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Chromatography-assisted refolding of a fusion protein
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Abstract: To establish a refolding process for the protein fused with 12-peptide of hirudin and reteplase (HV12p-rPA), we
developed an anion-exchange chromatography assisted method to form correct disulfide bonds. After evaluating various parameters
by orthogonal experiments with Q Sepharose XL as refolding medium, we found that urea gradient, sample loading size and L-Arg
concentration were three major factors to affect the refolding outcomes, and urea gradient was critical to the recovery yield.
Meanwhile, enzymatic activity of the refolded protein was decreased by the increase of sample loading size, and the optimal
concentration of L-Arg in the eluting buffer was 1 mol/L. Thus, a dual-gradient of urea and pH on the anion-exchange
chromatography resulted in remarkable increase of specific fibrinolytic and anti-coagulative activities of the refolded protein.

Compared with the dilution method for refolding HV12p-rPA, the present approach was more effective and advantageous.
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IR FR
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50 mmol/L GSSG, 0.5 mol/L L-Arg, pH 9.2) #7251k
HAWMBE 5~10 mg/mL, T 25CHKMAFIEF 6h
Jii FHZZ vh % 2 (50 mmol/L Tris-HC1, 8 mol/L Urea,
pH 9.2) ¥ H Bk B R 0.8 mg/mL. KBS
AR R A A3 I 3 45y, 43 3 IRIMAE—sE &
B EPEZE s (50 mmol/L Tris-HCI, 1 mmol/L
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(50 mmol/L Tris-HCl, 2 mol/L Urea, 1 mmol/L
EDTA, pH 8.5) A2 A dbbE, TF p-Siidk &
LBARGE G EABEER, HUEBZE MK B (0.2 mol/L
Tris-HC1, 2 mol/L Urea, 3 mmol/L GSH, 1 mmol/L
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GSSG, 1 mol/L L-Arg, 1 mmol/L EDTA, pH 8.5) H
FEUbM, WCER VRO, AT IS R B R R
P, WK 0.6 mL/min.

JIRA B BB AL Z T M (I A
(50 mmol/L Tris-HCI, 8 mol/L Urea,
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JB, WeBR DR, A TS E AR R R
WA 0.6 mL/min.

pH HRERY RS T2 2 S il A
(50 mmol/L Tris-HCl, 2 mol/L Urea,
EDTA, pH 8.5) VA ZHTAIFdERE, TF p-Sidk & 1
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Table 1 Factors and levels of orthogonal experiments
A B C D E F G
Levels Sample load Flow rate Gradient Urea (mol/L)  L-Arg (mol/L) pH GSH/GSSG
(mg/mL medium) (mL/min) (mL/mL medium)
1 0.125 0.4 0.5 0.0 0.4 8.5 1:1
2 0.250 0.6 1.0 0.5 0.7 9.5 5:1
3 0.500 0.8 2.0 1.0 1.0 10.5 10:1
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Fig. 1
final protein concentration is 80.0 pg/mL, refolding temperature
is 25°C.
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Fig. 2
refolding process of fusion protein. Refolding temperature is
25°C.

Effect of final protein concentration on dilution
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Table 2 Influences of gradients on the refolding of the
fusion protein

Without Urea pH Urea and pH

Mode of operation

gradient  gradient gradient dual-gradient
Specific
fibrinolytic 0 21 884 0 22915.0
activity (IU/mg)
Specific
anticoagulative 542 6 825 836 8418.0
activity (ATU/mg)
Recovery of 71.0 83.6 682 98.8
protein (%)
180 —— A0 P (The eluted peak) — 780
160 [ -~ Conduct 470
140 {\ [ Teo
120 +  P* (The nassing =
— [+ \AuCpessitp 5
3 100  through peak) 150 %
é 80 140 j_,;
& 6o 430 €
40 Q
3 / 420 ©
20 /
ofF 110
-20 [ e e m— R | 1 1 0

Retention volume (mL)

3 BhEEEAR Q Sepharose XL EHEMEE (IRKE pH
6 )

Fig. 3 Chromatographic curve of IEC refolding process of
HV12p-rPA (urea and pH dual gradient).
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kDa

HV12p-rPA —

144

E4 FESEA QSepharose XL ZHE M (BRK pH Wik
) FHIERE SDS-PAGE H1f ($RE3%)

Fig. 4 Reduced SDS-PAGE analysis of HVI12p-rPA by
chromatography (urea and pH dual gradient) refolding (silver
staining). 1: denatured protein; 2: the passing through peak from
chromatography; 3: protein marker; 4: the eluted peak from
chromatography.

