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Abstract

Enterckinase is a serine protease which catalyzes the hydrolysis of peptide
bonds at the C-terminal end of the specific cleavage mite (Asp):Lys. It retains full
activity in various reaction conditions, which makes it suitable for site-specific
cleavage of fusion proteing. In this research, cloning and production of recombinant

bovine enterckinase light chain (tEKp) were achieved.

Thai bovine and buffalo EK: gene amplification by RT-PCR and nested PCR
produced 708 bp PCR products, which encoded 235 predicted amino acids. Only one
amino acid mutation was found in the Thai bovine EK;. The obtained protein sequence
of Thai buffalo EKy in this research was closely related to that previously reported fot
bovine EK;. In the step of bovine rEK| expression and purification, rEKy, active could
be obtained from expression system using Pichia pastoris Y11430. The enzymatic
activity was detected in the recombinant Pichia fermentor culture supernatant during
the methanol production pbase. l.ow temperature production did not improve the -
quality of 1EK:, but did increase the yicld of recombinant protein. After ton exchange
purification, 433 mg/L of purified rEK; was obtained from fermentation under the low
induction temperature condition. The ability of tEK], to cleave a specific (Asp)aLys sité
of rice BGlul-thioredoxin fusion proteins showed thét fusion brotein was cleaved by
the purified rEXy from this research in 4 h at 30°C. The products of cleavage of the
fusion protein with commercial rEK;, and (EK; from this research showed similar

patterns on SDS-PAGE,
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1.4 szbpu35Idy

1.4.1. mslpautiu EX;,

wh Total RNA fasaldning 1d5uazanediuglofmivlii RT-PCR wdah
nested PCR Tavldinsmosfoonuulifanusumizdety BK, omuimaudioun
%1ﬂ1fuﬁﬂ¢i@§uﬁ;ﬂumﬁgﬂudnumm‘ﬁu EK; thduwaiaiin pGEM-T ecasy vector

g @ A o A @ 1 .:2’ =1 i v o =
(Promega) udam1ddutiona o Inaiteduduizufwwoniunsnoniluiy EK;, 134

1.4.2. miuanseonvonu EKy
n’.’ =] ) Yo B a A X B
wnInrugu EKp mnﬁ1"lm'mnqwmfrmmz“lﬂuﬂ"lmﬁﬂmen (expression vector)
=Y T 5 _ . ! ' [ N =
Tudrnuazlinsdwd iy (reading frame) figndes uazdrwndng P. pastoris Taudian
A
Taswoisdu  (electrophoration) IMiUTIWAGEUSTAUNITUAAIODNVRION EKy Inonis
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- minaaovfanssuveudulmildduasavigoas mudie Gly(Asp)sLys-p-
Napthylamide '
- pageunnvansalumsdaiadu ldsiuTaslddadu TUsAundoudeiudodumiia

w04 EKy, [(Asp)Lys] Seviavesniasomt 1Usaui I8nnmsdaaunsansvaoy1dlaold
SDS-PAGE
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UNH 2
av 1 A
T INN 1

mslpaudweimels lpiameady

kg o
at o 3o
asnaanadl 14 Inaytuewme 15 lnuaenedu (BKy) vindr 183 wozaneludszms
o r o a = = vl I ) = d a w o
Ty udniwemseudrauiang lo naf lduuieududwoinilo Indves hreneiugou o
o y o o or o vty 1 °
wazdniidesgndioundn 4 wila S5y EK vinanathueulnid ldeeiifladundeu T

o g & =2 3 o .
hdwuiand e Indves EKy, vesanadntuiinlugiwdoya NCBI e ldflumsisus
a0y
sz Towinaly

2.1 Yaagilnscinez33minnaes
2.1.15aqqlnvel
waadai1dluns TnauBufie pGEM-T easy 31nu54m Promega &11&Taumzaay
daugTefiuannnlssindad ga kit aiaoifiouefis Nucleospin RNA extraction kit
9110U58M Invitrogen @ulaiianuailflums TnaufunnuSin NEB
2.1.2 sonuuvlnsuad
Joyadrduilng To Indvestu EKy, 91n92lu GenBank (NCBI) gnldlumseenuun
IsweslumsdfivdSuadioweidudmvedy EKans desnnailidvesimazang
fanuindifuedu ﬁq‘t‘iy’u"_lwm'e'J%'ﬁ‘lci’f’“lumssﬁm”wmuﬁmmaﬁnﬂudaumm?)u EK; 918
ameia 19 Inswesimuasy Indwe R 19 lums vl Sinamouonniu EK, 1
2.1.3 afae14iuteranun (Total RNA)
1hérléuazanudug TeduaanaTsehdaifadBusaoanannds Fuftodo
Fandrlszane 30 Hadniu udaimnualiTnswuman mnuada Total RNA Taold
Nucleospin RNA extraction kit ifi1 total RNA # 18 1¥7igaimg -70 esmimaifiua
2.1.4 mslaaudu EKy
1h Total RNA fiasaldnnTuazaneliva Reverse transcription Tae 14 lnsief
Qr (1319 2.1) Fa9519 mRNA Wsiuw $11718 cDNA s PCR Taoldinsises
EK; 1 waz Qo (m319h 2.1) am@aoms nested PCR Taoldlwswosioonuuuli
A umIzAstu EKy temuySinaummedanvesdy EK, Ao EK;_2 uay EK;_3 (ms1efi
2.1) nntiugadesuoueiihidvodu BK, #1dandmiennadhfunaraia pGEM-

4 - a A - &
T easy vector (190 Promega) dadluInouflsnawmesusenaraianldlums Inautu amiu
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. ' . 3 . w o o
fsoneidng (transformation) wradid i wmvewwaiiSe £ coli awwug DHS0 uagins

o . {1} o ) 'dﬂz ] o = 3 o o
Sadon E. coli Nlasuwaadaniiufiouevesdu EKy unsneg woximaraiiail lilmddy
- oA o . q w 1 2 oa 4 t -

fanalaInA (nucleotide) WiotudunFudouenunsnogiiudy EK, 139 TaemsulSemion

yavasd1suilng 1o Indh 1évudoyalu GenBank

d ¢
naah 2.1 Joyalwswes

Folwimes suinalolng
Or 5 CCAgTASCAZARTEACEAREACTCaARCTCAAZC(T) S
Q S'CCAgTeAeCAEAgTEACE 3

EK; 1 5'gATgTgTgTCAgCTeCTegg 3°
EK; 2 5 ggg AATTCAgATTeTCegAgeAAgTgACTC 3’
FK; 3 5" ggCCgCepATeTAgAAAACTTTETATCCAC 3’

2.2 wamsnaaes uazIosaiNan1snanes

2.2.1. wamsinaniu EK;, 9107

wianasuSinadeuefidiuduvedy  EKL mﬂﬁﬂf’f"a’aﬁ"suaiaﬁﬁ’uiﬂﬂ
mafin RT-PCR (as nested PCR %31 wdasdaial PCR 7 18Tuntauszana 700 g ioim
mﬂﬂawﬁ PCR 1hg pGEM-T easy udnimsewdduiindlelndnud aunsasiu
Swuilndlelndld 708 qua uazannsafinneddunseeyiluld 235 nsaeziilu (U
2.1) mawansafisufiondiunseesdiTuvealsin  EKy  #l&snansd Sl Sudoyalu
GenBank wud1 §1dunsaesd TuitI@dnumileusuTalaiy EK. 95Ty GenBank 4
99% FuionSvnifeuirduniassi TuveaTusin EK, #laauldnnhluauisissat
GenBank accession number L19663 wudiilanuusnaremuiios 1 dwndsfo ngailiv
Aunieil 158 (glutamine, CAA) 932lu GenBank accession number L19663
Wasunlauiiu o3y (argennine, CGA) Fanulumnan3sei (gﬂﬁ 2.2) &awoms

wWamunlasdanainosnannnszuums RT-PCR uag nested PCR Tusznanams Inauiu
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+1:

DNA:

+1:

DNA:
+1:

DNA:
+1:

DNA;
+1:

DNA:
+1:

DNA:
+1:

DNA;
+1:

DNA:
+1:

DNA
+1:

DNA:

+1:

DNA:
+1:

DNA:
+1

DNA:
+1:

4 0w = o =
s 2.1 uaasdrduiind e Indvesiu EK. vintluanuidy

ar . I'nﬂl.ﬂ} ] 9w o = o o v I
uilaswer (Translation) uaasegiiduanvoidduidnilelng dumisvasdon

i Cor _3 o ' o 7 t
Bu (cystitine) fuaadlunaeadeanuia 9 dumdatfudumisiinmiiinnw

o o Y Y 4 . ¢ €
Pedesfumsadiafuselada’ld (disulfide bond) melulumna dumnsves

. ' ' ]

HOTWITI9Y  (Asparagines) 'vag,ﬂmm&'u“lsé’{m 3 MUY Li'flumammﬁmm*lm%
Y ¥ [ = =y 0’1 . o 1] = t:: kY
Modestumsiialnanedadu (N-glycosylation) mxmuwmnsﬂasﬂuwgmuu

14
awdmiie 3 dums !.‘i'ﬂuﬁumuwawmmssaﬂgﬂim (active site) voelutanm

EK.

= T o w o] ar w
vingdi 2.2 wamaliiindr SrdunsaozlTuves EKy vindafianundionfeduuinly

' 4 o v A = 1 aaa =t i
urazumas Tasmmwzduwmusiilusinouswiisevedlwana @adau 41, nsa uoawisan

92 uazdiu 187)
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ATTGTCGGAGGRAAGTGACTCCAGAGARGGAGCCTGGCCTTGGGTCGTTGCT
I v 6 6 85 D 8 RE G A WP WV V A

CTGTATTTCGACGATCARCAGGTCTGCGGAGCTTCTCTGGTGAGCAGGGAT
L Y F DD aogoQVvelkesns i v s RO

