPILOQWSKAGYRPVEYGQCWVFAAVACTVLERCLCIPTRPITNFASAH 300

DR R R R A S R R

Tilapia DVDGNPSIDFLLDENLQPLESRGGRDSSWNEFHCWYESWMRRDDLPRGNDGWOQVLDPTPQOE 360
red DYVDGHLSVDFLLNERLESLDESRORSDS SWNFHCAVESWMEREDLPEGNDGWOVLDPTEQE 360
kR A F ko kRE ko k ko k4 R R R TR L R
Tilapia LSNGVFRCGPCPVTAIKEGNLOVRYDAPEVFAEVNADI THWIVQORNGQRRRKIRVDHATVG 420
red LSDGEFCCGPCPVARTKEGNLGYRKYDAPFVEAEVNADTIYWIVQRDGOQRREITEDHASVG 420

ER RN I R R A B A R i L I A R *:****.:****** E I

Tilapia RNISTESVYGDEFRDDVTLEYREYPEGSKKEREVYERAGRRVTDVESESSEFGRLOLSTIKHA 480
red ENISTRSVYGHNHREDVTLHYKYPEGSOREREVYKRAGRRVIEPSNEIABQGRLOLSIKHEA 480
:***i*****:.%:****%**?k***:******:*%*****: ._* :* *okok ok ok ok oF ke ok
Tilapia KPVEGTDEFDVIIEVKNEGDQDARVOLTMLAMAVTY SSLHRGHCQRQTTTYVMVPAHKAQOE 540
red QPVEGTDFDVIVEVENEGGRDAHAQLTMLAMAVTYNSLRRGECQRETISVTVPAHKAHEE 540
:*‘k****’}**'k:***i’**‘:***.i**********‘*i::#*:‘}r**:* :* *****‘k::*
Tilapia VLRLRYDDYAQCVSDDHLIRVEAFVEAPGENEPLLTVIDIPLSRPEVFIQVPGRAFVCEQ 600
red VMRLBYDDYWRCYSEHHLTRVEERLLDAPGENGPIMTVART PLETPELLVOVIPCKAVVWED &00
*:**:****_:*%*:.iﬁiiti*:::*i*** *::**:;**** **:::****;*_* *
Tilapila VEASTSEFTHPLPVRPLEGGVETLEGAGLLESTKIHVSGDISPGQTVSIVVSISPMRTGYRE €60
red LTAYVSFTNPLPVPLEGGYFTLEGAGLLSATQIHVNGAVAPSGRVSVELSFSPHMRTGVRE 660
-_* :*t*****i**1*************:*:***.* ;:*_ ‘**: :******i****
Tilapia LLVDFDSDRLEDVEGYTTYVVVRKEYRNIFPEITECY 696
red LLVDFDSDRLKDVKGVTTVVVHKKYRSLITGLHTD- 695

LR A I P S

1 td

311 3 uanINa alignment Y04 NIUENGAITIUAIN A (MInaneeil) nagavniuag
(AAB35370) TneumAuuuaasda dauf 33 (catalytic traid) YDINTIUENGAIUE
A91l32NDUNIL Cys 272, His 332 48% Asp SIUTDITHMADILAALES V5190 calcium

binding site



Nile

red

chum
zebraiish
chicken

Hile

red

chum
zehratish
chicken

Nile

red

chun
zebrafish
chicken

Mile

red

chun
zebraflish
chicken

Mile

red

zhum
zebrafish
chicken

Hile

red

chun
zebrafish
chicken

Hile

red

chum
zebrat ish
chicken

Hile

red

chun
zebrafish
chicken

Nile

red

chum
zehrafish
chicken

Nile

red

chun
zehratish
chicken

MANHK GLISDYDLRSRENNSABRHTREIDQK
HASYK GLIVDVHGRSRENNLAHRTREIDRE
HTDOH GVFHGHDLLCOVNSHAHRTEEKDVE
HAPOVSAGSPHAGSURECRPSGASCOERVOCOWLSSITSDYDLOCYERHH AR TEENDVE
MAEETL —— VLETCDLQCERNGREHRTAEMGSQ

RLIVRRGQPFSITLQCHGSLR—PRHHLDLYLALG~————— KRDEVEIKVQKERGAGDYY
RLIVRRGQPFSITLQCSDSLP-——PXEHLELVLHLG—————— KRDEVVIKVGKENGARDEY
FLLVRRGQPFSLALQUHTTLP——FPKHKLAIILHLG——~—— KEGEVVVKYLDARAGRDKW
RLLYRRGQPFSVVLQUTEQIPQLPDHQINLILHLG—————— KRNEVVLEVSDSEQDPGKY
QLVVRRGQPFTITLHFAGRGYEEGVDKLAFDVETGPCPVETSGTRSHFTLTDCPEEGTMS

R X2 TR R

VENGOGAQDEMLLTLHSPADAI IGRYSLAVILYSPDGRILEKKDKHSFHLLYNPUCK DY
YFNQQGAODEILLTLHSPANAVIGHYRLAVLVHSFDGHI VERADKISFHHI FNPUCRDDY
UERQQGAQSEVLLTIHSPADAPYGLYSYTVLLLSFDGHILEKTTPETFYLLFNFUCKADS
WFSQRRAQGEVMLTLHSPADAPVCLYSHTVYLLSADGEIQEQTSPOTFYLLFRPUCKEDDC
AVLOQODGATLCYSLCSPSSARVGRYRLT——LEASTGYQGSSFHLGDFYLLFHAVHPEDA

.o P L N S [ * . * WX W *

VYLPDETQLOEY IMNEDGI IYMGTVEY IKSTHUNYGOFEDY YHDICFEVLNNSNDALRNS
VYLPDESKLOEYVHNEDGY IYHGTUDY IRSIPUNYGQFEDYVHDICFEVLDASPAALKNS
VYLPDEELLEEYILHERGLLYQGSHDGISSLPUNFGOFEQDYVYDICFEILDHSPAALTHR
VYLPSEEMLQEYILNENGILYQGAWDDITTVPUNFGOFEKDVYDICFDYLDNSPAALENS
VYLHEEDERREY?LSQQGLIYMGSRDYITSTPUNFGQFEDEIIAICIEMLDIHPKFIRDQ

E k. JER o % % R R ONERNM O = R . 3*
CHDIEQRFDPVYVSRI IAAKYHSHD-DRGYLTGRWTEPYSDGVAPYOUTGSYETLRQUSK
EMDIEHRSDEVYVGRTITAMNYHSHG-DRGVLTGRYVEEPY TDGYAPYRUTGSYE I LOQUSK
ENDTANRADPVYVSETITANYHAND-DLGVYSCRUDGKYDDGYPPTRYTGSYPILRRVSE
ENUDIFRRASPVYVSRTITAHVNAND-DRGVYSGRUDGEYSDGY APTRUTGSYP I LRRVSE
NIDCSRRHDPVYIGRVVSAMVHCNDEDHGVLLGRUDNHYEDGHSPHAWIGSVDILKRWRR

