N Lok semmmin
. . Progress in Biochemistry and Biophysics
14 2012, 39(2): 181~187

www.pibb.ac.cn

Research Papers [ iEaE iE

“ R AR IR AR T R B X R KB
¢ I [ -FVITE &

REH " BptE WEE

B % B BB

(BARRKF A B0, & 264025)
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AL, JERRIT 2 1% I EARY VR, RO R N
BRI Bk, IR AH OC 9 B (adeno-associated
virus, AAV)EARIAESURME . S HIE AT A
BRSO IR SR AT AR BE R T b )2 R
Ml AH AAV BRI ARG (4.7 kb) f Hoxk LUz 3
BRI FVIIZER (7 kb), BIH A KN A 4.5 kb 14
i) B X i 2k 7Y F VI (B-domain-deleted FVII
BDD-FVID AL A, 0 b 3 PR Rk i 42 7 41 s ) e ek
AAV AR 2 RP. ds A PV A 2
il AAV it BRI — R R mg, (25 TP R A
P I s,

NG E BRI WA e, A SCAE AR |
NUEB A TR 6B Cys 58720, Bl Met662—Cys
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BDD-FVII B A% 3K JFoki 3 A& pCMV-F8 A=
P IRAT. &4 BDD-FVIIESE. 54855 split Ssp
DnaB & [ W 7 1 1 il & K& K 3% 38 i ki pCMV-
HCIntN. pCMV-IntCLC kB AT LART T AF H f g 0,
COS-7 41 i) [ v R} 27 e 40 i e
1.2 TEMMEZELR
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NF]; DNA EHZEFR A& H New England Biolabs
/N @] 3 Gel Extraction Kit. PCR Purification Kit.
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Spin Miniprep Kit 4 24 Qiagen 2 #] ;= ;s DMEM
F1 Opti-MEM 15 7% 3£, Lipofectamine 2000 %% 4% i
&4 H Invitrogen A ] s Jif - ML 4 H Hyclone
AT 4 FVIA BioChain 28 @7 i FVILK) H %
FEREBTAR ESH-5 FI FVINER 55 5 oo B P&k ESHS I
H American Diagnostica A 7] ; HRP Fric [yt A
FVI £ 5B HiAA I H Novus A7) £t HRP-
LA ECL plus Western Blotting Detection i 71 & 14
H GE 2wl NIEW Z Il K A George King
Biomedical 2 & 7= fh; FVILE £ K010 () COATEST
SP FVIIAF &4 H Chromogenix 24 &, HAhik 73y
hy [ 7= sk 1oy it
1.3 BEREHFIERREIEE

L BDD-FVII F5% fl #4555 split Ssp DnaB 5 [
WA il A 2t B3R GA R pCMV-HCIntN Al
pCMV-IntCLC R EARD, H51#1%) 5° CCGTTTAA-
ACCCGCTGATCAG 3’ (iE ). 5" CTGAAGAGT-
AGTACGAGTTATTTC 3’ (J [7])F1 5" TCAGATC-
AAGAGGAAATTGACTATG 3’ (IE[1). 5" ACTA-
AAGCAGAATCGCAAAAGGC 3' ()& 1), H P
Turbo DNA 28 &1 [ [1] PCR 41415 2| 4 ' 4 DNA
FBG FEEEIME G 53 0 24 5N - i b
J¥ 41 ¥ BDD-F VI 3 % 1 42 4 % 1% 2% & pCMV-HC
HI pCMV-LC. 24 T ¥4 5 4% (1) Met662 Fll 4% # 1)
Aspl828 & 4% by Cys, 43 #l LL pCMV-HC i
pCMV-LC A HR, F51%F 5" TGTGTCTATGA-
AGACACACTCACC 3’ (IEM) 5 TTTGTGTTTG-
AAGGTATATCCAG 3’ (% [f])#1 5" TGTGAGTTT-
GACTGCAAAGCCTG 3’ (IE[). 5" TTTAGTGG-
GTGCCATATGATG 3’ (Jx i), H Pfu Turbo DNA
FE G I 1n) PCR 99943 2 ZVE4L 7 DNA B, H
RN O A Cys662 58 A% [f) 5 4% ik 35 &
pCMV-C662HC FI4 Cys1828 F8AL 140 6 1A 44
pCMV-C1828LC.
14 ‘HRBREFREREGEE