TGECTGETGTCGECCGCCCACTGCGTGTACGGGAGARATATGGAGCCGTCT
WL v s aa$vyyeRrRNNMEPS

AAGTGGAAAGCAGTGCTAGGCCTGCATATGGCATCAARTCTGACTTCTCCT
K W K AV L G L HMAS DN L T s P

CAGATAGARACTAGGTTGATTGACCARRTTGTCATARACCCACACTACAAT
¢ I ETRTUL I DOQIV I NP H Y N

ARACGGAGAARGARCAATGACATTGCCATGATGCATCTTGARATGARAGTG
K R R E N ¥ B I aM™MBHILEMEKYV

AACTACACAGATTATATACAGCCTATTTGTTTACCAGAAGAARATCAAGTT
¥ Y TDYIOQPTIfET?LPETEHNO QV

TTTCCCCCAGGARGARTTTGTICTATTGCTGGCTGGGGGGCACTTATATAT
F P PGRTIIESSTI=aewealdlL 1 ¥

CAAGGTTCTACTGCAGACGTACTGCARGARGCCGACGTTCCCCTTCTATCA
Q G 8 T A DV L QEAODUV P L L 8§

AATGAGAARTGTCGACAACAGATGCCAGAATATARCATTACAGARAATATG
¥ E KR CoMPEYNTITEDNM

GTGTGTGCAGGCTACGRAGCAGGAGGEGTAGATTCTTGTCAGGGGGATTCA
v aeyvyErEeaeevebpsdoeoso

GGCGGACCACTCATGTGCCARGARARCAACAGATGGCTCCTGGCTGGLGTG
G 6 P L M OQEWNINRWLIL AG V

ACGTCATTTGGATATCAATGTGCACTGCCTARTCGCCCAGGGGTGTATGEC
TS F GY QfFaLenNRrRZPGV Y A

CGGGTGCCARGGTTCACAGAGTGGATACAAAGTTTTCTACATTAG
R v P RF T E W I ¢ S8 F L H *

3
A o o

¥

51
17

102
34

153
51

204
68

255
85

306
102

357
119
408
13¢

459
153

510
170

561
187

6l2
204

663
221

708
235

=

U ARUNINDsY

Tunlannms
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Thai_cow IVGGSDSREGAWPWVVALYFDDQQVCGASLVSRDWLVSAAI{CVYGRNMEP 30
ARB40026 Kitamoto IVGGSDSREGAWPWVVALYFDDQQVCGASLVSRDWLVSAAfiCVYGRNMEP 50
AAR16035 LavVallie E.R._ IVGGSDSREGAWPWVVAL Y FDDQOVCGASLVSROWLVSAAHCVYGRNMEY 50
BAT84164 Tan H.D._ IVGGSDSREGRWPWVVALYFDDQQVCGASLVSRDWLVSAAE{CVYGRNMEP 50

ok sk hohkk Rk Rk kA Ak h ok kkh ko Kk ke kk dk ko k ok ok T ook ok ke k ko

Thai_cow SKWKAVLGLEMASNLTSPQIETRLIDQIVINPHYNKRRKNND IAMMELEM 100
ARB400Z6 Ritamoto SKWKAVLGLHMASNLTSPQIETRLIDQIVINPHYNKRRENND IAMMHLEM 100
ARAL16035 _LaVallie E.R._ SEWKAVLGLEMASNLTSFQIETRLIDOIVINPHYNKRRKNND IAMMHLEM 100
ART84164_Tan_H.D._ SKWKAVLGLHMASNLTSPQIETRLIDQIVINRHYNKRRENNDIAMMELEM 100

EE R E RS T L E LS SRS EEREE RS EEEE S EEEE S S S ****‘k***‘k*‘k****#**

Thai cow KVNYTDYIQPICLPEENQVFPPGRICSIAGWGALIYQGSTADVLOEADVP 150
ARB4002¢ Kitamoto _ KVNYTDYIQPICLPEENQVFPPGRICSIAGWGALIYQGSTADVLOEADVP 150
nAAl16035_ Lavallie E.R._ RYNYTDYIQPICLPEENQVFFPGRICSIAGWGALIYQGSTADVLQEADVP 150
BATB4164 Tan H.D. KVNYTDYTQPICLPEENQVFPPGRICSIAGWGALIYQGSTADVLOEADVE 150

R R R S AT L AR R R R R R R R R ]

Thai cow LLSNEKCRQOMPEYNITENMVCAGYEAGGVDSCQGDSGEPLMCOENNRWL 200
AAB400Z26 _Kitamoto_ LLSNERCGOOMPEYNI TENMVCAGYEAGGVDSCOGDS GGPLMCOENNRWL 206
AAR16035 LaVallie E.R._ LLSNEXKCQOCMPEYNT TENMVCAGYEAGGVDSCOGDSGEPLMCOENNRWL 200
ARTB84164 Tan_H,D._ LLSNEKCQQQMPEYNITENMVCAQYDAGGVDSCQGDSGGPLMCQENNRWL 200

*******:*****************:************************

Thai_cow LAGVESFGYQCALPNRPGVYARVPRFTEWIQSFLH 235
ARB40026 Ritamoto_ LAGVTSFGYQCALPNRPGVYARVPRFTEWIQSFLH 235
ARR16035 LaVallie E.R._ LAGVTSFGYQCALPNRPGVYARVPRFTEWIQSFLH 235
AAT84164 Tan H.D._ LAGVTSFGYQCALPNRPGVYARVPRFTEWIQSFLH 235

FhrhkrIkrhrkh A hhkdrrhb b hdrrddrhrdrrrbrrrid

st 2.2 msnfSsuivuddunsaesiTuvestu EK, veshuinwmoumas Taunffoudion
ddunseezii TuvesTulsdu BKy swhludlsznsInedudoyavesTisiu EK, vn
GenBank 7ifl Accession number il AAB40026, AAA16035 uas AAT84164
c‘*ﬁmﬂu%ﬂy‘ﬁﬁwﬁuﬂmazmummTﬂﬁﬁu EK; ldannisinaulae Kitamoto uaz
aaiz LaVallie tazasy uoy Tan uazase addy nsaozfiTudefiduvinms
Ujfsorvesluana EKy 1Aus daddu, nsa ueawiian uay &5u uaeelaold

ATHU

2.2.2. wamsinaugy EKg 9inane
o A ) = o d 1 = v o w L4
nasnnmnlSnafeweniduduestu BKp swnanewud vinaveswdasia
! ) 2 a o a o {
PCR W ldTvunadszina 700 que Falivuiailndfosduvnavewniadus PCR #ldvn
T y L4
MymndSuafieusyestu EK 9101 dlowmms Inaudiu PCR 14hq pGEM-T easy udi
3 6w & 4 v | o o 1 o w =
Msgmdisuiiagg 1o Indnwuh eunsesmudduea’lé 708 qua nindoyadduindlolnd

‘=“ -3 Q a7 = =y §
& rwsarnedidunsaoeliluld 235 neeziilu 1A 2.3)
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DNA: ATTGTCGGAGGAAGTGACTCCAAAGAAGGAGCCTGGCCTTGGETCGTTGCT 51
+1: I V 6 6 8 p 8 K E G A W P W V V A 17

DNA: CTGTATTTCGACGATCAACAGGTCTGCGGAGCTTCTCTGGTGATCAGGGAT 102
+1: L Y P D D Q9 @ V[ ¢ a s L Vv I RD 34

DNA: TGGCTGGTGTCGECCGCCCACTGCGTGTACGGGAGARATATGGAGCCGTCT 153
+1: W L v s A A H g v yYyGe RNMET®P S 51

DNA: AAGTGGARAGCAGTGCTAGGCCTGCATATGGCATCARRTCTGACTTCTCCT 204
+1: K W K A ¥V L, 6 L H M A 8 N L T §5 P 68

DNA: CAGATAGAAACTAGGTTGATTGACCAAATTGTCATARACCCACACTACAAT 255
+t: 9 I B T R L. I & @ I v I N P H ¥ N 85

DNA: AAACGGAGAAAGGACAATGACATCGCCATGATGCATCTTGAAATGARAGTG 306
+i: K R R K D N § I A M MHUL E M K V 102

DNA: AACTACACRGATTATATACAGCCTATTTGTTTACCAGARGAARATCAAGTT 357
+1: ¥ ¥ T D Y I @ P I gL » EE N Q V 113

DNA: TTTTCCCCAGGAAGARTTTGTTCTATTGCTGGCTGGEGGACACTTATATAT 408
+1: F 8§ P 6 R I [ 8 1 2 6 w 6 T L I ¥ 136

DN&: CRAGGTTCTACTGCAGACGTACTGCAAGAAGCTGACGTTCCCCTTCTATCE 459
+41:Q ¢ 5 T A D V L ¢ E A D V P L L 38 153

DNA: AATGAGAAATGTCARCARCAGATGCCAGAATATAACATTACGGAAARTATG 510
+1:% E k[ ¢ o oM P E Y ¥ I T ENM 170

DNA: GTGTGTGCAGGCTACGAAGCAGGAGGGGTAGATTCTTGTCAGGGGGATTCA 561
+1: v [ a6 vy Eace e voDsfoeopp § 187

DNA: GGCGGACCACTCATGTGCCAAGRAAACAACAGATGGCTCCTGGCTGGCGTG 602
+1: 6 ¢ P L M ﬂ Q E N N R WUL L A G V 204

DNA: ACGTCATTTGGATATRAGTGTGCACTGCCTAATCGCCCAGGGGTGTATGCC 663
+1:T 5 F G Y K K A . P N R P &G V Y A 221

DHA: CGGGTCCCAAGGTTCACAGAGTGGATACAARGTTTTCTACATTAG 708
+t: R vV P R F T E W I ¢ § F L H * 235

3111?’; 2.3 uaaediduilond To'lndaesiu BK %1ﬂﬂ?161u&1u3§ﬂﬁy(AcceSsion number
DQ518426) ﬁ']ﬁ’uﬂmaxﬁiuﬁ”lsa’fmnmmﬁaiﬁ’ﬁ (Translation) uﬁm@g’ﬁﬁ"mdw
yoad1RianG Ta'ing Aumisvesdandu (cystrtine) Fueraslundosdoniuia o
sumiadusumisfinaiiinudoadestumsadeiuse lnda s (disulfide
bond) n1e1uTwnna A 1UHUIVDINBANITITU (Asparagines) ﬁgﬂ%mﬁ’u‘l#’fﬁsja 3
g ifudrundanaiadndiezifeadesfuninifalaanediadu (N-
glycosylation) ﬁ‘immiwmﬂiﬂazmuﬁgmﬁuﬁwﬁtmﬁu 3 dumde udumas

YU (active site) vod luana EK;,

1 5/
nasnnmsiSsufisuddunsaezii Tuved1dsiu EKy snaneh ldluanuideiivas
[ ] 3
TsAiu EKy, min@eii@3ndu 91y GenBank wyh §idunsaezil ludouanuavosTisdu
EK; mnanedinnylndifisedudrlu GenBank (Accession number L19663) ¥1niis 98%

uaslpdiRoadumy 89% aeiuunudd 85% au 85% nazny 81% (g‘ﬂﬁ 2.4) 1INHARING T
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i af £

9
aunsaagldhdrdunsaos i Tuvoudulyl EK, Tudadidsgadmouumaoriiainiy

Tndifivatuann Tasmmedamvensaezdl lumihmiiluuSnuswinsowedluaga

o & 5 o

» . a - ¥
iipsnndayadwviigg Te lnafi Idenms Tnaudiu EKy snaneh 1dainauiset
¥ ] 3
snfluandseusn aniudoyai 14139 185umsiuiin141u GenBank Taeil Accession
i :
number DQ518426 dawains 1u NCBI (n1anuan n)