DR RXE: E O EREE K OE NN KER ¥ O % M KXW HE: K

AGVRAVEVGQCUVFAAVACTYLRCLGIFTRLITRFSSAHDVDGRPSIDEF LLDENLOPLES
AGYRPVKYGOCUVFAAVACTYLRCLGIPTRPITHF2SAHDYDGNISVEFLLHNERLESLDS
AGRORVRYGQCHVESGY ACTYLRCLGIP TRPV THYSSANDTDGHLNY DY LYDEQLESVSE
DGGOKVRYGQCWVFTGYACTYLRCLGIPTRCITHYSSAHDTDANT AVDYLYNDQLESYSE
LGCQPVKYGQCWVFAAVACTVHRCLGVPSRVVTHYHSAHDTNGNLVIDRYLSETmeHEE

* oW **xir** 22 SR 1T B IE B T 3 2 I 3

RGGRDSSWNFHCUVESWHRRIDLPKGNDGYQVIDPTPQELSHGYFRCGPCPVTATKEGHL
RORSDSSWHFRCHYESYHSREDLPEGNDGHQY LDPTPQELSDGEFCCGPCPV AL IKEGHL
—-GREDMIWVRYRCUYESWHDREDLPEGYDGWQATLDPTPQERSDGY YCCGPCPVKAYRDGDY
—GREDTIWNYHCUVESWMKREDLPEGYDGWQVLDPTPOERSDGIFCCGFCPVRAVEKEGEY
RRSTDMIVNFHCUVECYMTRPDLAPGYDGWQALDE TPQEKSEGYYCCGPAPYEATKEGDL

HORNEERNN KN N N N EREE AERERHRE N . EEX XX X%

GYKYDAPFVFAEVHADITHWIVORNGORREIRVDEATVGRN ISTKSYVGDFRDDVTLHYE
GYRYDAPFVFAEVHADTIYWIVOKDGORRK I TEDHASYGKN ISTKSYYCHHEREDVTLHYK
GMKVDAAFYFSEVNADLVTWIVHPDGORSQVSLNQNTYGQNTISTKSYYGDYRED I TKHYE
GLKYDTPFVFSEVNADLIVYIVHPDGDRSEVSONSKI IGRE ISTESYYGDFREDITANYK
CVOYDIPFVFAEYNADYVYWIVOSDGEK — KKSTHSSVVGKNISTKSVGRDSEEDITHTYK

CRM | NNERANNN O RHEN R . T WERENN TR XX

YPEGSKKEREYYEKAGRRYTDVPSESSEPGRLOLSTKHAK-PVEGTDFDV I IEVENEGDQ
YPEGSOKEREVYKKAGRRYTEPSHEI AEQGRLQLSIKHAQ-FVFGTDFDVIVEVKHEGGR
YPEGSYKEREVYEKAGRQVTOPRGA-——-PGOLELKIKHAG-ALLGTDFDY IVEVHNVGGE
YPEGEMKEREVYKKAGRQVGOKKDG——-PGOLELFIKHAP-ATHGTDFDVI TEVYNAGRE
YPEGSEKEREVFSKAEHEKSSLGEQ———EEGIHMRIKLSEGANNGSDFDVFAFISNDTDK

AHEXNK HERRK X * . W - LR RWEE 2

DAHVQLTHLAKAVTYSSLHRGHC~-ORQTTTVHVPAHKAQQEVIRLRYDDYAQCYSDDHLI
DABAQLTHLAMAVTYNSLRRGEC-QRKTISYTVPAHKAHKEVMRLHYDDYYRCVSERHLI
DTPAQLTVTSHAVTYNSTHRGEC-HRKTASLTVPAQKAHKEVLRLRYDHYGACYSERNT I
DTDAQLTVTSHAITYNS INRGEC-ORKTTSLTYPAYKAHKEVIRLOYDHYGACYSEHHKI
ERECRLRLCARTASYHCEVGPOQCGCFKDLLELSLOPHHEQSYPLRILVEDYGENLTODNNT

N i s T - S N N

142
142
142
174
147

202
202
202
234
207

261
261
261
293
267

321
321
321
353
325

381
381
380
412
s

441
441
440
472
444

500
500
496
528
501

553
559
555
587
ELS
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Hile RVEAFVEAPGENEFLLTYTDIPISRPEVFIQVPGRAFVCEQVEASISFTHPLEVYPLEGGY 619
red RVKALLDAPGENGPIMNTYANIPLSTPELLVQVPGKAVVWEPLTAYVSFTNPLPYFLEGGY 519
chun RVTALLOVSGQPEVVIGEYNIQLSHPQLAVEVVGDAVVSRELIARISFTNPLPITLRGGY 615
zebratish RYTALLOPNDODHLILOETHIPLKYPATHVKIIGHATVSRELTARISFTHPLPIHLOGGY 647
chicken EVVALLTEVETGDSYVVAIRDVVIQNPEIKIRILGEPHOERKLVAEIRLYNPLAEPLRNCI 621
1% X L oL ¥ o0 * R S ot *
Nile FTLEGAGLLSSTR IHYSGD-1SPGOTYSIVYSFSPHRTGVRKLLYDFDSDRLEDVEGYTT 678
red FTLEGAGLLSATQIHVNGA-VAPSGKVSVELSFSPHRTGVRKLLYDFDSDRLEDVEGYTT 678
chun FTVEGAGLTAAREIQAPDD-IGPGREVEVKLSFEKPTRAGLRKILMVDFDADRIRDVEGIAT 674
zethraf ish FTVEGACLTEAREIKTHGE-IESGOTYTVEFSFKPTRAGLRKLLYDFDSDRLRDVEGEAS 706
chicken FYVEGAGLTEGQRIEELEDEVEPQAEAKFRHEFVYPROAGLHELHVDFESDKLTGVKGYRH 681
E N X & 3 % Lo : B R R S o S N L WM
Nile VYVRKEY RN IFPEI TECY — e e e e e e i B985
red YYVHKKYRSLITGLHTD ———— — 695
chum LIVEHK e e e e e e e 680
zehrafizh YIVRTRHRHSPVKHGTSMDSSLTAAQIREEFIDEFVRREEHOYVHESATIPIDDPTLLEAN 764

chicken VIIAPLPK 689

317 4 Eraanan139i multiple sequence alignment 489 aifia, darnruuas, Yawwanou
danate uaz 10 mud1do Teeaumfouuanads @3uf 134 (catalytic traid) 309