COS-7 411 T 5% CO,. 37T 405 746+ H
B 10%I5 2F 1375 /1) DMEM 55 7% Wi i 5 9% . % g
W —RHIBREE AR AL B, 42 5 % 10° 4>/ 4L
F 2 ml DMEM 575806 40 0 % 4 T 6 FLE5 F- 1,
F5oal oA Kb & & 80% UL b i, R R A
Lipofectamine2000 % 12X 71 & 56 I 15 3E4T HE D A% 4,
¥ R IE AR pCMV-C662HC 1 pCMV-C1828LC 4%

6 pg WA MRET 250 wl [ Opti-MEM ¥R, 5
HEULHCE 5 min & 20 wl JE AR 250 pl Opti-
MEM 55 FRB0TR A Jo gk 2R 20 min, L4
COS-7 4l ffi. F§ pCMV-HC 1 pCMV-LC 4% 44
WA . I 2 404k pcDNA3.1 #il pPCMV-F8
I3 VL e 4l A kg I 1 ) B (Mock) £ BDD-F VT &
XL FEFEANEE S h JE L 2 ml B
Opti-MEM 1535, 4k4ER5 9% 48 h, W HEH 7% I
e TN 40 pl YA B B
1.5 Western blotting ¥ 22 3% £ E i fE Y & 5 R
Fik

FH VR Rl 28 A WS B I A S DR A0 P, B B
BRI 41 i 2 1, ) Bradford vEBEAT 5 5 E &
W12 pg B8 E EFE, 20l -G B PEC DTT)AEE
W JEPECA N DTT)SDS-PAGE 73 B8 1, T H
RGO E AR S PVDF I, T 5% e 05k
W EIRBE M 2h, A1 1000 AR bt A FVIT
Z YUK 37C RS 1 h, T HRP- i
T 37°CHFEWEE 1 h, ECL plus 3086 XOLIR .
1.6 ELISA EENEEEMMIER LiEPEE
FEsE % AR

o ATRATT A HT 37 ) E R S ELISA 43l 6
WK% 3 o F e F R 2 IRk E ™. A FVITE
5 ¥ P ESHS o420 55 B Pt ESHS W EEbri, YAk
Jei DN A 37°C 5 HT 2 by BEARUS g i B3 R
kst FVIL, 37CHLE 1h, UEHUSIN HRP brid
FWIZHt, 37CHE 1 h Jadeti, I K4 OPD
W 37°CHELE 30 min BT E A, A 2 mol/L H,SO,
LKLV, 490 nm bR, @ badE ik, bR
1 £ Sl U H R AR 22 IR Pk
1.7 FHEREMMEES LEPRDLAEYEER D

H Coatest KO0 ¥T1vk, S BSCHR[911% 7] &
iR Al MR R IR s ) FVIAE S TE. H
Opti-MEM 35 F UM B 1E 55 A\ 2 LU ifil 2% (F VIS P A
1.0 Uml) SR FIREE, JPAI R N5 405 nm Ab 2L
AAE, VIR 20 LU REARAR . A gos TH 0 A ARNR 3
ML TIbRAERRZE, 35 IR LIERE SIS A s T
Pt 2 i AR S 1 T 40 LA, 83 B35 1 FVI
s
1.8 IHERMFKITFLIE

THEPRIL & + s 2R, 4Lk 2Rk LR
M K%, P<0.05 hzEREGgHHE X
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1 2 7 il 35 R 360k 0k pCMV-HCIntN Al
2 & g pCMV-IntCLC". A 3CLL PCR V4 2k pCMV-HCIntN
] - 1 pCMV- IntCLC I RN S T I751, 15354
21 BDD-FVISE 22 AR SRS SR I 2 S O U85 ik # K pCMV-HC A1 pCMV-LC. Ji] PCR
i J7 1K pCMV-HC H 4 1) Met662 Fll pCMV-LC
42K FVINI 2 1 454 O A1-A2-B-A3-C1-C2, \ e o o U,
BDDF VI % 5 36 B < [0 K 3 4 (UeT6l o | e ASpIS28 STl Cys, {3 Cys SR
- 8 42553 K3 AR PCMV-C662HC F1 pCMV-C1828LC,

ASL63)FF A, TZELLRTI T Ak, T Serlosy Ak p Rlp

ﬂ Nz Hj FHH] il
FIU %0 BDD-FVI Y b s, Apllyie T 5 PRI DIk

K 1.
FVII [ss| At [ A2 ] B | a3 Jai]c2]
Split SiteSer1657
BDD-FVII Iss] a1 | a2 [B] A3 [ci[c2]