Human IVGGSNAREGAWPWVVGLYYGGR-- - -LLCGASLVSSDWLVSAAHCVYGRNLEPSKWIAT 56
Chimpanzee IVGGSNAKEGAWPWVVGLYYGGR- -~ ~LLCGASLVSSDWLYSAAHCVYGRNLEP SKWTAT 56
Cow IVGGSDSREGAREWV VALY FDDQ-—~~QVCGASLVSROWLYSARHCVYGRNMEPSKWRAY 56
Thai_cow IVGGSDSREGAHPWVVALYFDDQ-—~-QVCGASLVSRDWLYSARHCVYGRNMEPSKWRAY 56
Thai Buffalo IVGGSDSKEGAWPWVVALYFDDO~--—QVCGASLVIRDWLVSARHCVYGRNMEPSKWKAY 56
Pig IVGGHNDSREGAWPWVVALYYNGQ--—-LLCGASLVSROWLVSAAHCVYGRNLEPSKWKAT 56
Rat TVGGSDTOAGRWPHYVALYYRDREGDRLLCGASLVSSDWLVSARHCVYRRNLDPTRWTAY 60
AkkH g es KEkkakk kw. - :******: wkkdwk Toahk Sk ako ok Ky
Human LGLEMKSNLTSPQTVPRLIDEIVINPHYNRRREDND IAMMHLEFKVNYTDYIQPICLPEE 116
Chimpanzee LGLHMKSNLTSPOTVPRLIDEIVINPHYNRRREDND IAMMHLEFXVNYTDYIQPICLPEE 116
Cow LGLHMASNLTSPQIETRLIDQIVINRHYNKRRKNND IAMMHLEMKVNYTDYIQPICLPEE 116
Thai_cow LGLEMASNLTSPQTETRLIDOIVINPHYNKERENND I AMMHLEMEVNYTDYIQPICLPEE 116
Thai Buffalo LGLHMASNLTSPQIETRLIDQIVINPHYNKRRKDOND IAMMHLEMRVNYTDYIQPICLPEE 116
Pig LGLHMPSNLTSPQIVTRLIDEIVINPHYNRRREDSD TAMMELEFKVNYTDYIQPICLPEE 116
Rat LELHMQSNLTS POQVVRRVVDRIVINPHY DKRRKVND IAMIRLEFKVNYTDYIQPTICLPEE 120
kxkokk Kk kdkkx Hoak kkkk kkgekrd Wk d o kkdk xRk rEIAEAFh AR
Human NOVEFPPGRNCSIAGWGTVVYQGTTANILQEADVPLLSNERCOQOMPEYNITENMICAGYE 176
Chimpanzee NQVFPPGRNCSIAGWGTYVYQGTTANI LQEADVPLLSNERCQQOMPEYNITENMICAGYE 176
Cow NQOVFPPGRICSIAGWGALIYQGSTADVLQEADVPLLSNEKCQQOMPEYNITENMVCAGYD 176
‘Thai_cow NOVFPPGRICSIAGWGALIYQGSTADVLOEADVPLLSNEKCRQOMPEYNTTENMVCAGYE 176
Thai_Buffalo NQVFSPGRICSIAGWGTLIYQGSTADVLQEADVPLLENERCQQOMPEYNITENMVCAGYE 176
~ Pig NQVFPPGRICSIAGWGKVIYQGSPADI LOEADVPLLSNEKCQQOMPEYNITENMMCAGYE 176
Rat NQTFTPGRMCSIAGWGYNKINGSTVDVLKEADVPLVSNEKCQQOLPEYDITESMLCAGYE 180
ek k kEE kEkEEEAE sk sk Rk kk kg hkk ik kk e hkk o hhkk ko kkkk
Buman EGGIDSCOGDSGEPLMCQENNRRFLAGVTSFGYKCALPNRPGVYARVSRFTEWIQSFLE 235
Chimpanzee EGGT DSCQGDsGGPLMCQENNRWE‘LAGVTSFGYKCALPNRPGVYARVSRFTEWI QSFLE 235
Cow AGGVDSCQGDSGEPLMCOENNRWLLAGVTS FGYQCALPNRPGVYARVPRETEWIOSFLH 235
Thai_cow AGGVDSCQGDSGGPLMCQENNRWLLAGVTS FGYQCALPNRPGVYARVPRFTEWIQSFLH 235
Thai_suffalo AGGVDSCQGDSGGPLMCQENNRWLLAGV'I‘SFGYKCALPNRPGVYARVPRFTEWI OSFLH 235
Pig EGGI DSCQGDSGGPLMCLENNRWLLAGVTSFGYQCALPNRPGVYARVPKFTEWIQS FLH 235
Rat EGGTDSCQGDSGGPLMCQENNRWFLVGVTSFGVQCALPNHPGVYARVSQE’IEWIHSFLH 239

kk hkkka xR Ak hrhF Kkkdkok ok Fohkdkodkaok skkkdkkakdkkdokk ook ke k e kokkox

4 o o o = [ 9,cu LY d’ﬁ’.’
JUN.2.4 msfSeuifsudsunsaesil TuveeTdsiu EKL minaneluauiteinudasasegn
douuilady 9 18ud 52, Aefuududd, au, vy uaz vy Tu GenBank. nynexi
= ¥ oo o oo o
TunSnasalfnsowesTuanadulalldud dafdu  nsaueawisan uaz Fiu

waae laelFdanun
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2.3 unagy

¥
L] 3

a5 Tavsundq iieaninInau EKp #lanailuendfvdniidanumiiondy EKy
aa A = = o @ o A o 1 ] g & o 1
Tuaiseou wazimanfeuntlasvesdwunsansliluies 1 Awmdanniu Guludmmnus
¥ ¥ ] i
#hilsrSnasalfiseweduana dnininauves EXy lavinTiludwmdiszgnrihldni

THAansuaateonvosiy EKy do 1 luaudsedun 2

2.4 MspgUHIHA IO Td il
2.4.1 wouwsveyadaviiond leIndues EKy, vesnnelugdoya NCBI
(MAanUIN N)
2.4.2 Mavedoyanuidy o ausau muenanudtesautudefnyumrand

[ v
A5IN 6 meeﬂm‘fmﬁwmﬁ'ﬂ 13-14 a1y 2549 (MANUIN U)
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A 1 A
JIHIYTIUN 2

msuaseesnuaity EK,

3.1. YagouUnsel vazdimsnaanes
3.1.1 Yaquinsel

Sadnldunssmilifamsudaseeniie P. pastoris Y11430 Fufuaoiugil
ssfautasmeiugassusazanno umsweaduuramivouldludas e (Muth)
nenadia 19 lumsuansseniie pPICZaB Thrombin Aiidaday 6 Tuanasgniesdmlay
M3ueA% (C-terminal) uaz pPICZeB NHS Feidadiay 8 Tuanaegiu/aeesiiTy (N-

terminal) ves3aoudiuuus TlsAu

o 0’3 y =y I's 1= i = I
By lwianueilFlumsafsTasufuuuinaaiaf 1F lunsuaasesndaiidmues
3 b 4
Bu EKy unsned $e91nuivm NEB saanmsifianes (antifoam) $091nU58n Fluka
ar = = o L4 . . ar
Fuasai ¥ lumsnadounsnssuvoudulud (enzymatic activity) Idmasarigessmand

9 Gly-(Asp)s-Lys-B-Naphthylamide #o91nu76% Sigma
3.1.2 psuansesnvasty EKy

waradiafi19lumsudaseeniio pPICZoB Thrombin ung pPICZoB NHS #
upavumames (o factor) Fududaanulumstanddendn lxil rEK, sonuenisad uazs
Tos Tumod AOX1 Saannsagnmisnilifamsuansesn’ddamsien hnsimsniu
B EKy iihgnatadafioz19lumsuanonn (expression vector) Tufiamauasiinizsiu
1A (reading frame) ﬁgﬂé’aa’[ﬂmﬁ:m"mauﬁseuaaﬁzﬂudaumaa§uﬁu EKy anwaiaiiaf
191un1y Tnau (PGEM-T easy) Tat1d lwswoefAidwmisdaveudulasl EcoRI uas Sacll
folwswed BKL 2 wag EK 3 (mmeit 2.1) snfwhwdadast PCR A ldinidouseny
warariin pPICZaB  Thrombin #3e pPICZoB  NHS firiunisdadaodulaldasume
EcoRI uaz Sacll mntiuassaeudiuiing Indiftetuiuanugndeslannmzdausesso
vosduButasanaiia mm‘fuﬁ'ﬁwamﬁﬂﬁﬁ§uﬁmmmmsnﬂgﬂuﬁﬁmmﬁzmsémﬁﬁuﬁ

4 v 1 P @
andesiduduassdaodulad Sacl udrnrwdhg P. pastoris Y11430 TaedidnTasnessu

a
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(electrophoration) a3 ashuugiilay Invitogen (Invitrogen, n.d.) wadi g uwmaiia
uaxﬁmﬁﬂ!ﬁ}?i}ﬂﬁnummi YPD-zeocin (Yeast extract 10 n§u@0dAS Peptone 20 N
#oans Dextrose 20 nfunofng uaz Zeocin 100 TulnsniusieTaddns ) axgnasivaouiiio
SutwisaouDuuuiwanaiaunsain 1) w3 TunBadess Taoldimaila colony PCR Talafl
fdwaiuuanezgminnmageuszdunsnaaseonvosineuduuuiidu led luseduwared
winezSrufouiuaraddaai 18T uwmaiad Lty K, unsnogialdifugamuay Tay
At P pastoris 1815 BMGY (Charoenrat er al., 2005) iiuiian 48 $2Tua 010
milgnhl¥imsuaaseanTasnsdumsivea ya q 12 32 Tuali8nmndudugaioves
wsmoad 1-3% unm 48 $21ue vnfuimaseuanuaunsolunsuaneenvesdy
K, Tussdu mRNA Taoldinaiia RT-PCR Ravnsmedfifamsumizaetu BKy dmiu
TnauiisnmsuansesnvasBu EKy sxgaaadoniaziin 19 lumsnda rBK, ludominving

2 ang
3.1.3 mswaadulel rEK, Tudamipvinn 2 8as

msnvundde (Starter culture) SuvinmsausTnauildumssadonluomis
BMGY 13103 70 Sanans aavizlunsmnzando 30 ssnmaidos wimanudisen
200 soudow Hunm 24 Falus vniuldndude 5% wle 50 Taadnsduaclumiin
vnm 2 Basfiiernns Glycerol Basal Salt (GBS) (Charoenrat ef al., 2005) ﬁﬂaam‘ﬁﬂaé
950 Naanns

L4
at

= = e . A o
s lunsnanlusfiuTaoszunSneuiiuuusilae P. pastoris #aldluauivoiiog
wiuily 4 929 (Charoenrat ez al., 2005) fio

3.13.1. Glycerol Batch phase: fumsifinsmrumad Ingordonszuiumsnin
wuny Tael¥ndmeseahumasmiveu aamzlumsmeidosdio 30 ssmaidea Sasims
19U 1000 seudowd sasmsTierna 1 vwm. usenhetuneuiimesnduufiazarehui
win (DOT) awanasetiedonies iesansades 1deandion lumsmwmueady nszuaums
il dugaiefotadidndiesonun Funalanmstiuiuetesiadavesin DOT
Sunouiie 4nanszune 1824 §9Tua mmfuﬂszuaumsmmgﬂaﬂm’ha\'ﬁiwﬁﬁmﬁaﬂw
lwwéﬂqgruuﬁanﬂmi%mmsﬁ;ﬂuﬂ%'mmma (Glycerol fed-batch phase)

