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8 E: B IE cDNA F 3RAF 89 A KB 3 B8 -1 (Human kallikrein 1, hK 1) B 46 A 5| pPICZaA B4R, #HE ¥ Bz 8t &
H kR R A BAR pPICZo-hK1, % BAK 440 54 8 F (Pichia pastoris)fE £ 8 X33, @485 YPD M AR T A £
Zeocin #9RE (500~700 pg/mL), ik 48 & K R ik & 20 A Y KB 3K B -1 (Recombinant human kallikrein 1, rhK1)#) P.
pastoris T4Z B #k. /£ 30 L & BE 48 b & B% 09 & & 448 4 30°C.pH 6.0, 5564 hif, & B i &+ rhK1 & £ 2] 6500 u/L(%
1.25 g/L). & k89 thK1 A N-REEAAAERE AR A LR, 55 25T 21/ K6 thKI-H fo5F % 49 rhK1-L, i@
R AR Cu” AR B T Ak BAT4iAl, I K B B P T K43 0.28 g 49 thK1-H 4= 0.62 g 49 rhK1-L, #&
1ty BAT R K 12%, HETFET 96%. % B AT AL, AR EIFN thKl 25 F R mRE sk,

KEIF: MRENEE, HrmE, 4% 9, S-22660 £ EEY

High Level Expression, Purification and Characterization of
Human Kallikrein-1 in Pichia pastoris

Xiudong Huang, Shusheng Wang, Peixin Chen, Jun Wang, Yaoguo Chen, Xuegong Pan, and
Zhifang Cao

Department of Research & Development, Wangxing Biopharmaceuticals Co., Ltd, Shanghai 201026, China

Abstract: Human kallikrein-1 (hK1) gene was cloned from kidney tissues cDNA, it was inserted into the plasmid pPICZaA, then
the yeast expression vector pPICZa-hK1 was constructed. After transformed into Pichia pastoris host X33, high-level expression
transformants were screened by escalating the concentration of Zeocin (from 500 to 700 png/mL) of YPD plate and medium. When
temperature was 30°C, pH 6.0 with induction duration of 64 hours in the 30 L fermenter, the highest yield can reach about 6500 u/L
(1.25 g/L). The variation of glycosylation resulted in two kinds of molecules, i.e. thK1-H with a heavy molecular weight and rhK1-L
with a light one. thK1 was purified from the supernatant through Phenyl hydrophobic interaction, Cu®*-charged Chelating and
Anion-exchange chromatography. 0.28 g rhK1-H and 0.62 g rhK1-L can be purified from one liter supernatant. The yield recovery
was 72% with a purity of >96%. So far our yield of thK1 is superior than known recombinant expression method reported by other
researchers.
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. FEH) Kraut H 28605 7 518 ‘Kallikreas™ (R
If)—i), Rz K Kallikrein, 76X FINRE . 2045 FIAE
FHMLELAE 5T b, R TR A BF 98 & Al T i W
Kininogenase . Kallidinogenase il Kininogenin %544
PR, OO WA MAEEFER . WK . BOIKREG
DL R SO BTl i 55 . B, B PR b H Al A
Kallikrein(# KRR ) — 1), IFERR T M3 g A
I KRR ik B (Human - kallikrein, hK)2Z2 41 2 20 21
H A B hK BERTr4%, KA hKT hK2 hK3-
hK15 %5, B2 s 15 fhz 2!,

LRI R 1ok HNR I i an 28 28 BK
PRCNE . PRSI R IR OIK R T . PRI
JOR D il DA % i 8 R it il 5, S ot 2 A VRO R T
fiff-1(Human kallikrein 1, hK1),hK1 7E AR $ 9 5 5,
] P A R 4 B AR R 25, FH T I R S B
JEHUS T AR EOR . il hn, 18 E R 2 F] (Bayer
AG)1930 4E K MIREEH hK1 i (Padutin®)F
KIREIEZGW, I8 0 H AP 7N K A e 25
H EAB MR PR Al i hK 1 I R (R 44 - Bl
JIfE®).,