~ ‘é
nIAngRIIE Fe1lszneufae Cys 272, His 332 Az Asp



A
YN 3
= T 4;
NITYAIUN 2
! = d =Y =y Gl . R .
msHanInenuuuRn wangmduaonatialy Escherichia coli
= =Y =) 9/ =
3.1 lnauBunsuangmiliniaaimlariadhwaiadia pPET 32 (a)
3.1.1 A5MInaaes
Tnaudunswangaiiiuasndamiiadwarade pET 32 (2) 1ao amplify full length
P 1 N 9 o ¢ o A bt e o ar = =
cDNA #1981 pGEM-T-casy (cloning vector) #38lwsSwasdumeimondeiudiay tanale-
o o c\sj ::u q’j oy =% 4
Indvonou lmidaiuwiz (Veol, Xrol) MntuGaiawaaile pET 32 () uaz Sudio il
o = =l { s al ° 4 Fowr @ .
Neol uny Xhol ihwanailauaztuidandwimaieurofudiomulod T4 ligase 1825
4 . . o @ A A Yo 1 = -
transform {7 E.coli strain Top 10 Tavinsaadon ITnaud ldTunises wanaila vu LB plate Y1
= voe oA A Yo oA 0w A @ - A o
i ampicillin #awey Aaden lnaui 1a5umsaedu lumdduwaiedatunamsdounanu
=Y =% o P 9 . & 1 I'd a
westuney waaiie ludunuigndes Lozgn reading frame Taold Iwswed 17 promoter uaz
17 terminater 11n15 sequence
MINT wansform NI UAngMdaluwmaiia pET 197 expression host (origami) IRum
nsRaon Inauh lasumsorowaaiie v LB plate il ampicillin + kanamyein + tetracycline
3.1.2 HanisnanesazIn el
R a 9 < <o ¥
11015 amplify full length cDNA N1841% pGEM-T-casy A0 Insiuossuwizezld PCr
¥ W -
= =Y [ w = a
product FUVUIA 2.1 A lata waInnITAaRanataia pET waz dudis ou'lal Mool uay
Xhol tmaafiauaztufidaudmiimadieudodu 18139 wansform 11 E.coli ¥msfnidon
ot a 1 -~ ° o a0 4 g/ A s
Tnauh lasumssiowaradia laemsai colony PCR #98 Insmwedswmnziie1d Tnauildiums
1 =} E 2 g ar =Y A ' a w el o 0w o
owdudn liSahnsatewaradafod mddoindlelng  wamsmdwumanui oy
=y 4 ] Qs 3 g =)
wiuangamiia ldrouaodiiy pET 1890 reading frame (311715) 11AiuTaiinms ansform
nimangmiliualunwataiin pET 161 expression host (origamilifondnnsiuangaiinglu
E. coli #1011
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His-tag
CTG GCC GGT TCT GGT TCT GGC CAT ATG CAC CAT CAT CAT CAT CAT TCT
TCT GGT CTG GTG CCA CGC GGT TCT GGT ATG AAA GAA ACC GCT GCT AAA
TTC GAA CGC CAG CAC ATG GAC AGC ESA GAT CTG GGT GAC GAC GAC GAC

) 0

TR e

e i e _ GAG CAC
CAC CAC ACT GAG ATC CGG TGC
His-tag

3191 5 HAM3 sequence tan1 SrAUAVORUNTWangmTualu pET waraiia Tasdidu

= = ﬂ':’; v = = N Y 1=
imale lnafieg lunseufmfedduiuavesmsmanga g
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3.2 mandaIneudiuuninsuangmainglu E. coli
3.2.1 I5mInaans
[~ =1 et = £ o = A ~ o F=
fion Inauiimnuangaiiuadunnimsinensnaaineuduuuinsuangmiiua
o ° { $ T : o
Tu £ coli 1uu 2 Taau thisaun 1dnidealuems LB + ampicillin 513 3 ml o4y
cf P = 3 = 1z o AN
starter 1HBANQUNUYN 37 © C, 200 rpm TWAY AdUILH 1 % starter N 1AM Tuasluavns LB «
4 ] * )
. = A = =3 w o "
ampicillin U303 15 ml Bosfigamgii 37 ° €, 200 rpm 1ilurnar 3 5 Tuadio Iiwadiniyois
o et 3 4 oy i 1 o
Ui 1339 induce A998 1 mM IPTG nimiuie 18 TUsAuR 14 folding athagades Talfune

o~ d N o 4 o
Qmﬁﬂ”ﬂﬁﬂﬂu 20°C Iﬂﬂmﬂﬂm]ﬂﬂu AOHITMINTTINIHYAD

L) o
3.2.1.2 HaMsNARe Az 39150
. 4 : Ay v . ~ = & o = dl
winsaeslaaud d TaenSouniouanumnsolumssdaeu lmidy conrol Fuily
. . Al 9o 1 = toally res @ 1 & oa % A g ar e
origami N Idsumsshewaradad i lilimsdadeiudud lidedludaiugy  Tandssly

o 1

T S S ' . Y s v A <
81%117 LB+ ampiciltin LW@GLHL‘]@W?TQJU N019% induce 9138 IPTG L“]iﬁﬁ‘ﬂ‘lﬂ‘ﬂgﬂﬂu'lll’m‘lfw@ﬂ&w\?

i = o o '

=70 °C (e 1 $9luwdaagmi break cell woMDIAIN Soluble LAY Insoluble 11
v S o o ¥ &) -~

a3 NensTuveueu leduazi SDS-PAGE 1oe91nn e 19w aiia pET-TGase A73957)
1 . = o al] 3o =2 g < o o

M561519 recombinant 1t5Aumeluwad 1 lddoonuiuenaad seimsfummizadiazi

o b o 3 o P [} =y
nsnaasd laei Idratuennduiu T1sAuna 1 Soluble 1182 Insoluble IVIRINNTITHVD

o larsl

ooy .d
322 ﬂ’t‘iﬂ‘i’ﬁ)’éﬂﬂﬂﬂﬁ‘i?&“ﬂ@)&!ai&l’lﬂhﬂ

< Y1
3.2.2.1 gUnsames I snnass

k4

a AN ¥ g ’ Py A A A = o ol
uqicﬁﬁﬁﬂqﬂﬂﬁﬁuﬂhTﬂulﬁQH@ﬂ 4000 rpm , 20 YN NYUNHYN 4 ° C u1ﬂ$ﬂ'ﬂu&°ﬁﬁﬁ“ﬂulﬂ

1
= ]

= o @ 1 o i =% .
wh 70 © ¢ unm 1 9 Tue newszinaraeigunnives uduAY breaking buffer (WD

a

6’:? 3 a . A 3 4 Y 2 v =
aratunenetmadiuyl 9wl sonicate e liraduan waasui i eswnmy

duiitluveunad (Soluble) DBNVINALADUINAS (Insoluble) ﬁ@iéﬁ]tﬁTﬁﬂﬁ@ﬂﬁ’]HN?@ﬁ’ﬁﬁﬂ
Aonssuvoueu Tl

Tu reaction 7oy 14 5pRanssuveneulodilszneudis 15 1M monodansyleadaverine |
I mg/ml N-N’ dimethylcascin, 3 mM DTT, 70 mM Tris-Hel pH 7.5, 5 mM CaCl,, 13 reaction ‘?l
370 ¢ 5 udh i eu e deinsda 100 ul fourinllaiui 37 © ¢, 10 W HaZHYA

&soa ¢ o W o o
UfnTAe s mv EDTA sowih lasieianenssuve el
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o o o ¥ o . .
m‘imamwmﬂﬁmmmu%u wlEnanms meorpovation Y93 fluorcscence amine
¥ - 4
{monecdansylcadaverine) A1 N, N’ dimethylcasein Tagae AMIALIUYDY fluorescence Tae 14
fluorescence spectrophotometer N excitation wave length 350 nm U&1% cmission wave length 480

nm

d
3.2.2.2 HANISNABDINALIDITL
Y=Y o 1 = A = 3 =Y &
namsiafanssusosen leiwuhmamangmimainda 18 bitifvnssuveae ]
{ ar 3 as i 9 (3 a ] = =
Slofouiy control Aenaludiediany control Tma lidisduidldvinisaswiingizsi lalsau