3132, Glycerol fed-batch phase: Humaiudaumwad Tnserdonszunmsnsn

-, [] ¥ 4 o ar t =
WANTs0MIs IHserhenszuauil de W danududuveuradtszuiw 40 nfudoany
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r

=y ¥

i Charoenrat uazamzi lasean 3wl 2005 15imems Glycerol feed medium
(GF) Ravuafiuaslufaniinde 63.37 nfuderfinasommsmindudu 1 Gas Tunm 3.85
$2Tus ve 1646 nfusedalue deduganszuounsil midnwadudeessiamudiudy
Yszinm 40 nSudefnsAINABING mn“fuﬂsxmuﬂmwm%wm%ﬁjﬁﬁaaﬁa1uﬁa B9
mionhl#imsuaatoenvesiu EKy Taeldimsien (Methanol induction phase)

3.133. Methanol induction phase: iWunszurumsnszdunswinlusaulaverdo
'ﬂismumwﬁmmuﬁaﬂsﬁa%sﬁﬂmﬁu Methanol feed medium (MF) (Charoenrat et al.,
2005) Whgdamintiianududugahofiduinde 0.633 faddasdeemmsninbudu 1
a0 Lﬁaiﬁtgﬂﬁnaﬂumiﬂ%’uﬁ";ﬁ%gi%’mmueasﬂumsm:é’u, Whumaesnivou uaziuy

¥
o o

] ' ] »
lLﬂdﬁWﬁﬁﬂN ﬂi&"l]')uﬂ'F‘iL‘H‘ﬁﬂ?ﬂ’ll‘ilﬁﬂﬂﬂﬁaﬂmﬁ'IUﬂﬁL‘?hﬁﬂﬂﬂﬂﬂu%ﬁﬂmﬁﬂl%ﬂi%}mﬁ1

o3
]

4 o Y ' L oy A o gya
ueanuagaFuna 1aana1 DOT Mutivedesia i semsimienhdifanisuansesnves
o 1 4 o :J o W o g & o g 3
Py BEKp.  Tusnilvedawsweadiginluvuifide ldususanuadaimanue 5 a5
.2 5 o 2 Ay v waw
sroznmlugeiilsenin 3 $2Tue nasnndugans zuans luduil teszansodSudld
1 o 3 ar & = o ' o
witweauuvasmsuenld  simiunszuaumsuiTnuuufan: Teelmady MF  iWewaes
= a = - :5 B
aouduuun llsduesisudin (Methanol production phase)
. 3| 4 o 9 o -~ P
3134. Methanol production phase: ilunszuaumsimilonihlnmnamsaia Ty sau
=) o L4 3 ::’ £ & qr =y 3 A A
uszruSaontuuun  lutussuiliiimsUSudasimsadumsiuea 1Nz auiemiums
= o ¥ g o = P 1 o e 1
waaseenvessRouiliuun lsfumiiu ua Il ndu lsufaaneidluiyfuie
) | e Y A o A .
(Cino, 1999) Tux9 2-3 Frluwsnuesnszuiumsilezdn MF Tusasiidunn (ldifu 2
L ] ar cé ¥ y 3 i = °y o
afuned [ua) Fam1 DOT luszeztivgdu 9 ag q Wsminddsnawsmeanzauluimin
3 ] a = a ar oo =) o A A 2o A
vntiug) DOT giSuashl dmfunssuaumsnaasaoutuuu llsauiigavgiidr e
DOT 5unafi gungilazgnilsuliaes 9 anasnin 30 ssrusaFumiiu 20 asnimaifon uas
] }4
a1z luMIHaavEiIN 20 e ITAaoANITEUIUMTHAR SENINNTSLIUNTHER THIY
y [ -~ =l ar - :g = =y & o @ '
it Sasimsidy MF sslimsdSuldmuiuiiasiiann 9 24 $2Tue aunsena 90 Halusves
1 » ¥ E 5 3 9
szoza i 19 lunmsmiloni (induction time) WeFugansyuiumyndaludunsuil dmin
o o a y A - o ] =
uazdugadezgnuenoendnny laenssuaunsumisannnuiisey 4,000 seuasuh
= = 3 1 :’ q; o y, 1 3 y o
et 30 Wil aindudmveaimadnizgmih llihunigdnafinanuEasen 12,000 sou
1 ] ] o4 W ] 3 4
douR Wumar 15 widl uaznsesruudunsesvuia 0.45 lulaswas uasnudieial3n 4
DIFEYAUOA

as 1

1 ar =3 o Y 3 { A
Gluiﬁﬂ')’NﬂigU'Juﬂ'ﬁﬁlfﬂ ﬂzlﬂ‘ﬂﬁnﬂU'N&lfﬂﬁUQﬂﬂﬁ3UQUﬂ151umuﬁﬂuﬁllﬁ$ﬁﬂ\?
L3

5 o ' ' o o d o 1w o 2 %
?f'lﬂinh&‘i&ﬂilﬁﬂ‘iﬁﬁ’)ﬂﬂ?iﬁuﬂiumuﬂﬁ ﬂglﬂﬂﬁ?ﬂﬂ'm'}uagﬂiﬂﬂut\'uq@]ﬂﬁgﬁquwmﬂ
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o A'l:lsf 145 ¢ ¥ @ & o ' J ¢

A290199 lavgih hamszianudusuvease lasmsiananuiy  (ODgg), niinman
= =1 L4 =1 = A o

uﬁ’a, AUV Tl uazfgmmwmeﬂﬂmuiﬂﬂmﬂuﬂ SDS-PAGE a3z UUNITHUN

v )
NIMsauaadTLA1T199 3.1

d 4
3.1.4 myiudulwiliu3gnilasiSmsuanulauuyszq (ion exchange
chrematography purification technique)

b
o af

imiingdmla  (culture  supernatant)  Hrhunisasesssihui ifiduduiasi

Toos Tada lumsazawlsRouordian anududu 50 TadTuaw (50 mM sodium acetate)

]
A 1 A

] 14 ' '
Aoy 5 Tnold Vivaflow hilving 10 kDa cut off nifusuhdretshiinnududugs

.ﬁy o = = Y] 4 . ° = =
Tl A Sqns 1aold SP aoduil (cation exchanger column) AszuIuMsh ATz
o y N . . . ﬂé 1 nl
#1lagldnToe FPLC (AKTA purifier, Amersham Pharcacia Biotech) s9nouliunsguIy
o O Y A - Y 4] F= = Y 9 - d a
sy lanilduSans szvzaedmide asazansTmdsuosdian anududu 50 Hadlua A
3 - e s ] ¥ 1 . o4 d'i Qs T N g
0% 5 MINHUTNANI0L1IUUY sampling loop HUNTDINLYANIDENIN sampling loop WY
w o 3 = g Y =, = Y g oy e o A
SP nodui mintuTedneduiaemsazaw Inhouszdananmdudy 50 iad luad foy
A 5w a AN e o v d 3 =5 =% [ Ao ow a &y i
5 eddnlusunlituduaedmt  vimiudery TsAudwidudunednidsarsazan
o I ) 4 1 o . .
TsReuozFananududu 50 Jadluant filey 5 Al lwAvunan’lsd (sodium chloride)
g 4 o ¢ ' o & o a &y
@ududd 0-1 Tuami iuesddszaey seniunszuaumsinouladlduSgniudazdu
. {1 w o [~ [ ey d &
(fraction) fruneduiszganuuudaTul@Tasnios FPLC Fwnnududuyeslifsiuly

1 o’ 1

] ] ar ] o Y5 i [V 4
UAD AU TANINAIMITYANAULTT  (Absyg) Tawdwlulin  diuvesdiodienruasdau
' ! . ¥ e w @ & 1 3 4

(Flow-through) muﬁgnt’m (Wash fraction) uszdrunduduneduiedradumedignrs
. . o = =) & . v .

gonu1 (Elution fraction) szgniiiliSinszraifenssuveudulanl (enzymatic activity)
- 4 4 4

uazATIvEoUAMN Y 115U Tnumatin SDS-PAGE #3euwuod rEKy Ngnyzeanuidail
a o @ o w o g ¥y o & e g i a ¢

nenssuveudu laissgmiwimsandy nasiliduduay vmiusadveulsimTqnilu
. ) ¢ & [ o

asazan Tris-Cl anududy 50 Tadluay Gellnfiveson 50% Wudmilsznoy uazify
o ! A e yed = - 3 .

Pulaninusgns 137 20 owuwaider  anududuvesTsfusiovua  (Total  protein

. 1 1 o~ 9 s o o’ ¥ a a"' o = I'd

concentration) Tuudazdwildnanszroumsiudu lmilfuSgniegmi sz

Y5u1a 3581 Tae 19 Coomassie Plus Protein Assay Reagent Kit (Merk)
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1 o '
maan 3.1 assvwunsvialeelfide P pastoris Y11430 Aieouduuuinaaiia

pPICZaB Thrombin EK; (EKj, thrombin) n3e pPICZoB NHS EKy

(NH8_EK;) unsnegludTun Tasgangiinldlunisninsnonduuusd lils@u

U

Ao 30 uaz 20 sarnyaa e

gaunginllianiaild

£ = [3 = X ¥ ¥ = =
. Snenduiumwataiion|¥ af13nondiunumllsfu
nsxUINMsHIATAH "
(arnTAITLa)
niie EK;_thrombin 30
Hen NH8_EKp 3 30
@ EK,_thrombin 20
i NH8_EK, 20

P ¢
3.1.5 maanzvanonssuvoudi s

A1fanTsnves rBKL  vegadianizd laslddmasafe Gly-(Asp)s-Lys-p-
Naphythylamide Tasagi@ude 1w miinfiss S eiil3unaes 100 Foddasldaslufam
(Cuvette) Fiiarsazatodumase 2 Taaans Falszaeudn 50 lulnsTua Gly-(Asp)s
Lys-B-Naphythylamide azawlu a1sagate Tris-Cl anududu 70 Tad Tuand Aoy 8 uay
DMSO armndudi 10 % (3nnsTaeFnns) vinthwanTaoiufuasneiimdndnas
luinsesanlnsdgonlsfined ArdenssuveaduladesTinnizinindasuiiluns
Jantldos B-Naphythylamide #ufininnisdaiidumisiadume Taodulenl EKy, #ans
asIafammsiuiives B -Naphythylamide wmmmﬁi'm”lﬁ’mﬂfhﬂmﬁuﬁ’?mmfimlgﬂﬂ
s ianemsnszdui 337 wlumas uazidanidonii 420w Tumasiigungdi 25
sermaidun unm 10 wif dafy 1 mizeveudy e misveslgoos sy