B LR TR R B2 N, 1 2 W58 4B
ZRCR B H AR A2 7 hK1 ) TAE. Angermann A
ST E. coli FP 2k A MER IR hK 1 A, Wang J %0
FH E. coli FIMLF (S, cerevisiae) ek K 4l 21!
TR TR I L X (36 hK1), Georg Fertig 26 °17E B 4
Jf e 3 2k A 980K R I )5t (Human - pro-kallikrein,
Pro-hK1), L& Lu SH Z:USE E. coli #ik Pro-hK1
M Met-hK1, [RIEHFE CHO 4 263k ARk
Jif Bt )5 5L [K] (Preprokallikrein, prepro-hK1)4 .

e ERWME RS f Chan H ZP0 A i =Fh
Pro-hK1 3 [K £ ¥ 3% i £F (Pichia pastoris)H 43 i
ik, 45T Pro-hK1 HH, FLBEEAMIIE, K5
B N KB R -1(Recombinant human kallikrein
1, thK1), HZFk= & L LIAT B oS B # s, A5
27 30 mg/L, (HE LY SDS-PAGE Hi Tk 2 P 4%
o [E N JTJE rhK1 BFFEE 0, W7 1 E. coli, P.
pastoris F1 B H 41 il vh 2235 hK 1 AIBF5Y, 18 25002 %t
B AMIF ST B 96 UEPE T4, WA S g0,

HHE GenBank H/AFF hKL JEH 759k, 15X
IR B E S, RSB N cDNA
H# PCR H8# hK1 H XS DNA 741, #5H

i A% pPICZaA WA RIBZEAK pPICZa-hK1, iE
o BT JE A B, FATINE BE cDNA 13k 15 /Y
hK1 JE [ A GenBank(NCBI) T, £\ FF (1 )5 51 # 0k A
ATF] B pPICZo-hK1 Hi%%5 4k P. pastoris 1 B X33,
TEERTE T ek TR rhK1/X33, KR IBNIE
PEP= B AMETF 6500 wL(Z) 1.25 g/L), it ZHralifk
A LS B 4l B AR T 96% A thK 1, F4F rhK 1 )1 i
AT T 0125 T

1 HHE7E

1.1 #8
S-2266 JE¥IWI H Chromogenix /AT, pPICZoA

Ak . P. pastoris 15 356 X33 LK HiA4EE Zeocin
H Invitrogen /A A, E. coli 15 £ NoveBlue I H
Novagen 2y A), N'FE cDNA(Human Kidney cDNA,
P/N: 7202, L/N: P02060602)I [ Panomics 23 fl . 4%
RS DI . T4 DNA iEHEE N LigE TAY
T.#2/\ F (Sangon) ™ fifr, Pyrobest DNA &l o~y K
F A W) (TaKaRa))™ i o T BRS040 60 L T
R/NRIEHE . PCR 0T D) & DA R JRE el i
W) & 2> B B Sangon il AE 5k A= ¥ TR 4wl
(Watson) . JZ #7/ Jii Phenyl Sepharose 6FF(High
Sub). Chelating Sepharose FF #1 Q Sepharose FF
>4 Amersham Pharmacia Biotech (GE)/A H] F= i .

1.2 7%

IR A YRR, 20 (b
SCIGHE R ) LA Invitrogen IR FM, KB
BI#AES WL Invitrogen 23 &) 3k /A FF ) Pichia
Fermentation Process Guidelines . 4lifk4\ )i 1) i &
DI, Amersham Pharmacia Biotech(GE)2\ & 19 F-MHif .
.21 FHEIGE 777

SR E I vk, A AR S-2266
T, R EL IR 0.017~0.034 w/mL . ELARTE 5
A7 (u)fE AT 4% B TR X5

wmL = 0.1736 x Aygs x B KR 5 A B A5 5L

AT AT AR, R ST RE (a0, R BRI
afi Al rp IR AL L TR DL R S ) ) rhK 3 P

V=]

ITREHE.