#7t SDS-PAGE #1011

3.2.3 M3ATI9IANEH AU 1835 SDS-PAGE
3.2.3.1 M snanod

117 Tal5AudI1 Soluble 1ag Insoluble MINANFY dye + mercaptoethanal Apuilldw]
100 ° €, 10 @ udr Inaauy 15 % SDSPAGE fuadont Tassuft 120 Thad 2 F2lns Aou

o 3 3 . A Y Ay I~ .
UIN8BY P8 coomassie blue ANAU UDS DINTIDY Lﬂu!ﬂﬁ’] 30 min

4
3.2.3.2 HaM3neaeaLay I 1ol
= I's o et 5 = =] A
PNMINTI AT 15AUAIT SDS-PAGE dhiimseialusduaz ldunufiiunia
Useanm 110 KDa (ﬂﬂuﬁﬂgﬂ"lﬁmﬁ 87.9 KDa + thioredoxin band 22 KDa) c?ﬂwamammm
= r A ey a ' ' ' PR . 4 4
(519 6) nuhhuon Tlsdundvnadnmasyludmiidn Soluble protein (NsoUTMTLY) 1Az

Ed
WULAUUDA thioredoxin WU1A 22 KDa 11t induction control (Rne5%)



23

116 KDa —»
66 KDa —»

¥ o Y = =y '3
717 6 Wam 311 SDS ~PAGE %84 soluble protein fi A9 INMIWARTABNDULUNN S ILTNGAT-
walu £ coli, 1; protein marker. 2; Taau1 un-induce. 3 Thaul induce. 4; Taau? un-
induce. 5; Taau2 induce 6; control un-induce. 7; control induce
' Al ¥ 1oy = e oW = 5 qu .
parad lanwundinau Tdsdudivnasducou Tdsfudaulasay uncinduce  uag
'

R ! 1 =i 4 [=f oA o4 1
induce (lane2-5) e Tdwuua bt 1y control Faerailuly 187 uSa910 leak w24 promoter 71 aa
| . . A g ar o Y ! = ]
uoun WU control AB thioredoxin band Futlusa control M ldnT N szuumsHaa Tusauvag

v o
NARBITUYNAGE

T Q;j P =} =t dl 18 L}
Iud@ U949 insoluble Yuwuh Junvves lsaunaulausiisendnlu soluble

~ o R .oA ey 2N o
719 7 wam39h SDS ~PAGE 904 insoluble protein 1119 91nMsHasTRouduULRMI WA-
ﬂaumﬁmﬂu E. coli 1; protein marker. 2; nau 1 un-induce. 3; Tnaul induce. 4 Taau

2 un-induce, 5; Tnau2 induce 6; control un-induce, 7; control induce
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= o - et & 4
VIIHAMIATIINATIEH 1157 UAI7F SDS-PAGE 14 soluble 112 insoluble protein Lo
o =Y Eghl = = =4 4 = a . N T .
iuasgaiiweui IddusouvesTsAufoulensteims  purfy protein  Taoru Ni-
1 ¥
@t . 3 as . =1 (Y af . .
column 19e0178N1T bind V99 Ni-column AU His-tag NOYINNAIU N-terminal 1Dy C-terminal

yoe 119U

3.2.4 M35 Purify 1}5au Taonis1¥ Ni-column
3.2.4.1 3EM5NAD0I
MN1M13 equilibrate Ni-column a7 equilibrate buffer (50 mM Tris-Cl pH 8+ 150 mM NaCl)
W 1
VINULUIEIU soluble protein 1M TMaar U column @IUNHIY column BONNIADTHIU flow
£
through 2100139819 column A28 wash buffer (50 mM Tris-Cl pH 8+ 150 mM NaCl+ 10mM
5/
imidazole) Tnangahorze111sA108NY19IN column A78 elution buffer (50 mM Tris-Cl pl1 &+
. 2 oA I~ . ' o
150 mM NaCl+ 250 mM imidazole) InsuonivlsAuignyzeenuuily faction Aawaziiihl
~ o 1
IR3IYHAIY SDS-PAGE o'l

=, 4
3.2.4.2 HANINAADMATIDITOL
~ T 1 = s ] uﬁj 0/ 1
HB9INMS purify 15AUAIY Ni-column wu1wan lihfunndioeansaoing1agn
2 o & v ) '
FLEOROUIHUANWAN DU IL DIV UADUUDINT elute 8 elution butfer (%‘:ﬂ@'ﬂﬂ%ﬂiu flow through)
v:/ 1 =} ::{ ) = 3 14 = =} c:'c: . 1
twaaant histud lnonmanaalu £ coi Tiimsuangmiime1)sdunf His-tag w08
L =1 = 1 . . ‘I Y T

Aawsizalinisoziiy uouTlsAuludauves elution fraction (3111 8 1auh4, 5, 6uaz 7) du

P uij 2 . ) a d o =1 d'g P Lot =
wnunwy ludupaumsm SDS-Page 113auRtuLauues 1UsAUBUNT E. coli UNISHARBDNI

1 2 3 4 3 6 7

116 KDa s
66 KDa ————p ;

= . . S ¥ A - et = o a
59191 8 Man 3 purify sample protein 71 1891A% lAvIAMINGnTAauTuLLYnIWana ey
E. coli @798 Ni-cotumn., 1; protein marker. 2; flow through. 3; wash fraction. 4; elution

fraction 1. 5; elution fraction 2. §; elution fraction 3. 7, ¢lution fraction 4
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' 1 o 3 = ~
Tud11um3 control WUIFIWTD bind AU Ni-column 18 1312 control 1DeRl His tag W

1 e 1 . @ qg: =] 2 o . . uaz’
pgARAUAIY thioredoxine AatiuFudumouTisAuRTvaMWNY thioredoxine milloutunou

M3 SDS-Page $13du

116 KDa

3 i 9. AN Tpurily control protein A1t Ni-column, 1; protein marker 2; flow through. 3; wash
fraction 4; ¢lution fraction I 5; elution fraction 2 6; elution fraction 3 7; elution fraction 4
v ;3’ 3 3 ) =] = 4
ﬂ']ﬂWﬁﬂ'l‘J“ﬂﬂﬁ@ﬁluﬁﬂuuﬂﬂﬁﬂﬂﬂﬂﬂﬁﬂﬂéﬂqﬂ'ﬂ ”lnﬁmmwamﬂawmmu‘wmm—
ey = o = = 4
angaiuanmiaiiialy £ cor 18 Sethnadluszuumseials@uleels P pasoris 43