Tuan 1w

54
~ ) o o @ Ay ar
wanuntimsnneininssuveudu lidalinseininnnuaunsalumsdaildu
o e oA 1 e o t4 A A L= . . .
lilsRuGaiidmmisdaveadnlal EK Adnusouns Ao rice BGlul-thioredoxin (Chenchor
v 9 ]
et. al., 2006) lauvld tEKy flannamitedidafadulalsiuluaisazats Tris-Cl Allnw

a oo T i o o 3 = o
wWudy 50 TadTua ey 8 tuh 30 serusadoadunar 4 %2 Tus miuaIWIATIEN
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a oo o o = o ar
HansumN Monmyda lasldinaiin SDS-PAGE fanududuvowuen 15% Tasnamsaana
] k4 € v
suTisdunldnnauiseiizh S evdoudunanldonnsld  (BKy  fAwaswisaiy

4 o
Fowmasuiluvoussn NEB

3.2 HaNINAN Ay INIRINEMINAD
3.2.1 mMsuaaseenuesty EKy

w w & a - 1 = o
nasnndandadust PCR Nldnnmsnaaosdiui 1 (pGEM-T easy EK; 91n77)
o ¥ =} a g 1 = = 4
Srend '] EcoRI uag Sacll ud3uminfuaomuentiudiuveotu EKy Whlunaraianld
B n’: 4 o Y 'd
Tunisuanseanio pPICZaB Thrombin tay pPICZaB NHS vimiuiioiinoudiuuuyin
= g ey do w o = & 1 2 W oa =} « = =y s o5
mataviaesAmerdiauianale nanudt §1uiiind To InAvessaeuiuuunwaiais
4 ] 3 3
waseslnommzaduiifiusosnesynnananaiiauaziuiu EKL fianugadesmuhoenuuy
13 g ) 3 ' g aF 9/ ar 3 = w oA =S o s
14 saiaddunisenu (reading frame) Nilanugndeadie auiulsdasnenduuyyinaraiin
¥ ¥
naosillfifludunsedae Sacl uavdeing P. pastoris Y11430 Taul4358i8a Taswaisdu
4 o { 1 { o v oy =
Holvifansuan)doudiuidh T Tuwmes AOX1 sevnsSaouiuuuiwaaiauas? Tuy
=1 4 3 [ ar =] o = ey
vadlan  vWundminnareumsimindvedaeuiuuuinmaiiadhgd luwwes P
= { o 1 é
pastoris TavlFmaila colony PCR dwlnsmainianudumzastu EKy, Fanumouves
& w - 1 : 4 ] | y
ninfasi PCR adivuna 700 gualulaauildnadiuuin Filnauildwaduoonieegn
ilnaaouanuensolumsuantesnvesdy EKL  Tussdudmadiven Tagldemiis
A ar ' 3 ° a
BMGY Sanaannshumamilenihldifeamsuasseonvesiu EKy Taald 99% msoauds

fuwagezonillnsiamt mRNA weddu EK; lesmailn RT-PCR aawlwsuoini

9

v

AN UNIEABIH EK), wansnanosidunouiuaaslfifiug Tnaufiinmsunindrvosinon
Tuuuiwaadauasinsuaaleonvessy EKy W aas I EK, mRNA 1§ &
wAnfmatves RT-PCR #i1d5unna 700 gua ((1uaasdoya) uaiferiniminii1dnnTnau
Altnaduuan it duduthunsSinssigunmisiulaomnin SDS-PAGE unzdou
& Coomassie blue R 250 wu amnsansranuonTsduffivielszun 43 kDa &
wuyz Tnayfiimsuansoenves EKy mRNA Wt ung iwoueu TylsAumnadananlu
ganugy (F1Auaasdoya) uiiforinfmsinnndetefinuuau TlsAuimadwadu By
funaaoudanssudulafinui Sinvfenssuveadulml FefoduiTugmdminilymds

] = 3 1 g’ Qs o~ dy o« 1 =
nanfe USine (EKy. igndaaddesesninTuimdiniumzide lssszuuraranuaiilfFune
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ar 3 o o p.? ar o
Posun faviuTnauh ldwailunineinnisnaaes RT-PCR flszgndadenuaztit 114 luas

] 1 1 ¥
wans rEKy, Tudaniinuuia 2 dasieuivdSuu rEK, Adaadassesnuluimgn
= &
3.2.2 msHandi e rEK, ludansinving 2 das

ar :g’ ar o T 3’ o o qr g
HaIMNdUgANIZUIUNIHITN Aedvsnimininundennduganszurunisly

b

w e g + é
a0l URaULINYOINTHUN (Glycerol batch uag Glycerol fed-batch phase) unzaI9819%4

4
] o’ L . é
Aulusenhsduneugamovsansguiunisnlin (Methanol production phase) 44918910
==t £y o" oA =% = Y T :j c?
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Abstract

Recently, with advances in genetic engineering, the wuse of fusion proteins as a tool for
recombinant protein production is well known in the biopharmaceutical and biotechnology industry. To
separate the interested protein in the purification step, proteases enzymes have been used to cleave the
specific site of the fusion protein. Enterokinase is one of the most popular protease used to cleave fusion
protein because of its high specificity and wide range of reaction conditions. Enterokinase is a serine
protease which digests specific amino acid sequence of (Asp),-Lys and convert trypsinogen into the
active trypsin, The buffalo enterokinase light chain (catalytic domain) gene was cloned from the buffalo
duodenum tissue. RT-PCR. and nested PCR techniques were used to amplify the mRNA templates which
encode the enterokinase light chain gene. The enterokinase nucleotide sequence of buffalo was compared
with cow, pig, chimpanzee, human and rat enterokinase light chain sequence from GenBank, the
similarity of this fragment sequence was 98%, 89%, 85%, 85% and 81%, respectively. The nucleotide
sequence of buffalo enterokinase light chain ¢cDNA encodes a 235 amino acid polypeptide that share the
same catalytic site, His 41, Asp 92, Ser 187, among the mammalian enterokinase light chain, The
comparison of enterckinase amino acid sequence between cow and buffalo showed 97 % identity. This
result indicated that the buffalo enterokinase light chain is closely related to bovine enterokinase light
chain.

Introduction

The use of fusion proteins as a tool for recombinant protein production is well known. Fusing the
coding sequence for a desired recombinant pretein to a well-expressed gene has several advantages. Most
fusion protein strategies position the protein of interest at the C-terminal end of the highly expressed
fusion partner, which allows translation initiation to occur on a “proven” gene sequence that is known to
be well translated, thus ensuring high expression levels of the desired protein {1). To obtain the interested
protein, the fusion tagged is removed by using chemical reagent or enzyme in the final step. Compare
with the chemical using of cyanogens bromide (CNBr), enzymatic cleavage has more advantage such as
higher specific and milder reaction conditions (2). An important requirement for any fusion protein
expression technology is the availability of site-specific proteases to cleave the interested protein from the
fusion protein (3). Several highly specific proteases have been used for this purpose, including factor Xa,
thrombin and enterokinase. Cleavage can oceur within the recognition sequence, thus any amino acid
downstream of the cleavage point are retained by the target protein. The complete removal of tag
sequence requires that the cleavage point reside on the C-terminal side of the recognition sequence. Only
factor Xa and enterokinase cleave target on the C-terminal side of the recognition sequence allowing
complete removal of affinity tag sequence (4). Enterokinase displays a high degree of specificity for the
recognition site, suitable for preparing target protein by cleavage at the fusion junction (3). More recently,
enterokinase has been shown to have a broad utility in cleaving fusion protein. The enzyme is particularly
suitable for this role because of its high degree of specificity, and its tolerance to a wide range of reaction
conditions (5). This enzyme is capable of cleaving fusion protein at wide pH values, ranging from 4.5 to
9.5, at temperatures ranging from 4 to 45°C, and in the presence of various detergents and denaturants (6).
An important characteristic of this enzyme is that its recognition sequence lies completely on the N-
terminal side of the scissile bond, allowing any downstream fusion partner to retain its native amino-
terminus (7). In all animal species studied, enterokinase is expressed highest in duodenum and rapidly
decreases, becoming undetectable by the distal jejunum (8). The enterokinase enzymes have molecular
weight range from 150,000 to 300,000 Dalton depending on the species (9). Mammalian enterokinases
contain 30-50% carbohydrate, which may contribute to the apparent differences in polypeptide masses
(10). The enzyme was reported to be composed of two chains, light chain and heavy chain, in cow and



three chains, light chain, mini chain and heavy chain, in human and pig (9). A transmembrane segment in
the heavy chain anchors enterokinase in the brush border of duodenal enterocytes. The removal of heavy
chain domain by reduction proteolysis or mutagenesis reduces the rate of trypsinogen activation ~ 500-
fold, demonstrating that the heavy chain is necessary for optimal cleavage of trypsinogen (11). Available
data indicated that in all cases the smaller polypeptide chain, called the light chain, is the catalytic chain
{9). The light chain alone exhibits the proteolytic activity (12). The enterokinase enzyme from various
organisms have been cloned and sequenced. The amino acid sequences of cow, human, pig, rat and
mouse have been determined by ¢cDNA cloning (13). The N-terminal amino acid is highty conserved
among enterckinase light chains from various sources (3). The expression and purification of catalytic
subunit of bovine enterokinase from E. coli, methylotrophic yeast Pichia pastoris, filamentous fungus
Aspergillus niger and Saccharomycis cerevisiae have been described. The recombinant profeins have high
specific protease activity (13). The enterokinase light chain gene from buffalo has never been cloned and
sequenced before. The close relations between cow and buffalo have been known. The properties of
enterokinase light chain gene from buffalo and cow should be interesting to compare for enzymes
relationship. Thus the buffalo enterokinase light chain gene was cloned and sequenced in this research.

In this work, ¢cDNA encoding only the buffalo enterokinase light chain (not full length
enterokinase gene) was cloned and sequenced. The ¢DNA and amino acid sequence of buffalo
enterokinase light chain were compared to GenBank databases at the National Center for Biotechnology
Information using the BLAST network severs (14), The data result from this research is the basic
knowledge for the further expression work in the near future,

Research Methodologies

Total RNA extraction

Fresh Thai buffalo duodenum tissue from slaughterhouse approximately 30 mg. was grinded in
liquid nitrogen. The total RNA from this fissue was extracted using Nucleospin RNA extraction kit.
Aliquot of total RNA was kept at -70°C. '

Design oligonucleotide primers, PCR amplification and cloning

Because of the species of buffalo is closely related to cow, thus the buffalo enterokinase light chain
gene primers were designed base on the nucleotide sequence of bovine enterokinase in GenBank (NCBI)
accession number L19663. First strand ¢cDNA was synthesized wsing oligodT (Qr) primer, primer
sequence information is shown in tablel, and superscriptll reverse transcriptase. The reaction was carried
out at 55°C for 1 hour. PCR amplification was performed using Taq DNA polymerase with primer EXy 1
and Qo, (Table 1). Primer FK; 1 corresponding to the part of heavy chain of bovine enterokinase. Primer
Qo is the complementary sequence to the 5” end of Qg primer. PCR cycles were carried out as follow:
denaturation at 94°C for 30 seconds, annealing at 53°C for 30 second, and extension at 72°C for 1 minute
for 35 cycles. Nested PCR was performed with primers EK|, 2 and EKy, 3, (Table 1), which anneal to the
N-terminal and C-terminal of bovine enterokinase light chain, respectively. The expected PCR product
was excised and purified from agarose gel then ligated into pGEM T easy vector (Promega) by T4 DNA
ligase and transformed into £. coli DH5¢. The clones containing the plasmid with buffalo enterokinase
light chain gene inserted were sequenced to determine the nucleotide sequence. The similarity of the
sequence which obtained in this step was compared to GenBank databases at NCBI

(http://www.ncbi.nlm.nih.gov/) using BLAST program (14).