A761~1639

pCMV-HC [cmvfss] a1 | A2 [kolyA>

pCMV-LC  [CMWSS[[ A3 [c1]C2 {Poly A

Cys662

|
pCMV-C662HC  [CMW[SS] A1 [ A2 [|CPoly A>

Cys1828

I
pCMV-C1828LC  [CMW[SS| | A3 [C1]C2 [(Poly A

Fig. 1 Schematic illustration of BDD-FVII and its heavy and light chain eukaryotic expression vectors
The structural domains of the full-length FVI are arranged as A1-A2-B-A3-C1-C2 and the BDD-F VI is derived from FVII by deleting most of the
B-domain from Ile761 to Asn1639. A pair of eukaryotic expression vectors expressing heavy and light chain termed pCMV-HC and pCMV-LC was
constructed by splitting BDD-FVII before Ser1657 to heavy and light chains and inserting them into eukaryotic expression vector pcDNA3.1(+). The
Met662 of heavy chain in pCMV-HCIntN and Asp1828 of light chain in pCMV-IntCLC were mutated to Cys by PCR-directed mutagenesis to produce
another pair of expression vector pPCMV-C662HC and pCMV-C1828LC. SS: Signal sequence of FVII.

22 HERFRMMA BDD-FIE. B#ESHKHTIE  EAMLW, HC 5 LC BRI o fl c662HC
TN ZERHERIRZ X 5 C1828LC PR JL I 40 Mo /138 I 45 A () DTT)

0} 2 25 11 Western blot 45 5t R (Kl 2), # Tﬂ%ﬂﬁﬁﬁﬁiﬁiﬂﬁigﬂk, PNEREA NP S
BDD-FVIZERBHYEXT R AN i) WAL 5% BDD-FVIL 417 S0 H B 2 IR 40 Ay i, $ o S 1) 40 Tk
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Fig. 2 Western blot of disulfide cross-linked heavy and light chains
Total cellular proteins in cell lysate were resolved by reduced or non-reduced SDS-PAGE (with or without DTT) and probed by FVII polyclone antibody.
1: Mock; 2: BDD-FVII; 3: HC+LC; 4: C662HC+C1828LC.
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PEARWEREE, DL HC 5 LC HE R I 5 41 i 2 L 5 1)
. AR RE&E TSN DTT), # W C662HC 5
C1828LC J& R ILFE 40 iy 20 — i BEAC HA M . 5%
B R AR A U4 (cross-linked HC and LC), K
/NTEVEE BDD-FVIHE RUGH B B, [ Nl ] DL ok A8
e . 852 Ik (C662HC, C1828LC), ikt
LA M S5 3 WA AN SL A 20 IR AN 58 4 IR AL
WePral, M3k He 5 Lo FEN 0B A W = AL
KM E., BEEZIE.
23 Cys REBHESMMHEMNRSINE. BED D
BB AR & YT E

Cys FEAL HHE AR A JL 3 5L DR Al i 335 5% 17
R BLISA 45 R R(Kl 3), iR b
T (0 R T O (109+13) pg/L, W 5w 1 B 2R A
BDD-F VIl H i 1 7 S A% J5 DR 40 i 1) o0 4 dlh o
((71x11) pg/L), P<0.05; Hpl#e Cys 587 B 8L
A 7R F L DA A0 M 1 S o b IR, A
(23+9) pg/LAI(18£5) pg/L, & Z Ao . X 51l
¥ BDD-FVIIHE PR 40 B 1) S8 5306k (114£18) wg/L.
SRR, R T I R O I A (s AR
by, HX 5 2 A R A B A W E
BONEE, HSEANEENHEARNS FHSM
T BB A TR A S AR B E A W PR e
1 FHZEAL ) ™.
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Fig. 3 Heavy chain in culture supernatants
secreted by gene transfected cells
The data are represented as x + s, n = 6 for each group. *P > 0.05, **P <
0.05. 7: Mock; 2: BDD-FVII; 3: HC; 4: C662HC; 5: HC+LC; 6: C662HC+
C1828LC.

DL S M ELISA or il 3 e DX 41 it 1
W2k, iR BRI 4, Al Cys RAE

0 R A TR B e R DK 4 L ) 2 S b 40 0 A
(239 + 34) pg/LA1(254 + 23) ng/L, —H A TLH &
e, ARE U S T S R s, U ARG T
I B U, R BE bt dl: R
LA L IR 5 B B 1 23 W 543 0] R (252 + 32) /LA
(261 +39) pg/L, 5 LR L R G I 2 22 ).
HHILH G E . B W RIIE, Cys BAE,
BB 123, MEAEME, BEEN 1 3.7, KW
NN 3 1 I . A R S T N 5
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Fig. 4 Light chain in culture supernatants
secreted by gene transfected cells
The data are represented as x + s, n = 6 for each group. *P > 0.05. [:
Mock; 2: BDD-FVI[ ; 3: LC; 4: C1828LC; 5: HC +LC; 6: C662HC +
C1828LC.