1.2.2 AN TR G A E AT E
VEF N cDNA AR, Fi#514) hK-P5: 5'-cat

ctc gag aaa aga att gtg gga gge tgg gag tgt gag-3' (Sangon
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No: AA07624)FI T ii#514) hK-P3: 5'-cat gcg gee get tag
gag ttc tcc get atg gtg tec te-3' (Sangon No: AA07625),
FH Pyrobest DNA % 4ifi, 45 PCRAZHIC H B {5 S IKHY
hK 1 AR P16 (9 DNAGER) S 1),

M hK1

bp

800
700
600

< hK1

1 PCR B4 cDNA #HY) hK1 £ H

hK1 gene obtained from human kidney tissue cDNA
by PCR

M: 1 kb mix DNA ladder marker, molecular weight from light to

heavy; 100 bp, 200 bp, 300 bp, 400 bp, 500 bp (brighter), 600 bp,

700 bp, 800 bp, 900 bp, 1000 bp(brighter), 1200 bp, 1500 bp, 2000

bp, 2500 bp, 3000 bp (brighter), 3500 bp, 4000 bp, 5000 bp, 6000

Fig. 1

i 4
bp, 8000 bp and 10 000 bp. hK1: hK1 gene obtained by PCR 5'AOX,+3'A0X, 15 PCR, &4l PCR /¥4 Wifs,
SAOX, Xhol Kex 2 hK 1-N-Terminal
—————————— AAA GAA GAA GGG GTA TCT CIC GAG AAA AGA ATT GTG GGA GGC TGG GAG
1 vV G G W E 6
TGT GAG CAG CAT TCC CAG CCC TGG CAG GCG GCT CTG TAC CAT TIC AGC ACT TTC
[ E Q H S Q P W Q A A L Y H F S T F 24
CAG TGT GGG GGC ATC CTG GIG CAC CGC CAG TGG GIG CTC ACA GCT GCT CAT TGC
@ ¢ 6 6 1 L V. H R @ W V L T A A H Cc 4
ATC AGC GAC AAT TAC CAG CTC TGG CTG GGT CGC CAC AAC TIG TTT GAC GAC GAA
1 s D N Y '@ L W L G R H N L F D D E 60
AAC ACA GCC CAG TTIT GIT CAT GTC AGT GAG AGC TTC CCA CAC CCT GGC TTC AAC
N T A @ F V H V S E S F P H P G F N T
ATG AGC CTIC CTG GAG AAC CAC ACC CGC CAA GCA GAC GAG GAC TAC AGC CAC GAC
M s L L E N H T R Q@ A D E D Y S H D 9%
CTC ATG CTIG CTC CGC CTG ACA GAG CCT GCT GAT ACC ATC ACA GAC GCT GTG AAG
L M L L R L T E P A D T I T D A YV K 14
GTC GTG GAG TTG CCC ACC CAG GAA CCC GAA GTG GGG AGC ACC TGT TTG GCT TCC
v v E L P T Q@ E P E V G S T ¢ L A s I3
GGC TGG GGC AGC ATC GAA CCA GAG AAT TTC TCA TTT CCA GAT GAT CIC CAG TGT
G W G s 1 E P E N F S F P D D L Q@ C 150
GTG GAC CTC AAA ATC CTG CCT AAT GAT GAG TGC AAA AAA GOC CAC GTIC CAG AAG
v p L X I L P N D E € K K A H VvV Q@ K 168
GTG ACA GAC TTC ATG CTG TGT GTC GGA CAC CTG GAA GGT GGC AAA GAC ACC TGT
v T b F M L € V G H L E G G K D T C 18
GTG GGT GAT TCA GGG GGC CCG CTG ATG TGT GAT GGT GTG CTC CAA GGT GTC ACA
v ¢ bp S 6 G P L M € D 6 V L Q@ G V T 204
TCA TGG GGC TAC GIC CCT TGT GGC ACC CCC AAT AAG CCT TCT GTC GCC GTC AGA
s w 66 Y v P ¢ GG T P N K P S YV A VvV R 22
GTG CTG TCT TAT GTG AAG TGG ATC GAG GAC ACC ATA GCG GAG AAC TCC TAA GCG
v L s Y VvV K % 1 E D T I A E N S Ter 238
GCC  GCC AGC TTT CTA GAA CAA B e
Not 1 3AOX~———
2 RiA#FHIK pPICZa-hK1 F hK1 HEEFIIURESTEERFT

1.2.3  LAEIEAIFGE T L FE AT %

Fw oy AW 2 T AR, B PCR RTH Y
hK 1 ZE K46 A £ pPICZoA 244K Xho I-Not I {3 522
(8], %Ak I B BEAT A 25K 1) NovaBlue FH I 7o,
T B IEIR (Invitrogen) A A, MIE Z 4K hK1 J&
KP4 ¥ IE# 1 pPICZa-hK1 ik AKL: Sac 1 £k
PEAL, HLFE AR IO L BE B #0k thKI 1Y TFER .
1.2.4  EHEU F AT