< )
11 eukaryotic cell i
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NWITHFIUN 3
. ~ d = L) = d . . .
m3wansnenduuunnswangmmaanintmiialuban Pichia pastoris
41 mislaaviumauangaiienimlaliatinonaiia pPICZaB NHS wasmsihmanaiia
9) = =
pPICZUB NHS 12 unian
4.1.1 3Msnaass
Tnautunangaivannlaiadmeanaiia pPICZoB NHS Tag amplify full length
] p plify g
= ' . 3 o ) A A 19 o6 e = =
cDNA Noglu pGEM-T-easy (cloning vector) A28 lw5wessumzidiounetudwuiiong Te-
fu o c?;’ Y 3 =Y =
Indvauonlasidadunig (BeoRl, Sacll) vimiudanianaiaiia pPICZOB NHS uar dudie
o o o gy / o ¥ Pow Ed .
w1l EcoR1, uaz Sacll thwaiadauazBuiidaudnimsdounesudioenuTas T4 ligase
Y 2 3 . ] o A AN Yo ' =
HUAI99 transform 111 E.coli strain Top 10 lagiimsaaton lnaui ld5unisos walaia U
e . Vo A AV Yo ! o A 3 ey
LS-LB plate 11l zeocin wawed dadonlaaun lasumiowtiuldmsdumiadainians
A v ar = S o bt ¥ . w9 s o
doudenuvastuuay waradaluduniigndes uazQn reading frame Ieold ‘Infwes
O factor 148% 3 AOX lunts sequence
d‘i o = c{z-:!. = = (=] o Qs =
daldwaraile ppiczoB  NHS Al Bunsmangaiiuaeg Seiintsdanwaraiia
4 5 1 =Y [F= Y 1 °
pPICZAB NHS dutou tasd Prmel (Fensmmouudriludunsuangaiualildumssady
4 a9 _ Y e o g ) v
UD9 Pmel) 110 tinearized Waalial¥e13150 integrate 1971 3 TunvoBad £, pastoris 91011
Y e s Y ama . o @ oA AW Yo ' o
transform 1019 TMUDAARITT electroporation  1ainsAmasn Inauh lasumsaie waiaiia

Ao R LI 4 =1 a
14 YPD plate N zeocin Wetwieg Uutwani 30 © ¢ Munal 2-3 Ju

d
4.1.2 HAMSNARRW@RZ DT
X o Y ¢ 7o Y
AT amplify full length ¢cDNA mg“lu pGEM-T-easy #78 Twfieddumezaz1d per
a ¥
- =N ot ar o L= 4
product FUYHIA 2.1 Al UEINMIAANIWANANA pPICZOB NHS uaz dudle 101l
EcoRT uag Saclt thnaaiauazduidauduiims@oudony 1A199 transform 191 £ coli ™1
@ A AN Yo 1 I=9 £y 3 a o A g
nafmdon lnaud lAsumsmenardiia Inon13m colony PCR @78 lns s sumizide 14 1nau
= 9 as ' S o =& o LY = A‘I a 0w o o v A
vx"lm1.;msmawm"lﬂ%w.mﬁﬁﬂmmﬁmmam"lﬂwmmmuﬁ HANTIMIB AN

nuangmiiug lAdoudodnny pPICZoB NHS 149N reading frame

v
=4 = =Y

fif pPICZOB NH8 113 Bumsmanganiliueog 1o lincarized waaiialfienins
) L= = 4 . 3 9 4 =8 o o @ A P
integrate 191 3 TUNVOIBAR P. pastoris 1INUY transform 1919 Iuudad laavimsdadon Tnaus

a U =Y o . [ | a o [ 4 o
I95unistenaaiia Uy YPD plate 1l zeocin Hawag Yiwanh 30 °C iWunat 2-3 1 ifiosh
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ar Al ) e 1 = o 1 3 7o 1
msfadonlnoui lasumsoiowaiaiia laen1sii colony PCR A28 mswasswwiz wuhiaau

- = - [ I~ { 4 =y o = [}
fladauniwenganimaegiany Tnaui 1d Ve ldndnon ladniwangmiiadelu

His -tag
GCA AAT AGG TTC TCT CGA AAA AGA GAG GCT GAA GCT GCA CAT CAC CAT
CAC CAT CAT CAC _CAT GCT GCA GTA CGT AGA ATT | i

syttt

S

C TTT CT

His -tag
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TCA GAA GAG GAT CTG AAT AGC GCC GTC GAC CAT CAT CAT CAT CAT CAT
TGA GTT TGTA

510 10 WA sequence BN MADMUAVBIIUNS 1HangAEiua W pPICZaB NHS wanain

o w o el = o o o
Tavdiduilang le lnaneglunsenfimfedduavemsangaiia

) ¢ =y d (%)
4.2 mawdnspeuiimauymnuangmiinualudian P. pastoris Tz shake flask
4.2.1 minansnendauunnsuangmitinaluszdy shake flask

4.2.1.1 A5msnnana

o <n @ ¢ . 4 o ' o
W Taaun ldundoaly 100 ml BMGY medium %91 adesoadluuvdanisuowils

[ 1 a . 2 o o 4 ¢ =
197 2 1 NeuERINg induce A1 0.1 % Wyuea Hiuma 3 Suie lidadinisnaaonlas!

=

' 3 T
figoams TaaReangungll 30 °C, 200 rpm

d

4.2.1.2 HAMINARBIUDZINITOL

a JE A i~ ~ P o =t 4

Wimsasdgas 2 Teawisdiewsuanuaunsalunssameu lnivaziinisios

o AN Yo ¥ 1) 1A ' w : y =1 a
control FuiluBadn lafumssomaaiianlan hifinsdaaeFutudh lhiodudnunude

dy 1 R 3 o = [ [

Taatfealue s BMGY ouse induce 430 timuea vn 12 92 Tua sthanm 3 T luugadie
y o 1 ' a 1 1 ¥ R : = 1y o
Yuwaduensindaula souwhdulan 186 ultafiltration tHio concentrate TUsAURA Tan1d

3015 concentrate 111584 50 191 182393171 concentrate 10551 1 Sinszvide 1)

4.2.2 msaaaTanonsinveuonlasl
4.2.2.1 3FmIinaang

134 reaction ﬁﬂ:l%”iﬂﬁ%ﬂﬁsﬂmaamu%ﬁﬂamau@faﬂ monodansylcadaverineg, N-N’
dimethylcasein, DTT, Tris-Hel pH 7.5, CaCl,, 1) reaction cﬁEﬁ’ °C L‘]ﬂ‘ul’flm 5 W mﬂﬁ?mﬁm
o laihdoansia (ﬁmiﬁﬁgﬂ%mwﬂa@nmmmaﬁ) 100 pl newi laiuf 37 °C, 10 waft uaz
wyalniodie EDTA newiliasniatenssuvesuen T

misasaviananssuveaenlyl 1219mMdnns incorporation Y84 fluorescence amine
{monodansylcadaverine) AU N, N’ dimethylcasein Tﬂﬂ‘ﬂ&”?ﬂmﬁtﬁuﬁuﬁj@& fluorescence 198 19

=1 o .
fluorescence spectrophotometer ¥ excitation wave length 350 nm (4012 emission wave length 480

nm
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4.2.2.2 HamInaasauazioisol

