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W E EMARSMEAABHATIBRAHEATRYREGE, FoATRUEARERBEDNEY.
AXNEARBUBREFTHRYMENSHELE, ¥ pH, BE, THRNBRRERE, BEaRE, URARE
SAERAMEESHERSRIT, FREAANRUMEENATEENEFTRE, FURBTEMELRERR
HERS, Kwme, BEENSTENREEHAARMMEASESHRENHER. WE THAARNSR

A EREREETE, SHEEFETIL20% ~30%,

¥R WMAARWME, TH, 5t
fHEs¥EE Q782 YRR A

EORERHGYTES, EHARMEBR
(pro-UK) B —-MEEMAEREBERN. XAR
HEEERE -1 THIUITEERAENVBERED,
ST RN S4KD, R _HEBAR 3 MEEE. R
HEEXARERL, DERARERTBTEAEX
BHEB. B ARKBEEABEHFAETRRETY
ABAUTERNUREERFE, TEEKIER
HAEFKBEEY., B FproUK A FEBEKX,
BEEEnER, HEHEEE, ME#ETEIAER
HHEHE, ALESEAARKBEASNS TR #
HERFEHAWKBUNHENHXE, FHITIENRE
HEHARSEFEAEEERENEHEAER
#HETEHEREETIR, BT EAANKBER
T EHEMEET S, FHEESEM 5% ~
N%EBR 20% ~30%EhH.

1 & H#

HEFEAFREWAEE Sigma A6 . BEMEYAE
HAFFHER S, T RS D8 E ) EERR
HWHPEEAMHSEENR., RE, 8N, —W
AEE (DTT), WA, BSAMANMEARAETA
# T #E A 6., PEG2000 (B Z — 8 2000),
PEG4000, PEG6000, PEGS8000, PEG10000, #
b/ R & B B BK (GSSG/GSH), ¥ Mt & B
(Cysteine), Bt E ¥ (Cystine), Triton X-100, 3%

WoR BB 1999-01-21, #EHB: 1999.09-19.

T EHMS 1000-3061 (2000} 02-0150-05

REH, REWE P EEEYTEAR, KR
B R AT

2 5

BREMH ST
FHAARBBEXFEAEKRBHEPRREEX
(1] HE#HT. B ILEBESFE PRI E &
BT 100mL #AEHE (50mmol/L Tris-HCl, 100mmol/
L NaCl, 10mmol/L DTT, pH8.0) ', KBS @
® 1h, F4C12 000r/min & > 20min, # L&, B
ARHEREZ2HEERE (50mmol/L Ths-HCl, 5mol/L
Urea, 5% Triton X-100, pH7.5) B2 ERIE.L
G, BAANER -KFHET. KK 10mg €&
B, M 1mL 4 # #® (6mol/L Guanidine-HCI
{ Gudn-HCl ), 50mmol/L Tns-HCl, 10mmol/L
DTT, pH7.5), 37C #i # 2h, f H B #. 4T
12 000r/min B[ 20min, EBAEY, LESH.
2.2 S#FZE

2.2.1 EHEXEZMHMEHE: F EREH pro-UK
(0.9 mg/mL) % 1:100 #Y t 5, 28 18 7 A B 248 #
HIKBAHNERRS A4CHE 24h, HBERFEH
pH M E ,B)E EHAMLEREKE, BOKE,UE
i W AL IR R AY B RO A EAA AR M
FHSAEEREAES,