FHAEFNER 22017 Al b B e bR TR 3, ol A
F 24 FLAH (4 FL 0.5 mL YPD+Zeocin 700 pg/mL 1%
FEW), 30°C JEFRL 15 h, BEARGIE Agoo 1H 5 =5 1Y
fLNRHL Zeocin BYTERE, 0L 2 E
Fiews LK% 1k A2 T8, SDS-PAGE HLIK /07 . & 1%
PEIFZEG TR Ao T, T3 T i RIB A TR PR
1.2.5 LR E T NKL 4RI R 6 5

FI Watson A9l EE 5L R 40 B2 o0 &, 29 il 2
P. pastoris X33 Al - F2 4 rhK1/X33 Z:[H 4] DNA, 4

ML A DNA J i,

il 1 3@ 519

Fig. 2 Nucleotide sequence and deduced amino acid sequence of hK1 in expression vector pPICZa-hK1
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— MR, S —hn A Xho I/Not T 47 Ji7) &b B,
1.5%E50 I M B Wk A BT (1 3)

bp
2200
1250
703

—_—
_—
—

330
180

B3 PCR##1EEH X33 F1 L2 H rhK1/X33 RYEEH
DNA
Fig. 3 Analysis of genomic DNA of host X33 and rhK1/X33
by PCR
1: host yeast X33 genomic DNA by priming with the 5’ and 3’
AOX; primers, shows 2.2 kb product of the wild-type AOXI1
(alcohol oxidase) gene; 2: use Xho I and Not I to cut Lane 1 PCR
product, 2.2 kb AOX1 band can not be cut; 3: rhK1/X33 strain
genomic DNA by priming with the 5’ and 3" AOX; primers, shows
1.25 kb product of hK1 expression unit(330 bp-5A0X;+730 bp
hK1+188 bp-3A0X,) and the wild-type AOX1 gene; 4: after using
Xho I and Not I to cut thK1/X33 PRC product(Lane 3), shows 1.25
bp band is cut into 730 bp, 180 bp and 330 bp three bands. Compare
Lane 3 and Lane 4, it indicates that hK1 expression unit of
pPCIZa-hK1 has inserted into X33 genomic DNA, and AOXI gene
of the X33 has not disrupted, rhK1/X33 is still Mut" gene type. M: 1

kb mix DNA ladder marker, similar to Fig. 1

1.2.6  m XL FHNT [ THEX B

B2 24 FLAR AR I L B R i R GA TR
Pk thK1/X33 $% 05 )7 i e & TAERP 7, £ 30 L &
WERE P X R WY pH L WREE L WA ANRFEE SRR
ik o WFE NIAE | B0 31 A IR B v (0 R 5K it
IR KRBT E
1.2.7  ER YRtk

P 4306 31 A B E3E Y thK L A = FpIE R
it rthK1 28K 7378w KA thK1(rhK1-H)F3§
W/ thK1(rhK1-L), 381 XF ZF)2 B0 iR 2
Br & F AR AL AL G, W Tl R Ok K AR
(Phenyl Sepharose 6FF(High Sub)) . Cu*" # &
(Chelating Sepharose FF) DL J [ # + 5 #t (Q
Sepharose FF) = 4 JZ2#r, &K K Lk
rhK1-H A1 rhK1-L 43504lifk, SDS-PAGE Hi ik il
HPLC K4l i .

rhK1 #9457 52
S ORI R R IE T, DU R M A bR, 4350
E LA thK1-H #1 rhK1-L i Er&8. 1
S-2266 JIEW), i 2.2.1 Yy VAN g T 5 LS
PE o ZHCPRF B LR A AL B B S A 2 E 5 S B
L (SIBS)IM %2 rhK1-H Al rhK1-L i N-¥ 51 . 55 H
S5 HL R AR TR S S A