Vo

w = o t =y A o o
wamsinfonssuapdeu laiwuimstuangminmainas 14 lilifions suupaou lan]

A @ A 3 ar ' Y w1 @ A o = P =
HUNY control ABNIIUAIBEINUAZ control FHHA IUAMNUTINIAIATIVIATIZN /58U

#785% SDS-PAGE

=) o A Y A
4,2.3 ﬂ]ﬁﬂi]ﬂ?iﬂilxﬁiﬂiﬂﬂﬂ?ﬂ?ﬁ SDS-PAGE

4.2.3.1 35015 n9004

L4

o o a v { { = ) '
Wadn 1ananuan1 e 4000 pm, 20 UIH Aadnnil 4 ¢ C §74904 supernatant

E] A

L]

1 i ot =i [ a H a
11111) concentrate 50 1 AURENBUART JaLaH -70 © C 1luan 1 9 Tue nauszihiuiasay
4 -

g} o . q Jr_’g} 3 =
T@ﬂéﬁhﬂﬂﬂ UAUAN breaking buffer Lﬁ@ﬁ%ﬁ'}ﬂl'ﬂﬂ@%ﬂ@ﬂl"ﬁﬁﬂslllllﬂ VINUULRY glass bead LL’g’J
o o A ¥ o Y R a9 y = ¢ a2
i1l vortex 20w e ldiadian uda9eh hitusaaanmrduituaeana (Soluble)
o

20 INASNOMHIYRHD (Insoluble)

IR concentrated supemnatant, Soluble Li01Z Insoluble WuA dyc ++ mercaptoethanol
' o 3 A g LA A e
aowi lddud 100° ¢, 10 W% udRs Tvanuu 15 % SDS-PAGE fued vy 1A Tavsuh 120 Thad

o J o 3t . - o .
2 47 T4 Ao wdoude coomassie blue #1991 Az 3198500311287 30 min

d
4.2.3.2 HANINANDIAZIDITD

= o = 9 ==t w o P
PINNTATIDAI1EH 1U5AuA875 SDS-PAGE Tunwuion Tdsauniivmadszinm 87.0

& g :} ar ) ~ Ay o
Kba Guthutiwiin lulanavesnsuangaiduasnilamianldoimidiuim

1 2" 3 4 5 6 7 % v 10

116 KDa
66 KDa >

= [ i ¢ ool = o =
11 11. vam3ei1 SDS ~PAGE. vpsatlsaudt Idannisnaniasuiuuuinsuangatiua iy
P. pastoris 1; protein marker. 2; Taaul supernatant 3; 1AAL2 supernatant. 4; controk
supernatant. 5; Taaut soluble. 6; Inau2 soluble. 7; control sobuble. §; Taaul

insoluble. 9; JA@WU2 insoluble 10; control insobuble.
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naradinaTehmsasnmsahaneagailivalussdy RNA  diofigaih

TyvuiaIM3 transcription W30 14

4.2.4 MmasmMITansangminaluszay RNA
4.2.4.1 38msnnang
o o = v o o g e o

#fn RNA Dnsadaitiunennu 13 iaeld TRIZOL saintiudunsisians cDNA laon1s
o uaj 3 = ar d
W1 RT-PCR 4111 2 AUADU YUADULINSIUNSTURT =Yt cDNA Ieald tom RNA 15y

| ¢ et LN - E

nuny daelwimosnidly poty T 91ntiind1 cDNA flduunuduauleg PR e lniued
o ="t ) 4 P=y ) g =1
Sumz Tasthiimsuaaseonvesou lsimsuangmialussdy RNA $uiu PCR product

A =Y o
Aldeziivuiedszina 400 adle lna

oy 4
4.2.4.2 HaMInNnNao-uas I

1 ] F
MAWINNANA RNA 31W1 RT-PCR W31 PCR product 1 14T u11a 400 e fariuieas)
lahmsfluaunsondaTlstuld 1d1dneunanns ranseripiion Savinidmsadans-

angadmelusedy RNA 16

400 bp

519 12, W gel electrophoresis Tumsasvapunsadmsmangainalusedu RNA

1; 100 bp DNA marker. 2; clonel. 3; clone2. 4; positive control
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nanaf 18Tadudywihmsit linynsedalaouduuinnuengmimaluszey
shake flask 81901910 5HAA TUsAu s eRufidesTy Tds@ui 185 lainnneliasaowy 14 3
wnmsnaadneuiuuuins mangaiualulad 2. pastoris Tusyaudanin orinyTun
Tlsanlfnmetizaieaould esnniulohlnaudldfmdeninimanin mrNa 14 79

MAInsessaa [sRumauangadue 19

=) = d =Y o [V Y] s
4.3 Mmspans aesinuunns 1uangmlnaluian P pasioris Wazaviamin
4.3.1 MamTeudunin woymsudanstuangmineludiin
4.3.1.1 FEMINARD

=t 3 di’ a as = g = o o o A

wisundusoasdanin TaomsivoiFebadmeriug Y11430  Alaunsuangen-

Hwaunsneglud luuonemisjuasluemisivad BMGY Y3ies 70 md i flask via 250
da) 4 = 3| @ ' ' - q; @ = P
mi. [Ausfigevai 30 ° C , 200 rpm flunm 24 ¥ 109 novesaisdoasdminuiia 2 fns Al
W
as = a ¥ s ar

9113 glycerol basal salt lumsninfigungl pH, DOT , 8031015190107, ANNAY, BanTs

AuaznInauaumsnade e s vuuaugudn Tusia

4.3.1.2 HANINADDY
a
@ Foog T
Jumsynanpetinszurunsviinazutadu 4 993 (MY Charoenrat, etal, 2005 Ay
= s ar o A =y =
TweiToniiuauysolises msuaaseonuasnskand ng Indaed Tag P. pasioris)
o A o= w &
1. Glycerol batch phase: WRMTHNIUEEA D LN ITHN ALY batch Tﬂﬂ%’ﬂufjﬂ
A ey a9 c:y ki o
ATLUIUNSEIDBEA 1Y glycerol 3uMUA IRoATZUMMIR e szanm 24 42114
o 2 e o o -
2. Glycerol fed-batch phase: IHuMTANTILIUAA [aamsuinUULANATE T 1oy
9 1
¥298192 M TAY glycerol 500 NTUADAAINI 12 Uafins/Gasvoe PTM1 trace salt WOuOY
¥ P
A3Vt 1E0na1 3.5 $2Tus
. . o4 ¥ Y= a 4 as =
3. Methanol induction phase: 1Hunisnszauliimamsndalisdulasnisninuuugiy
#1501115 1A8LAY 99.5 % methanol Al PTM1 trace salt #eruag (g davinA188a5 151609
o & s (] v w ol ¥ =1 1 o w
f1r e D adin 135 A% 9219 methanol 1Tl uuKaINIS UOU UALWAIIIU ATESUIUNYS
b3 3
Tutatilganlszum 3 ¥1lus
o o =
4. Methanol production phase: 1HN3ZUMWMIAUANASHAA T5AULULENE1D M3