2.2.2 HKMEBERBRE®E: HEH proUK (0.9

2.1

E4&TE: REBEAWRERSH Y MARE (863-102-08-0201).
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mg/mL) ¥4+ A 3 B4, # 1:100 BY L 4, A BR
60min,sr 3 WEBH A E MW (2.5mol/L Urea,
¢.1mol/L. Tris-HCl, 1mmol/L GSH, 0.05g/L PEG
8000,5% Glycerol,pH8.6~8.8) ,4C & ¢k 24h,
223 BESEHEH: H 100l E# pro-UK
(0.9mg/mL) E HEHBEWRE 100 &, K P EHEM
0.lmmol/L. GSSG, ¥ A ZH H P, X 100mL &
Smol/L Urea EMNBRFZEN,F L 0.3mL/min By #
EEARERENEHEB(F 0. 1lmmol/L GSSG),
ACHAAZERARFHREERERE 2.5mol/L,
HEATRENEHBAN 220mL,4CHE 24h,
2.3 MENENHMNE

A ¥ pro-UK ¥ B # Bradford2' 0 s 8 2 L 45
MR AMNEBES BSA HHRANTHBRER.
EHEM pro UK B BHEMERKBAEES-FR
4R S 11 DR B L B AR M S A7 R A i ¢t
Bout 7 B B4 T B A bR o B 2R, BT WS #E 2 1nmol/L
pro-UK # % F 5.51U/mlL, Bl 1mg 4 pro-UK W&
HFICIUMHRIT R ARERAN., BHEHA
REMFEOTEBERUTASHE:

x =H ¥ pro-UK & & & # (IU/mL) = 10°(1U/mg)

y =8 proUK & A% ¥ (mg/mL)

HHHE=r+yx100%

EFREES 1 x10°IU/L FiMEFESERA YT
8% ~11% M EHHE,

3 #R57#

3.1 ProUKEXSHEFHRE

3.1.1 pH,HEY pro UK EHMEm . RITHEE
AREWOAYBRBEE, L& T AR pH &1+
% pro-UK ¥ E M Z W (Fig. 1). A pH4.0
B 12.0 BN ,pH8 ~ 11 ) Tris-HCl ZE th M E B
AR E b ER Tris-HCL M pH & TR, BT LA
RATR AW %1% pH8.6~pH8.8,

BHE pro UK MEHFRKEW, E 4CH
JICHEN, BEMRS,pro UK & HHE K (HE
FR). RLRETEEERENE4CHT,

3.1.2 FHFFEMKERN pro UK EHEMEM
David N. Brems INABEHEEAESPRETHEANNE
HERPREHITE ATRLS XHERY . &RID
HET Z##¥E M Gudn-HCl Bl Urea 3 pro UK &
e Ew (KEkR), £ 0.8mol/L B 1.2mol/L

# Gudn-HCl 2 2.5mol/L 3| 3.0mol/L B Urea

EE proUK M E .,

—-— Sodium acetate
20 —— Sodium citrate
’ —=— Sodium
o —— Tris-HC|

oy 18 /‘ -—s— Sodium carbonaie
2
210
5 AN
g 0.5 \.

o f—

rrrrr

pH

B 1 pH¥ proUK B 4 2 3 & W

Fig.1 Effect of pH on pro-UK renaturation activity
Renaturation was performed by 100-fold dilution into renaturation
solution (2.5mol/L Urea, lmmol/L GSH) with various pH values;
0.1mol/L sodium acetate, pH4.0 ~ 6. 0; 0. 1mol/1. sodium citrate,
pH4.0 ~ 7. 5;0. 1lmol/L sodium phosphate, pH6. 0~ 8. 5; 0. 1mol/L
Tris-HCL, pH7. 0~ 9.0L;0. Imol/L sodiwm carbonate, pH%.0~12.0