2 BRGW®H

3.1 hK1 ERAF7

HARIEAR S GenBank H /3 JF Y hK 1 R ¥ 41 15
11 PCR Wi 5 |91, (HSEBRAS 20 hK 1 JE B X Ry
B R FE S5 GenBank AYO094609( A B /g i /i
WM hK1 2FEN4] DNA  KHEM A & B /R F41))
AAMI11874(N B /IR IR /MR AR 1) hK1 2 B2 7 51) Fil
200926 1A(AJR kallidinogenase %2 31K % 51)) />
TR AL T 5 —2, 175 BT007253 (N B /M /v
AR mRNA). X13561( A\ MERHR). AY703451(—4>
o P AR B R ) . BCO005313( A B IR ) Al NM_
002257 (N B /J6 B/ Y B mRNA )X 4~ hK 1 56 K 78
25 90 B 115 8% 121 5% 162 8 164 {37 %5 T (4 FEMR)
AT, s hK-P5 it id A N
fiti Xho 1 {37 & (CTCGAG), H.7E Xho I Fll hK1 HE[H 4
— N ELR (D% T (ATT)Z [ 3N T B Kex2
FE BRI E S K-R T RKET XN 35 AAA
AGA, T Fi#514) hK-P3 78 hK1 [’ 55 — 4365
F(TCO)J5 B bl H 2L %5+ TAA Fiddi A N YT
Not I 11 5 (GCGGCCGC). X i H Xho I/Not I i
RARAR) hK1 JER 52K pPICZoA HYIEISHEDC L,
AR A o545 Bk 20 W R hK (K 2),

22 SRIZEKIFIEREEE R

M 24 FLAR I 100 455 BE T 3R AR 6 AP
WS Zeocin FUTEFE(S. 12, 14, 45, 62, 88), iF'®
48 h &, B LI #EfT SDS-PAGE MLk . I 5E i PE (u),
FEA BTG (u)/ B Agoo FUIEL. M ELAETFT L 14 53k
kiR (R 1),

FHEGEAR | Zeocin ASF45T LA K B T 5 4 Ab
Zeocin A2, K VA I A BRSO PRI 2 5 24 fLAR S
HeFE ) Zeocin KFFRI (700 ng/mL)H, 33t {4 IE i 1%
TR hK1 S8 0, AR B, FEAH A P57
BT, ARKZE 0K £ B0k, 559

1.2.8
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48 h HITEE—MEA 0.01~0.12 w/mL, 1A Kb Y
FEFRAT 0.19 wmL. 14 S E 7 KB HiES 64 h
iF, FiEH rhKD SR TAE] 6.5 wmL, HHY
rhK1 2 I 1.25 mg/mL. &L 5L H (Genecore)
AW TR, SRS E B PCRIZIE H 14 514
H1 hK1 B8 DUEZ9 0 10 4

R 1 IMEIRE Zeocin BY 6 P EERIE rhK1 7K

Table 1 rhK1 Expression Level of 6 high resistant Zeocin
clone
8 0.243 11.78 0.0206
12 0.194 11.12 0.0174
14 0.276 10.40 0.0265
45 0.269 10.60 0.0253
62 0.226 9.36 0.0241
88 0.220 10.82 0.0203

[ AR IE Y hK 1 2R3k 7 5 e i 92 30 mg/L,
MFRATTARAR ) TR R R IA T AT Ik 1.25 g/Lo X
229 5 DLR A 98 4 KK J& Pro-hK1, Prepro-
hK1 8¢ Met-hK1, M4 i o155 KA SC0g?
WJE hK1 PR T T H S RIBRE I, A TF
E—2 5%

2.3 HHIIEE rhK1/X33 RiZBTHHEERNH

) P. pastoris 15 = 4 X33 £: [N 41 55 DNA % g,
JH PCR 7 A6 4% 45 31 3 PR 41 v Y hCT 26 05 D& TR
T A RS F SR, AN 3 BT DL, P. pastoris X33 &
K41 DNA £ 5A0X,+3A0X, 51 #0] L PCR H 2.2kb
1) AOX L(BE4A Al ) JE R, e X33 2 H A 18 2R
R AOXT K Hh %4 Xho T8¢ Not TRV, Jir
I Xho I/Not T XVIJE AOX1 R EBAAE ., TixfF
thK1/X33 TH#W, HFRIEBA pPICZoA ' hK1
FIEBIT(5' AOX,-hK1-3' AOX;) T il I H 1 A
X33 FN4 DNA ZH, HIEERHARBIA X33 19
AOX1 H:[H, ALl 5A0X,+3A0X, 5|4 PCR HiH 4%
M 29 1.25 kb hK1 FiEHIT(330 bp-5A0X, + 730
bp hK1 + 188 bp-3A0X,)#l 2.2 kb [HHF A7 AOX1
JE, AT D, rhK1/X33 TR By A s ) A e 75
(MutH!'7,