RI3 BTRXBREMEMMESKBER

SRR R L, ks DHE . W, MR U
IR DR B2 . BRIV Z RV . VRO pH. VR
W GSH/GSSG %5 TR T IEAZ LA (£ 3),
T 3 T A S e 4 R A 22 3 A T LIS L s A2 1
BT A ST BE LU 1 2 4> EE R R R AR
VEMEBORS FRVE T o B B A (LA RIE T
1) A AB,C D;E;F3G,, B EAEfE R 0.125 mg/mL
A BT, WEK 0.6 mL/min, BHEEK/NA 0.5 mL/mL
AT, VBRI A 1 mol/L, YR VA R vk )
91 mol/L, VEWE pH b 10.5, Vi GSH/GSSG
N5 1, TEMERAEE MR T AR A RAER T
%4 46 520 IU/mg, $Hi&ELLIE N 9 980 ATU/mg,

=
W

Table 3 Orthogonal experiment results of ion-exchange chromatography refolding

Specific fibrinolytic Specific anticoagulive

No. A B ¢ b E F G activity (IU/mg) activity (ATU/mg)
1 1 1 1 1 1 1 1 6120 1822
2 1 2 2 2 2 2 2 7910 2318
3 1 3 3 3 3 3 3 42504 9678
4 2 1 1 2 2 3 3 6818 2034
5 2 2 2 3 3 1 1 21 884 8418
6 2 3 3 1 1 2 2 5286 1482
7 3 1 2 1 3 2 3 8067 2510
8 3 2 3 2 1 3 1 4032 1 064
9 3 3 1 3 2 1 2 5618 1857
10 1 1 3 3 2 2 1 9430 2 689
11 1 2 1 1 3 3 2 44302 9872
12 1 3 2 2 1 1 3 5 865 2480
13 2 1 2 3 1 3 2 5120 1 635
14 2 2 3 1 2 1 3 7 025 1867
15 2 3 1 2 3 2 1 22915 6 825
16 3 1 3 2 3 1 2 7 462 2253
17 3 2 1 3 1 2 3 5220 1 890
18 3 3 2 1 2 3 1 6210 1 620
Kr1/6 19 355 7170 15 166 12 835 5274 8305 11 765
Kra/6 11 508 15 062 9176 9167 7169 9 805 12616
Krs/6 6101 14733 12 623 14 963 24 522 18 164 12 583
R 13 254 7 892 5990 5796 19 248 9 859 851
Kai/6 4810 2157 4050 3196 1729 3116 3740
Kao/6 3710 4238 3164 2799 2034 2952 3236
Kas/6 1 866 3990 3172 4361 6593 4318 3409
R 2 944 2081 886 1562 4 864 1366 504

Kr1/6: specific fibrinolytic activity in level 1; Kgy/6: specific fibrinolytic activity in level 2; Kgs/6: specific fibrinolytic activity in level 3;

Ka1/6: specific anticoagulive activity in level 1; Ka,/6: specific anticoagulive activity in level 2; Ka3/6: specific anticoagulive activity in level

3; R: range.
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Fig. 5 Effect of sample load on the renaturation of fusion
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Fig. 6 Effect of L-Arg concentration in eluent on the refolding
of fusion protein.
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Fig. 7 Effect of flow rate on the refolding of fusion
protein.
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100
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Fig. 8  Size-exclusion chromatography curve of refolded
fusion protein by dilution and chromatography. F represents

specific fibrinolytic activity, unit is IU/mg; A represents
specific anticoagulative activity, unit is ATU/mg.
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P, B R R B ) 5 SR AR Ak 2 AR 11 R R R
W, B pH BB RERY H ITE T8 B B e S ) IH IR
B BeAb F— AR 1) pH BB 22 i, A6 2R A
Ab i FRDR S B0 A8 R AR AT B, PEBEIR
(B , R 1 B T 1] R AR 28 (R 25 AL 4T 28 1 il A o
pH RN FF, B\ A B sE B, CARK
— BB E BT OB W R IR G110 2 [H] 45
¥, SERFSW pH © BFHE 105 2247, v LR
TP . SR A RCIE N KRG
() SRl I PR B OE B e, BRI B AE A A
14 ] R P I 7 R T 3 Ak F AR T & R A RO B
B DU VR 22 v Hh AR SR (GSH/GSSG) 1)
WE. X TR ZmEnEam, HEMdsm—
Tt S8 )T B M T R R R R AR A Y, AR R A
G Be — i S 00T U BEALIY , 255 T8 U A
EAIT @ T NEHIE ARG, % E
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