3.1.3 EAEEM proUK EHNEW.: £EH
EEH, proUK MEEN 0.9g/mL, AR E
58 1000 f56T , EHERFER(BEXRR), BT
W00 RFHEHERATE, RIIER 100 5 8 R E
REAE, A pro-UK B HE R 9pg/mL.
3.1.4 HEEEZHN pro UK EERER: X
RRETWproUKEH 12X MR MR
PLBEEMEENMFERBES TH_REBH
EREMEHLH _me., AFHANAEELE
B3t A GSH/GSSG, X B R A& Wit T Cysteine/
Cystine I fl . Fig.2A,2B B /R A [ ) E B /R
W E T ,GSH/GSSG & 10: 1, Cysteine/Cystine
b 600:1 B BH M T pro UK B E#,
HTHBROREAFMAMNZE#SRBPIHE 10
mmol/L DTT, 2 100 FRBEEHEEKREZDNR S
A—ZREBERDIT. B EEHERPENE
i FEXE LR EFBXBTIRR DTT F &E.
Fig.2C,2D 2 /8 proUK E# & R +F LM E W
GSSG #1 GSH, ' 11 # 8 38 ¥ B 4 5129 0.05mmol/
L GSSG # 0.8~ lmmol/L GSH. €12 R#—*+
MR 2R, BEH GSSG R Em S, EHaaHE
T 3 R I 2R GSH #) 3 Xt pro-UK B B E
EMAA K, JEE 0T AER R A H GSSG i, —
EBBARA DTT £ E GSSG, ™% GSH # GSSG
HHEFEEL _RROXT R, HRZ, % DTT
R, IEBM GSSCHHAEASF LA AR
BrE B RE, AT E B8, AW
TERHGSHHERT i FES+PH O, £ GSH
(Sekine et al . ,1985;Marston, 1986}, 2 8B 3 #F 3 =
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72 ¥ #® 16 &

4 AE K GSH/GSSG W, Al pro UK M E R %
REFEFEEH KT, ELTF Cysteine/Cystine BY & BE /R
t,Fig. 2D 8 & R A 7£ & ¥ 20 ~ 30mmol /L #)
Cysteine T, A B WHFE R 1M Cystine WERER
K. BRAHE .

Fig.2E B /R 3 F GSH/GSSG 2 38 4 A ok 24
EHER. ERABRKEN pro UK EER RN,

IR A A BB & & Cysteine 1 Cystine b2 GSH #
GSSG, B F8/N, FrEmamiuR s AMERER
BAHFBENEAST LA Cysteine &, Hi TH
EHNEHRERERED Cysteine, i X & Cysteine
N5 EARA TR Cystine, B ENTHAE TEM
RHASA T proUK WEW, G508, RINNAIE
B proUK MRS ki B %44 Immol/L GSH,

A C
20
e preea
154 -
- .
2 — T s
“_:- . P 5 —— GS88G
2 M e =4 = GSH
Z 05 E &
2 <<
< Cysteine ] ——a
Ht————rr 00 +—————————
005 D25 05 2 25 3 5 tH 2 GSSG:' 0 005 Q01 02 05 G8 1 5 0w 20
GSHAmmol/L) GS8G and GSH/(mmol/L)
GSH |
Cysteine:Cystine ]
GSH:GS5G
B 25- 05 10 15 20 5D, .
] ‘/' ActivityX10°TUL) —
~ 20 2
g 2
= 1
2 15 =15
2 Vs 2
3 1w 7 5 104
._E_. ,/', S J
2 08 . —7 g oo .
op T T T T T v g o0 T v T r r J
00t 005 02 05 1 LT -] 001 e 05 5 10 20 0
Cysteine/(mmol/L) Cysteine/(mmeol/L)

B2 HAEEREMG proUK EHEMER

Fig.2 Effect of redox condition on pro-UK renaturation activity

Renaturation was performed by 100-fold dilution into renaturation solution (2. 5mol/L urea,0.1mol/L Tris-HCl,pH8.8} and A.0. Smmol/L

GS8G, various concentrations of GSH;B. 0. 05mmol/L cystine, various concentrations of cysteine; C. various concentrations of GS5G or GSH;

D. Various concentrations of cysteine; E. GSH: GSSG , 5mmol/L GSH:0. 5mmol /L. GSSG; Cysteine: Cystine, 30mmol/L. cysteine:0.35mmol/
L eystine; GSH, 1mmol /1. GSH;GSSG,0.05mmol/L. GSSG; Cysteine, 30mmol /L cysteine.