q

TAg0Ify 99.5 % methanol N3 PTMI trace salt 12 Hadfias / Aninaung lagaiuny 6ains

H o

71 1,000 rpmy, pH 5.5 Uag gungil 20 ° ¢ nasvaunsiildnanlszuim 4 T newiimaifiy

a
sl
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S o & Yy o y 4 4 2 "
%"Iﬂuuﬂ’]ﬂ?'ﬁLﬂULLUﬂE%ﬂﬁ@Bﬂ'ﬂ}ﬂuT’H‘Nﬂiﬁf)ﬂ'ﬁ%}L!L‘ﬁ?UQVI 4000 rpm L?Juﬂﬁ‘] 15U

| - d g’ ar o ]
soneutnimdn ldnisaseaeudald

4.3.2 MIasainnansiuvousilal
4.2.2.1 35Msnaans
- 2 Qs =2 § aq 9 e . o t
i reaction Nz lFTanvnssuvouou Tmildvanmauas solution s97 18narind
4222 namsnaasuazIo1iol
[T 4 ¥ =y ci =Y I P= =y d
Ham3iafnsTuvauou linuhms wangmduainda 1A hiifenssuveuon lad

4 ] o o o =1 t
HeRoLAY control 3991N15015293R5 124 lilsAud g SDS-PAGE as

a o
4.3.3 MInT W wlsAud w35 SDS-PAGE
d
4.3.3.1 gilnsamaziEninanes
o ' ot ¢ L4 = ' o ¥ Y
ihietaon ladngnilunonsinaaduudy dye + mercaptocthanol  Rowii hAuR
i A 9 d'
100 €, 10 wH uda¥aInapvu 15 % SDSPAGE Mwdow'ld Tavldnszua’liiiin 120 Thad

= a ! ° 3 ¥ R ¥ oA ¥ S .
HJ“I«!&'J?H 2 Elﬂill\i ADUHIUTEDY $18 coomassie blue AL URE ANTHDY 30 min

o d
4.3.3.2 ARSI NAADAUATIVTT
= 'S = Sy = P
mﬂﬂﬁ@ﬁ’a‘ﬂ?mﬁ&’MI“.{ISQH@’JU’]‘E SDS-PAGE W‘ULLEI']JI?JEWL!%N‘U'L!"Iﬂﬂ‘iwﬂm 87.9

g a B ' i . = 1 AAw 3
KDa lngdtustiuua ey Faunuszdsingluaiaves induction phase Jemaduioviilderil

= o
M R RN G R TR ORI ELaRY

317 13. wamasin SDS ~PAGE vosTalsfuit ldnnnisrdes nedimuyinseangaiioe

P.  pastoris Tuszandamin. 1 protein marker. 2; Gly batch. 3; Gly fed-batch. 4; induction
phase dayl. 5; induction phase day?2. 6; induction phase day3. 7; induction phase day4. 8; induction phase
day 3.
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4 Ea = o =1 = a = a o
WoRgaiMimandansnangaima Tauei sehnmsdeszd Taomstn Western

blot Teeld His antibody i probe

4.3.4 M350 W0z 15A1G 1635 Western blot
o oy
4.3.4.1 giinsalitaziEnisnaany
o LA &
#1 SDS-PAGE law Ts@ugnuenTanldnszualvdh 120 Taad dlunar 1 42 lus 20
J= a ~ o 1 o @
wH nouRing wansfer Tlsauldaurunmmsu Taoldnszunall 60 ma Hunan 1 42Tue 39
o 1 B " . = o uﬁj
duwumnns il sAuey T incubate A28 blocking buffer Wuran 1 42 Tua vintiudiamu-
9/
ot I= at . . 'S '
WISHAIY TBST 10 WIH 2 a9 18299 incubate WWITUAIW His probe HRP- TBST working
= o o ' = 3 J
solution 11 1 49 Tue Jndurwuusund 19808 TBST 10 119 4 a54 AU incubate

(I3 HAY Super signal working solution (substrate} 3-5 TRLT

=Y d
4.3.4.2 HAPIINADD DL INITO
C?C!. ~™ ﬂﬁ'ﬂ d’! 1 s =
Tumsynaaeslll positive control 18 pfu protein 711 His tag 1auegiulUsiu nams
L] L L} 1 é 1) [ . = as o
naaoInu N uA 001w ULAUHAT  smear  toudImai i wRzGannITIAUYes  His

b3 9 '
3 ~ = at . . o o o ' = =] 1
Tunsmengadusa Tsfu AU His antibody Tasidhinsnaassdmvatons uananoonuni b

A9

};IJ‘lJ‘ﬁ 14. WAN1INY Western blot. 1; protein marker. 2; pfu . 3; sample. 4; control
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1 P dycsi r a o= = I's ay =
1AMINAaDI lUETIUN 3 ‘L!ﬁ]\ﬁhlllff'iiﬂﬁﬂwﬁﬂiﬂﬁiJ‘ULL“LI"Hﬂﬂﬁ?ﬂﬁﬂ@)ﬂ?hluﬁﬂqﬂ “IJEﬂMﬂ
=1 Qs 1 4 o c!g
Tutigd1d Tandahicnsemiaumgiunlda {oeeIndmnsoas19Wy mRNA Y033 MaNga -

Fale welmwsosss Tu an 1
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unylnazvoiauenuy

naendieaaud 1 awnsa TnauBumsmangaiiuannlmiiald Tasdudiuign
wlasraivne 2,001 fhadlolng dunlasvaiunieeziluld 6v6 & ndiduves
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Tuanavesnsanga-iivoninladiai ldnmsdnnadie 789 Alamasy wasis pl
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nasTodand 2 mssdsirentiuuinswangmilenndariialu £ coli nuh
Tiamnsondans nouduuuinsmangmbivanndaiialy £ coli 183ohmsdluszuums
s 158U Tneld Badiily expression host s

VINIiea N 3 Mskdasneuduuuinsmangmiiuasinlariia luies 2. pastoris
Wy Bausondaiaentunuinsmangmilwannsdaialudad udhonmsasrouuds
WUhTINTa3 19 mRNA Aat

a 3 o A d 1 = = & i) 1 =
ﬂﬂuuﬁﬁ%tﬂuﬂﬂﬁﬂﬁﬂﬂjﬁNﬁ@]‘%ﬂﬂwﬁjlluu‘ﬂﬂﬁ’luﬁﬂ@,ﬁn\llﬂﬁu1%$Lﬂﬂ‘mﬂﬂ'§$‘ﬂ’nk

1 T
oy

. 4 g Aw =R ¥ 9 ¢ - @ a e = P
N137  translation cm'duﬁwwmﬁwmumme"lﬂtwaiﬂmmmwamaaummummwuﬁﬂ’gm

e host Mz anld
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Primer Design for Amplification of Transglutaminase Gene from
Nile Tilapia (Oreochromis niloticus)

Anantasak Loonchanta and Mariena Ketudat-Caims

School of Biotechnology, Institute of Agricultural Technology, Suranaree University of Technology,
Nakhon Ratchasima 30000, Thailand anantasak@@hotmail.com, ketudat@ccs.sut.ac.th