24 rhKUX33 TEEMABEHHTE

FEFP W FE 115 2 AR EREN 1) 151 BSM 155%

Journals.im.ac.cn

H(pH 2.0)4, 2% Invitrogen A "IFEEVEFN, 4T
RSB EL) pH 6.0, 30°C, 4E4% HI A2 64 h,
REEODIOR B . BA KL FE SDS-PAGE HL
WA 4, KB P rhK1 B35 PEX 6.5 wmL, [F
WA, RS T 20 50 F
M 0 8 162432404856 64 0 M 816 24324048 56 64
kD p N -

974,
662> =4 BB

45.0- —- g
»---.M ._J._....'

31.0-
21.5- 3

™1
14.4-

4 REERIEFHHI SDS-PAGE Bk 531
Fig. 4 Analysis of the fermentation expression products by
SDS-PAGE
M: molecular weight marker (kD). Arrows indicate the thK1 bands;
0: the supernantant before methanol induction; 8,16~64: stand for
the different time induced by methanol, respectively; R: reducing
SDS-PAGE; NR: non-reducing SDS-PAGE

2.5 rhKl EEHAVEERE

Al Al o R AL G A T I 00 A B RN 5 S —
JE M. WAL PRGBS 48 4d Phenyl Sepharose
6FF(High Sub)/™isi/K)ZHT, “F#Z2 i A 20 mmol/L
PB, 1.0 mol/L Na,SO,, pH 7.0, 435/ 20 mmol/L PB,
0.58 mol/L Na,SO,, pH 7.0 #1120 mmol/L PB, 0.23 mol/L
Na,SO4, pH 7.0 ZZ PRV, 43 51 UAC B 31 A4~ e It U
S uE i FEEOR S T thKI-H, 5524
TR thK1-Lo H Pk AT 43 B 0] L, rhK1-L
#7755 T rhK1-H(rhK 1-L/rhK1-H= 7/3). B> hK1
VMG AT o3 B HEAT IR S22 8T, HUR TR A R A 22
5o LAglifk rthK1-L ), 55— vk 2t
Cu*" B4 )2 M (Cu* charged Chelating Sepharose FF),
F 20 mmol/L PB, 10 mmol/L BKME, pH 7.0 2% HiE K,
AL DAV T 203 B m Y thKI1-L, FREHZAL B A BEM
W E % I Q Sepharose FF B & 738 A i, K5,
W4 20 mmol/L PB, 0.25 mol/L NaCl, pH 7.0 Y &,
A IERRE SR T hKI-L FOR . Eadizaifh T2,
Al LT KR B IS R RAS 0.28 g 9 rhK1-H Fl
0.62 g 1Y thK1-L, thK1 [ B8R AMETFH 70%. % 2
A& 30 L& A —Ait is i aifbid RS 25 R, '
5 J& rhK1-L Zlifk 21 7 SDS-PAGE HiK .
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R2 30L REEGERIA rhK1 MG HLER
Table 2 Results of purification of rhK1 expressed in 30 L fermenter
Protei . Activi . e ..
Total volume conci:?lfrlariion Purity (%) Protemurecovery conc(e::ri\t/rlgion Specific acitivity Act1v1tyu
Step (mL) (mg/mL) (%) (wmL) (u/mg) recovery (%)
rhK1-H rhKI1-L rhKI1-H 1hKI1-L rhKI-H rhK1-L rhKI1-H rhKI1-L r1hK1-H rhK1-L rhK1-H rhK1-L r1hK1-H rhK1-L
Supernantant 12000 3.04 39.9 / 6.5 2.1 /
Phenyl
Sepharose 4100 7500 1.12 1.45 80.1 74.5 253 55.7 49 5.7 44 39 25.8 54.8
6 FF(HS)
2+ .
Cu  Chelating 150 5900 181 288 952 953 984 982 85 145 47 50 889 984
Sepharose FF
ngephamse 950 1200 354 620 983 965 914 902 173 329 49 53 921 939
Total recovery 72.1 71.8
M 1 234 5 I M 2 3 4 5 2.7 rhKl1 B9 HE S
pEw . - L e g e B ; . . .
kp R R JH 45 |, 38 £ ¥k (Isoelectric focusing, IEF)I &
9747 rhK1 A% HLS, AT, rhK1 A% pl k) 4.0~5.2
(-
45.0- - Z 18] (J# 6). rhKI1-H FI rhK1-L #4945 £ 445, Helix
31.0- —— J p
- .‘.. I RE A B AL AR B2 1 Bl 22 I 5 0] 13— 3 T H,
21.5-
HIZER .
14.4-
M rhK 1-H M rhK-L M
pH
3.50 —
5 rhKI-L ZE{£ 32 89 SDS-PAGE ik 455 —
Fig. 5 SDS-PAGE analysis of purification process of 30
590 —
rhK1-L -
1: pretreated supernatant (arrows indicate thK1-H and rhK1-L on 585 —
NR Lane 1); 2: after Phenyl Sepharose 6 FF; 3,4: samples after
Cu**-charged chelating Sepharose FF; 5: purified rhK1-L by Q 6.55 —
Sepharose FF 6.85 —
. R 7.35 —
2.6 rhK1 FHENE 815
A5 —
hK1 & 22 TR IS, REAS v PR K A R 845
D —
SR W 31K R (Kininogen) 2 T N 1Y Met-Lys 1{ 030
Arg-Ser [A] Y IKEH, BRI IR (Lys-bradykinin 5%
Kallidin), S0 845 A B ILE | M0 . 4o 6 B rhK1 B S pl