Table 1. Primer sequence information

Primer name Sequence
Qr 5’ CCAgTgAgCAgAgTgACgAggACTCgAgCTCAAEC(T) 73’
Q. 5'CCAgTgAgCAgApTEACE 3’
EKy 1 5'gATgTgTeTCAgCTeCTgeeg 3°
EK, 2 5’ ggg AATTCAgATTeTCggAggAAgTgACTC 3’
EK; 3 5 ggCleCeg ATeTAgAAAACTTTETATCCAC S




Results and Discussion

After buffalo enterokinase lght chain (EKy) gene was amplified by RT-PCR and nested PCR
technique, the 708 bp of PCR product which was related to bovine EX; gene was found. The expect size
of DNA fragment (Fig.1) was excised and purified from agarose gel then ligated into pGEM T easy
vector (Promega). The clones which contained recombinant plasmid were selected. The nucleotide
sequence of buffalo EK; was analyzed according to Sanger’s dideoxy method. The resuit of sequencing
analysis and the translated product are shown in Fig.2.

A homology search for buffalo EK| nucleotides sequence by BLAST program (14) revealed that
buffalo EKy has the most identity with bovine EK; (98%) The comparison of EK; nucleotide from the
various mammalian species in GenBank was found that the buffalo EK; gene was 98 %, 89 %, 85 %,
85% and 81% identical with cow, pig, chimpanzee, human and rat, respectively. The ¢cDNA of buffalo
EK was translated to amino acid sequence. The open reading frame encodes a polypeptide of 235 amino
acids residues. The calculated mass and pl (http://www.expasy.org/) are 26.28 kDa and 5.21, respectively.
Compare with cow, pig, chimpanzee, human and rat, the buffalo EK; had 97%, 88%, 85%, 85% and 77%
identical amino acid sequence residues, respectively (Fig.3). This result can be concluded that amino acid
sequence of EKy is highly conserved among the various mammalian species. The buffalo EK; amino
acid sequences is almost identical to the previously bovine EK, reported (Accession number L19663)
excepted that only 6 amino acids in buffalo includes Lys 8, Ile 32, Asp 90, Ser 121, Thr 133 and Lys 210
are different. The comparison of amino acid sequence between buffalo and bovine EK, (accession
number L.19663) was found that they had the same position of three potential N-glycosylation and nine
cysteine residues (Fig.2). By analogy with bovine EKy, it is predicted that intramolecular disulfide
bonding in buffalo EK; occurs between cysteine pairs 26/42, 126/193, 157/172, 183/211. The remaining
cysteine at position 112 is probably involved in single disulfide bridge with the noncatalytic chain (5).
The EKy amine acid sequence alignment indicated that it share the conservation of serine protease
sequence motifs among the mammalian species, in particular, the active site residues can be identified as
His 41, Asp 92 and Ser 187. The sequence of IVGG of enterokinase N-terminal was conserved in various
manunalian species (Fig.3). The previous researches have been reported that the N-terminal amino acid of
enteropeptidase is buried into hydrophobic pocket according to the crystal structure. This interaction is
believed to play an important role for maintaining the conformation for the catalytic activity. The N-
terminal amino acid, Ile, is highly conserved among enteropeptidase light chain in various sources (3).
The N-terminal Ile of EKy is involved in a critical salt bridge within the structure. The three-dimensional
structure of EKj shows that the N-terminal Ile residue is positioned inside the protein for salt bridge
where as the C-terminal portion is exposed at outer surface (15).

In conclusion, this research is the first buffalo EK; gene cloned and sequenced. The mucleotides
and amino acids sequence of buffalo EK|, showed highest similarity score when compared with bovine
EK;. This result indicated that buffalo EK; gene is closely related to bovine EK;. However, this data
information is only the basic knowledge. The works of expression and enzymatic properties studied
should be done in the future.

500 bp.

Fig.1 The amplification of buffalo EK; gene using RT-PCR and nested PCR techniques. ‘The expected nested PCR
product was shown in the single band of 708 bp. Lane 1: nested PCR product of buffalo EKy gene, lane 2: 100 bp.
DNA Marker (Fermentas).



DRA: ATTGTCGGAGGAAGTGACTCCAAAGAAGGAGCCTGGCCTTGGGTCGTTGCT 51
+1: 1 v 6 G § D 8§58 K E G A W P W V V A 17

DNA: CTGTATTTCGACGATCAACAGGTCTGCGGAGCTTCTCTGGTGATCAGGGAT 102
+1: L. Y F D D @ 0 Yy C|]G6 A 858 L VvV I R D 34

DNA: TGGCTGGTGTCGGCCGCCCACTGLGTGTACGGGAGAAATATGGAGCCEGTCT 153
+1: W L v 8 A A H|IC [V ¥ G R N M E P S 51

DNA: AAGTGGABRAGCAGTGCTAGGCCTGCATATGGCATCAAATCTGACTTCTCCT 204
+1: X W X A vV L, G L. H M A § N L T 8 P 68

DNVA: CAGATAGAAACTAGGTTGATTGACCAAARTTGTCATARACCCACACTACAAT 255
+1: 0 I E T R L 1T b ¢ I VvV I N P H Y W 85

DNA: AAACGGAGAAAGGACAATGACATCGCCATGATGCATCTTGAAATGARAGTG 306
+1: Kk R R K D N D I A M M H L E M K V 102

DNA: AACTACACAGATTATATACAGCCTATTIGTTTACCAGAAGARAATCAAGTT 357
+l: 8 Y T D Y I Q P I|[C|[L P E E N Q V 119

DNA: TTTTCCCCAGGARGAATITGTTCTATTGCTGGCTGGGGGACACTTATATAT 408
+¥1: ¥ $ P G R I C|58 I A G W G T L I Y 136

DNA: CAAGGTTCTACTGCAGACGTACTGCAAGARGUTGACGTTCCCCTTCTATCA 459
+1: Q9 6 § T A D V L, Q E A DV P L L 8 153

DNA: AATGAGARATCTCAACAACAGATGCCAGAATATAACATTACGGAARATATG 510
+1+ ¥ E B CJ]Q ¢ o M P E Y N I T E N M 170

DNA: GERCTGTGCAGGCTACGAAGCAGGAGGGGTAGATTCITETCAGGGGGATTCA 561
+l: vV Cl[2 &6 Y B & G G V D s5|(C | G D 5 187

DNA: GGCGGACCACTCATGIGLLAAGARAARCAACAGATGGCTCCTGGCTGECGTG 602
+l: G 6 P L M[C D E ¥ N R W L L & G V¥V 204

DA: ACGTCATTTGGATATARSIGTGCACTGCCTAATCGUCCAGGGGTGTATGCC 663
+1: T 8 F 6 Y K| C|A L P N R P G V Y A 221

DNA: CGGGTCCCAAGGTTCACAGAGTGGATACARAGTTTTCTACATTAG 708
+i: R V P R F T E W I g 8 F L H * 235

Fig.2 Nucleotide and the predict amino acid sequences of buffalo EKy. gene, The ¢cDNA encoding buffalo EK,,
(GenBank aceession DQS518426) was translated to amine acid sequence. The same position of nine cysteine residues
and three potential N-linked glycosylation were found in buffalo and bovine EKy. The 9 cysteine residues are boxed.
The 3 potential N-linked glycosylation sites ar¢ underlined.



Buffalo

IVGGSDSKEGAWPWVVALYFDDQ-~--QVCGASLVI roWLVSAAHCVYGRNMEPSKWKAY 56
Cow IVGGSDSREGAWPWVVALYFDDQ-—"*QVCGASLVSRDWLVSAHHCVYGRNME PSKWKAV 56
Pig IVGGNDSREGAWPWVVALYYNGQ————LLCGASLVSRDWLVSAAHCVYGRNLEPSKWKAI 56
Human IVGGSNAKEGAWEWVVGLY YGER----LLCGASLVSSOWLVSAAHCVYSRNLEPSRWTAI 56
Chimpanzee IVGGSNAKEGAWPHVVGLYYGGR-~--LLCGASLVSSDWLVSARHCVYGRNLEPSRWTRAT 56
Rat IVGGSDTQAGAWPWVVALYYRDRSGDRLLCGASLVSSDWLVSAAHCVYRRNLDPTRWTAV 60
*‘k**l::: **‘k*‘){*‘k_**: :****** *‘********** **::*::*‘*:
Buffalo LGLHMASNLTSPQIETRLIDQIVINPHYNKRRKDNDIMHLEMKVNYTDYIQPICLPEE 116
cow LGLHMASNLTSPQIETRLIDQIVINRHYNKRRKNNDIMHLEMKVNYTDYIQPICLPEE 116
rig LGLHMTSNLTSPQIVTRLIDEIVINPHYNRRRKDSDIAMMHLEFKVNYTDYIQPICLPEE 116
Human LGLHMKSNLTSPQTVPRLIDEIVINPHYNRRREKDND IAMMELEFKVNYTDYIQPICLPEE 116
Chimpanzee LGLHMKSNLTSPQTVPRLIDEIVINPHYNRRRKDNDIAMMHLEFKVNYTDYIQPICLPEE 116
Rat LGLHMQSNLTSPQVVRRVVDRIVINPHYDKRRKVNDIAMIHLEFKVNYTDYIQPICLPEE 120
Ah A A Kk ok Ak Rk Ky ek kkAk kx g okkx  Koardk . hka A AARARRAER AR R IR
Buffaloc NOVFSPGRICSIAGWGTLIYQGSTADVLQEADVPLLSNERCQOOMPEYNITENMVCAGYE 176
cow NQVFPPGRICSIAGWGALIYQGSTADVLQEADVPLLSNEKCQQCOMPEYNITENMVCAGYD 176
Pig NQVFPPGRICSIAGWGKVIYQGSPADILQEADVPLLSNEKCOQOMPEYNITENMMCAGYE 176
Human KQVFPPGRNCSIAGWGTVVYQGTTANILOEADVPLLSNERCQQOMPEYNITENMICAGYE 176
Chimpanzee NQVFPPGRNCSIAGWGTVVYQGTTANILQEADVPLLSNEKCOQOMPEYNITENMICAGYE 176
Rat NQTFTPGRMCSIAGWGYNKINGSTVDVLKEADVPLVSNEKCOQQLPEYDITESMLCAGYE 180
**.*.*** *Ek kLK AK :*:_‘::*:***‘k**:***:****:***:***_*:‘k*‘k*:
nuffalo AGGVDSCQGDSGGPLMCQENNRWLLAGVTSFGYKCALPNRPGVYARVPRFTEWIQS FLH 235
cow AGGVDSCQGDSGGPLMCQENNRWLLAGVTS FGYQCALPNRPGVYARVPREFTEWIQSFLH 235
Pig EGGT DSCQGDSGGPLMCLENNRWLLAGVTS FGYQCALPNRPGVYARVPKFTEWIQSFLH 235
Human EGGIDSCQGDSGGPLMCQENNRWFLAGVTSFGYKCALPNRPGVYARVSRFTEWIQS FLH 235
Chimpanzee EGGIDSCQGDSGGPLMCQENNRWFLAGVTSFGYKCALPNRPGVYARVSRFTEWIQSFLH 235
Rat EGGTDSCQGDSGGPLMCQENNRWFLVGVTSFGVQCJ—\LPNHPGVYARVSQFIEWIHS FLH 239