2.4 NWEARFEEEMMESE LB SMA YR

H Coatest & {0 v 0 £ 1) XU 3 AR L #% Cys 58
A At T R D 4 % 7 3 R 2B 4 v
4(0.65 +0.12) U/ml, W3 vy 1~ L 4 iy AR 700 o e
B4 L DN 40 9.(0.35 + 0.05) U/ml, P<0.05, ¥
BDD-FVIH= K X6} HECA0 i 5% 9% 1355 1) 46 . A= 4 35 1k
(0.81+0.13) U/ml AHIE. R4 RFM, =, 25
) OB (R T B, T 8 v RUAE A e IR 4 i 4
(eI AR s 1, G BB AR BDD-FVITHE R (1)
k. %% BDD-FVIEE PR SF HE4H Mo 45 ik 1) 60 4 N
REELE A R, R B 1 40 W i Y g S b
BDD-FVIII¥ 73l &, b (1 B HE 4 (100%) DTk T
B TE, FZTHEL, LR Cys RRARI B HENI R E
B DR 40 P 23 I 83% 77 AR BRI G 1, w0 L #E
0 A 2R o R A DR 40 B ) WA T 1) 69% 2
S TRgE = IR P I O Ra =X [ 0] N0 i v e 0 B
LR
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Fig. 5 FVII bioactivity in culture supernatants
of gene transfected cells
The data are represented as x + s, n = 6 for each group. **P < 0.05. I:
Mock; 2: BDD-FVII; 3: HC+LC; 4: C662HC+C1828LC.
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FAA AAV ¥ FNISERIR B, 1% 5 1L A] 35 AL
TRTT R N CAFAE IO P A4 P i 52095 XA A
AR5 H vl B B b AR BT S AN 1)
MrrE, AEANEUARR G B, RS T R
10~ 100 585, 171 76 A 44 P 1R B AN 34 17 2 A 6 ¢
AN, REER RN 4~8 519, T E. BB
HiL PN 2R IA KPR, DRIt T 43 YA 1) A
W, ATREEAN AR AR e, HEE S Tl
Ty Jih, ok ML 22 AR BE BT O N I
AHVCHC BA TG 53

ARSI Cys s GARE FAE FERHE ] 5]\ 6
B, B RO R, (R SLI e
[Py, 25RFRMY, FEEN WA RO, N
Mo, Ayub AN B R AR T R, S
BANEAREE BDD-FVIEE R 41 AR T s #2555 %
VWAL RN 3.7 0 1 A8k 2.3 0 1, BEARIHTMED
BN K LB, N ESEX BLILETE ST G, A

BREER 83%, M. BN 69%. 4T XM
FEDA T D Re Pk RO OO A B L], BP SR A
SRETEZ0 BN TR R, e BE DR Dy e e 1 X 5 A
LRGP ROR,, B AL R R AR ], TR
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FORIN, A 11 1 1k DX AT ik i 20 s 09, Al
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Disulfide Cross-linking Enhances Dual-vector Based Delivery of
Split B-Domain-deleted Coagulation FactorVll Gene®

ZHU Fu-Xiang™, YANG Shu-De, LIU Ze-Long, MIAO Jing, QU Hui-Ge, CHI Xiao-Yan
(Life Science College, Ludong University, Y antai 264025, China)

Abstract Co-delivery of B-domain-deleted FVII(BDD-FVI) heavy and light chain genes by dual-vector system is
one of strategies to overcome packaging constraint of adeno-associated virus vectors (AAV), but leading to chain
imbalance because of inefficient secretion of heavy chain. We hypothesize that a disulfide linking between
the heavy and light chains can improve the efficacy of dual-vector co-delivery of BDD-FVI gene. Here, we plan
to achieve this by making Cys mutations at the Met662 in A2-domain of heavy chain and Asp1828 in A3-domain
of light chain. By co-transfecting cultured COS-7 cells transiently with mutant heavy and light chain genes, a
disulfide cross-linked heavy and light chain was observed by Western blotting. The secretion of heavy chain
and coagulation activity were up to (109+13) pg/L and (0.65£0.12) U/ml respectively analyzed by ELISA and
Coatest method greater than that of two chains of wild-type BDD-FVII gene co-transfected cells((71+11) wg/L and
(0.35+0.05) U/ml. It suggests that inter-chain disulfide linking could efficiently improve efficacy of dual-vector
delivery of the BDD-FVI gene. It provided evidence for ongoing in vivo BDD-FVII gene delivery by dual-AAV

vector.
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