Abstract

Transglutaminase enzyme (TGase; protein-glutamine pglutamylitransferase, EC 2.3.2.13) catalyses an
acyl-transfer reaction between the y-carboxyamide group of peptide-bound glutamine residues (acyl
donors) and variety of primary amines (acyl acceptors), including the g-amino group of residues in
certain proteins with the subsequent results in amine incorporation, crosslinking and deamidation. Six
amino acid sequences of TGase from five organisms, which are Pagrus major (red sea bream),
Oncorhynchus keta (chum salmon), Danio rerio (zebrafish), Cyprinus carpio (common carp) and two
from Gallus gallus (chicken) were aligned by CLUSTALW program, The conserved regions were
used to design four degenerate primers for Oreochromis niloticus transglutaminase cDNA
amplification. The use of 3TGase_f and 2TGase_r primer pairs results in 1200 bp PCR product. The
1TGase_f and 4TGase_r primer pairs results in 840 bp PCR product, and 770 bp PCR product is from
1TGase fand 2TGase r primer pairs. All of the products were larger than the expected size from the
CLUSTALW alignment. The PCR products were cloned and sequenced. The total combined sequence
was then analyzed by BLASTX program and the results showed similarity to TGase gene but contain a
substantial number of extra bases. These extra bases were thought to be introns. The sequence was
further used to design primer for 5° and 3" RACE.

Introduction

Transglutaminase enzyme (TGase; protein-glutamine pglutamyltransferase, EC 2.3.2.13) are a family
of enzymes that catalyze the posttranslational modification of proteins by msemng an isopeptide bond
within or between the polypeptide chains. The reaction results from a Ca”™ -dependent exchange of
primary amines for ammonia at the p-carboxamide gronp of glutamine residues. Peptide-bound lysine
or polyamines serve as the primary amines in the formation of &(j-glutamyl)lysine or (y
glutamyl)polyamine bonds [1]. TGase can modify proteins by means of amine incorporation,
crosslinking and deamidation. TGase is widely used in food processing via its catalytic ability such a
gelation which is very useful in protein texturization. It is applicable in meat product such as
restructured meat, fish product such surimi which is widely used as functional ingredient in seafood
analogs, dairy product for example yogurt, soybean product such as tofu and yuba, and also wheat
product such noodles and pasta [2].

We are interested to obtain the enzyme by means of genetic manipulation using host microorganisms
or production of recombinant protein. From Worratao and Yongsawasdekul’s work, Nile tilapia
muscle has been found to contain high activity of TGase. Thus, we would like to obtain TGase gene
from Nile tilapia muscle and produce recombinant TGase by host organisms. In order to get the full-
length sequence of TGase, it is necessary to get the first small cDNA sequence. Consequently, the
objective of this study is to design primer and amplify partial cDNA of transglutaminase gene.
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Results

Figure 1 Result of alignment by CLUSTALW of six amino acid sequences from five organisms
which are Pagrus major {red sea bream), Oncorhynchus keta (chum salmon), Danio rerio (zebrafish),
Cyprinus carpio (common carp) and two from Gallus gallus (chicken). Four conserved regions were
used to design four degenerated primers (1TGase_f, 2TGase_r, 3TGase_f and 4TGase_r) to amplify

partial cDNA sequence of transglutaminase (TGase) gene from Nile tilapia, Oreochromis niloticus
muscle.

Table 1 Four degenerated primers designed from four conserved regions (figure 1) used to amplify
partial cDNA sequence of TGase gene from Nile tilapia muscle.
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< 1206 bp

1000 bp

500 bp

Figure 2 PCR product resulted from the sets of degenerate primers in amplification of
partial cDNA sequence of TGase gene:

Lane 1: 100 bp marker,

Lane 2: 3TGase f & 2TGase T,

Lane 3: 1TGase_f & 4TGase r,

Lane 4: 1TGase f& 2TGase_r.

Table 2 Comparison of expected and experimental size of PCR product from amplification of partial
cDNA of TGase gene by different primer pairs.
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Figure 3 Result of BLASTx of the total combined cDNA sequence (1,263 bp). The sequence
from Nile tilapia showed similarity to TGase gene from other organisms but contain a
substantial number of extra bases. These exira bases were thought to be intron. Sequences 1,
2,3, and 4 are chicken TGase2, Chicken, xenopus, and Human TGase, respectively.

TGGAACTTCGGGCAGTTCGAG

i GTTGGGTGETT

GTCCAGCCCCAGT
GTCTTTGCCGAGGTCARACGCC

Figure 4 The introns (grey highlights) and exon (black highlights) regions resulted from the
comparison of the cDNA sequence from Nile tilapia and other organisms by BLASTx. Blue
highlights show the position of four primers used.
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Disecussion and Conclusion

In the reverse transcription reaction to obtain the ¢cDNA, total RNA and primer 4TGase r were used
as the template and primer to synthesized the first stranded cDNA, not the poly A RNA nor the oligo
dT primer. The RNA template might have been the primary transcript prior to the splicing of
the introns. Therefore, the experimental size of the amplified product (figure 2) were larger
than the expected size (table 2).

From the BLASTx alignment (figure 3), there were three regions that do not match with the
TGase sequence. When the tilapia TGase sequence was spliced manually in silico, the
alignment show 61% identity match with the chicken Tgase (figure 3).

In conclusion, the four primers design from CLUSTALW alignment were able to amplify
partial TGase cDNA from Tilapia muscle.

Future Work

This partial cDNA sequence will be use to design primers for 3’ and 5° RACE to obtain the full-
length TGase ¢cDNA from Nile tilapia, Oreochromis niloticus muscle for further study and production
of the recombinant TGase enzyme.
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Cloning of Nile Tilapia (Oreochromis niloticus) Transglutaminase cDNA

kampong, O, "and Ketudat - Cairns, M. ?

‘Department of Biotechnology, Institute of Agricultural Technology, Suranaree
University of Technology, Nakhon Ratchasima, 30000, Thailand.
E-muail: Ormruthaif@hotmail.com _

“Department of Biotechnology, Institute of Agricuitural Technology, Suranaree
University of Technology, Nakhon Ratchasima, 30000. Thailand.

The ¢DNA encoding transglutaminase from Nile Tilapia (Orenchromis
nifoticus) liver was clened and sequence. The ¢DNA scquence consists of 2,4Y5 or
2.594 nucleotides depend on the 3" UTR. The ¢DNA encodes an open reading frame
ot 2,091 nucleotides coding for 696 amino acids. The amino acid sequence of Nile
Tilapia liver TGase showed 78 %, 59 %, 59 % and 41 % identity with TGase from red
sea bream, chum salmon, zcbra fish and chicken, respectively. The catalytic triad of
Nile Tilapia TGase consists of Cys 272, His 332 and Asp 355 similar to the red sea
bream TGase. The putative active site Cys 272 of the enzyme was complete
conserved between the two species. The Nile Tilapia TGase had an extension of 1
amino acid at the C-terminal region and some differences in the N-terminal region
when compared with red sea bream TGase. The calculated molecular weight of Nile
Tilapia TGase is 78.9 kDa with an isoelectric point of 6.31,
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