FREFIZR M35 . hK 1 8% rhK1 X REFE S K AT
A A RY) S-2266(Val-Leu-Arg-pNA, Chromogenix),
B AE 405 nm 2 F RSB A9 -pNA. ik, H
S-2266 AJ LA E KARAY hK 1 2¢ rhK1 #9362, i3
SFHIA EWE LT BA W&, AT 24 h AR BiE
A thK1 B8 4500, WA hKT 36 M o 52k
W5 H thK1-L 39 OIS M AMIKF 5.2 u/mg, 1 thK1-H
FETG VEBS AR, 29°0 4.8~5.0 u/mg. # % HLiGHE N
52 uwmg i, TREEAREHHET 48 h R LE
2y 53 mg/L(276 wL), WMife Rk EEHETIES 64 h B,
rhK 1 B3 PEFR AR N 6500 u/L(Z 1.25 g/L).

Fig. 6 Determination of pI of rhK1 by IEF

M: pl standard protin broad pl kit pH 3~10(GE Healthcare Life
Science), amylglucosidase(3.50); trypsin
inhibitor(4.55); B-lactoglobulin a(5.20); bovine carbonic anhydrase
b(5.85); human carbonic anhydrase b(6.55); myoglobin, acidic
band(6.85); myoglobin, basic band(7.35); lentil lectin, acidic(8.15);
lentil lectin, middle(8.45); lentil lectin, basic(8.65); trypsinogen
(9.30). rhk1-1: low glycosylation rhk1; rhk1-h: high glycosylation rhk1

rhK1 ZREIRER K7

K FI R SDS-PAGE HL K, 4% 5 & JF ik s
UK (NR)ET 22 BA LSO I 529 2 30 kD I 145
W, /D EAERE, BT AR AR Y A (B
4. 5), %% PVDF B, 45105 W45 8 1 N-
S FEA, 455 rhK1-H F1 rhK 1-L ) N-SRT 15 24 3

from acid to base:

2.8
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TR 53 . 1-V-G-G-W- E-X-E-Q-H-S-Q-P- W-Q(X
i C) X RH], WA R AR B A 1Y rhK .
FHN-# 41k PNGaseF(Sigma-Aldrich, P7367)%)
AL B rhK1-H Al thK1-L, 7R 0 828K, VI
Fo AR5 A thK1-H A1 thK1-L 25 AR B —2,
JEE N 2 IE 52, thK1-H 43 F5: 2k 31 871.163, thK1-L
) 28 975.790. Mibi/a ) hK1(De-rhK1)4>F & H
26404.353, X5 rhK1 P 5 FaE 26 405.74 JE % 1
(K 7). %W rhK1-H 1 rhK1-L 22k E
MR EEAN TR, A SRR IT 9 2251, /R thKl
AR AT N-BRILARE M, JF e s i =,
29 WEENE

P e 5 96 TR0 2 1 o N- TR0 32 28 T
AL, T LI #E 0 A AR R E thK 5
2 W8 K W - B AR 05 Y, WA rhKI-H & B R
17.2%FSMH 17.1%), 1 rhK1-L 35488 11%3E8
18 9.7%).