* % ************* *****:*.****** :*****:*******.:‘k ***:****

Fig.3 Multiple amino acid sequence alignment of EK;. protein between buffalo and the other mammalian species. The
translated composite cDNA sequence of buffalo EKy, were aligned with sequence of cow, pig, human, chimpanzee and
rat. The active-site histidine, aspartic acid, and serine residues are shown in the bold letters.
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Enterokinase is one of the most popular protease for cleaving fusion protein
because of its high specificity and wide range of reaction conditions. It is a serine

protease which cleave at a specific sequence of (AsplLys. In this research the

secreted recombinant bovine enterokinase light chain (rEK1) was produced by Pichia
pastoris Y11430. Process productions of tEK;, were performed in 2 L fermenter using
methanol limited fed-batch technique. The investigation was focused in the effect of
induction temperature on the production of rEKy. The accumulations of rEK;, from
both induction temperatures were increased in proportional to the total methanol
consumption. The biomass yields (Ys) at the end of recombinant protein production
phase in both high and low induction temperatures were similar with the value of 0.2
Zeel Emethanol. HOwever, the amount of rEKy obtained from low induction temperature
was more than that from high induction temperature. The results showed that low
induction temperature (20°C) d.id not improve the rEK; quality but larger amount of
rEK; accumulation was observed. The culture broth from low temperature induction
was purified by cation exchange chromatography which obtained 433 mg/L of highly
active purify rEK;. The rEK; produced from both high induction temperature (30°C)
. and low induction temperature showed high ability to cleave specific (Asp)4Lys site
of fusion proteins (rice BGlul-thioredoxin). The cleavage product of fusion protein
from commercial tEK; and rEKy from this research showed similar pattern on SDS-
PAGE .

Keywords: Enterokinase, fusion protein, Pichia pastoris



1. Introduction

The use of fusion proteins as a tool for recombinant protein production is well
known. Fusing the protein of interest to a well-expressed gene has several advantages
include stability, high yield, improve conformational folding and secretion of the
expressed product as well as purification and detection (Huang et al., 2004; Liew et
al., 2005). To separate the interested protein in the purification step, proteases
enzymes have been used to cleave the specific site of the fusion protein. The
enterokinase has been shown to have a broad utility in cleaving fusion protein. The
enzyme is particularly suitable for this role because of its high degree of specificity,
and its tolerance to a wide range of reaction conditions, (La Vallie et al., 1993). It is
able to cleave the fusion protein at wide pH values, ranging from 4.5 to 9.5 at
temperatures ranging from 4 to 45°C, and in the presence of various detergents and
denaturants (Yuan et al., 2002). An important characteristic of this enzyme is that its
recognition sequence lies completely on the N-terminal side of the scissile bond,
allowing any downstream fusion partner to retain its native N-terminus (Collins-
Racies et al., 1995). Bovine enterokinase molecule consists of N-terminal 120 kDa
heavy chain and C-terminal 47-kDa light chain. The characteristic of serine protease
active site has been found in the smaller subunit. Thus, the smaller (light) chain is the
catalytic domains (La Vallie et al., 1993). Therefore, only the enterokinase light chain
(EKy) is interesting to clone and produce recombinantly (Song et al., 2002).

The expression and purification of recombinant bovine enterokinase light
chain (rEKy) from Escherichia coli, methylotrophic yeast Pichia pastoris, filamentous
fungus Aspergillus niger and Saccharomycis cerevisiae have been described
(Gasparian et al., 2003). Methylotrophic yeast, P. pastoris, has been developed as a
recombinant protein production system for expression of heterologous protein. It is an
eukaryotic host which the expressed recombinant protein can undergo the necessary
post-translational processing (Lin Cereghino and Cregg, 2000). It has a highly
inducible methanol utilization pathway. In this pathway, methanol oxidase which is
the first enzyme of the pathway, accounts for up to 35% of the total protein in cells
grown on limited amounts of methanol (Sreekrishna et al., 1997). The most common
used approach for heterologous protein expression has been to express the gene of
interest under the control of the AOX1 promoter. A characteristic of AOX1 promoter
is that it is strongly repressed in cells grown on glycerol, but it is induced over 1000-
fold when cells are shifted to a medium containing methanol as a sole carbon source
(Damasceno, et al., 2004).

Production of recombinant proteins by P. pastoris fermentation is typically
carried out in a fed-batch mode, resulting in high cell densities and high levels of
recombinant protein preduction (Zhang et al, 2005). Four stages fermentation
protocol involve glycerol batch phase, glycerol fed-batch phase, methanol induction
and recombinant protein production phase has been suggested for recombinant protein
expression in P. pastoris (Jahic et al., 2002). In the glycerol batch phase, the biomass
is accumulated but heterologous gene expression is fully repressed (Lin Cereghino
and Cregg, 2000). During the glycerol fed-batch phase, limiting glycerol causes a
short period to derepress the AOX1 promoter and allows the cells to transition
smoothly from glycerol to methanol growth. The third phase is the methanol
induction phase, which is initiated by adding very small amount of methano! to adapt
the culture to grow on methanol (Higgins and Cregg, 1998). When the culture is
adapted to methanol, the recombinant protein production phase is initiated. Under the
recombinant protein production phase, the concentration of methanol is low at the



level of growth-rate-limiting but enough to induce the AOX1 promoter (Charoenrat et
al., 2005). The dissolve oxygen tension or DOT which is the relative percent of
oxygen in the medium can be used to monitor the state of the culture.

To achieve high cell density, the appropriate bioreactor control is very
important. The proteolysis degradation is a significant problem in many high cell
density cultures. The secretion of the protease to the medism occurred by cell death
causes the decrease of recombinant proteins productivity and quality (Jahic et al.,
2003). In 2004, Woo et al. reported that a low induction temperature was associated
with a low and constant level of dead cells (<2%) during induction phase.

In this work, the secreted rEKy was produced by P. pastoris Y11430. The
rEK; was expressed in 2 L fermenter using four stages fermentation protocol. During
the recombinant protein production phase, the effect of induction temperature, 30 and
20°C, on cell growth and the production of rEK; was investigated.

2. Materials and Methods

2.1 Material

The methylotrophic yeast P. pastoris strain Y11430 is a wild-type Mut" and
His". All restriction enzymes were purchased from NEB. The fluorogenic
enterokinase substrate for rEK; assay (Gly-Asp-Asp-Asp-Asp-Lys-p-naphthylamide)
was obtained from Sigma. The expression vectors pPICZoB NH8 was modified from
pPICZaB from Invitrogen.

2.2 Constructions and expression of rEK

The pPICZaB NH8 EK; was constructed. A cDNA of bovine EKy, was fused
inframe to 3” coding u-factor secretion signal sequence of pPICZaB NHS resulting in
the secreted rEK; contains 8xHis-tagged at N-terminal. The recombinant plasmid was
digested with Sacl to linearize the plasmid and introduced into P. pastoris Y11430 by
clectroporation method followed the Invitrogen protocol. The colonies containing
recombinant plasmid were selected on YPD-zeocin (10 g/L yeast extract, 20 g/L
peptone, 20 g/L dextrose and 100 mg/L of zeocin). The transformants were tested for
the expression level of rEKy by inoculating each transformant into shake flask
containing BMGY medium (10 g/L. yeast extract, 20 g/L peptone, 10 g/L glycerol in
100 mM potassium phosphate buffer pH 6) and cultivated at 30°C, 200 rpm for 48
hours. Then, methanol was added into the culture medium (1-3% (v/v) final
concentration) to induce the AOXI promoter. After 72 h of induction, cell pellets
were tested for transcription of EK;, mRNA by RT-PCR technique with gene specific
primers. -

2.3 tBK}, production in fermenter

Starter culture preparation was started by transferring the chosen colony which
was able to express the EKp mRNA into 250 ml shake flask containing 70 ml BMGY
medium. Then, cultivated at 30°C, 200 rpm for 24 h. The fermenter culture was
started by inoculation 50 ml of starter into 2 L fermenter containing 950 ml Glycerol



Basal Salt medium (GBS} and 4.35 ml/L PTM1 followed by four stages recombinant
protein production (Charoenrat et al., 2005).

First stage was glycerol batch phase which control the cultivation condition at
30°C, pH 5.5, aeration rate 1 vvm, agitation speed 1,000 rpm. During this phase, DOT
decreased continuously because P. pastoris consumed oxygen for their energy
metabolism. The process was run until the sharp increasing in DOT have been
detected which presumable mean that the glycerol was completely consumed.

The second stage was glycerol fed-batch phase. Manual feed of glycerol feed
medium (GF) (50% glycerol + 12 ml/L PTM1) was applied. The optimum feed rate of
GF medium can be calculated base on data reported by Charoenrat et al. (2005) which
equal to 16 g/L/h. To obtain similar amount of cell density at the end of this phase as
Charoenrat et al. (2005) (approximate 40 g/L) the feed period was 3.85 h.

The third stage was methanol induction. The methanol feed medium (MF)
(99% methanol +12 ml/L PTMI1) was added into the culture at a very low
concentration. For 1 L. of initial fermentation volume, 0.633 ml of MF medium was
injected into fermenter 4 or 5 times in 3h. At the end of this phase, the P. pastoris
should be fully adapted to use methanol as substrate then the recombinant protein
production phase was initiated.

The last stage was recombinant protein production phase. The MF medium
feed rate was controlled manually by setting up the starting feed rate at a very low
speed. In the first 2-3 h of this phase the DOT value was erratic and finally it was
stable and constant. For the recombinant protein production at low temperature, the
temperature was slowly decreased to 20°C after the DOT was constant and kept under
this 20°C condition until the end of process. During this phase, the methanol feed rate
depend on the methanol utilization rate of the culture which monitored by DOT. The
methanol feed rate was adjusted to increase the recombinant protein expression. When
very low DOT was shown, the MF was turned off until the increasing of DOT was
observed. Then, MF medium feed rate was adjusted again. The recombinant protein
production phase was run until 95 h of tnduction time.

For the first three phases, the samples were taken at the end of each phase and
one time a day for the recombinant protein production phase. The samples were tested
for cell growth, enzymatic activity and SDS-PAGE assay.