3.2 % pro-UK SR EH—EFHFE

3.2.1 BAUERERQFENY A pro-UK EHH
B, CEHEOMEHIR D, BEOaS FHHRA
B0 RE TR, A [E BR8] Bk X 0 dE 5 5
HRNEARLSEEALNERNERS., E
MHEHTAESEHERE -3 F &, S0 MY
IS EFREVMBEAEHMRAKEZ 18,
BOLHRE G PEMNEAEETNEBEER
EUEHRENLEREZ—.

WS, AR RS, B M ERER NN
37 & R EF o PEG, H ol 8100, sk gLl
#AHE B, Triton X-10001 % 07 L4 A 20
MEHEHER. XERIMER T B NBEAR

WETAHES pro UK EHMEH.

BiMurcu8THERTHAERBERH
(50mmol/L Tris-HCl,pHR.8) M AR E f4 7 &
¥ PEG % proUK E# 8 E m, & # 0.05z/L
PEGR000 7T #] B # # pro-UK # & ¥ 2 2 (B K
T)e ETERIRT  PEGEREAEHAR RO
EHDEESEHEILEL G S EEE, A mE A
geEnEE, A TFAREAONEAERR, KR
BINKPEG A4 FEHAREHLAR,

Fig.3 B~ 5%Glycerol 8% 0.01% Tritonx-100
Ay LI E B E, Back FIA N T EEREM
glycerol T LAH% tn & & #9132 & #£ (Back et al.,1979;
Gekko and Timasheff, 1981a,b), {8 glycerol ¥ & if
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M EOE AR TR, XUREEVEE
glycerol ¥ BE A 1% tn , ¥ W0 A0 RS FE L 4 0, T X A
HATEAMHEE, 2 BK Triton X-100 #iE
B EA WA, Sailendra 1A K Triton X-100 fE 5 £
RAFBRHEATY FIFRNTLERE", 5
4 ,Fig. 3 2R 0.05g/L PEG8000 N Lk 5% Glyc-
erol I —H8BE pro UK WEHHE,

26
24
22

204

Activity/(10°1U/L)

1 | H
16

1

m

il

Effects of diffetent additives

B3 BLTHERENRNWR pro UK EHEREER
Fig.3 Effects of different additives on pro-UK
renaturation activity
Renaturation was performed by 100-fold dilution inte renaturaticn
sofution ( 2.5mol/L. Urea, 0. lmol/L Tris-HCl, 1mmol/L. GSH,
pH8.8} and 1. none additive; 2. pEG8000(0.05g/L); 3. 0.01%
Trition X-100;4. 5% glycerol; 5. PEGB000(0.05g/L) + 5% glyc-

erol;6. PEG8000(0.05g/L) +0.01% Triton X-100.

HE iy an FRAR WIRT , W0 &5 8 , 61 Ik %5 37 pro-

UK EHEHBAFANGER, WHEARRNEREAE
FEHGEED EITESBMPREHES -, AT
BHRAHEFYHEHENEREA -,
3.2.2 EHEARN pro UK EHEHNE W ETH
EOREBEL LARREYEILIWHRASHE, m
EHABRHEYEE, FEILA AR mREEH
EOm#EHERNEEETFURTHANESRE
BEHRasEHEFE8 L, EENAREPHETH
HREBRAEHGRPR - MAEROTE,BX%A
BB R BT B pro- UK %4029 3 8 4, )
R EMEME,>3RNEBRAEHERP JRE
¥7(Fig.4)o TATHH T B R A[F o 6] B 2w (8%
*7), HHE R 60min BT 3K K pro-UK HEHEHFE R
o [EFKXT 60min, WHF AKX,

EEERNERFEE B . FESEBEFRED
HBABUE, AU TREREN M E,H
M, HEMEH 2.5mol/L Urea [ 5 ¥ M & ¥, B0
RARE, RIKRMYEBERRESEQEN T
T RATE RO BT A A R AL, R T — iR
H pro-UK M EH# #(Fig.4), T EMSEAME
WEZAMBEAR,GSHEAEALE, UL AmMA