» (VUV}
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=00, B3 @
=,2000 “ De-rhK 1
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500 | g = x
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Intens[a.u.]

Intens[a.u.]

3 Z%
WK1 R 238 A EIERTR ALK, 4T
P':J ﬁ ﬂ Xﬂ. :Eﬁ % (C77C150 R C267C42 R C1297C196 R

C'_C' R -, S B A N-BUBERAL A7
JENTSOONMRT N, AR HRELE) hK1 B2
FIRIRIEE: 70 Z4E T, (ER PRI SR 04 Jge Uk rh 4 B
hK1 828 hK1 Lo, HFRHR™ i 00 5T i #R O+
i, JCH R G Y R, [ AR TR T
Br3RiA hK1 B IEAIRA], H E. coli 1k R Kkt
e AL B R, ARMERIEA ™, il CHO. B HZHHE.
T BEch AT 40 6 3A hK 1 B, 2B B E R ik
Pro-hK 1 #§, Prepro-hK 1 5 Met-hK 1, 23kt 1R{%
(081 145 Chan H ZU)E I BEEBEEE R 3RAS T LA
77 4 (30 mg/L). FATHY EE Y rthK1/X33 T RE R Al LA
KA A thK1, A& EERFIE M7~ 5 AT 35 2 6500 w/L(Z)
1.25g/L)

500 BI @
b rhK 1-H
ne=
400 12
i
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o
e o]
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7 PNGaseF Bk r-hK1 #4515 89 SDS-PAGE FA[Ri% 5 4
Fig. 7 Analysis of SDS-PAGE and mass specrometry before/after rhK1 deglycosation by PNGaseF
A: thK1-H with a slight high degree N-linked glycosation, thK1-L with a low one, De-rhK1 stands for deglycosated rhK1 by PNGaseF;
B1~B3: mass specrometry of rhK1-H, rhK1-L & De-rhK1 is 31 8§71.163 D, 28 975.790 D, 26 404.35 D, respectively

R B A e DS R R, R Z, sl
PR — R B2 BT, X REAR 4F Hufili 3¢ rhKT
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B, R rhK1 2 F I8 His Tag, B4 H 48
AN rhK1, @8 thK1 28R4 A nT
UL, thK1 By 238 DMEERRTA 11 A~ HEHZAR) . 7
AN WEBER) . 10 1~ CCEMATR), X = A 5L 5%
FEHESA 4 B E A A (i GE A FlHY Chelating
Sepharose FF)Z5 4G RE T, X ARUFHbfRFE T2 G A
AT 254 thK 1 FRRAE, o DR ik a5 HE At 20 2 v 4
fb hK1 32 hK1 FE 820 TIH % rhK1 W& EA
TR EE A T AR, L W A = PRk R (10
mmol/L)skE Al APEIE T thK1 [, BN
BT REAMEAER, MR KRER DT HKZENT%E
it P BB GN, f ch K1 PRI b vk G, pH 4
w, ATV E I TR G — S B g E2 b, X
AR T2, WAl R 4R T rhK1 J5RH .

FRAT RO R R Sy AR IA Y thKI-H FlI
thK1-L W& T TR %% . thKI-H 2 F itk
31 871.163, &t 17.2%, rhK1-L 4> A 28
975.790, bt 1%, Wi N-uiy 2 3L 7R 7 51 56 42—
B, VA K PRI g R A5 5 IRk B BB
BRpE B SE, thK1 BTt 3 Hopth o A8 1 )y
K AFTE . X rhK1 FEERERE T RE BRI A 1 L O
Ve, KB, Atk T SMERR B, R H
BERE A KR A IS TERY thK 1, 3Nk — AT
5% thK1 A92E B RESRAIL T AT RE .
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