2.4 Purification of rEKy, by ion exchange chromatography

The culture supernatant was dialyzed against 50 mM sodium acetate buffer pH
5 and concentrated. The purification process was carried out using FPLC (AKTA
purifier, Amersham Pharcacia Biotech). The SP column (SP_FF column 5 ml) was
equilibrated with 50 mM sodium acetate buffer pH 5 and then, concentrated crude
protein was injected into the sampling loop of FPLC. To remove the unbound
fraction, the column was washed with 25 mi of 50 mM seodium acetate buffer pH 5.
The recombinant protein was eluted with a gradient of 0-1 M NaCl. The flow-
through, wash and elution fractions were automatically detected for protein
concentration by measuring the optical density at 280 nm and collected by automatic
fraction collecting of the FPLC machine. The protein in each fraction was tested for
enzymatic activity and checked the quality of protein by SDS-PAGE. The elution
fractions which obtained high rEK activity were pooled and concentrated.



2.5 rEKy analysis

The enterokinase activity was determined using the fluorogenic substrate Gly-
Asp-Asp-Asp-Asp-Lys-B-naphthylamide (Gly (Asp)sLys-B-naphthylamide). One
hundred microliter of the crude culture supernatant was added to 2 ml substrate
solution (50 uM Gly (Asp)sLys B-naphthylamide in 70 mM Tris-Cl pH 8 and 10%
DMSO) in cuvette then immediately mixed and placed in the cuvette holder of
fluorospectrophotometer, Enzymatic activity was measured by an increasing of
fluorescence caused by the releasing of B-naphthylamide over one minute interval.
One unit is defined as 1 Au (Absorbance fluorescence unit) changes over 1 min
interval which is detected at 337 excitation and 420 emissions at room temperature for
10 min.

The activity of rEK; was also detected by cleavage of fusion protein, rice
BGlul-thioredoxin (Chenchor et al., 2006), which contains the enterokinase
recognition sequence in the linker. The cleavages of fusion protein with rEK; were
performed in 50 mM Tris-Cl pH 8 at 30°C for 4 h. The cleavage products were
checked with 15% SDS-PAGE. The commercial rEK; from NEB was used as a
positive control. The total protein concentration was measured by Coomassie Plus
Protein assay reagent kit (Merk) using BSA as standard protein.

3. Results and Discussion
3.1 Constructions and expression of rEKy,

The ¢cDNA encoding 235 amino acid of bovine EK; was inserted inframe with
the a-factor secretion signal of the expression plasmid pPICZaB NHS resulting in
pPICZaB NH8 EK;. The recombinant plasmids were sequenced to verify that the
junction sequence of the recombinant plasmids were correct. The result of sequencing
indicated that the translated amino acid sequence at the junction of N-terminal of the
pPICZoB NH8 FEK; is inframe with the polyHis-tagged resulting in rEK containing
N-terminal 8xHis-tagged. The pPICZaB NH8 EK; was digested with Sacl and
transformed into P. pastoris Y11430 by electroporation method. '

To identify clones which were able to express rEKj, the EK; mRNA were
detected in shake-flask expression experiment. The mRNA of EKy, was detected from
the induced pellet culture carrying pPICZoB NH8_EK; by RT-PCR with gene
specific primers. The results showed the expected PCR product of 700 bp in the
colonies which were able to express EKy, mRINA only.

3.2 rEKy production in fermenter

The rEKy production was performed using transformant carrying pPICZaB
NH8_EK; which was able to express EKy mRNA. The rEK} was expressed under the
control of AOX1 promoter which was induced by methanol. The process was initiated
by transferring starter from each transformant to 2 L fermenter. Four stages
recombinant protein production by Pichia in fermenter were applied as described in
the material and methods. In glycerol batch phase, approximately 12-17 g of cell dry
weight was obtained. The time of glycerol batch phase was approximately 24 h.
During this phase, the DOT continuously decreased and when the glycerol was
completely consumed, the DOT increased up to 70%. The second phase was initiated



by adding glycerol at a growth-limiting rate (Inan and Meagher, 2001). The glycerol
was slowly fed to the fermenter which allows the final concentration of glycerol to be
limit. At the end of glycerol fed-batch phase, approximately 40 g/L of cell dry weight
was observed which was as high as expected. Then, the methanol induction and
recombinant protein production phase begins. During the recombinant protein
production phase, the methanol feed rate was controlled manually depend on the
ability of methanol consumption of each transformant which monitored by the DOT.
The MF medium was continuously fed into the fermenter with slow feed rate during
the first 24 h of this phase. The methanol feed rates must be controlled to provide
methanol concentration at the proper rate to allow for just enough for protein
synthesis but not excess which can causes methanol toxicity (Cino, 1999). The
advantage of the continuously methanol feed have been reported that when cell are
fed with methanol at a growth-limiting rate, the AOX1 is induced to levels from 3 to 5
times higher than in cells growing in excess of methanol (Cos et al., 2006).

The quality of protein analysis of culture supernatant by SDS-PAGE showed
that very few native protein from P. pastoris were secreted into the medium and the
63 kDa of secreted rEKL was shown to be the major band in fermenter culture broth
(Fig. 1). The intensity of this band increases over the induction time. The results of
total methanol consumption and cell dry weight during the recombinant protein
production phase are shown in Fig. 2A and 2B, respectively. The cell dry weight
increased with total methanol consumption and different with different induction
temperature. The comparison of cell dry weight between high and low induction
temperature showed that the cell dry weight obtained from low induction temperature
was higher than that from high induction temperature, However, the comparison of
biomass yield from both induction temperatures indicated that the biomass yields
(Yys) at the end of the recombinant protein production phase in both induction
temperatures were similar with the value of 0.2 geen/Emethanol-
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Fig. 1 SDS-PAGE analysis of crude supernatant. Lane 1: Prestained protein molecular
marker (Fermentas); lane 2-3: samples from the end of gfycerol batch and glycerol
fed-batch phase, respectively; lane 4-7: samples during recombinant production phase
at 21, 45, 69 and 92 h of induction time, respectively. The arrow indicates the secreted
rEK;, in the culture broth supernatant.
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Fig. 2 The relationship of (A) total methanol consumption, (B) cell dry weight at 30
and 20°C and induction time

However, the comparison of specific production yield (Y5, unit/g cell dry
weight) at the end of fermentation process shows that specific production yield from
20°C induction was 9,730 unit/g cell, which was higher than that from 30°C induction
of which was 6,475 unit/g cell (Fig.3). This might be due to larger amount of survival
cell occurred at low temperature production thus all cells were active and able to
utilize the methanol. This made the total enzymatic activity at 20°C production higher
than that at 30°C production when equal amount of gram cell were compared.
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Fig. 3 The relationship of rEKy unit/g cell at 30 and 20°C and induction time

Low temperature can improve the yield of heterologous protein expression in
P. pastoris by enhancing protein folding in endoplasmic reticulum and/or by reducing
the protease activity in culture medium. Low induction temperature decreased dead
cells and reduce protease activity from cell death (Woo et al., 2004). In this research,
the total protein concentration obtained from high or low induction temperature was
not much different as shown in Fig. 4A. However, the slight decrease of the total
protein concentration occurred at high temperature induction after 250 g of MF
medium was fed into the fermenter (69 h of induction time). These results may be
concluded that at low induction temperature, the cell death and protease from dead
cell decreased.

The comparison of specific activity of rEKy, (unit /mg of total protein) shown
that rEK, obtained at low temperature was higher than that at high temperature (Fig.
4B). The quality of rEK}, from both induction temperatures was also considered after
purification using ion exchange chromatography.
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Fig. 4 The relationship between (A) total protein concentrations, (B) Specific activity
of rEKy, at 30 °C and 20°C induction temperature and induction time



3.3 Purification of rEK;, by ion exchange chromatography and analysis of ability of
rEK, to cleave the fusion protein

After the rEK; was purified by cation exchange chromatography, the
comparison of purified rEK| specific activity from both mduction temperature
systems was shown in Table 1. It showed that the specific activity of purified tEK,
from low induction temperature was lower than that from high induction temperature.
These results indicated that low induction temperature can increase amount of rEKy
but can not improve the quality of tEK;. In the final purification step, 433 mg/L of
active purified rEK; was obtained from low induction temperature. However, the
rEK, obtained from both induction temperature systems showed high ability to cleave
a specific (Asp)sLys site of fusion proteins (rice BGlul-thioredoxin) (Fig. 5). The
cleavage product of fusion protein by commercial tEK} and rEKy from this research
showed similar pattern on SDS-PAGE.

Table 1 Recovery of rEK;, from fermenter culture broth induction at 30°C and 20°C.

Induction After dialysis Pooled fraction from elution step of SP column
temperature - ; P - T o
Total protein (mg/L) Specific activity Total protein  (mg/L) Specific activity
(unit /mg total protein) (unit /mg total protein)
20°C 4,973 26,068 433 170,926
30°C 5,118 18,301 224 213,016
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35
25
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Rice BGlul

Fig. 5 Cleavage of fusion protein (rice BGlul-thioredoxin) by the purified tEK;. The
fusion protein was cleaved with purified rEK, and the commercial tEK), from NEB in
50 mM Tris-Cl pH 8 for 4 h at 30°C. Lane 1: Protein molecular marker (Fermentas),
Lane 2: 6 ug of fusion protein in the reaction buffer; lane 3-5: the incubation of fusion
protein with 0.09, 0.3 and 0.7 pg of purified rEKy, from 30°C induction temperature,
respectively; Lane 6: the incubation of fusion protein with 0.002 pg of commercial
rEK; from NEB; Lane 7-10: the incubation of fusion protein with 0.2, 0.6, 1.0 and 1.2
pug of purified rEKL from 20°C induction temperature, respectively. Arrow
demonstrates the major cleavage product of rice BGlul.




4., Conclusion

In conclusions, the increase of active rEK; was proportional to total methanol
consumption and also depend on the induction temperature. The rEK; obtained from
both 20°C and 30°C induction temperature were able to cleave the fusion protein
contains EK cleavage site. The effect of low induction temperature on cell growth and
rEK production showed that low induction temperature increased both cell density
and rEK; productivities, however; it can not improve the quality of rEK;. After the
culture supernatant from the 20°C induction temperature was purified with ion
exchange chromatography, 433 mg/L of active TEK; was obtained. The generated
cleavage products which were cleaved with rEKy obtained in this research and the
commercial rEK;, showed similar pattern of cleavage product on SDS-PAGE. Thus,
the production of cheaper and highly active rEK;, was fulfilled by fermenter culture
using fed-batch cultivation technique.
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Glucosidase SFR2 in Escherichia coli (Poster Presentation) The 6™ National
Symposium on Graduate Research, Chulalongkorn University Bangkok, Thailand
23-24 Oct 2006
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Technology for Life 17-20 July, Pattaya, Thailand
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Transglutaminase Gene from Nile Tilapia (Oreochromis niloticus) Poster
presentation BioThailand 2003 Technology for Life 17-20 July, Pattaya, Thailand
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