0. 1lmmol/L ¥ GSSG R KM IR REFEE,
UErEREE A EBEEATIEARMOEH
(L #HB) , A AEEEHSBPFOOLUE), BT
WHEEMENARER, RMNRATHEESNE R
FEAEHBHUBEMN Y &, B RRIT (Fig. 4), [
B. A 88 GSSG (0. Immol /L) L 2 4 B,
X 7 Bk T4 A R0 o P R R O P A KR K 1T 22 48
R, AT LI UM K B R 2 18
SEhn R FR, WA KR AR B P R AR A B H B e
BThAEMEHERS pro UK B EHHE,

' m

il

1 2 3 4

Activity/(10°TU/L)
BN N W
- (=3 oe -

et
[

[
o

a4 FHIXMN proUK EHEHER
Fig.4 Effects of approaches on pro-UK
renaturation activity

1. Direct 100-fold ditution; 2. Step-wise 100-fold dilution{ The renat-
uration solution of 1. and 2. contained 2.5mol/L urea, 0. lmol/L
Tris-HCl, 1mmel/L GSH, 0.05g/L PEG8000, 5% Glycerol,
pH8.8):3. Urea gradient dialysis; 4. A large-scale renaturation. 100-
fold renaturation solution was pumped slowly into stirring denatura-
tion solution at the rate of 2.78ml/min at 4T . { The renaturation so-
lution of 3. and 4. contained 0.1mol/L Tris-HCi, Lrarmol/L. GSH,
0. 1mmol/L GSSG,0.05g/1. PEGR000,5% Glycerol,pH8.8)

BEXEHIBNER, HEBEEKEPEREE
FAMBAEAORERITE RIS LS
CHEEBR Y — T RLERMN S, —& R iREY
HEMOUREEA#TEISEHN I ETRES
BETHEHEEO,.BVEMYTREF 2 _HEBHE
AANREEE., AAXARMEARARRAS T K
N AFAHMEERAR IR REARKE), Lo
T GABESHANE, AREEHEFGER
B,ELENE-MEANEETEHLXE D pH, B
B EHEE SISEAE TR RERITFHE
MR, A EHNERERKEAENEER
EAXLERREHEAN BROEHE L, BNE
HERNHAEHEALIAREAERNET LD
B, EEHARSHEHNRERN 15% ~18% , M
KM EARE N 1.8~2.5mg/mL, & 1 4 9 41 B 5
50T , RITEFEERENS% ~10% R
220% ~30% LA
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B O AEEAH ek F EF R (Beth Israel Deaconess Medical Center}Dr. Ziyong Sun #= Dr. Jian-Ning
Lu#¥ kAR S meFl, EATAMRE,
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Research on Renaturation of Recombinant Human Pro-urokinase
Expressed from Escherichia coli

ZHU Hui LIU Wei SHI Wei XUE Yu-Ming MA Zhong
( State Key Laboratory of Pharmaceutical Biotechnology , Department of
Biochemistry , Nanjing University , Nanjing 210093)

Abstract Recombinant human pro-urckinase forms insoluble inclusion body when overexpressed in Escherichia coli ,and
it must be denatured and renatured in vitro before it acquires activity. This study aimed to increase the renaturation yield
of denatured pro-urokinase. We have evaluated the basic renaturation conditions of pro-urokinase through gualitative and
quantitative analysis of pH, temperature, denaturant concentration, protein concentration, the ratio of reduced and oxidized
thiol reagents. The effects of nonspecific additives, step-wise dilution and urea gradient dialysis have been also compared.

The optimal conditions of pro-urckinase renaturation with the yield about 20% ~30% have been obtained.

Key words Recombinant human pro-urokinase,denaturation, renaturation
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